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CYTORKINE CONJUGATES

SEQUENCE LISTING
{3081] A computer readable form of the Sequence Listing is filed with this application by electronic
submission and is incorporated mio this application by reforence in its entirety. The Sequence Listing is
contained in the file ereated on hune 14, 2021 having the file name “776-601 20-1836-W{O ST25 FINAL txt”

and ts 988kb in size.

REFERENCE STATEMENT
{00G2] This application claims priority to U.S. Provisional Patent Application No. 63/044.335 filed on June
23, 2020 entitled "CYTOKINE CONJUGATES", 1.5, Provisional Patent Application No.63/197,875 filed on
Joane 7, 2021, entitled "CYTOKINE CONJUGATES™; and U.S. Provisional Patent Apphication No. 63/197 944
filed on June 7, 2021, entitled "CYTOKINE CONJUGATES, all of which are mcorporated herein n thew

entireties,

BACKGROUND

18083] Cytokines can be used o treat a varicty of discases or conditions, such as cancer, inflammatory
conditions, autotmmaune conditions, rheumatoid arthritis, multiple sclerosis, myasthemia gravis, systenuc lupus
ervthematosus, Alzheimer’s disease, Schizophrenia, viral mfections, {e.g., chronic bepatins C, AIDS), allergic
asthma, retinal wewrodegenerative processes, metabolic disorder, insulin resistance, and  diabetic
cardiormyopathy. However, the therapeutic utility of cytokines can be limited due to the cellular toxicity, short
half-life, need for repetitive or frequent dosing, and the potential o elicit andesired immune response in the
patients.

[8034] Most eviokine products in the clinical setting are extremely potent. Tnterleukins, such as 1L-2 and 11~
12, and 1FN-a are cytokines, produced primarily by cells of the unune system to signal and orgamize the
immune response. In cancer, cyiokines facilitate the ability of the immune system to recognize tumor cells as
ghnormal and harmful to the host. Cytokines further increase the proliferation of, enhance the swrvival of, and
direct a variety of mmmune cell types to infiltrate the TME and promote potent anti-fomor immune responses
resulfing m tumor cell kilhing and tumor clearance. This limits the practical applications of cytoknes n a
therapeutic setting, particularly in anti-cancer indications.

6005] Interleukin-12 (IL12) m particular, has been recognized as having potential to be an ideal pavioad for
tumor immunotherapy. It can activate both the innate and the adaptive components of the immmme system.

1112 stimualates the prodoction of IFN-y and activates NK cells, as well as CDE+ and CD4+ T cells. In addition,
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this cviokine also nduces antiangiogenic chemokines, remodeling of the tumor extracellular matrix and
stimulation of MHC class 1 molecules expression, making it an extremely attractive anticancer candidate.
However, while researchers have shown encouraging prechnical data, the severe tonicity profile of this
cviokine has prevented dose escalation and significantly curbed clinical potential as an anticancer agent.
Although multiple clinical trials have been on-going since the first human chinical trial of TL12 10 1996, an
FDA-approved 112 product remaios elusive,

{006] This presents a significant unmet need for new strategies that can overcome therapeutic index
challenges for use of cvickines as anticancer agents. If the poteney of cvickines like 112 could be safely
harnessed and the toxicity challenges could be controlled, these agents could serve as powerful therapeutics

for potential use against a broad spectrum of cancers.

SUMBMARY
{3887] The present disclosure includes cviokine-related compositions and related methods that may address
one or more drawback, or may provide one or more advantages. In one aspect, disclosed herein s a fusion

protein comprising:

{(a) an extended recombinant polypeptide (XTEN) characterized i that:
i it comprises at least 12 amino acids;
it. at feast 90%, 91%, 92%, 93%, 94%, 95%. 96%, 97%. 98%, 99%, or 100% of the

amino acid residues of the XTEN sequence are selected from glycine (G}, alanine
(A}, serine {S8), threonine (1), ghitamate (B} and proline (P); and
1L, it has 4-6 different amino acids selected from G, A, 5, T, E and P; and
(b} a cytokine linked to the XTEN.

{30608] In some embodiments, the fusion protein further comprises a release segment, wherein the release
segment (RS) has at least 88%, at least 94%, or 100% sequence identity fo a sequence selected from the
sequences sot forth in Tables 6-7. o some cmbodiments, the fusion protein has a structural arrangement, from
N- to C-terounus of X TEN-RS-cytokine or eytokine-RS-XTEN.
{60097 In some embodiments, the cytokine is selected from a group consisting of interleukins, chemokines,
mterferons, tumor necrosis factors, colony-stimalating factors, or TGF-Beta superfamily members. In some
embodiments, the cvtokine is an mnterleukin selected from the group consisting of TL1, IL2, 113, TL4, IL5, IL6,
L7108, IO TLIG TR, 1L12, IL13 L4, FLI5, TR 16, and TL17. In some embodiments, the ¢ytokine has at
cast 90% sequence identity to a sequence selected from Table 3 or Table A, In some embodiments, the
cvioking 1s IL-12 or an [L-12 variant. In some embodiments, the cvickine comprises a first cytokine fragment
{Cy1) and a second cytokine fragment (Cy2). In some embodiments, one of the Cyv1 and the Cv2 comprises an
anuno acid scquence having at least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,

99%, or 100% sequence identity to an interleukin- 12 subunit beta. In some embodiments, the other one of the

2



WO 2021/262985 PCT/US2021/038909

Cy 1 and the (v2 comprises an anuno acid sequence having at least 70%, 75%, 80%, 85%, 90%, 1%, 92%,
93%, 94%, 95%, 96%. 97%, 98%, 99%, or 100% sequence identity to an interleukin- 12 subunit alpha. In some
embodiments, the first cytokine fragment (Cv1) comprises an amino acid sequence having at least 70%, 75%,
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 37%, 98%, 99%, or 100% sequence identity to a sequence
of SEQ D NO. 5. In some embodiments, the second cytokine fragment (Cv2) comprises an amino acid
sequence having at least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%, 98%, 99%, or
100% sequence dentity to a sequence of SEQ 1D NG, 6. In some embodiments, the cytokine comprises a
timker positioned between the first cviokine fragment (Cyv 1) and the second cviokine fragment (Cy2). In some
embodiments, the cvtokane is an 1L-12 variant comprising an amino acid sequence having at least 90%, 91%,
2%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to SEQ D NG, 7.

{6810] In some cmbodiments, the XTEN sequence consists of multiple non-overlapping sequence motifs,
wherein the sequence motids are selected from the sequence motifs of Tables 2a-2b. {n some embodiments,
the XTEN has from 40 to 3000 amino acids, or from 100 to 3000 amino acids. in some embodiments, the
XTEN has at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%. at least 98%. or at least 99%, or 100% sequence identity {0 a scquence set forth in Tables 2a-2b.
{36131] In some embodiments, a binding activity of the cytokine, when finked to the XTEN in the fusion
protein, to a corresponding cytokine receptor can be characterized by a half maximal effective concentration
(EC30} at least 1.2 fold greater, at least 1.4 fold greater, at least 1.6 fold greater, at least 1.8 fold greater, at
least 2.0 fold greater, at least 3.0 fold greater, at least 4.0 fold greater, at least 5.0 fold greater, at least 6.0 fold
greater, at least 7.0 fold greater, at least 8.0 fold greater, at least 9.0 fold greater, or at least 10.0 fold greater
than an EC50 characterizing a corresponding binding activity of the cytokine, when not linked o the XTEN,
as determined in an in vitro binding assay. In some embodiments, the cytokine can be mierleukin 12 (IL-12}
and the correspondmg cyviokine receptor can be an inferdeukin 12 receplor {(IL-12R}). In some embodiments,
the 7n vifro binding assay can utilize a genetically engineered reporter gene cell line configured to respond to
binding of the cvickine to the corresponding ¢vtokine receptor with & proportional expression of a reporter
protein. In some embodiments, the 7z virre binding assay can be a reporter gene activity assay.

{8012] In another aspect, the present disclosure provides a composition, comprising the fision protein
disclosed herein and at least one pharmaceutically aceeptable carrier,

In yet another aspect, the present disclosure provides uses of the subject composition i the preparation of a
medicament for treating a discase in a subject in need thereof,

{#013] In a related aspect, the present disclosure provides a method of treating or preventing a disease or
condition in a subject, the method comprising adminisiering to a subject a therapeutically effective amount of
a fusion protein or a composition comprising the fusion protein, all of which are disclosed herein. {o some
embodiments, the discase or condition can be a cancer, or a cancer-related disease or condition, or an

mflammatory or agtoimmune disease. In some embodiments, the discase or condition can be a cancer, or a
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cancer-related disease or condition. The discases or conditions that can be treated with the subject fusion and
composition include without limitation cancer, rhoumatoid arthritis, multiple sclerosis, myasthenia gravis,
systemie tupos ervthematosus, Alzheimer’s disease, Schizophrenia, viral infections, allergic asthma, retinal
neurodegenerative processes, metabolie disorder, msulin resistance, and diabetic cardiomyopathy. In some
erobodiments, the disease or condition can be a cancer or a cancer-related disease or condition. Where desired,
the subject fusion and composition can be used in conjunction with a therapeutically effective arnount of at
least one mmmune checkpoint inhibitor. Where desired, the mode of administration can be delivered

wtravenously, subcutaneously, or orally.

INCORPORATION BY REFERENCE
{6014] All publications, patents, and patent apphcations mentioned n this specification are herein
imcorporated by reference to the same extent as if each mdividual publication, patent, or patent application was

specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

{6015] The features and advantages of the invention may be further explained by reference to the following
detailed description and accompanying drawings that sets forth illustrative embodiments.

{6816] FIG. 1A-FIG, 1G show schomatic ropresentations of exemplary BPXTEN fusion proteins (FIGS. 1A-
(3), all depicted m an N- to C-terguinus onentation. FIG. 1A shows two different configurations of BPXTEN
fusion proteins (100}, cach comprising a single biologically active protein (BP) and an XTEN, the first of
which has an XTEN molecule (102) attached to the C-terminus of a BP (103), and the second of which has an
XTEN molecule attached to the N-torminus of g BP (103}, FIG. 1B shows two different configurations of
BPXTEN fusion proteins (100), cach comprising a single BP, a spacer sequence and an XTEN, the first of
which has an XTEN molecule (102) attached to the C-termmnus of a spacer sequence (104} and the spacer
sequence attached to the C-terminus of a BP {103) and the second of which has an XTEN molecule attached
to the N-terminus of a spacer sequence {104) and the spacer sequence attached to the N-ferminus of a BP (103},
FIG, 1C shows two different configurations of BPXTEN fusion proteins (101}, cach comprising two molecules
of a single BP and one molecule of an XTEN, the {irst of which has an XTEN linked to the C-terminus of 3
first BP and that BP 1s linked to the C-terminus of a second BP, and the second of which is 1n the opposite
orientation 1o which the XTEN is linked to the N-terminus of a first BP and that BP 1s linked to the N-terminus
of a sccond BP. FIG. 1D shows two different configurations of BPXTEN fusion proteins (101), cach
comprising two molecules of a single BP, a spacer sequence and one molecule of an XTEN, the first of which
has an XTEN linked to the C-termimis of a spacer sequence and the spacer sequence linked to the C-terminus
of a first BP which is linked to the C-terminus of a second BP, and the second of which is in the opposite

orientation in which the XTEN is linked to the N-ternunus of a spacer sequence and the spacer sequence is
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finked to the N-terminus of a fust BP that that BP s hnked to the N-terounus of a second BP. FIG. 1E shows
two different configurations of BPXTEN fusion proteins (101}, cach comprising two molecules of a single BP,
a spacer sequence and one molecude of an XTEN, the {irst of which has an XTEN linked to the C-ternunus of
a first BP and the first BP linked to the C-ternunus of a spacer sequence which 15 hinked to the C-termunus of
a second BP molecule, and the second of which is in the opposite configuration of XTEN linked to the N-
terrainus of a first BP which s inked to the N-tervunus of a spacer sequence which in tun is linked to the N-
terminus of a second molecule of BP. FIG. 1F shows two different configurations of BPXTEN fusion proteins
(105), each comprising two molecudes of a single BP, and two molecules of an XTEN, the first of which has a
first XTEN linked to the C~terminus of a first BP which is linked to the C-terminus of a second XTEN that is
tinked to the C-terminus of a second molecule of BP, and the second of which ts in the opposite configuration
of XTEN linked to the N-terminus of a fust BP linked to the N-terminus of a second XTEN linked to the N-
termuinus of a second BP. FIG, 1G shows a configuration (106) of a single BP linked to two XTEN at the N-
and C-termint of the BP.

[B017] FIG. 2A-FIG. 2G s a schematic illustration of exemplary polynucleotide constructs of BPXTEN
genes that encode the corresponding BPXTEN polypeptides of FIG, 1A-FIG. 1G: all depicted ina 37 t0 37
orientation. In these itlustrative examples the genes encode BPXTEN fusion proteins with one BP and XTEN
{100); or two BP, one spacer sequence and one XTEN (261); two BP and two XTEN (205); or one BP and two
XTEN (206). In these depictions, the polynucleotides encode the following components: XTEN (202), BP
(203}, and spacer anuno acids that can include a cleavage scquence (204), with all sequences linked in frame.

{0018] FIG. 3A-FIG. 3K is a schematic tustration of an exemplary monomeric BPXTEN acted upon by an
endogenously available protease and the abiity of the monomeric fusion protein or the reaction products to
bind to a target receptor on a cell surface, with subsequent cell signaling. FIG. 3A shows a BPXTEN fusion
protein (101) in which a BP (103) and an XTEN (102) are hinked by spacer sequences that contain a cleavable
sequence (104), the latter being susceptible to MMP-13 protease (103}, FIG, 38 shows the reaction products
of a free BP, spacer sequence and XTEN. FIG, 3C shows the inferaction of the reaction product free BP (103)
or BPXTEN fusion protein (161) with target receptors (106) to BP on a cell surface (107). In this case, desired
binding to the receptor is exhibited when BP has a free C-tenminus, as evidenced by the binding of free BP
(103} 1o the receptor while uncleaved fusion protem does not bind tightly {o the receptor. FIG. 3D shows that
the free BP (103), with ugh binding affinity, remamns bound to the receptor (106}, while an mtact BPXTEN
{101) is released from the receptor. ¥FIG. 3E shows the bound BP has been iniernalized into an endosome
(108) within the cell (107), flustrating receptor-mediated clearance of the bound BP and triggering cell
signaling (109), portrayed as stippled cytoplasm.

{B019] FIG. 4 is a schematic flowehart of representative steps in the assembly, production and the evaluation
of a XTEN.

i
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{6628] FIG. 5 is a schematic flowchart of representative steps in the assembly of a BP-XTEN polynucleotide
construct encoding a fusion protein. Individual oligonucleotides 301 are anncaled into sequence motifs 502
such as a 12 amino acid motif (“12-mer™), which is subsequently ligated with an oligo contaming Bbsl, and
Kpnl restriction sites 543, Additional sequence motifs from a hbrary are annealed to the 12-mer until the
desired length of the XTEN gene 584 is achieved. The XTEN gene is cloned into a stuffer vector. The vector
encodes a Flag sequence 506 followed by a stopper sequence that is flanked by Bsal, Bbsl, and Kpnl sites 507
and a cytokine gene 508, resulting in the gene 386 encoding a BP-XTEN fusion for incorporation mfo a
BPXTEN combination.

{6821] FIG. 6 is a schematic flowchart of representative steps 1 the assembly of a gene encoding fusion
protein comprising a biclogically active protein (BP) and XTEN, its expression and recovery as a fusion protein,
and tts evaluation as a candidate BPXTEN product.

{8022] FIG. 7 llostrates the structural configuration of an exemplified XTENvlated cytokine (ie. a
“XTENylated FL127 construct), having an amino acid sequence of SEQ ID NO: 2 (see Table B). The
exemphfied “XTENylated TL12” construct comprises a cleavage sequence capable of being cleaved by a
mammalian protease. Upon the protease cleavage of the exemplified “XTENylated ILI2Z” construct, a
corresponding “de-XTENylated IL12” fragment and an “XTEN fragment” arc released. Also illustrated is a
reference cytokine construct {i.¢. a “Reference IL12” construct), having an amino acid sequence of SEG ID
NG: 4 (see Table B), which contains the same TL12 moiety.

{60231 FIG. 8 dlustrates reduced cyiokine activity due to XTENvlation. For example, an XTENvlated
{masked) mterieukin-12 (1L12) composition (SEQ 1D NG: 2} 15 at least 2-fold less active in inducing signal
transdacer and activator of transcription 4 {(STAT-4) in 293 HEK IL-12 reporter celis relative to the
corresponding protease-activated, de-XTENylated (unmasked) IL-12 composition. The protease reatment to
de-XTENvlate an XTENylated cvtokine composition s llustrated i FIG. 7. The EC30 of the X TENvlated
1112 (having a value of 167.0} 15 greater than the EC50 of the corresponding de-XTENylated 1L 12 (having a
value of 79.4), indicating the masking ability of XTEN on IL12 proteins and, more generally, on cytokines.
{0024] FIG. 9A-FIG. 9B illustrate XTENylation-mediated reduction in cytokine binding. For example, FIG.
2A illustrates binding of an “XTENylated IL12” composition (SEQ ID NO: 2} and a “Reference 1L127
composition without XTENylation (SEQ TD NO: 4) to 293 HEK-TL-12 reporter cells (HEK-Blue™ 11.-12 cells
(Invivogen, San Diego, CA}). The EC30 of the “X'TENylated 11127 (having a value of ~11.8) 1s greater than
the EC30 of the “Reference IL12"7 (having a value of ~4.5), indicating the ability (i.e. the masking effect) of
an XTEN m inierfering with the binding between the IL12 and the corresponding 1112 receptor. FIG. 9B
iflustrates the lack of binding of the “XTENylated IL12” and the “Reference IL127 compositions with IL12
receptor negative 293 HEK cells (control). As a further control, no binding was observed for the corresponding

XTEN fragment (see FIG. 7) with either the IL12 reporter cells or the IL12-negative control celis.

[ox)
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[6625] FIG. 18A-10C. TL12-XPAC-4X structure and activity assays. FIG. 18A shows schematic structure
of an exemplary [L12-XPAC-4X in which there arc 4 XTEN chains on the 1L-12 subunits. FIG. 10B shows
schematic of IL12-XPAC-4X shown in FIG. 10A i which a transglutaminase tag (TO) tag is added. The TG
tag is shown by the arrow. FIG. 16C HEK Blue activity assay for the PAC and XPACs of the two constructs
from FIG. 10A and FIGIOR.

[6926] FIG. 11A-11C. AU XTENs mask activity. FIG, 11A shows activity with an exemplary construct that
contains four XTEN moticties {AP2446). FIG. 11B shows activity with an exemplary construct that contains
three XTEN moieties {AP2447).  FIG, 11 shows activity with an exemplary construct that contains one
XTEN motety (AP2450),

{0027] FIG. 124-12C. Design of three exemplary IL12-XPAC-4X constructs.  FIG. 12A design of
ACZ582/AC2585, FIG. 12B design of AC3244/AC3247. FIG. 12C design of AC3245/AC3246.

{8028] FIG. 13 shows schematic of an exemplary XPAC further comprising a tumor binding domain.

{0829] FIG. 14 shows tumor regression results from an in vive efficacy stady performed in C37/Blk6 mice
beanng MC38 tumors. Once established the tumors were treated with either diluent, vT1L-12 at three different
concentrations or [L-12-XPAC at two different concentrations. The data shown support the efficacy of 1L-12
XPACs in producing femor regression.

{8036] FIG. 15A shows the toxicity/body weight data obtained from the tumor-bearing mouse study shown
m Figure (4. FIG 15B shows the offects of 1fIL12 and IL12 XPAC on the body weight of non-tumor bearing

mice. These data demonstrate XPAC safety.

DETAILED DESCRIPTION

{3631] While cytokines have potential to be potent therapeuntics, even at low concentrations, these agents
produce side effects that limit their practical application i a clinical setting. The present disclosure hamesses
the therapeutic potential of cytokine-related corapositions and related methods while controlling the deleterious
effects of those powerful compounds. More specifically, the present disclosure relates to specific BPXTEN
molecules known as Xienylated Protease Activated Cytokines (XPACs) that are conditionally activated in the
presence of proteases present in the tumor microenvironment. The present application is directed (o methods
and compositions for the preparation of XPACs. While the present disclosure presents certain examples with
{L12, i should be understood that this disclosure is broadly applicable to any ¢vtohine whose activity should
preferably be attenuated until such a time that it is presenied at the site of action. XPACs provide an effective
method for overcoming tumor-induced immuone suppression that can result from the role of IL12 in T- and
NE-cell-mediated inflammatory responses.

{6832] As ooted above, cytokines are potent inmune agomsts, however, the relatively narrow therapeutic

window of this powerful class of compounds has hmited their promise in a therapeutic setting. They have a
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short half-life, are extrencly potent, and produce significant undesivable systemic effects and foxicitics. Tn
addition, the therapeutic window was further narrowed by the need to administer large quantitics of cytokine
i order to achieve the destred levels of cytokine at the intended stte of cytokine action in the tomor or tumor
microenyironment. As such, cytokines have until now failed to reach their potential in the clinical setting for
the treatment of tumors.

{6033] The present mvention overcomes the foxicity and short half-life shortcomings that have hampered the
clinical use of cytokines in oncology. The XPACs of the present invention contain cytokine polypeptides that
have receptor agonist activity. But i the context of the XPAC, the cytokine receptor agomst activity is
attenuated and the circulating half-life is extended. The XPACs include protease cleave sies, which are cleaved
by proteases that arc associated with a desired site of cvickine activity (e.g., a tumor), and are typically enriched
or selectively present at the site of desired activity. Thus, the XPACs are prefercntially (or sclectively) and
efficiently cleaved at the desired sife of action. This limits the cytokine activity substantially to the desired
site of activity, such as the tumor microenvironment. Protease cleavage at the desired site of activity, such as
n a tumor microenvironment, releases a form of the cyviokine from the XPAC that is much more active as a
cvioking receptor agomist than the XPAC which has the XTEN molecule attached. The form of the cviokine
that s released upon cleavage of XTEN from the XPAC typically has a short half-life, which is often
substantially similar to the half-life of the naturally occurring eytokine. This advantageously limits the
cytokine activity to the tumor microenvironment. Even though the half-ife of the XPAC 15 extended, toxicity
is dramatically reduced or eliminated because the circulating XPAC is attenuated and active cytoking is
targeted to the tumor microcnviromment. The XPACs described berein, for the first time, cnable the
administration of an effective therapeutic dose of a cytokine to treat tamors with the activity of the cytokine
substantially hoted to the tumor microenviromment, and dramatically reduces or climinates unwanted
systemic effects and toxicity of the cytokine.

{6034] Before the embodiments of the invention are deseribed, it is to be understood that such embodunents
arc provided by way of cxample only, and that various alternatives to the embodiments of the 1avention
described herein may be emploved in practicing the invention. Nuomerous variations, changes, and
substitutions will now cocur to those skilled in the art without departing from the invention.

{3035] Unless otherwise defined, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this mvention belongs. Although methods
and materials similar or equivalent to those described herein can be used in the practice or testing of the present
wvention, sultable methods and materials are deseribed below. In case of conflict, the patent specification,
including definttions, will conirol. In addition, the materials, methods, and examples are illustrative only and
vot intended to be funtting. Numoerous variations, changes, and substitutions will vow oceur to those skilled

in the art without departing from the invention.
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Befinitions

{8036] As used herein, the following terms have the meanings ascribed to thom ualess specified otherwise.
{36371 Asased in the specification and claims, the singular forms “a”, “an™ and “the” include plural references
undess the context clearly dictates otherwise. For example, the term “a cell” mcludes a plurality of cells,
mchading mixtures thereof,

[6038] The term "cyvioking” is well-known to those of skill w the art and refers to any of a class of
mmunoreguiatory proteins that are secreted by cells especially of the mmune system and are
mmunomodelators. Cytokine polypeptides that can be used in the XPACs disclosed herein inclade, but are
not limited to mterleukins, such as IL-1, [L-Falpha, 1L-2, 1L-3, 1L-4, 1L-5, TL-6, 1L-7, IL-8, IL-9 TL-10, 1L~
U TL-12, T-13, TL-34, T-15, TL-36, T-17, 1L-18, TL-21 and TL-25, transforming growth factors, such as
TGF- alpha. and TGF-beta, {e.g., TGFbetal, TGFbeta2, TGFbeta3); interferons, such as interferon-.alpha.,
imterferon- beta., inferferon- gamma., interferon-kappa and interferon-omega; timor necrosis factors, such as
tumor necrosts factor alpha and Iymphotoxin; chemokines (e.g., C--X--C motif chemokine 10 (CXCL10),
CCL1G, CCL20, CCL2L), and granulocyie macrophage-colony stimulating factor (GM-CS), as well as
functional fragments thereof that retain receptor agonist activity. "Chemokine” is a term of art that refers to
any of a family of small cytokines with the ability to induce directed chemataxis in nearby responsive cells.
{8039] As used herein, the terms "activatable,” "activate.” "induce,” and "inducible” refer to the ability of a
protein, L.e. a cytoking, that 1s part of a XPAC, to bind its receptor and effectuate activity upon cleavage of the
XTEN from the XPAC.

{8046] Those of skill n the art understand the term “half-life extension” is used {0 mean that as compared to
a cvioking that is part of the XPAC, the XPAC that increases the serun half-life and improves pl, for exaraple,
by altering its size {e.g., {0 be above the kidney filtration cutoff), shape, hydrodynamic radios, charge, or
parameters of absorption, biodistnibution, metabolism, and ehimination.

{0041] The terms “polvpeptide”, “peptide”, and “proteiry” arc used interchangeably herein to refer to polymers
of amino acids of any length. The polymer may be linear or branched, i may comprise modified amino acids,
and it may be mterrupted by non-amino acids. The terms also encompass an amino acid polyvmer that has been
modified, for example, by disulfide bond formation, glycosylation, Hipidation, acetvlation, phosphorviation, or
any other manipulation, such as conjugation with a labeling component.

{0042] Asused heren the term “anuno acid” refers to cither natural and/or nnnatural or synthetic arowno acids,
mcluding but not linuted to glycine and both the D or L optical isomers, and amino acid analogs and
peptidomimetics. Standard single or three leiter codes are used to designate amino acids.

{8043] The term “natural L-amino acid” means the L optical isomer forms of glycine (G), profine (P, alanmne
{A), valine (V), leucine (L), wsoleucine (1), methionine (M), cysteine (C), phenyvlalanine (F), tyrosme (Y),
tryptophan (W), histidine (H), lysine (K), arginine (R), ghitamine (Q), asparagine (N), ghitamic acid (E),

aspartic acid (D), serine (8), and threonine (T).
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{6644] The term “non-naturally ocourning,” as applied to sequences and as used herein, means polypeptide or
polymucleotide sequences that do not have a counterpart to, are not complementary to, or do not have a high
degree of homology with a wild-type or naturally-occurring sequence found in a mammal. For example, a
non-naturally occurring polypeptide may share no more than 99%, 98%, 95%, 90%, 80%, 70%, 60%, 50% or
even less amino acid sequence identity as compared to a natural sequence when suttably aligned.

{6645] The terms “hvdrophulic” and “hydrophobic” refer to the degree of affinity that a substance has with
water. A hvdrophilic substance has a strong affinity for water, tending to dissolve in, mix with, or be wetted
by water, while a hydrophobic substance substantially lacks affimty for water, tending to repel and not absorb
water and tending not to dissolve m or nux with or be wetted by water. Amino acids can be characterized
based on their hydrophobicity. A number of scales have been developed. An example is a scale developed by
Levitt, M, et al., T Mol Biol (1976) 104:59, which s listed m Hopp, TP, etal,, Proc Natl Acad Sci U S A (1981)
78:3824. Examples of “hydrophilic amino acids”™ are arginine, lysine, threonine, alanine, asparagine, and
glutamine. Of particular interest are the hydrophilic amino acids aspartate, glotamate, and serine, and glyeine.
Examples of “hyvdrophobic amino acids™ are tryptophan, tyrosine, phenylalanine, methionmine, leucine,
iscleucine, and valine.

{3046] A “fragment” s a truncated form of a native biologically active protein that retains at least a portion
of the therapeutic and/or biological activity. A “variant” is a protein with sequence homology o the native
biologically active protein that retains at least a portion of the therapeutic and/or biological activity of the
biologically active protein. For example, a variant protein may share at least 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98% or 99% amino acid sequence wdentity with the reference biologically active protein. As used

59

herein, the term “biologically active protein moiety” includes proteins modified deliberately, as for example,
by site directed mutagenesis, insertions, or accidentally through mutations.

{08477 A “host cell” includes an individual cell or cell culture which can be or has been a recipient for the
subject vectors, Host cells include progeny of a single host cell. The progeny may not necessarily be
completely identical {in morphology or in genomic of total DNA complement) to the original parent cell due
to nataral, accidental, or deliberate mutation. A host cell includes cells transfected in vivo with a veclor of this
fmvention,

{0048] “Isolated,” when used to describe the various polypeptides disclosed herein, means polvpeptide that
has been wdentified and separated and/or recovered from a component of its natural environment. Contarminant
componenis of its natural environment are materials that would typically mterfere with diagnostic or
therapeutic ases for the polvpeptide, and mayv include enzymes, hormones, and other proteinaceous or nog-
proteinaceons solutes. As is apparent {0 those of skill in the art, a non-naburally cccurring polymucleotide,

13

peptide, polypeptide, protein, anttbody, or fragments thercof, does not require “isolation” to distinguish it from
its naturally occurring counterpart. In addition, a “concentrated”, “separated” or “diluted”™ polynucieotide,

peptide, polypeptide, protein, antibody, or fragments thereof, 1s distinguishable from its natarally occurring
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counterpart in that the concentration or number of molecules per vohuue 15 generally greater than that of s
naturally occurring counterpart. In general, a polypeptide made by recombinant means and expressed in a host
cell is considered to be “isolated.”

{6049] An “isolated” polynucleotide or polvpeptide-encodimg nucleic acid or other polypeptide-encoding
nucleic acid is a nucleic acid molecule that 15 wdentificd and separated from at least one contaminant nucleic
acid molecule with which i 1s ordinanily assoctated m the natural source of the polypeptide-encodmg nucleic
acid. An isolated polypeptide-encoding nucleic acid molecule is other than in the form or setting m which it
1s found i nature. Isolated polypeptide~-encoding nueleic acid molecules therefore are distingmshed from the
specific polypeptide-encoding nucleic acid molecule as it exists in natural cells. However, an isolate
polypeptide-cncoding sucleic acid molecule includes polypeptide-encoding nucleic acid molecules contained
i cells that ordmartly express the polypeptide where, for example, the nucleic acid molecule s mn a
chromosomal or extra-chromosomal location different from that of natural cells.

{60S¢] A “chimeric” protein contains at least one fusion polypeptide comprising regions in a different position
in the sequence than that which occurs in nature. The regions may normally exist in separate proteins and are
brought together in the fusion polypeptide; or they may normally exist in the same protein but are placed ina
new arrangeraent in the fusion polypeptide. A chimeric protein may be created, for exanple, by chemical
synthesis, or by creating and translating a polynucieotide in which the peptide regions are encoded i the
desired relationship.

{6051] “Comjugated”, “linked,” “fused,” and “fusion” are used interchangeably herein. These terms refer to
the joining together of two more chemical elements or components, by whatever means including chemical
comugation or recombinant means. For example, a promoter or enhancer is operably linked to a coding
sequence if it affects the transcription of the sequence. Generally, “operably Hnked” means that the DNA
sequences being linked are contiguous, and in reading phase or in-frame.  An “in-frame fusion” refers to the
jotung of two or more open reading frames (ORFs) to form a continuous longer ORF, in a manmner that
matutains the correct reading frame of the original ORFs. Thus, the resulting recombinant fusion protein is a
single protein contaimng two or more segments that correspond to polypeptides encoded by the original ORFs
{which segments are not normally so joined in natare). The terms “link.” “linked,” and “linking” are used in
the broadest sense, and are specifically mtended to inchude both covalent and non-covalent attachment of a
moicty of the therapeutic agent to another moicty of the therapeutic agent in a direct or indirect way. The term
“linked directly.” as used herein inn the context of a therapeutic agent, generally refers to a structure in which a
moiety 18 connecled with or attached to ancther moiety without an ntervening tether. The term “hnked
mdirectly,” as used herein i the context of 3 therapeutic agent, generally refers {0 a structure in which a moiety
of the therapeutic agent s connected with, or attached to, another moicty of the therapeutic agent via an

intervening tether,
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{6852] In the context of polypeptides, a “lincar sequence”™ or a “sequence” is an order of amino acids m a
polypeptide in an anuno to carboxyl terminus direction in which residues that neighbor each other n the
sequence are contiguous in the primary structure of the polvpeptide. A “partial sequence”™ 15 a linear sequence
of part of a polypeptide that 1s known to comprise additional residues in one or both directions.

{B053] “Heterologous™ means derived from a genotypically distinet entity from the rest of the entity to which
it is being compared. For exaniple, a glycine rich sequence removed from its native coding sequence and
operatively linked to a coding sequence other than the native sequence is a heterologous glycine rich sequence.
The term “heterclogous™ as applied to 3 polvnucleotide, a polypeptide, means that the polymucleotide or
polypeptide 1s derived from a genotypically distinet entity from that of the rest of the entity to which 1t 1s being
compared.

{6034] The terms “polvmuclectides”, “nucleic acids”, “nucleotides” and “oligonuclcotides” are used
mterchangeably. They refer to a polymeric form of nucleotides of any length, either deoxyribonucieotides or
ribonucieotides, or analogs thereof. Polynucleotides may have any three-dimensional structure, and may
perform any function, known or unknown. The following are non-limiting examples of polvnucieotides: coding
or non-coding regions of a gene or gene fragment, loct (locus) defined from lmkage analysis, exons, introns,
messenger RNA (mBNA), transfer RNA, ribosomal RNA, ribozymes, ¢cBNA, recombinant polynucleotides,
branched polymucleotides, plasmids, veetors, isolated DNA of any sequence, isolated RNA of any sequence,
nucleic acid probes, and primers. A polynucleotide may comprise modified nucleotides, such as methyvlated
nucleotides and nucleotide analogs. W present, modifications to the nuclectide structure may be imparted hefore
or after assemibly of the polvmer. The sequence of nucleotides may be mterrepted by non-nucleotide
components. A polyvnacleotide may be further modified after polymerization, such as by conjugation with a
labeling component.

{B055] The term “complement of a polynucleotide”™ denotes a polynucleotide molecule having a
complementary base sequence and reverse orientation as compared to a reference sequence, such that it could
hybridize with a reference sequence with complete fidelity.

j#0S6] “Recombinant™ as apphied to a polynucleotide means that the polynucleotide is the product of various
combinations of in vitro cloning, restriction and/or ligation steps, and other procedures that result in a construet
that can potentially be expressed m a host cell.

{0857] The terms “gene” or “gene fragment” are used interchangeably herein. They refer to a polynucleotide
containing at least one open reading frame that is capable of encoding a particular protein after being
transcribed and translated. A gene or gene fragment may be genomic or cEBNA| as long as the polynucleotide
contains at least one open reading frame, which may cover the entire coding region or a segment thereof A
“fusion gene” 1s a gene composed of at least two heterologous polvaucleotides that are Imked together.
{00381 “Homology™ or “homologous” refers to sequence similarity or interchangeability between two or more

polymucleotide sequences or two or more polypeptide sequences. When using a program such as BestFit to
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determine sequence wdentity, simiarity or homology between two different anvno acid sequences, the default
settings may be used, or an appropriate scoring matrix, such as blosum43 or blosumB80, may be selected to
optimize identity, similarity or homology scores. Preferably, polvmuecleotides that are homologouns are those
which hybridize under stringent conditions as defined herein and have at least 70%, preferably at least 80%,
more preferably at least 90%, more preferably 95%, more preferably 97%, more preferably 98%, and even

more preferably 99% sequence wlentity to those sequences.

3

{0059 The terms “siringent conditions” or “stringent hyvbridization conditions” includes reference to
conditions under which a polynucleotide will hybnidize 1o its targel sequence, to a detectably greater degree

than other sequences {e.g., at least 2-fold over background). Generally, stringency of hybridization is

expressed, 1o part, with reforence to the teraperature and salt concentration under which the wash step is carried
out. Typrcally, stringent conditions will be those in which the salt concentration is less than about 1.5 M Na
ion, typically about 0.01 to0 1.0 M Na ion concentration (or other salts) at pH 7.0 to 4.3 and the terperature is
at least about 30°C. for short polynucleotides {e.g., 10 to 50 nucleotides) and at least about 60°C. for long
polvnucleotides {e.g., greater than 50 nucleotides)—for example, “stringent conditions” can include
hybridization in 50% formamide, | M NaCl, 1% SDS at 37°C., and three washes for 15 min each in 0. 1x55C/1%
SDS at 60 1o 65°C. Altemnatively, femperatures of about 65°C, 60°C, 55°C, or 42°C may be used. SSC
concentration may be varied from about 0.1 to 2xS8C, with SDS being present at about 0.1%. Such wash
temperatures are typically selected to be about 3°C to 20°C lower than the thermal melting point © for the
specific sequence at a defined ionic strength and pH. The Tm is the temperature (under defined ionic strength
and pH) at which 30% of the target sequence hybridizes to a perfectly matched probe.  An equation for
calcudating Tm and conditions for nucleic acid hybridization are well known and can be found in Sambrook,
J. et al. (1989) Molecular Cloning: A Laboratory Manual | 2 ed.. vol. 1-3, Cold Spring Harbor Press,
Plamview N.Y.; specifically see volume 2 and chapter 9. Typically, blocking reagents are used fo block non-
specific hybridization. Such blocking reageunts include, for instance, sheared and denatured saloon sperm DNA
at about 100-200 pug/ml Organic solvent, such as formamide at a concentration of about 35-50% v/v, may
also be used onder particular circamstances, such as for RNADNA hybridizations. Useful variations on these
wash conditions will be readily apparent to those of ordimary skill in the art.

{0068] The terms “percent identity” and “% 1dentity,” as apphied to polvnucleotide sequences, refer to the

percentage of residue matches between at least two polynucieotide sequences aligned using a standardized

&

algorithim. Such an algorithm may tusert, in a standardized and reproducible way, gaps in the sequences being
compared in order to optimize alignment between two sequences, and therefore achieve a more meamngfhid
comparison of the two sequences. Percent dentity mav be measured over the length of an entire defined
polynucleotide sequence, for exaraple, as detived by a particular SEQ 1D number, or may be measured over a
shorter length, for example, over the length of a fragment taken from a larger, defined polynuclectide sequence,

for instance, a fragment of at least 45, at least 60, at least 90, at least 120, at least 150, at least 210 or at least
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450 contiguous residues.  Such lengths are exemplary only, and it is understood that any fragment length
supported by the sequences shown herein, in the tables. figures or Sequence Listing, may be used to describe
a length over which percentage identity may be measared.

{6061] “Percent (%) amino acid sequence identity,” with respect to the polvpeptide sequences identifie
herein, is defined as the percentage of amino acid residucs in a query sequence that are wdentical with the anuno
acid residues of a second, reference polypeptide sequence or a portion thereof, after aligning the sequences and
miroducing gaps, if necessary, to achieve the maximuom percent sequence identity, and not considering any
conservative substitutions as part of the sequence identity. Alignment for purposes of determining percent
anino acid sequence identity can be achioved in various ways that are withun the skall in the art, for instance,
using publicly available computer software such as BLAST, BLAST-2, ALIGN or Megalign (DNASTAR)
software. Those skilled m the art can determine appropriate parameters for measuring alignment, including
anty algorithms needed to achiove maximal alignment over the full length of the sequences being compared.
Percent identity may be measured over the length of an entire defined polypeptide sequence, for example, as
defined by a particular SEQ ID number, or may be measured over a shorter length, for example, over the length
of a fragment taken from a larger, defined polypeptide sequence, for instance, a fragment of at least 15, at least
20, at least 30, at feast 40, at least 50, at least 70 or at least 150 contiguous residugs. Such lengths are exemplary
only, and it is understood that any fragment length supported by the sequences shown herein, i the tables,
figires or Sequence Listing, may be used to describe alength over which percentage identity may be measured.
{60621 The term “non-repetitiveness” as used herein in the context of a polypeptide refers o a lack or hmited
degree of internal homology i a peptide or polypeptide sequence. The term “substantially non-repetitive” can
mean, for example, that there are few or no instances of four contiguous amino acids i the sequence that are
identical amino actd types or that the polypeptide has a subsequence score (defined infra) of 10 or less or that
there isn’t a pattern in the order, from N- to C-ferminus, of the sequence motifs that constitute the polvpeptide
sequence. The term “repetitiveness” as used herein m the context of a polypeptide refers to the degree of
miernal homology in a peptide or polypeptide sequence. 1n contrast, a “repetitive” sequence may contain
multiple identical copies of short aminoe acid sequences. For instance, a polypeptide sequence of intergst may
be divided into n-mer sequences and the mumber of identical sequences can be counted.  Highly repetitive
sequences contain a large fraction of identical sequences wiile non-repetitive sequences contain few identical
sequences. o the context of a polypeptide, a sequence can contain multiple copies of shorter sequences of
defined or variable length, or motifs, in which the motifs themselves have non-repetitive sequences, rendering
the fuli-length polypeptide substantially non-repetitive.  The length of polypeptide within which the non-
repetitiveness is measured can vary from 3 amino acids to about 200 amine acids, about from 6 to about 50
araino acids, or from about 9 to about 14 ammo acids. “Repetitiveness” used in the context of polynucleotide

sequences refers to the degree of internal homology in the sequence such as, for example, the frequency of
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identical nucleotide scquences of a given length. Repetitiveness can, for example, be measured by analyzing
the frequency of tdentical sequences.

{30631 A “vector” is anucleic acid molecule, preferably selfereplicating in an appropriate host, which transfers
an mserted nucleic acid molecule mio and/or between host celis. The term includes vectors that function
primartly for insertion of DNA or RNA into a cell, replication of vectors that function primarnily for the
replication of DNA or RNA, and expression vectors that function for transeription and/or translation of the
DNA or RNA. Also included are vectors that provide more than one of the above functions. An “expression
vecior” 15 a polymuclectide which, when introdoced into an appropriate host cell, can be transcribed and
translated into a polypepide(s). An “expression system” usually connotes a surtable host cell comprised of an
expression vector that can fumction to vield a destred expression product.

[6064] “Serum degradation resistance,” as applied to a polypeptide, refers to the ability of the polvpeptides to
withstand degradation in blood or components thereof, which typically involves proteases i the serwm or
plasma. The seram degradation resistance can be measused by combining the protein with human (or mouse,
rat, monkey, as appropriate) serum or plasma, typically for a range of days {e.g. 0.25, 0.5, 1, 2, 4, 8, 16 days),
tvpically at about 37°C. The samples for these time points can be run on a Western blot assay and the protein
is detected with an antitbody. The antibody can be to a tag in the protein. If the protein shows a single band on
the western, where the protein’s size is identical to that of the injected protein, then no degradation has ocourred.
In this exemplary method, the time point where 50% of the protein is degraded, as judged by Western blots or
equivalent techruques, is the sorum degradation hatf-life or “serum half-life” of the protemn.

{8065] The term "ty 7 as used herein means the terminal half-life calculated as n{ZyKe . Kais the terminal
climination rate constant calculated by lincar regression of the terminal lincar portion of the log concentration
vs. time curve. Half-life typically refers to the time required for half the quantity of an administered substance
depostted in a living orgamsm to be metabolized or eliminated by normal biological processes. The terms “tin ™,
“ternunal halt-life”, “climination half-life” and “circulating half-life” are used interchangeably herein.

{0066] “Apparcnt Molecular Weight Factor” or “Apparent Molccular Weight” are related terms veferring to
a measure of the relative mncrease or decrease in apparent molecular weight exhibited by a particudar amino
acid sequence. The Apparent Molecular Weight is determined using size exclusion chromatography (SEC)
and similar methods compared to globular protein standards and is measured in “apparent kI3 uruts. The
Apparent Molecular Weight Factor is the ratio between the Apparent Molecular Weight and the actual
molecular weight; the latter predicted by adding, based on amino acid composition, the calculated molecular
weight of each type of amino acid in the composition.

{80671 The “hydrodynamic radius” or “Stokes radins” is the effective radius (Ry, in nm) of 3 molecule in a
solution measured by assunung that it is a body moving through the solution and resisted by the solution’s
viscosity. In the embodiments of the invention, the hydrodynamic radius measurements of the XTEN fusion

proteins corrclate with the “Apparent Molecular Weight Factor’, which is a more intuitive measure. The

Ju—
4



WO 2021/262985 PCT/US2021/038909

“hydrodynanuc radius” of a protein affects its rate of diffusion 1 agqueous solution as well as its abiliy to
migrate i gels of macromolecules. The hydrodynamic radius of a proten is determined by its molecular
weight as well as by its structure, mchuding shape and compactoess.  Methods for delermining the
hydrodynamic radivs are well known in the art, such as by the use of size exclusion chromatography (SEC),
as described in U.S. Patent Nos. 6,406,632 and 7,294,513, Most proteins have globular structure, which is the
most compact three-dimensional structure a protein can have with the smallest bydrodynanuc radius. Some
proteins adopt a random and open, unstructured, or ‘Hnear’ conformation and as a result have a much larger
hydrodynamic radius compared to typical globular proteins of similar molecular weight.

{6068] “Phvsiological conditions™ refer (o a set of conditions 1 a hiving bost as well as in virre conditions,
nchading temperature, salt concentration, pH, that nunuc those conditions of a living subject. A host of
physiologically relevant conditions for use m in vitre assays have been established. Generally, a physiclogical
buffer contains a physiclogical concentration of salt and is adjusted o a neutral pH ranging from about 6.5 to
about 7.8, and preferably from about 7.0 to about 7.5, A variety of physiclogical buffers is listed in Sambrook
et al. (1989). Physiologically relevant temperature ranges from about 25°C to about 38°C, and preferably from
about 35°C to about 37°C.

{3069] A “reactive group” is a chemical structure that can be coupled to a second reactive group. Examples
for reactive groups are amino groups, carboxyl groups, sulfhvdeyl groups, hvdroxyi groups, aldehyde groups,
azide groups. Some reactive groups can be activated to facilitate coupling with a second reactive group.
Examples for activation are the reaction of a carboxyl group with carbodiinude, the conversion of a carboxy!
group into an activated ester, or the conversion of a carboxyl group mto an azide function.

{6878] “Controlicd release agent”, “slow release agent”, “depot formulation” or “sustained release agent” are
used interchangeably to refer to an agent capable of exiending the duration of release of a polypeptide of the
mvention relative o the duration of release when the polvpeptide is adnunistered in the absence of agent.
Different emboduments of the present nvention may have different release rates, resulting in differenmt
therapeutic amounts.

{3071] The terms “antigen”, “target antigen” or “immnunogen” are used mterchangeably herein to refer to the
structure or binding determinant that an anttbody fragment or an antibody fragment-based therapeutic binds to
or has specificity against.

{6872] The torm “payload” as used heremn refers to a protein or peptide sequence that has biclogical or
therapeutic activity; the counterpart to the pharmacophore of small molecules. Examples of payloads inchude,
but are not hmited to, cvickines, enryvmes, hormones and blood and growth factors. Payloads can further
comprise genetically fused or chemically conjugated moieties such as chemotherapeutic agents, antiviral
compounds, toxing, ot contrast agents. These conjugated moictics can be joined to the rest of the polypeptide

via a hinker which may be cleavable or non-cleavable.
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{6673] The teom “antagonist”, as used heretn, includes any molecule that partially or fully blocks, inhibnts, or
neutralizes a biological activity of a native polypeptide disclosed herein. Methods for identifying antagonists
of a polypeptide may comprise contacling & native polypeptide with a candidate antagonist molecule and
measuring a detectable change in one or more biological activities normally associated with the native
polvpeptide. In the context of the present imvention, antagonists may include proteins, nucleic acids,
carbohvdrates, antibodies or anv other molecules that decrease the effect of a biologically active protein.
{8074] The term “agonist” is used in the broadest sense and inchudes any molecule that numics a biological
activity of a native polypeptide disclosed herein. Suitable agonist molecules specifically nclude agomst
antibodies or antibody fragments, fragments or ammno acid sequence variants of native polypeptides, peptides,
small organic molecules, etc. Methods for identifying agomusts of a native polvpeptide may comprise contacting
a native polypeptide with a candidate agomist molecule and measuring a detectable change in one or more
biological activitics normally associated with the native polypeptide.

{6075] “Activity” for the purposes herein refers to an action or effect of a component of a fusion protein
consistent with that of the corresponding native biologically active protein, wherein “biological activity” refers
to an in vitro or in vive biclogical fonction or effect, including but not linuted to receptor binding, antagonist
activity, agonist activity, or a cellular or phvsiclogic response.

{8076] As used herein, “treatment” or “treating,” or “palhating” or “ameliorating” s used interchangeably
herein. These terms refer to an approach for obtmining beneficial or desired results meluding but not hmted
to a therapeutic benefut and/or a prophylactic benefit. By therapeutic benefit is meant eradication or
amelioration of the underlying disorder being treated.  Thus, for cxample, treatment refers to a method of
reducing the offects of a disease or condition or sympiom of the disease or condition. Thus, in the disclosed
method, treatment can refer (o at least aboui 10%, at least about 20%, at least about 30%, at least about 40%,
at least abowt 50%, at least about 60%, at least about 70%, at least about 80%, at least aboui 90%, or
substantially complete reduction in the severity of an cstablished discase or condition or symptom of the
disease or condition. For example, a method for treating a discase is considered to be a treatment if there is a
10% reduction in one or more symptoms of the discase in a subject as compared to a control. Thus, the
reduction can be a 10%, 20%, 30%, 40%, 30%, 60%, 70%, 80%, 90%, 100%, or any percent reduction in
between 10% and 100% as compared to native or control levels. Also, a therapeutic benefit is achieved with
the eradication or amelioration of one or more of the physiological symptorns associated with the underlying
dissase condition such that an improvement is observed in the subject, notwithstanding that the subject may
still be afflicted with the underlying discrder. For prophylactic benefit, the composttions may be administered
to a subject at risk of developing a particular disease or condition, or {0 a subject reporting one or more of the
phvsiological symptoms of a disease, even though a diagnosis of this discase may not have been made. Itis
understood that treatment does not necessarily refer to a cure or complete ablation of the disease. condition, or

symptoms of the disease or condition.
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{6677] A “therapeutic ctfoct”, as used herein, refers to a physiologic effect, inchuding but not limiited to the
cure, mitigation, amelioration, or prevention of disease or condition in humans or other animals, or to ctherwise
enhance physical or mental wellbeing of lnimans or animals, caused by a fusion polypeptide of the invention
other than the ability o induece the production of an antibody against an antigenic epitope possessed by the
biologically active protein. Deternunation of a therapeutically effective amount is well within the capability
of those skilled in the art, especially 1o light of the detailed disclosure provided herein.

{8078] The terms “therapeutically effective amount” and “therapeutically cffective dose”, as used herein,
refers to an amount of a biclogically active protein, either alone or as a part of a fusion protein composition,
that is capable of having any detectable, beneficial effect on any symptom, aspect, measured parameter or
characteristics of a disease state or condition when adounistered in one or repeated doses to a subject. Such
effect need not be absolute to be beneficial. The discase or condition can refer to a disorder or a disease.
{8079 The term “therapeutically effective dose regimen”, as used herem, refers to a schedule for
consccutively administered doses of a biclogically active protein, either alone or as a part of a fusion protein
composition, wherein the doses are given in therapeutically effective amounts to result m sustained beneficial
effect on any symptom, aspect, measured parameter or characteristics of a discase state or condition.

{B088] As used herein, the terms "prevent”, "preventing”, and "prevention” of a discase or disorder refers to
an action, for example, administration of the chimeric polvpeptide or nucleic acid sequence encoding the
chimeric polypeptide, that occurs before or at about the same tme a subject begins to show one or more
symaptoms of the discase or disorder, which inhibits or delays onset or exacerbation of one or more symptoms
of the disease or disorder.

{B081] As used herein, references to "decreasing”, "reducing”, or "inhibiting” mclude a change of at least
about 10%, of at least about 209, of at least about 30%, of at least about 40%, of at least about 530%, of at lcast
about 60%, of at least about 70%, of at least about 80%, of at least about 90% or greater as compared o a
suitable control level Such terms can include but do not necessarily include complete climination of a function
or property, such as agonist activity.

{B082] An "attenuated cytokine recepior agonist” 18 a cvicking receptor agonist that has decreased receptor
agonist activity as compared to the cytokine receptor’s natwrally occurring agonist. An attenuated cytokine
agonist may have at least about 10 times, at least about 50 times, at least about 100 times, at least about 250
tiraes, at least about 500 tirues, at least about 1000 times or less agonist activity as compared to the receptor's
naturally occurring agomist. When a XPAC that contains a cytokine polypeptide as described herein is
described as "atternsated” or having "attenuated activity”, it is meant that the XPAC is an attenoated cvtokine
receptor agonist.

General Technigues

{30831 The practice of the prosent invention employs, unless otherwise indicated, conventional techniques of

fomanclogy, biochemistry, chemistry, molecular biology, microbiology, cell biology, genomics and
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recombinant DNA, which are within the skill of the art. See Sambrook, J. er ol , “Molecular Cloning: A
Laboratory Manual,” 3" edition, Cold Spring Harbor Laboratory Press, 2001 “Current protocols in molecular
biclogy™, F. M. Ausubel, er of. eds., 1987, the series “Methods tn Enzymology,” Academic Press, San Diego,
CAL;“PCR 20 apractical approach”, M.J. MacPherson, B.D). Hames and G.R. Tavlor eds., Oxford University
Press, 1995; “Antibodics, a laboratory manual” Harlow, E. and Lane, . eds., Cold Spring Harbor
Laboratory,1988; “Goodman & Gilman’s The Pharmacological Basis of Therapeutics,” 11% Edition, McGraw-
Hill, 2003; and Freshney, R.L, “Cuiture of Animal Cells: A Manual of Basic Technique,” 4™ edition, John
Wiley & Sons, Somerset, NJ, 2000, the contents of which are incorporated in their entirely herein by reference.
Cyvtokines for Use in XPACs

{0084] In geoeral, the therapeutic use of cytokines s strongly Umited by ther systemic toxicity. TNF, for

example, was originatly discovered for its capactty of inducing the hemorrhagic necrosis of some tunors, and
for is m vitro eytotoxic effect on different tumoral lines, but it subsequently proved to have strong pro-
mflammatory activity, which can, in case of overproduction conditions, dangerously a{fect the haman body.
As the systemic toxicity is a fundamental problem with the use of pharmacologically active amounts of
cviokings in humans, novel derivatives and therapewtic strategies are now under evaluation, aimmed at reducing
the toxic efiects of this class of biological effectors while keeping their therapeutic etficacy.

{8085] A preferred cytokine for use m production of XPACs is Interfeukin-12 (IL-12). 1L-12 is a disulfide-
linked heterodimer of two separately encoded subunits (p35 and p40), which are linked covalently to give rise
to the so-called binactive heterodimeric (p70) molecule. Apart from forming heterodimers (IL-12 and 1L-23),
the p40 subunit is also secreted as a monomer (pd(d) and a homodimer (pd40:). It is known in the art that
synthesis of the heterodimer as a single chain with a linker conneeting the p35 to the p40 subunit preserves the
full biological activity of the heterodimer. TL-12 plays a critical role in the early inflammatory response (o
mfection and n the generation of Thi cells, wiuch favor cell-mediated immunity. Tt has been found that
overproduction of IL.-12 can be dangerous to the host because it is involved in the pathogenesis of a number
of autcimmune inflammatory discases (e.g. MS, arthritis, type 1 diabetes).

{0086] The [L-12 receptor (IL-12R) 15 a heterodimeric complex consisting of TL-12RB1 and 1L-12RB2 chains
expressed on the sarface of activated T-cells and natural killer cells. The IL-12RB 1 chain binds to the [L-12p40
subunit, whereas 1L-12p35 in association with 11L-12RB2 confers an intracellular signaling ability. Signal
transduction through [L.-12R induces phospboryiation of Janus kinase (Jak2) and tyrosine kimase (Tyk2), that
phosphorviate and activate signal transducer and activator of transeription (STATYH, STAT3, STAT4, and
STATS. The specific cellular effects of {L-12 are due mainly to activation of STAT4. {1.-12 induces natural
killer and T-cells to produce cytokings, in particular mterforon (IFN)y, that mediate many of the
proimnflamumatory activitics of 1L-12, including CD4+ T-cell differentiation toward the Thi phenotype.

{0887] 1L-2 exeris both stunulatory and regulatory functions in the unoune system and is, along with other

members of the common y-chain cvtokine fanily, cendral to tomune homeostasis. 1L-2 mediates s action by
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binding to 1L-2 receptors (IL-2R}, consisting of either trimeric receptors made of TL-2Ra(CD23), IL-2RB
(CD122), and H-2R—y {y-—¢, CD132) chains or dimeric § v IL-2Rs. Both IL-2R varianis are able to transnut
signal upon IL-2 binding. However, trimeric afly IL-2Rs have a roughly 10-100 times higher affinity for TL-2
than dimeric By {L-2Rs (3), vuplicating that CD25 coufers high-affimty binding of 11.-2 to its receptor but ts
not crucial for signal transduction. Trimeric TL-2Rs are found on activated T cells and CD4+ forkhead box P3
{FoxP3)+ T regulatory cells (Treg), which are sensitive to 1L-2 in vitro and in vivo. Conversely, antigen-
experienced (memory) CD8+, CD44 high memory-phenctype (MP} CD&+, and natural killer (NK) celis are
endowed with high levels of dimeric By IL-2Rs, and these cells also respond vigorously to [L.-2 1 vitro and in
VIvO,

{0088] Exprossion of the high-affimity 1L-2R is critical for endowing T cells to respond to low concentrations
of IL.-2 that is transiently available in vivo. IL-2Ro expression is absent on naive and memory T cells but s
indoced after antigen activation. 1L-2R$ is constitutively expressed by NK, NKT, and memory CD8+ T celis
but is also induced on naive T cells after antigen activation. y—chain s much less stringently regulated and is
constitutively expressed by all lvmphoid cells. Once the high-affinity TL-2R is induced by antigen, 11-2R
signaling upregulates the expression of IL-2Ra in part through StatS-dependent regulation of H2ra
transcription. This process represents a mechanism to maintain expression of the high-affinity [L-2R and
sustain [L-2 signaling while there remains a source of 1L-2.

{60891 Interleukin-15 {(11-135), another member of the 4-alpha-helix bundle fanuly of cytokines, has also
emerged as an iounanomodulator for the treatment of cancer. IL-15 is inttially captured via 1L-15Ra, which is
expressed on antigen-presenting dendritic cells, monocytes and macrophages. [L-15 exiubits broad activity
and induces the differentiation and proliferation of T, B and natural killer (NK) cells via signaling through the
HL-151L-2-R-3 (CD122) and the common v chain (CD132). It also enhances eviolytic activity of CD8+ T celis
and mnduces long-lasting antigen-experienced CD8+CD44 memory T cells. TL-15 stimulates differentiation
and momunoglobulin synthesis by B cells and induces maturation of dendnitic cells. Tt does not stmulate
mnnwmnosuppressive T regulatory cells (Tregs). Thus, boosting [L-15 activity selectively m the tumor micro-
environment could enhance innate and specific immunity and fight tumors.

{6096] Interleukin-7 (1L-7), also of the IL-2/IL-15 fanuly, is a well-characterized pletotropic evtokine, and is
expressed by stromal cells, epithehial cells, endothelial cells, fibroblasts, smooth muscle cells and keratinocytes,
and following activation, by dendritic cells (Alpdogan et al., 2005). Although it was originallv desentbed as
growth and differcntiation factor for precursor B lvmphocvtes, subscquent studies have shown that 1L-7 is
critically mvolved 1o T-lymphocyie development and differentiation. Interleukin-7 signaling is cssential for
optimal CD8 T-cell fimction, homeostasis and establishment of memory (Schiuns et al., 2000}, it 1s required
for the survival of most T-cell subsets, and its expression has been proposed to be important for regulating T-

cell numbers.
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{6951] IL-7 has a potential role in enbancing mwunune reconstitution m cancer patients following cytotoxic
chemotherapy. 1L-7 therapy enhances immune reconstitution and can augment even limited thymic function
by facilitating peripheral expansion of even small numbers of recent thymic emigrants. Therefore, IL-7 therapy
could potentially repair the immune svstem of patients who have been depleted by eytotoxie chemotherapy
and may be an attractive candidate for XPAC production.

[6092] Regulatory T cells actively suppress activation of the mmune system and prevent pathological self-
reactivity and consequent autoimmune discase. Developing drugs and methods to selectively activate
regulatory T cells for the treatment of avtoimmune disease 1$ the sabject of intense research and, antil the
development of the present wwvention, which can selectively deliver active interleukins at the site of
mflammation, has been largely unsuccessful. Regulatory T cells (Treg) are a class of CD4+CD25+ T cells that
suppress the activity of other imoume cells. Treg are central to immune system homeostasis, and play a major
role in maintaining tolerance o self-antigens and in modulating the immune response to foreign antigens,
Multiple autoimmune and mflammatory discases, incheding Type 1 Diabetes (T1D), Svsiemic Lupus
Erythematosus (SLE), and Graft-versus-Host Disease (GVHD) have been shown to have a deficiency of Treg
cell numbers or Treg function.

{30931 As such, there is great interest in the development of therapies that boost the numbers and/or function
of Treg cells. One approach is treatment with low dose Interleukin-2 (1L-2). Treg cells characteristically
express high constitutive levels of the high affimty IL-2 receptor, IL2Rafy which is composed of the subunits
TL2Re {CD23), TLZRE (CD122), and W.2Ry {CD132), and Treg cell growth has been shown to be dependent
oniL-2. Conversely, immune activation has also been achieved using 11-2, and recombinant 1L-2 (Proleukin®)
has been approved to treat certain cancers. High-dose TL-2 15 used for the treatment of patients with metastatic
melanoma and metastatic renal cell carcinoma with a long-tero impact on overall survival.

{6094} Clinical trials of low-dose 1L-2 freatment of chronic GVHD and HCV-associated autoimmune
vasculilis patients demonstrated inereased Treg levels and signs of chnical efficacy. The rationale for using
so~called low dose IL-2 was to exploit the high HL.-2 affinity of the trimeric 1L-2 receptor which is constitutively
expressed on Tregs while leaving other T cells which do not express the high affinity receptor in the inactivated
state. Proleukin® (Prometheus Laboratories, San Dicgo, Calitl), the recombinant form of IL-2 used in these
trials, is associated with high toxicity. Aldesleukin, at high doses, is approved for the treatment of metastatic
melanoma and metastatic renal cancer, but its side effects are so severe that its use is only recommended n a
hospital setting with access to intensive care.

{0095] The chinical trials of 1L-2 1 autounmune diseases have enmployed lower doses of 1L-2 in order to target
Treg cells, because Treg cells respond to lower concentrations of {L-2 than many other immune cell types duc
to their expression of ILZR alpha. However, even these lower doses resulted in safety and tolerability issues,
and the treatments used have emploved daily subcutaneous mjections, either chromcally or in ntermittent 3-

day treatment courses. Therefore, there is a need for an autoinunune disease therapy that potentiates Treg ccll
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numbers and function, that targets Treg cells more specificatly than 11-2, that is safer and more tolerable, and
that is administered less frequently. This low therapeutic window for IL-2 is played out across other cytokine
therapies.

{6996] One approach for improving the therapeutic index of evtokme-based therapy for avtommuune diseases
was to use variants of 1L-2 that are selective for Treg cells relative to other vonwme cells. TL-2 recepiors are
expressed on a variety of different imowune cell types, including T cells, NK cells, cosmmopluls, and monocytes,
and this broad expression pattern likely contributes o ts pleiotropic effect on the mumune system and high
systemic toxicity. In particular, activated T effector cells express IL2Rafy, as do pulmonary epithelial cells.
But, activating T effector cells runs directly counter to the goal of down-modulating and controlling an inoune
response, and activating pulmonary epithelial cells leads to known dose-limiting side effects of 1L-2 including
pulmonary edema. {a fact, the major side effect of hugh-dose IL-2 immunotherapy is vascular leak syndrome
(VLS), which leads to accunmnilation of intravascular fluid in organs such as hings and Hver with subsequent
pulmonary edema and lwver celf damage. There is no treatment of VLS other than withdrawal of 1L-2. Low-
dose 1L-2 regimens have been iested in patienis to avoid VLS, however, at the expense of suboptimal
therapeutic resolts.

{8097] Treatment with interleukin cytokines other than IL-2 has been even more limited. IL-15 displays
mnmune cell stimulatory activity sumilar to that of IL-2 but without the same inhibitory effects, thus making it
g promising immunotherapeutic candidate. Chinical trials of recombinant fuman [L-15 for the treatment of
metastatic malignant melanoma or renal cell cancer demonstrated appreciable changes m immune cell
distribution, proliferation, and activation and suggested potential antitumor activity. IL-15 therapy is known to
be associated with undesired and toxie effects, such as exacerbating certain levkemias, graft-versus-host
discase, hypotension, thromboeytopenia, and hiver injury.

{6958] 1L-7 promotes lymphocyie development in the thymus and maiotains survival of narve and memory T
cell homeostasis in the periphery. Moreover, it is important for the organogenesis of lymph nodes (LN} and
for the maintenance of activated T cells recruited into the secondary lvmphoid organs (SLOs). In clinical trials
of IL-7, patients receiving [L-7 showed increases in both CD4+ and CD8+ T cells, with no significant merease
m regilatory T cell numbers as monitored by FoxP3 expression. In climcal trials reported in 2006, 2008 and
2010, pationts with differont kinds of cancers such as metsstatic melanoma or sarcoma were injected
subcutancousty with different doses of 1L-7. Little toxicity was seen except for transient fovers and mild
erythema. Circulating levels of both CD4d+ and CD8+ T cells mereased sigmificantly and the number of Treg
reduced. TCR repertoire diversity increased after 1L-7 therapy. However, the anti-tumor activity of 1L-7 was
not well evaluated. Results suggest that 11.-7 therapy could enhance and broaden tnmune responses.

{3099] IL-12 is a pleioiropic cyickine, that creates an interconnection between the innate and adaptive
mnmonity. IL-12 was first described as a factor secreted from PMA-induced EBV-transformed B-cell lines.

Based on its actions, 1L-12 has been designated as eviotosic lvmphocyie maturation factor and natural killer
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cell stiounlatory factor. Due to bridging the mnate and adaptive inwounity and potently stimulating the
production of IFNgamma., a cytokine coordinating natural mechanisms of anéicancer defense, [L-12 seemed
ideal candidate for tumor immunotherapy in humans. However, severe side effects associated with systemic
administration of 1L-12 m chinical investigations and the very narrow therapeutic index of this cyiokine
markedly hampered the use of this cytokine in cancer patients. Approaches to [1-12 therapy 1o which delivery
of the cytokine 1s tumor-targeted, which may dinunish some of the previous issucs with 1L-12 therapy, are
currently in clinical trials for cancers.

{3160] The direct use of IL-2 as an agonist to bind the IL-2R and modulate immune responses therapeatically
has been problematic due its well-documented therapeutic risks, e.g., its short serum half-hife and hugh toxicity.
These risks have also hmited the therapeutic development and use of other cytokines. New forms of cytokines
that reduce these risks are needed. Disclosed herein are compositions and methods comprising conditionally
active 1L-12 and other cvtokines designed to address the risks agsoctated with conventional cytokine therapy
and provide much needed immunomodulatory therapeutics.

[B101] Cytokines, including interlevkins (e g, 1L-2, TL-7, 1L-12 T~ 15, 1L-18, TL-2 1 TL.-23}, interferons (IFNs,
including fFNalpha, TFNbeta and [FNgamma), tumor necrosis factors {e.z. ThFalpha, lymphotoxin),
transforming growth factors {e.g., TGFbetall, TGFbetaZ, TGEbeta3), chemokines (C-X-C motif chemokine
10 (CXCL10), CCL19, CCL20, CCL21), and gramdocyte macrophage-colony stimulating factor (GM-CS) are
highly potent when admumstered to patients. Forming XPACs with these molecules could make them more
readily amenable for use in a therapeutic setiing.

{3162] As used herein, "chemokine” means a family of small cytokines with the ability to induce directed
chemotaxis in nearby responsive cells Cytokines can provide powerful therapy, but are accompanied by
undesired effects that are difficult to control clinically and which have limited the chinical use of cytokines.
This disclosure relates to new forms of eytokines that can be used m patients with reduced or eliminated
undesired effects. o particular, this disclosure relates to pharmaceutical compositions including chimeric
polypeptides (XPACs), nucleic acids encoding XPACs and pharmaceutical formulations of the foregoing that
contain cytokines or active fragments or muteins of cytokines that have decreased cviokine receptor activating
activity in comparison o the corresponding cytokine. However, under selected conditions or in a selected
biological environment the climerie polypeptides activate their cognate receptors, often with the same or
higher potency as the corresponding naturally occmring cytoking. As described herem, this is typically
achieved using a cytokine blocking moiety that blocks or inhibits the receptor activating function of the
cytokine, active fragment or mutein thereof under general conditions but not under selected conditions, such
as those present at the desired site of cvtokine activity (e.g., an mflammatory sife or a tumor).

{8163} While the present application s exemplified using {L-12 as the excnplary cvitokine, those of skil n
the art will understand that the teachings provided herein may readily be adapted for and describe and enable

the use of XPACs formed from other cytokines, fragments and mmdeins, such as 1L-2, IL-7, 1E-12, 1E-15, IL-
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18, 1L-21 TL-23, IFNalpha, IFNbeta, [FNgamma, TNFalpha, lymphotoxin, TGF-betal, TGFbeta?, TGFbeta3,
GM-CSF, CXCL16, CCLIY, CCL20, CCL21T and functional fragments or mutems of any of the foregoing.
{3184] Various elements ensure the delivery and activity of the cytokine in the XPACs of the invention
preferentially at the site of desired cytokine activity and to severely Himit systemic exposure to the cytokine via
XTENyiation which allows serum half-life extension for the cytokine of interest. In thus serum half-life
extension strategy, the XPAC may curculates for extended times {preferentially 1-2 or more weeks) but the
activated version from which the XTEN sequence has been cleaved has the typical serum halftlife of the
cytokine.

{6185] By comparison to an XPAC, the serum half-hfe of the underlyving cviokine adnunistered intravenously
is only about 10 minutes due to distribution into the total body extracellular space. Subsequently, the cviokine
is metabolized by the kidneys with a half-life of 2.5 hours.

{3146] In some embodiments of this tnvention, the XPAC comprises a relcase segment which is cleaved at
the site of action {¢.g., by inflammation-specific or tumor-specific proteases) thereby releasing the cytokine’s
full activity at the desired site and also separating it from the half-life extension of the uncleaved (XPAC)
version. in such embodiments, the fully active and free cytokine would have very different pharmacokinetic
{(pK) propertics--a half-life of hours mstead of weeks. In addition, exposure o active cytokine is limited to the
site of desired cytokine activity {e.g., an inflammatory site or the tumor microenvironment) and systemic
exposure to active cytokine, and associated toxicity and side effects, are reduced.

{0147] Creating XPACs from cytokines is an clegant mechanism by which to improve the use of cvtokines,
as immunostimulatory agents, for example for treating cancer. For cxample, in this aspect, the
pharmacokinetics and/or pharmacodynamics of the cviokine (e.g., IL-2, 117, [1-12, 1L-15, IL-18, IL-21 1L~
23, IFNalpha, FFNbeta and [FNgamma, TNFalpha, lymphotoxin, TGFbetal, TGFbeta2, TGFbeta3 GM-CSF,
CXCLIO, CCL19, CCL20, and CCL21 can be tatlored to maximally activate effector cells {e.g., effect T cells,
NK celisy and/or cvtotoxic tanmune response promoting cells {¢.g., induce dendritic cell maturation) at a site
of desired activity, such as in a fumor or tunor microenvironment, but preferably not systemically.

{3108] Thus, provided herein are pharmaceutical compositions comprising XPAcs that are comprised of at
least one cytokine polypeptide, such as interleukins {c.g., IL-2, IL-7, TL-12, 1L-15, 1L-18, 1L-21, 1L-23),
mierferons (IFNs, mcluding IFNalpha, IFNbeta and [FNgamma), tamor necrosis factors (¢.g., TNFalpha,
lymphotoxin), transforming growth factors (¢.g., TGFbetal, TGFbetaZ, TGFbetal), chemokines {(e.g. CXCL10,
CCLI9, CCL20, CCL21) and granulocyte macrophage-colony stimulating factor (GM-CS) or a fimctional
fragment or mutemn of any of the foregoing.

{8109] Preferably, the cviokine polypeptides (including funciional frapments) that are incheded 1n the XPACs
disclosed hercin are not mutaied or engmeered to alter the properties of the naturally occurring cytoking,

including receptor binding affinity and specificity or serum half-life. However, changes in amino acid sequence
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from naturally occurring (jucluding wild type) cytokine are acceptable to faciitate clomng and to achicve
desired expression levels,

Extended Recombinant Pelvpeptides

{61106] The present invention provides composiiions comprising extended recombinant polypeptides (“XTEN”
or “XTENs”). In some embodiments, XTEN are generally extended length polvpeptides with non-naturally
occurring, substantially non-repetitive sequences that are composed matnly of small hydrophilic avuno acids,
with the sequence having a low degree or no secondary or tertiary structure under physiologic conditions.
{3113] In one aspect of the mnvention, XTEN polvpeptide compositions are disclosed that are usetul as fusion
partners that can be linked to biologically active proteins ("BP”), resulting in a BPXTEN fusion proteins {.g.,
monomeric fusions). XTENs can have utility as fusion protein partners in that they can confer certain chemical
and pharmaceutical properties when linked to a biologically active protem to a create a fusion protein. Such
desirable properties include but arc not limited to enhanced pharmacokinetic parameters and solubility
characteristics, amongst other propertics deseribed below. Such fusion protein compositions may have utility
to treat certamn diseases, disorders or conditions, as described herein. As used heremn, “XTEN” specifically
excludes antibodies or antibody fragments such as single-chain antibodies, Fc fragments of a light chain or a
heavy chain.

{6112] In some embodiments, XTEN are long polypeptides having greater than about 100 to about 3000
amino acid residues, preferably greater than 400 to about 3000 residues when used as a single sequence, and
cumulatively have greater than about 400 to about 3000 amino acid residues when more than one XTEN unit
is used in a single fusion protein or conjugate. In other cases, where an increase iy halfilife of the fusion
protein is not needed but where an increase in solubility or other physico/chemical property for the biologically
active protein fusion partner 1s desired, an XTEN sequence shorter than 100 amino acid residues, such as about
96, or about 84, or about 72, or about 60, or about 48, or about 36 amino acid residues may be ncorporated
to 3 fusion protein composition with the BP to cffect the property.

{8113} The selection criteria for the XTEN to be lmked to the biclogically active proteins o create the
wventive fusion proteims generally relate o attribuies of physical/chemical properties and conformational
structure of the XTEN that can be, in turn, used to confer enhanced pharmaceutical and pharmacokinetic
properties to the fusion proteins. The XTEN of the present invention may exhubit one or more of the following
advantageous properties: conformational fiexibiliy, enhanced agueous solubility, bigh degree of protease
resistance, low immunogenicity, low binding to mammalian receptors, and mcreased hvdrodynamic (or Stokes)
radii; properties that can make them particularly useful as fusion protein partners. Non-limiting examples of
the properties of the fusion proteins comprising BP that may be enhanced by XTEN include increases in the
overall solubility and/or metabolic stability, reduced susceptibility to proteolysis, reduced immunogenicity,
reduced rate of absorption when admimistered subcutancously or intramuscularly, and enbanced

pharmacokinctic properties such as terminal hatf-life and area under the curve (AUC), slower absorption after
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subcutancous or tiramuscular injoction (compared to BP not linked to XTEN) such that the Cias 1s lower,
which may, in turn, result in reductions in adverse effects of the BP that, collectively, can result in an increased
period of time that a fusion protein of a BPXTEN composition administered (o a sabject remaing within a
therapeutic window, compared to the corresponding BP component not linked to XTEN,

{3114] A varicty of methods and assays are known in the art for determinung the physical/chemical propertics
of protems such as the fusion protein compositions comprising the inventive XTEN: properties such as
secondary or tertiary structure, solubility, protein aggregation, melting propertics, contamination and water
content.  Such methods mnclude analvtical centrifugation, EFR, HPLC-ion exchange, HPLC-size exclusion,
HPLC-reverse phase, light scattering, capillary electrophoresis, circular dichroism, differential scanning
calorimetry, fluorescence, HPLC-ion exchange, HPLC-size cxclusion, IR, NMR, Raman spectroscopy,
refractometry, and UV/Visible spectroscopy. Additional methods are disclosed in Amau et al, Prot Expr and
Purif (20006} 48, 1-13. Application of these methads to the invention would be within the grasp of a person
skilled in the art.

{3115] Typically, the XTEN component of the fusion proleins are designed to behave like denatured peptide
sequences under physiological conditions, despite the extended fength of the polymer. Denatured describes
the state of a peptide in solution that is characterized by a large conformational freedom of the peptide
backbone. Most peptides and proteins adopt a denatured conformation in the presence of high concentrations
of denaturants or at elevated temperature. Peptides i denatured conformation have, for example, charactenistic
circular dichroism (CD) specira and are characterized by a lack of long-range nteractions as determined by
NMR. “Denatored conformation” and “unsiructured conformation”™ are used synonymously herein. In some
cases, the mvention provides XTEN sequences that, under physiologic conditions, can resemble denatured
sequences fargely devoid in secondary structare. In other cases, the XTEN sequences can be substantially
devoid of secondary structure under physiologic conditions. “Largely devoid,” as used in this context, means
that less than 50% of the XTEN anuno acid residues of the XTEN sequence contribute to secondary structure
as measured or determined by the means described herein. “Substantially devoid,” as used 1o this context,
means that at least about 60%, or about 70%, or about 80%, or about 20%, or about 93%, or at least about 99%
of the XTEN amino acid residues of the XTEN sequence do not contribuie to secondary structure, as measured
or determined by the means described herein.

{6116] A vanety of methods have been established v the art to discern the presence or absence of secondarv
and tertiary structures in a given polypeptide.  In particular, secondary structire can be measured
spectrophotometrically, e.g., by circular dichroism spectroscopy in the “far-UV™ spectral region (190-250 nm).
Secondary structure elements, such as alpha-helix and beta-sheet, each give rise to a characieristic shape and
magnitude of CD spectra. Secondary structure can also be predicted for a polypeptide sequence via certain
computer programs or algorithms, such as the well-known Chon-Fasman algorithin (Chou, P. Y. et af. (1974)

Biochemistry, 13 222-45) and the Garnier-Osguthorpe-Robson (“GOR™) algorithm (Garnier J, Gibrat JF,
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Robson B. (1996), GOR method for predicting protein secondary structure from amine acud sequence.
Methods Enzymol 266:540-553), as described in US Patent Application Publication No. 20030228309A1. For
a given sequence, the algorithms can predict whether there exists some or no secondary structure at all,
expressed as the total and/or percentage of residues of the sequence that form, for example, alpha-helices or
beta-sheets or the percentage of residues of the sequence predicted to result in random coil formation (which
lacks secondary structure).

{6117} In some cases, the XTEN sequences used m the inventive fusion protein compositions can have an
alpha-helix percentage ranging from 0% to less than about 5% as determined by a Chow-Fasman algorithm. In
other cases, the XTEN sequences of the fusion protein composttions can have a beta~-sheet percentage ranging
from 0% to less than about 5% as determined by a Chou-Fasman algorithm.  To some cases, the XTEN
sequences of the fusion protein composttions can have an alpha-helix percentage ranging from 0% to fess than
about 5% and a beta-sheet percentage ranging from (% to less than about 5% as determined by a Chou-Fasman
algorithm. In preforred embodiments, the XTEN sequences of the fusion protein compositions will have an
alpha-helix percentage less than about 2% and a beta-sheet percentage less than about 2%. In other cases, the
XTEN sequences of the fusion protein compositions can have a high degree of random coil percentage, as
determined by a GOR algorithm.  In some embodiments, an XTEN sequence can have at least about 80%,
more preferably at least about 90%, more preferably at least about 91%, more preferably at least about 92%,
more preferably at least about 93%, more preferably at least about 94%, more preferably at least about 95%,
more preferably at least about 96%, more preferably at feast about 97%, more preferably at least about 98%,
and most preferably at least about 99% random coil, as determined by a GOR. algorithm.

Non-Repetitive Sequences

{3118} XTEN sequences of the subject compositions can be substantially non-repetitive. In general, repetitive
aming acid sequences have a tendency o aggregate or form higher order structures, as exemplified by natural
repetitive sequences such as collagens and leucine zippers, or form contacts resulting m crystalline or
pseudocrystaline structures. o contrast, the low tendency of non-ropetitive sequences to aggregate enables the
design of long-sequence XTENs with a relatively low frequency of charged amino acids that would be hkely
to aggregate if the sequences were otherwise repetitive.  Typically, the BPXTEN fusion proteins comprise
XTEN sequences of greater than about 100 to about 3000 amino acid residues, preferably greater than 400 to
about 3000 residues, wherem the sequences are substantially non-repetitive. In one embodiment, the XTEN
sequences can have greater than about 100 to about 3000 amino acid residues, preferably greater than 400 to
about 3000 amino acid residues, in which no three contigoous amino acids in the sequence are identical amino
acid types unless the amino acid s serine, in which case no more than three contiguous amino acids are serine
residucs. In the foregomg embodioent, the XTEN sequence would be substantially non-repetitive.

{6119] The degree of repetitiveness of a polypeptide or a gene can be measured by computer programs or

algorithms or by other means known in the art. Repetitiveness in a polypeptide sequence can, for example, be
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assessed by determining the number of times shorter sequences of a given length occur within the polypeptide.
For example, a polypeptide of 200 amin acid residues has 192 overlapping 9-amino acid sequences {or 9-mer
“frames”) and 198 3-mer frames, but the number of unique S-mer or 3-mer sequences will depend on the
amount of repetitiveness within the sequence. A score can be generated (hereinafier “subsequence score”) that
is reflective of the degree of repetitiveness of the subseguences in the overall polvpeptide sequence. In the
context of the present invention, “subsequence score” means the sum of occurrences of cach umigue 3-mer
frame across a 200 consecutive amino acid sequence of the polypeptide divided by the absolute number of
wnigue 3-mer subsequences within the 200 amine acid sequence. In some embodiments, the present invention
provides BPXTEN each compnsing XTEN in which the XTEN can have a subsequence score less than 12,
more preferably less than 10, more preferably less than 9, more preferably less than 8, more preferably loss
than 7, more preferably tess than 6, and most preferably less than 5. o the emboduments hereinabove deseribed
in this paragraph, an XTEN with a subsequence score less than about 10 (eg., 9, 8. 7, etc.) would be
“substantially non-repetitive.”

{3128] The non-repetitive characteristic of XTEN can impart to fusion proteins with BP(s) a greater degree
of solubility and less tendency to aggregate compared to polvpeptides having repetitive sequences. These
propertics can facilitate the formmulation of XTEN-comprising pharmaceutical proparations containing
extremely high drug concentrations, in some cases exceeding 100 mg/ml.

{3123] Furthermore, the XTEN polypeptide sequences of the embodiments are designed to have a low degree
of intemal repetitiveness i order to reduce or substantially chiminate mmmmunogenicity when adnunistered to a
mammal. Polypeptide sequences composed of short, repeated motifs largely limited to three amino acids, such
as glycine, serine and glotamate, may result in relatively high antibody titers when administered to a mammal
despite the absence of predicted T-cell epitopes in these sequences. This may be caused by the repetitive natare
of polypeptides, as it has been shown that immunogens with repeated epttopes, including protein aggregates,
cross-linked immunogens, and repetitive carbohydrates are highly mmnwmogenic and can, for example, result
in the cross-tinking of B-cell receptors causing B-cell activation. (Johansson, J., er al (2007) Vaccine,
25 :1676-82 ; Yankai, Z., et af. (2006} Biochem Biophys Res Commun, 345 1136571 : Hew, C. T, ef ol 2000}
Cancer Res, 60:3701-3); Bachmann MF, er ¢/ Hor §Immauncl. (199353 25(12):3445-3451).

Exemplary Seguence Motifs

{6122} The present twvention encompasses XTEN that can comprise multiple uits of shorter sequences, or
motifs, in which the amino acid sequances of the motifs are non-repetitive. In designing XTEN sequences, it
was discovered that the non-repetitive criterion may be met despiie the use of a “building block™ approach
using a hbrary of sequence motifs that are multimerized to create the XTEN sequences. Thus, while an XTEN
sequence may consist of multiple units of as few as four different tvpes of sequence motifs, because the motifs
themselves generally consist of non-repetitive amino acid sequences, the overall XTEN sequence is rendered

substantially non-repetitive.
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{6123] Inonc embodunent, XTEN can have a non-repetitive sequence of greater than about 100 to about 3000
amino acid residues, preferably greater than 400 to about 3000 residues, wherein at loast about 80%, or at least
about 83%, or at least about 90%, or at least about 95%, or at least about 97%, or abowt 100% of the XTEN
sequence consists of non-overlapping sequence mofifs, wherem cach of the motifs has about 9 to 36 amino
acid residucs. In other embodiments, at least about 80%, or at least about 85%, or at least about 90%, or at
east about 95%, or at least about 97%, or about 100% of the XTEN sequence consists of non-overtapping
sequence motifs wherein each of the motifs has 9 to 14 amino acid residues. In still other embodiments, at
cast about 80%, or at least about 85%, or at least about 50%, or at least about 95%, or at least about 97%, or
about 100% of the XTEN sequence component consists of non-overlapping sequence motifs wherein cach of
the motifs has 12 anuno acid residues.  In these embodiments, it is preferred that the sequence motifs be
composed mamly of small hvdrophilic amino acids, such that the overall sequence has an unstructured, fiexible
characteristic. Examples of amino acids that can be included tn XTEN, are, ¢.g., arginine, lysine, thrconine,
alanine, asparagine, glutamine, aspartate, glutamate, serine, and glycine. As a result of testing variables such
as codon optinuzation, assembly polynucleotides encoding sequence motifs, expression of protein, charge
distribution and sclubtlity of expressed protein, and secondary and tertiary structure, it was discovered that
XTEN compositions with enhanced characteristics mainly include glycine (). alanine {A), serme (8),
threonine (T}, glutamate (B} and proline (P) residues wherein the sequences are designed to be substantially
non~repetitive. In a preferred embodiment, XTEN sequences have predominately four to six tvpes of amino
acids selected from glycine (G), alanine (A), serine (5), threonine (1), glutamate (F) or proline (P) that are
arranged in a substantially non-repetitive sequence that is greater than about 100 to about 3000 amino acid
residues, preferably greater than 400 to about 3000 residues in length. In some embodmments, XTEN can have
sequences of greater than about 100 to about 3000 amine acid residues, preferably greater than 400 to about
3000 residues, wherem at least about 80% of the sequence consists of non-overlapping sequence motifs
wherein cach of the notifs has 9 to 36 amino acid residues wherein cach of the motifs consists of 4 to 6 types
of amino acids sclected from glyeine (G), alanine (A), serine (8), threonine (1), glutamate (B) and proline (P),
and wherein the content of any one amino actd type in the full-length XTEN does not exceed 30%. In other
embodiments, at least about 90% of the XTEN sequence consists of non-overlapping sequence motifs wherein
each of the motifs has 9 to 36 amino acid residues wheren the motifs consist of 4 1o 6 tvpes of anuno acids
selected from glyveme (G}, alanine (&), serine (S), threonine (1), glutamate (F) and proline (P), and wherein
the content of any one amino acid type in the full-length XTEN does not exceed 30%. In other embodiments,
at least about 90% of the XTEN sequence consists of non-overlapping sequence motifs wherein each of the
motifs has 12 aming acid residues consisting of 4 to 6 types of amino acids selected from glycine (G}, alanine
{A), sering (S), threonine (1), glutamate (E) and proline (P), and wherein the content of any one amuno acid
tvpe 1 the full-length XTEN does not exceed 30%. In vat other embodiments, at least about 90%, or about

919, or about 92%, or about 93%, or about 94%, or about 95%, or about 96%, or about 97%, or about 98%,
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or about 99%, to about 100% of the XTEN sequence consists of non-overlapping sequence motifs wherein
cach of the motifs has 12 amino acid residues consisting of glycine (G), alanine (A}, serine (S), threonine (T),
glutamate (E) and proline (P}, and wherein in the content of anv one amino acid type in the full-length XTEN
does not exceed 30%.

{31241 To stull other embodiments, XTENs comprise non-repetitive sequences of greater than about 100 to
about 3000 avuno acid residucs, preferably greater than 400 to about 3000 anuno acid residucs wherein at least
about 80%, or at least about 90%, or about 91%, or about 92%, or about 93%, or about 94%, or about 95%, or
about 96%, or about 97%, or about 98%, or about 99% of the sequence consists of non-overlapping sequence
motifs of 8 to 14 amino acid residucs wherein the motfs consist of 4 1o 6 types of amino acids selected from
glyeine (), alanine (A), serine (5), threonine (T), glutamate (E) and proline (P), and wherein the sequence of
any two contiguous amino acid residues in any one motif 1s not repeated more than twice in the sequence motif
In other embodiments, at least about 90%, or about 91%, or about 92%. or about 93%, or about 94%, or about
93%. or about 96%, or about 87%, or about 98%, or about 99% of an XTEN sequence consists of nop-
overlapping sequence motifs of 12 amino acid residues wherein the motifs consist of 4 to 6 types of amino
acids selected from glycine {G), alanine (A), serine {S), threonine (T), glutamate {E) and proline (F), and
wheren the sequence of any two contiguous anung acid residues in any one sequence motif s not repeated
more than twice i the sequence motif. In other embodiments, at least about 90%, or about 91%, or about 92%,
or about 93%, or about 94%, or about 95%, or about 96%, or about 97%, or about 98%, or about 99% of an
XTEN sequence consists of non-overlapping sequence motifs of 12 amino acid residues wherein the motifs
congist of glyeine (G), alanine (A), serine (S), threonine (1), glutamate (E) and proline (P), and wherein the
sequence of any two contiguous aming acid residues in any one sequence motif is not repeated more than twice
in the sequence motif. In yet other embodiments, XTENs consist of 12 amino acid sequence motifs wherein
the amino acids are selected from glycine (G), alanine (A), serine (S), threonine (T), glutamate (E) and proline
(P}, and wherein the sequence of any two contiguous anino acid residues in any one sequence raotif is not
repeated more than twice in the sequence motif, and wherein the content of any one amino acid type i the
full-length XTEN does not exceed 30%. In the foregoing embodiments hereinabove desenibed in this
paragraph, the XTEN sequences would be substantially non-repetitive.

{3125] In some cases, the imvention provides compositions comprising a non-repetitive X TEN sequence of
greater than about 100 to about 3000 amino acid residues, preferably greater than 400 to about 3000 residues,
wherein at least about 80%, or at lcast about 90%, or about 91%, or about 92%, or about 93%, or about 94%,
or about 95%, or about 96%, or about 97%, or about 98%, or about 99% to about 100% of the sequence consists
of multiple anits of two or more non-overlapping scquence motifs selected from the aminge acid sequences of
Table 1. o some cases, the XTEN comprises non-overlapping sequence motifs in which about 80%, or at
least about 90%, or about 91%, or about 92%, or about 93%, or about 94%, or about 93%. or about 96%, or

about 97%, or about 98%, or about 9% io about 100% of the sequence consists of two or more non-
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overlapping scquences selected from a single motif family of Table 1, resulting n a “family” sequence 1o
which the overall sequence remains substantially non-repetitive.  Accordingly, in these embodiments, an
XTEN sequence can comprise nndtiple units of non-overlapping sequence motifs of the AD motif fanuly, or
the AE motif fanuly, or the AF motif family, or the AG motif family, or the AM motif family, or the AQ motif
family, or the BC fanuly, or the BD family of sequences of Table 1. In other cases, the XTEN comprises motif
sequences from two or more of the motf familics of Table 1.

{3126} In some embodiments, where the composition of this disclosure (for example, a fusion protein)
comprises an extended recombinant polypeptide (XTEN), the XTEN can be characterized in that: (1) i
comprises at least 12 amino acids; (1), at least 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99% or
100% of the anuno acid residucs of the XTEN sequence are selected from glveine (G), alanine (A), serine (5),
threonine (1), glutamate (E) and proline (P); and (i1). it has 4-6 different amino acids selecied from G, A, 5,
T, E and P. In some embodiments, the XTEN sequence can consist of multiple non-overlapping sequence
motifs, wherein the sequence motifs are {¢.g., each independently} selected from the sequence motifs of Tables
2a-2b. In some embodiments, the XTEN can have from 40 to 3,000 anino acids, or from 100 to 3,000 amino
acids. The XTEN can {(¢.gz., cach independenily) have at feast (about) 40, at least (about) 50, at least (about}
100, at least {about) 130, at least (about) 200, at least (about) 300, at least (about) 400, at least {about) 500, at
least {about} 600, at least (about) 700, at least (about) 800, at least (about} 300, at least {about) 1,000 amino
acids, at least (about) 1,500 amino acids, at least (about) 2,000 anmuno acids, at least (about} 2,300 anuno acids,
at least (about) 3,000 amino acids, or a range between any of the foregoing. In some ermbodiments, the XTEN
can have at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 93%, at least 96%, at least
97%, at least 98%, or at least 99%, or 100% sequence identity o a sequence set forth in Tables 2a-2b.

Table 1: XTEN Sequence Motifs of 12 Amino Acids and Motif Families

*Denotes individual motif sequences that, when used together in various permutations, results in a “family

) GRS S8GSE

183 GSEGSSGPGESS

184 GESESGSSEGER

185 GEGGEPSESGES

AE, AM 186 GEPAGSPTSTEE
AE, AM, AQ 187 GSEPATIGESETR
AE, AM, AQ 188 GTSESATPESGE
AE, AM, AQ 189 GTSTEPSEGSAP
AF, AM 190 GSTSESPSGTAR
AF, AM 191 GTSTPESGSASE
AF, AM 192 GTSPSGESSTAR
AF, AM 193 GETSSTAESPGP
AG, AM 194 GTPGSGTASSSP
AG, AM 195 GSSTPSGATGESP
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AG, AM 196 GSSPRASTGTEP
AG, AM 197 GASPETSSTESP
AQ 198 GEPACSPTSTSE
AQ 199 GTGEPSSTRASE
AQ 200 GEGPETESAPTE
AQ 201 GSETPSGPSETA
AG 207 GPSETSTSEPGA
AG 203 GEPSEPTECTSA
BC 881 GSGASEPTSTEP
BC 882 GSEPATSGTEPRS
BC 833 GTSEPSTSEPGA
BC 884 GTSTEPSEPGSA
BD 885 GSTAGSETSTEA
BD 886 GSETATSGIETA
BD 887 GTSESATSESGA
BD 888 GTSTEASEGSAS

{6127} In those embodiments wherein the XTEN component of the BPXTEN fusion protein has less than
100% of 1ts amino acids consisting of four to six amino acid selected from glveine (G), alamne (A}, serine (8},
threonine {T), ghutamate (E) and proline (P), or less than 100% of the sequence consisting of the sequence
motifs of Tables 1 or less than 100% sequence identity with an XTEN from Tables 2a-2b, the other amino
acid residucs can be selected from any other of the 14 natural L-anuno acids. The other amino acids may be
nterspersed throughout the XTEN sequence, may be located within or between the sequence motifs, or may
be concentrated in one or more short siretches of the XTEN sequence. In such cases where the XTEN
component of the BPXTEN comprises amino acids other than glveine (G}, alanine (A), serine (5), threonine
(1), glutamate (E) and proling (P), it is preferred that the amuing acids not be hydrophobic residucs and should
not substantially confer sccondary structure of the XTEN component. Thus, 1o a preforred embodiment of the
foregoing, the XTEN component of the BPXTEN fusion protein comprising other amino acids in addition to
glycine (), alanine (A), serine {5}, threonine (1), ghitamate (E) and proline (P) would have a sequence with
less than 3% of the residues contributing to alpha-helices and beta-shects as measured by Chou-Fasman
algorithim and would have at least 90% random coil formation as measured by GOR algornithm.

{ensth of Sequence

{0128] In a particular feature, the invention encompasses BPXTEN compositions comprising XTEN
polvpeptides with extended length sequences. The present invention makes use of the discovery that increasing
the fength of non-repetitive, unsiructured polypeptides enhances the unstructured nature of the XTENs and the
biological and pharmacokinetic properties of fusion proteins comprising the XTEN. As described more fidly
m the Examples, proportional increases in the length of the XTEN, even if created by a fixed repeat order of
single family sequence motifs (e.g., the four AE motifs of Table 1), can result in a sequence with a higher

percentage of random cotl formation, as deterauned by GOR algorithm, compared to shorter XTEN lengths.
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In addition, it was discoverced that increasing the length of the unstructured polypeptide fusion partuer can, as
described in the Examples, result in a fusion protein with a disproportional increase in terminal half-life
compared to fusion proteins with unsiructured polypeptide partners with shorter sequence lengths.

{6129] Non-limiting examples of XTEN contemplated for inclusion n the BPXTEN of the mvention are
presented in Tables 2a-2b.  Accordingly, the invention provides BPXTEN compositions wherein the XTEN
sequence fength of the fusion protein{s) is greater than about 100 to about 3000 amino acid residues, and 1o
some cases is greater than 400 to about 3000 amino acid residues, wherein the XTEN confers enhanced
pharmacokinetic properties on the BPXTEN in comparison to payvicads not linked to XTEN. In some cases,
the XTEN sequences of the BPXTEN compositions of the present mvention can be about 100, or about 144,
or about 288, or about 401, or about 500, or about 600, or about 700, or about 800, or about 800, or about 1600,
or about 1500, or about 2000, or about 2500 or up to about 3000 amino acid residues in length. In other cases,
the XTEN sequences can be about 100 to 150, about 150 to 250, about 250 to 400, 401 to about 300, about
300 to 900, about 900 to 1500, about 1500 to 2000, or about 2060 to about 3000 amino acid residues in length.
In one embodiment, the BPXTEN can comprise an XTEN sequence wherein the sequence exhibits at least
about 80% sequence identity, or alternatively 81%, 82%., 83%., 84%, 853%. 86%, 87%., 88%, 89%, 50%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to a XTEN sciected from Tables Za-
2b. In some cases, the XTEN sequence is designed for optimized expression as the N-terminal component of
the BPXTEN. In one embodiment of the foregoing, the XTEN sequence has at least 90% sequence identity to
the scquence of AED1Z or AMY23. In another embodiment of the foregoing, the XTEN has the N-terminal
residues described in Examples 14-17.

{3130] In other cases, the BPXTEN fusion protein can comprise a first and a second XTEN sequence, wherein
the crmndative total of the residues in the XTEN sequences is greater than about 400 to about 3000 amino acid
residucs. In embodiments of the foregoing, the BPXTEN fusion protein can comprise a first and a second
XTEN sequence wherein the sequences cach exhibit at least about 80% sequence ideuntity, or aliernatively 1%,
82%, #3%, B4%, 853%, #56%, 87%, 88%, 89%, 00%., 1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% sequence identity to at least a first or addittonally a second XTEN selected from Tables 2a-2b.
Examples where more than one XTEN is used in a BPXTEN composition inclade, but are not himited to
constracts with an XTEN linked to both the N- and C-termuni of at least one BP.

{6131} As described more fully below, the invention provides methods in which the BPXTEN s desigoed by
selecting the length of the XTEN to confer a target half-life on a fusion protein adminustered to a subject. In
some cases, the BPXTEN can be designed by selecting the length of the XTEN to confer a target masking
effect on the biclogical polypeptide for administration to a subject. In general, longer XTEN lengths
incorporated into the BPXTEN compositions result m longer half-itfe corapared to shorter XTEN. However,
in ancther embodiment, BPXTEN fusion proteins can be designed to comprise XTEN with a longer sequence

length that is selected to confer slower rates of systemic absorption after subcutancous or mtramoscudar
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adnunistration to a subject. In such cases, the Chax 1s reduced in corapartson to a comparable dose of a BP not
linked to XTEN, thercby contributing to the ability to keep the BPXTEN within the therapeutic window for
the composition. Thas, the XTEN confers the property of a depot to the admimstered BPXTEN, in addition
to the other physical/chemical properties described herein

Table 2A: Exemplary XTE

N Polvpeptides

AF144 204 GCEEPATSGEETPGTSESATPESCGPGEEPATSGSETPGSPAGSPTSTEEGTSTERS
EGCSAPGEEPATSCSETPGEEPATSGSETPGREPATSGSETPCGTSTEPSEGSARPGET
SESATPESGPGSEPATSGSETPCTSTEPSEGSAP

AF1d4 205 GTSTPESGSASPETIPSGESSTAPGTSPSGESSTAPGSTSSTARSPGRPGITSESY
SGTAPGETSETAESPGPGTSPEGESSTAPGTSTPESGSASPGSTESTAESPGPGT
SPOGESSTAPGTSPEGESSTAPGTIPSGESSTAP

AE288 206 GTSESATPESGPGSEPATSGSETPETSESATPESGPGSEPATSGEETPGTEESAT
PESGPGTSTEPSEGCSAPGESPAGSPTISTEEGCTSESATPESGPGSEPATSGSETRGY
SESATPESGPGSPAGSPISTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPE
SGPCTSESATPESGPCTSESATPESGPGSEPATSGEETPGSEPATSGEETPGSESPRA
GSPISTEEGTSTEPSEGSAPGTSTEPSEGCSAPGSEPATSGSETPETSESATRESG
PGTSTEPSEGEBAP

AF304 267 GASPGTESTGSPGSSPSASTGTGPGESSPSASTGTGCPGTPGSGTASSSPGSETPEG
ATGSPGSXPSASTGTGPGASPCTSSTGSPGTPGSGTASSSPGSSTPSGATGERGT
PGSGCTASSSPCASPGTSSTGSPCASPCTSSTESPETRPESGTASSSPGSSTPEGAY
GSPGASPGTESSTGSPETPESGTASSSPESESTPECGATGSPGSXPSASTETGPGSEP
SASTGTGPGSSTPECATCSPOSSTPECATGSPGASPGTSSTGEPGASPGTSETGSE
PGASPGTSESTGEPCTPGECTASSSPGASPGTESTGSPEGASPGTSSTGSPGASPGT
SS8TCOPCOSPRASTIGTGRPETPESCTASSSPLASPGTSSTGSPCASPGTSSTGERG
ASPGTSESTCSPESSTPSCATGSPOSSTPSCATGSPCASPCTESSTESPETRPGEETA
SSSPGESTPSCATGEPGSSTPSGATGSPGSSTPSGATGSPEGSSPSASTCTGPGAS
PGTESTGSP

AFS40 208 GETSSTAESPGPGETSETAESPGPGETSESPEGTAPGETESETARSPGPGSTESTA
ESPGPGISTPESCSASPGSTSESPSGTAPGTSPSGESSTAPGETSESPESGTARGS
TSESPSGTAPGTEPSGESETAPGESTSESPSGTAPGETSESPEGTAPGTSPEGESS
TARGESTSESPESGTAPGETSESPSGTAPGETSESPEGTAPGTSTPESGSASPGESETS
ESPSGTAPGTSTPESCSASPGSTSSTARESPOPCSTSSTARSPGPCTSTPESGSAS
PGTESTPESGSASPGSTSESPSGTAPGTSTPESGSASPGTSTPESGSASPGETSES
PECTAPGSTSESPEGTAPGETSESPSGTAPGESTSSTAESPGRPGTSTPESGSARPG
TSTPESCSASPGSTSESPSGTAPGSTSESPSGTAPGTSTPESGSASPEESTSESPS
GTAPGSTSESPSGETAPGTSTPESGSASPGYSPSCEESTAPGETSETARSPGERGTS
PSGESSTAPGSTSSTAESPGPGTSTPESGCSASPGSTSESPSGTAR

ADSTE 204 GUSESGESSECGRESGHEPSESGESSGSSESGESECGPLOSSESGESEGGRPGISESES
SEGGPGESERGSEEGCGPGESESGESEGGPGESPGEESGEESGSEGSSGPGESSGES
SESGESEGEPGESESGESEGOPGESESGESEGGPESGREPRSESCGSBGESPGEESE
SESCESPGGESSGSESGCEGEEPSESGCESGSSESCSSECEPESCOERPSESESSGEEG
EPSESGESGEEGSSGPGESSGESPGGESGESESGREGEEPSESGSSGSGEEPSESGES
SGRGREPSESGRSGESESGESEGGPCESPOGRSGRESCRSPGEESGRESGERPGGE
SSGSESCESPGGSEGOESGESPGGOEGSESGESESGSSEGGPGEGGEPSESGESG
SEGESGPGCERSSGSSESGSBEGEPGSGGEPSESGSSGESESGESEGGPESGEEPSE
SGOSGESPEGENGRESGESPOGESSGEESEOSESGESEGGPESGREPSESGSEESSE
ESGSSEGGPGEGCEPSESGESGECGGEPSESGESCESPGGSEGCEESGREGESGPGE
SOGESESGSEEGEPGSEGESGPGESS
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210

GSPAGSPTSTEEGTRESATPESGPGTSTEPSEGSAPGEPAGSPTSTEEGTSTERS
EGSARPGTSTEPSEGSAPGTSESATPESCPGREPATSCSETPGSEPATSGSETRES
PAGESPTSTEEGTSESATPESGPCTSTEPSEGSAPSTSTEPSEGSAPGSPAGSPTYS
TEEGTESTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSTEPSEGSAPGTSE
SATPESGPGREPATSCSETPGTSTEPSEGSAPCTSTEPSEGEAPGTSESATRPESG
PGTSESATPESGPGSPAGEPTETEEGCTSESATPESGPGEEPATSGSETPGTSESA
TPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGEAPG
TSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPCTSESATR
ESGPGSEPATSGRETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTS
TEPSEGSAPGTSESATPESGPGEPAGSPTSTEEGEPAGSPTSTEEGSPAGSPTST
EEGTSESATPESGPGTETEPSEGSAP

211

GESTESTARSPCPGETSSTARSPCPGSTIESPSGTARPGSTSSTARSPEPGSTESTA
ESPGPGTSTPESGEASPGSTSESPSGTAPGTEPSCGESSTAPGESTSESPSGTAPGSE
TOEEPSCGTAPCTESPSCESETAPGETSESPSCGTAPGETSESPECTARPGTSPEGESS
TAPGSTEESPSGCTAPGSTEESPSGTAPGSTSESPSCGTAPGTETPESGSASPGSTS
ESPSGTAPGTSTPESGEASPGSTSSTAESPGPGSTSSTAESPGPGTSTPESGSAS
POYSTPESGSASPGSTSESPSGTAPGTSTRPESGCSASPGTSTPESGSASPGSTSES
POGTAPGSTSESPSGTAPGSTEESPSGTAPGSTSSTAESPGPGTETPESGRASPG
TS TPESGSASPGSTRESPSCGTAPGSTSESPSGTAPGTSTPESGRASPGSTSESPS
GTAPGSTSESPIGCTAPGTSTRPESGSASPGISPSCESSTAPGSTSSTARSPERGTS
POGESSTAPGSTESTAESPGPGTSTPESGESASPGSTSESPSGTAPGSTSSTAESP
GPETETPESGSASPETETPESGEASP

AD

2]

36

GOSESGESEGGPGESSESGSSEGGPCESPGGESGESESGSGOEPSESGSSGERPGES
SCOESCESPGESSCSESGESESCESEGGPGSSESGESEGEPESSESGSSEGEPGE
SPGGSEGCSESGESPGOESCEESGESPGGESGEESGSSESGESEGCGPGESSESGESE
GOPCESSESGOSEGCGPEESESGSSECEPOSSESCSSREGPGSSESCESREGGPRPGSGE
EPSESGESCESPGGOBGSESGESPGGSSCEESGIEGCGEPSESGSSGSEGSSGPGES
SGOSESGESSEGRPCEGREPSESGESGSEGSSEPGESSGSSESGSSEGGRPESGREREP
SESGCSSCESPEGSSGOESGEGHEPSESGSSGSCOERPSESGSSGESESGCESEGGERG
SGCEPSESGRESGEGEEPSESGESGSEGISSGPEBESSGESPGGESGEESGSEGSSGP
GESSGOEGESGPGESSGEGREPSESGESESSESGESEGGPESSESGESEGGRPRES
PGGSEGEESCEGREPSESCESGESEGSSGPRESSCESPEEESGRESGSREGISEPRES
SESGSSEGGPGSEGEPSERGSEGEEGSSGPEEESGEEGESGPGESSGREGESGRG
ESEGEECEPSESGESGEGGEFSESGESGESPRGSSGEESGESPEGERGSESGRGE
EPSESGSSGSEGSEGPEESEGEEPCESSGSERGSSESGSSEGGPGESSESGSEEGE
PGSSESGSSEGGPGSGGEPSERGESSGESESGSSEGGPGESPGGSEGSESGEGGER
SESGESGESSESGSBEGEPGESPCESECSESGRGREPSESGRSGESPEGERGRESGE
SGGEPSESGESS

AEB64

GOPAGSPTISTEEGTSESATPESGPGTSTEPSEGSAPGSPAGEPTESTEEGTETEPS
EGRAPGTSTEPSEGSARPGTBESATPESGPGSEPATSGEETPGSEPATSGRRETRGE
PAGSPISTEEGYSESATPESGPGTISTEPSECSAPGTSTEPSEGSAPGSPAGSPTS
TEEGTSTEPSEGEAPGTSTEPSEGSAPGTSESATPESGPGTETEPSEGSAPGTSE
SATPESGPGSERPATSGEETRPGTSTEPSEGSARPGTETERPSEGSAPGTSESATRESG
PGTSESATPESGPGEPAGSPTISTEEGTSESATPESGPGESEPATSGSETPGTEESA
TPESGPGTSTEPSEGSAPGTSTEPSEGEAPGTETERPSEGSAPGTETEPSEGSARG
TSTEPSEGSARPGTSTEPSEGSAPGSPAGSPISTEEGTSTEPSEGSAPGTSESATP
ESGPGSEPATSGSETPCGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTS
TEPSEGSAPGTSESATPESGPGSPAGSPTSTEEGSPAGSPTETEEGSPAGSPTST
EECTSESATPESGPETSTEPSEGESAPGTSESATPREESGPGSEPATESGSETPGTSES
ATPESGPGESEPATSGSETPGTSESATPESGPCGTSTEPSEGEAPGSPAGSPTETER
GTSESATPESGPESEPATSGIETPETSESATPESGPESPAGEPTETERGSPAGSR

fad
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TSTEEGTSTEPSEGSAPGTSESATPESGPGTRESATPESGPGTSESATPESGPGSE
ERPATSGEETPGSEPATSGERETRPGSPAGSPTSTEEGTSTERPSEGSAPGTSTEPSESG
SAPGSEPATSGSETPGTSESATPESGPGTSTERPSEGSAR

AF864

GOTSESPSGTARPGTSPSGESSTAPGSTSESPSGTAPGSTSESPSGTARPGYSTRPES
GSASPGTSTPESGSASPGETSESPSGTAPGSTSESPSGTAPGTSPSGESSTAPGS
TEESPSGTAPGTSPEGESSTAPGTSPSGESSTAPGSTSSTAESPGPETSPSGESS
TAPGTSPSGESSTAPGSTSSTAESPERETSTRPESGSASPETSTPESGSASPGETS
ESPEGTAPGETSESPEGTAPGTSTPESGSASPGRTESTAESPGPGTSTPESGSAS
PG T EESPEGTAPCTSPEGESSTAPGESTESTARSPGPETESRPSGESSTAPGTETPE
SGEASPCSTSSTARSPGPGETSETARSPCGPGETSSTAESPEGPGRTESTAESPGPG
TOPEGESSTAPGSTSESPEGCTAPGSTSESPSGTAPGTSTPFESGPXXY GASASGAP
STXEXRXSESPSGCTAPGSTSESPSCTAPGSTSESPSCTAPGSTSESPSGTARPGSTS
ESPSGTAPGSTSESPSCGTAPGTETPESGSASPGTSPSGESSTAPGTSPSGESSTA
PGSTSSTAESPGPGTSPECESSTAPGTSTPESGSASPGETSESPEGTAPGETSES
POGTAPGTSPSGCESSTAPGSTEESPSGTAPGTSTPESGEASPGTETPESGRASPG
STSESPSGTAPGTETPESGEASPGSTSSTAESPGPGSTSESPSGTAPGSTSESPS
CTAPGTSPSCESSTAPGETSSTARSPGPGISPSCESSTAPGTSTPESGEASPGTS
POGESSTAPGTSPSCESSTAPGTSPSGESSTAPGSTSSTARSPGPGSTSSTAESP
GPETSPSGESSTAPGSEPSASTGTIGPGSSTPEGATGSPGSESTPSGATGSR

AGBo64

215

GASPGTESTGOPGSSPSASTGTGPESEPSARTGTIGPGTRPGSGTASSSPGSETPEG
ATGSPESSPSASTCTGRGASPGTSSTGESPCTRGSETASSSRPGERTPSGATGERGY
PGESGCTASSSPCGASPGTESTGSPCASPGTESTEGSPEGTPESGTASSSPGSSTPEGAT
GOPGASPGTSSTESPETPGSGTASSSPGSSTPESCATGSPGSEPSASTGTGPGSER
SASTETGPGSSTPSCATCEPGSSTPSCATGSPCGASPGTSSTESPCGASPGTSBTGES
PGASPGTSETGESPCTPGSCTASESSPGASPGTESTGOPEGASPGTSSTGSPGASPGT
SSTCEPCSSPSASTGTGPETPECESCTASSSPCASPEGTSSTCSPCASPGTESSTEERG
ASPGISETGEPGESTPSCGATGEPGESSTPSCGATGSPCGASPGTESTGSPGTPGESGTA
SEOPGESTPSGATCEPESSTPSCGATGSPESSTPSCATCSPESSPSASTGTGPEAS
POYSSTCSPCASPGISSTOEPETPESCTASSSPCASPGTSSTESPCASPGTSSTG
SPCASPGISETCEPCGASPGTSRTGSPGTPGSCTASESPGSSTPSGATGESPETPGS
GTASESPGESTPSCATGSPETPCSGTASESPESSTPSCATGSPESSTPEGATESP
GUSPEASTGTGREESSPSASTGIGPCASPGISSTESPLTRGSGTASSSRPGISTRSG
ATGEPGESPOASTGTGPGESPEASTGTGPGASPETESTGOSPGASPGTSSTESPES
STPSGATGSPGESPRASTGTGPGASPETSSTESPESSPSARTGTGPETRESGTAS
SSPCESTPRCATCEPCESTPSCATGEPCASPETSETGEP

AMSETS

GUSTEPSEGSAPGSEPATSGSETPGESPAGESPTSTEEGSTSSTARSPEPGTSTPES
GSASPGSTESESPSCGTAPGSTSESPSGTAPGTETPESGEASPGTSTPESGSASPGE
EPATSGEETPCISESATPESGRGESPAGSPTSTEEGTSTEPSEGSAFGTSESATPRE
SGPGTSTEPREGSAPGTSTEPSEGSAPGSPAGEPTETERGTETEPSEGSAPGTET
EPSEGSAPGTSESATPESGPGTSESATPESGPGTSTERPSEGSAPGISTEPSEESA
POYSESATPESGPGISTEPSEGSAPGSEPATSGSETPGSPAGESPTSTREEGSSTRS
GATGSPGTPGOGTASSSPGSSTPSGATGSPGTSTEPSEGSAPGTETERPSEGSAPG
SEPATSGESETPGSPAGEFISTEEGSPAGSRTSTEEGTSTEPSEGSAPGASABGEAP
STGGCTSESATPESGPGEPAGSPTSTEEGEPAGSPTSTEEGETSSTAESPGPGETE
ESPEGTAPGTSPEGESSTAPGTPGEGTASESSPGESTPSCGATGSPGSSPSASTGTG
PCSEPATSGSETPCTSESATPESGPGEEPATSGIETPESTSSTAESPEPGSTSST
ARSPGPCTSPSCGESSTAPGCEEPATSGSETPGEEPATSGSETPGTSTEPSEGEAPG
STSETAESPGEPGTSTPESGSASPGSTSESPSGTAPGTSTEPEEGSAPGTSTEPSE
GSAPGTSTEPSEGSAPCESSTPSCATCESPEESSPEASTGTGPCASPEISSTGESPGSE
PATSGSETPCTSECATPESGPGEPAGSPTSTEEGSSTPSCGATGSPGESPSASTET
GPGASPCTSESTGEPGTSESATPESCGPGTSTEPSEGEAPGTSTEPSEGSAP
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AHSIZ

MARPAGSPTSTEEGTPGSGTASSSPGSSTPSCGATGSPRASPGTSSTEGSPESPAGSE
PTSTERGCTSESATPESGPCTSTEPSEGSAPCGSPAGERTSTEEGTETERPSEGSARPG
TSTEPSEGSAPSTSESATPESGPGSEPATSGSETPGSEPATESGSETPGSPAGSPT
STEEGTSESATPESGPGTISTEPSEGSAPCGTSTEPSEGSAPGSPAGSPTSTEEGTS
TEPEEGESAPCTSTEPSEGEAPCTSESATPESGPETESTEPSEGSAPGTSESATPES
GPGESEPATSGSETPGTSTEPSEGSAPGTSTEPSEGEAPGTSESATPESGPGTSES
ATPESGPGSPAGSPTSTEEGTSESATPESGPGSEPATEGSETPGTSESATPESGP
GTSTEPSEGSARPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSARPGYSTERS
EGSAPGTSTEPSEGSAPGEPAGSPTSTEEGTSTEPSEGEAPGTSESATPESGPGS
EPATSGSETPGTSESATPESGPGSERPATSGSETPGTSESATPESGPGTSTEPSEG
SAPGTSESATPESGPGEPAGSPTSTEEGEPAGSPTSTEEGEPAGSPTSTEEGTSE
SATPESGPGTSTEPSEGESAPGTSESATRPESGPGSEPATSGSETPGTSESATPESG
PGSEPATSGSETPCTSESATPESGPCGTSTEPSEGSAPGSPAGSPTSTEREGTSESA
TPESGPCSEPATSGEETPGTSESATPESGPGEPAGSPTSTEEGSPAGSPTSTREEG
TSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATPESGPESEPATSG
SETPCSEPATSGCSETPCESPAGSPTSTERCTSTEPSEGSAPETSTEPSEGSAPGSE
PATSGRETPGTSESATPESGPGTSTEPSEGSAP

AMO23

218

MAEPAGEPTSTEEGASPGTSS TGS PGS STPSCATCEPGESTPSCGATGEPGTSTER
SEGSAPGSEPATSGORETIFGEPAGSPTISTEEGESTSSTARSPEPGTSTPESGSASPG
STSESPSCTAPGSTSESPSGTAPGTSTPESGSASPCGTSTPESGSASPESEPATSG
SETPGTEESATPESGPGSPAGEPTSTEEGCTSTEPSEGSAPGTSESATRPESGPGTS
TEPSEGSAPGISTEPSEGSAPGEFAGSPTSTEEGTSTEPSEGSAPGTSTERPBEGS
APGISESATPESCPGTSESATPESGPGTSTEPSEGSAPCTSTEPSEGSAPGETSES
ATPESGPGTETEPSEGSAPGSEPATSGSETPGEPAGSPTSTEEGESTPSGATGER
GIPGSGTASSSPGESSTPSCGATGSPGISTEPSEGSAPGTSTEPSEGSAPGSERPATS
GSETPGSPAGSPTESTEEGSPAGSPTSTEEGTESTEPSEGSAPGASASGAPSTGGETS
ESATPESGPESPAGSPTSTRECGSPAGSPISTEECSTSSTAESPGPGSTSESPSET
APGTSPEGESSTAPCTPGSGCTASSSPESSTPSGATGESPEGSSPSASTETCPGSERPA
TSGSETPGTSESATPESGPGSEPATSGSETPGSTESTAESPGPGSTSSTAESPGP
GTSPSGESSTAPGSEPATSGRETPESERPATSGSETPETSTEPSEGSARPGSTSSTA
ESPGPGCTSTPESGSABPGETSESPSGCTAPGTSTEPSEGEAPCGTSTEPSEGRAPGT
STEPSEGSAPGSSTPSGATGSPGSSPSASTGTGPRASPGTESSTESPESEPATSEGE
ETPCTSESATPESGPGSPAGSPTSTEECSSTPSCATGSPGSSPIASTCTGRPGASYE
GISETGEPCTSERATPESGPGTSTEPSEGSAPGTSTEPSEGEAP

AMIZ9
S

219

GTSTEPSEGSAPGEEPATSGSETPGEPAGSPTSTEEGRTSETARSPGPGTSTRES
GOASPGETSESPEGTAPGSTSESPSGTAPGTSTPESGSASPGTSTPESGSASPGES
EPATSGESETPCTSESATPESGPGCEPAGSPTSTERCTSTEPSEGSAPOTSESATEER
SGPGTSTEPSEGSAPGTSTEPSEGSAPGEPAGSPTSTEEGTSTEPSEGSAPGTST
EPSEGSAPGTSESATPESCPGTSESATPESGPCTSTEPSEGEAPGTSTEPSEGSA
PGCTSESATPESGPGCTSTEPSEGSAPGSEPATSGSETPGEPAGSPTSTEREGESTPS
GATGSPGTPGSGTASSEPGESTPSGATGEPGTSTEPSEGSAPGTSTEPSEGEAPG
SEPATSCSETPGSPACSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPCPEPTGPRPA
POGGSEPATSGSETPGTSESATPESGPGSPAGSPTESTEEGTSESATPESGPGSPA
GEPISTEEGCSPAGERTSTEEGTSESATPESGPGSPAGSPTSTEEGSPAGSPTSTE
EGSTESSTARSPGRPGITSESPSGTAPGISPSCESSTAPGSTSESPSCTAPGSTIES
POGTAPGTSPSGESSTAPGTSTEPSEGSAPGTSESATPESGPGTEESATPESGRG
SEPATSGEBETPGTRESATPESGRPGTEESATPESGPGISTEPSEGSAPGTSESATP
ESGPGISTEPSEGSAPGISPSCESSTAPGISPECESSTAPGTSPSCESSTARPGTS
TEPSEGEAPGSPAGSPTSTEEGTSTEPSEGSAPGSEPSASTGTGPGSSTPEGATG
SPESSTPSCATCSPESESTPECATGSPCSSTPSGATGSPGASPGTSS TGS PGASAS
GAPSTGGTSPSGESSTAPGETSETARSPERPGTSPEGESSTAPGTSESATPERGRPG
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TSTEPSEGSAPGTETEPSEGSAPGSSPSASTGTGPGSSTPESGATGESPGASPGTSE
TGSPGTETPESGEASPGIESPSCEESTAPGTSPECESSTAPGTSESATPESGPGREE
PATSGSETPCTSTEPSEGSAPGSTSESPSCTAPGSTISESPSGTAPGTSTPESGSA
SPGSPAGSPISTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTRES
ATPESGPGSEFATSGEETPGSSTPSGATGSPGASPCTSSTGEPGESTRSGATGSR
GOTSESPSGTAPGTSPSGESSTAPGSTSSTARSPCPGSETPEGATGSPGASPGTS
STGSPETPGESGTASSSPGSPAGEPTESTEEGSPAGEPTSTEEGTESTEPSEGSAR

BC 864

GISTEPSEPGOAGTSTEPSEPGSAGSEPATSGTEPSGSGASEPTETERPGSEPATS
GTEPEGSEPATSGTEPSGOEFATSGTEPSGSCASEPTETERGTSTEPSEPGEAGS
EPATSGTEPSGTSTEPESEPGSAGSEPATECTEPSGSEPATEGTEPSGTSTERPSEPR
GSAGTSTEPSEPGSAGSEPATEGTEPSGSERPATSGTEPSGTSEPSTSEPGAGSGA
SEPTSTEPGTSEPSTSEPGAGSEPATSGTEPSGSEPATSGTEPSGTSTERPSERPGS
AGTSTEPSEPGSAGSGASEPTSTEPGSEPATSGTEPSGSEPATSGTEPSGSERAT
SGTEPSGSEPATSGTEPSGETSTEPSEPCGSAGSEPATSGTEPECSGASEPTSTERG
TeTEPSEPGRAGSEPATESGTEPSGSCASEPTSTEPCGTSTEPEEPCGSAGSGASERT
STEPGREPATSGTEPSGSGASEPTSTEPGSEPATSGTEPSGSGASEPTSTEPGTS
TEPSEPCSAGSEPATSGTIEPSGSCASEPTSTEPGTSTEPSEPGSAGSEPATSGTE
POGTSTEPSEPGRAGSEPATSGTEPSGTSTEPSEPGSAGTSTEPSEPGSAGTSTE
PEEPGSAGTSTEPSEPGRAGTSTEPSEPGSAGTSTEPSEPGSAGTSEPSTSERPGA
GCOGASERPTSTERPGTSTEPSERGSAGTSTEPSEPGSAGTSTEPSERPGSAGSERATS
GIEPSGEGASEPTSTEPGEEPATSGTERPSGSEPATEGTEPSGSEPATSGTERPSGS
EPATSGTERPSGTSERPSTSEPGAGSERPATSGTEPSGSGASEPTETERPGTSTEPSER
GCEACSEPATSGTEPSGESCGASEPTSTEPGTSTEPSERGSA

BD864

221

GSETATSGSETAGTSESATSESCAGSTAGSETSTEAGTSESATSESCGAGSETATYS
GCEETAGSETATSGEETAGTSTEASEGSABGTESTEASEGSASGTSESATSESGAGSE
ETATSGSETAGTSTEASEGCSASGS TAGSETSTEAGTSESATSESCAGTSESAYSE
SCAGSETATEGSETAGTSESATSESGAGTSTEASEGSASGSETATSGEETAGSET
ATSGEETACGTETEASEGSASGSTAGRETSTEAGTSESATSESGAGTSTEASEGSA
SGSETATSGSETAGSTAGSETSTEAGSTAGSETSTEAGSETATSGSETAGTSESA
TOEEGAGTSESATSESGAGSETATSGSETAGTEESATSESCGAGTEESATSESGAG
SETATSGSETAGSETATSGEETAGTESTEASEGSABGSTAGEETSTEAGSETATSG
SETAGTSESATSESGAGSTAGSETSTEAGSTAGSETSTEAGSTAGSETSTEAGTS
TEASEGEASGSTAGSETSTEAGSTAGSETSTEAGTSTEASEGSASGSTAGSETST
BAGSETATSGRETAGTETEASEGSASGTRESATSESGAGSETATSGRETAGTSES
ATSESGAGTSESATSESCAGSETATEGSETAGTSESATSESCAGSETATSGEETA
GTSTEASEGSASGTSTEASEGRASGSTAGSETSTEAGSTAGSETSTEAGSETATS
GEETAGTSESATSERSGAGTEESATSESGAGSETATSGERETAGSRTATSGSETAGS
ETATSGSETAGTSTEASEGSASGTSESATSESGAGSETATSGESETAGSETATSGE
ETAGTSESATSESGAGTSESATSESGAGSETATSGEETA

Table 2B. Exemplary XTEN polvpeptides

889
{previously
8601)

Cterminal

PGEPAGSP TS TEEGTSECATPESGPGTSTEPSEGSAPGEPAGSPTSTEEGTST
EPSEGSARPCTSTEPSEGCSAPGYSESATRESGPGSEPATSGEETPGSERATISES
ETPGCEPAGSPTSTEEGTSESATPESGPGTSTEPSEGEAPGTSTEPSEGESAPGES
PAGSPTSTEEGTSTEPSEGSAPGTSTENSEGSAPGTSESATPESGRPGTSTERS
EGSAPGTSESATPESGPGSEPATSCSETPETSTEPSECSAPGTS TERPSEGSAP
GTSESATPESGPGTSESATPESGPGSPAGSPTSTEEGTSESATPESGPGSERPA
TOGEETRPGTSESATPESCGPGTSTERPSEGSAPGTSTEPSEGSAPGTSTEPSEGS

fad
I
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APGTESTEPSEGSAPGTESTEPSEGSAPGTSTERPSEGSAPGSPAGSPTSTEEGTS
TEPSEGRAPGTSESATPESGPGSERPATSGEETPGTSESATPESGRGSEPATSG
SETPCTSESATPESCGPCTSTEPSEGSAPGTSESATPESGPGSPAGSPTISTEESG
SPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSESA
TPESGPESEPATSGEETPETSESATPESGPGSERPATSGERETPGTSESATPESG
PCTETEPSEGSAPGCESPAGSPTSTEEGTSESATPESGPGEEPATSGSETPGTSE
SATPESGPGSPAGEPTSTEEGSPAGESPTSTEEGTSTEPSEGSAPGTSESATPE
SGPEGTSESATPESGPG L tabTSESATPESCPGSEPATSCPTESGSEPATSGSE
TPGEPAGSPTSTEEGTSTEPSEGEAPGTESTPSEGSAPGSEPATSGSETPGTS
ESATPESGPGTSTEPSEGSAPGEPEA

890
{previously
B002)

C-ternunal
XTEN

PGESPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTST
EPSECSAPCYSTEPSEGCSAPGTSESATPESGPGEEPATSGSETPGSEPATSES
ETPGEPAGSPTSTEEGTSERATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGES
PAGSPISTEEGTSTEPSEGSAPGTSTENSEGSAPGTSESATPESGRPGTSTEDRS
EGSAPGTSESATPESGPGSEPATEGSETPCTSTEPSEGSAPCGTSTEPSEGSAP
GTSESATPESGPGTSESATPESGPGSPAGSPTSTEEGTSESATPESGPGSERPA
TSGSETPGYSESATPESCPCTSTEPSEGSAPGTSTEPSEGSAPGTSTERSEGS
APGTSTEPSEGSAPGTSTEPSEGEAPGTSTEPSEGSAPGSPAGSPTSTEEGTS
TEPSEGSAPGTSESATPESGPGEEPATSGSETPGTSESATPESGPGSERPATEG
SETPGISESATPESGPGISTEFSEGSAPGTSESATRPESCPGSPAGSPTSTEEG
SPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSESA
TRESGFGEEPATSGSETPGTSESATPESGPGREPATSGSETPGTSESATRESG
PETSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGESETPGTSE
SATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPREGRAPGTSESATPE
SCPGISESATPESGPGTSESATPESGPGSEPATSCPTESCGSERPATSGSETPGS
PAGSPTSTEEGTSTEPSEGEAPGTSTEPSEGSAPGSEPATSGSETPGTSESAT
PESGPGTSTEPSEGSAPGEPEA

863
(previously
8063)

C-terminal

PCSPAGSPTSTEEGTSESATPESGPETSTEPSEGRSAPCSPAGERTSTEEGTST
EPSEGSAPGTSTEPSEGSAPCTSESATPESGPCSEPATSGSETPGSEPATSGS
ETPGSPAGSPTSTEEGTSESATPESGPGTETERPSEGSAPGTSTEPSEGSAPGS
PAGSPISTERECTSTERPSEGEAPGTSTEPSEGSAPRTSESATPESGPGTETERS
EGSAPGTSESATPESCGPGSERPATSGIETRPCTSTEPSEGSAPGTSTEPSEGSAPR
GISESATPESGPGTSESATPESGPGSPAGEPTETEEGTSESATPESGPGSEPA
TEGSETPCTSESATRESGPGTESTEPSEGSARPGTSTEPSEGSAPGTETERSERGS
APGTETEPSEGSAPGTESTEPSEGSAPCTESTEPSEGSAPCEPAGSPTSTEEGTS
TEPSEGSAPGTSESATPESGPGSEPATSGEETPGTSESATPESGPGSERPATSG
SETPGTSESATRPESGPETSTEPSEGSAPGTSESATPESGPGSPAGERPTETEEG
SPAGSPTESTEEGSPAGESPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSESA
TPESGPESEPATSGERTPETSESATPESGPGSERPATSGERETPGTSESATPESG
PCTETEPSEGSAPGCESPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSE
SATPESGPGSPAGEPTSTEEGSPAGSPTSTEREGTSTEPSEGSAPGTSESATPE
SGPCTSESATPESGPOTSESATPESGPGSEPATSGSETPGSEPATEGSETRGS
PAGEBPTSTEEGTSTEPSEGSAPGTESTPSEGSAPGESEPATSESETPGTSESAT
PESGPGTESTEPSEGSAPGEPEA

892
{previously
8604)

N-terminal
XTEN

ASSPAGSPTSTESGTSESATPESGPGTETEPSEGSAPGTSESATPESGPGREP
ATSGSETPCISESATPESGPGSTRPAESGSETPGTSESATRESGPGTISTEFSESG
SAPGEPAGSPTSTEEGCTSESATPESGPGESPATSGSTPEGTSESATPESGPGS
PAGEPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESAT
PESGPCYSESATPESGPGSEPATSGSETPGSEPATSCSETPGSPAGSPTSTEER
STSTEPSEGSAPGTSTEPSEGSAPGGSAR
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883
{previously
8043)

N-terminal
XTEN

ASSPAGSPTSTESGISESATPESGPGTSTEPSEGSAPGTSESATPESGPGSER
ATSGSETPGTSESATPESCGPGSEPATEGSETPETSESATPESGPETSTEPSEG
SAPGSPAGSPTSTEEGTSESATPESGCPCESPATSGSTPEGTSESATPESGPGES
PAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESAT
PESGPGTSESATPESCPCREPRPATEGSETPCGSEPATSGSETPESPAGSPTSTEER
GTSTEPSEGSAPGTSTEPSEGSAPGGEAP

894
{previously
B0GG)

N-terminal
XTEN

ASSPAGSPISTESGISESATRPESGPGTSTEPSEGSAPGTSESATPESGPGSER
ATSGESETPGTSESATPESGPGSTPAESGSETPETSESATPESGPGTSTEPSEG
SAPGEFAGSPTSTEEGTSESATPESGPGRERPATSCSTPEGTSESATRESGRPES
PAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGRAPGTEESATPESGPGTSESAT
PESGPGTSESATPESGPGREPATSGSETPGSEPATSGSETPESPAGSPTSTER
GTSTEPSEGSAPGTSTEPSEGSAPGGEEAP

895
{previously
8007)

N-terounal
XTEN

ASSPAGSPTISTESGTSESATRPESGPGTSTEPSEGSAPGTSESATPESGPGSEP
ATSGSETPGTSESATPESGPGSTPAESGSETPEGTSESATRPESGPGTSTEPSEG
SAPGEFPAGSPTSTEEGTSESATPESCGPGSEPATSESETPGTSESATRESGPES
PAGSPISTEEGSPAGSPISTEEGTSTEPSEGSAPGTSESATPESGPGTSESAT
PESGPGTSESATPESGPGSEPATEGSETPGOEPATSGSETPESPAGSPTSTEE
GTSTERSEGSAPGTSTEPSEGSAPGESAR

896
{previously
8008)

C-ternunal

PGSPAGSPTRTEEGTSESATRESGPGTSTEFSEGSAPGEPAGSPTSTREGTST
EPSECSAPCYSTEPSECSAPGTSESATPESGPGEEPATSGSETPGSEPATSES
ETPGEPAGSPTSTEEGTSERATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGES
PAGESPISTEEGTSTEPSEGSAPGTSTENSEGSAPGTSESATPESGRPGTSTERS
EGSAPGTSESATPESGPGSEPATSGSETPGTSTEPSEGSAPGTSTERPSEGSAR
GTSESATPESGPGTSESATPESGPGSPAGSPTSTEEGTISESATPESGPGSERPA
ToGEETPGTSESATPESGPGTSTEPSEGSAFGTSTEPSEGSAPGTSTERPSEGS
APGTSTEPSEGSAPGTSTEPSEGEAPGTSTEPSEGSAPGSPAGSPTSTEEGTS
TEPSEGSAPGTSESATPESGPGEEPATSGSETPGTSESATYESGPGSERPATSG
SETPGISESATPERSGPGTSTEPSEGSAPGTSESATPESGPGSPAGEPTETEEG
EPAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGTISTEPSEGSAPGTSESA
TRESGFGEEPATSGSETPGTSESATPESGPGREPATSGSETPGTSESATRESG
PGISTEPSEGEAPGSPAGSPTESTEEGTSESATPESGPGSEPATSGEETPGTEE
SATPESGPGSPAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGEAPGTSESATPE
SCPGTSESATPESCGPGTSESATPESCGPGSEPATSCSETPCSEPATSGSETPGS
PAGSPTSTEEGTSTEPSEGSAPCGTESTPSEGSAPGSEPATSGEETPGTSESAT
PESGPGTSTEPSEGSAPG

887
{previously
$609)

C-terminal

PGSPAGSPTISTEEGTSESATPESGPGSEPATSGESETPGTSESATPESGPGTET
EPSEGSAPGTSTEPSEGSAPGCTSTEPSEGSAPCTISTEPSEGSAPGTSTEPSEG
SAPGTSTEPSEGSAPGSPAGEPTETEEGTETEPSEGSAPGTSESATPESGPGS
EPATEGSETPRTSESATPESGPESEPATSGSETPETESESATPESGRGTESTERPS
EGSAPGTEESATPESGPGSPAGEPTSTEEGSPAGSPTSTEEGEPAGSPTSTEER
GTSESATPESGPGTSTERPSEGSAPGTEESATPESGPGSEPATSGRETPGTRES
ATPESGPGSEPATSGIETPGISESATPESGPGTSTEPSEGSARGSPAGERFTST
ERGTEESATPESGPGSEPATSGRETPGTSESATPESGPGEPAGSPTSTEREGSEDR
AGSPTESTEEGTSTEPSEGSARPGTSESATPESGPGTSESATPESGRPGTSESATP
ESGPCEEPATSESETPECSEPATSGEETPOESPAGEPTSTEECTSTERPSEGSAPG
TESTPSEGSAPGSEPATSGSETPGTSESATPESGPGTSTEPSEGSARG

898
{previously
8618)

N-terminal

SAGEPGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEER
GTSTERSEGSAPGTSTEPSEGSAPGTSESATPESGPGSTPAESGSETPGSERA
TSGSETPESPAGSPISTEEGTSESATRPESGPGTSTEPSEGSAPGTSTERSEGS
APGEPAGSPTSTEEGTSTEPSEGEAPGTSTEPSEGEAPGTSESATPESGPGTS
TEPSEGSARGTSESATPESGPGEEPATEGSTETPETETERPSEGSAPGTETERS
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EGSAPGTSESATPESGRPGTEESATPESGRPGSPAGSPTSTEEGTSESATPESGE
GEEPATSGEETPETSESATPESGPGTETEPSEGSAPGTISTEPSEGSARGTSTE
POEGSAPCTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTST
EEGTETEPSEGSAPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGEE
PATSGEETPRTSESATPESGRPGTETERPSEGSAPGCTSESATPESGPGEPAGSPT
STEEGSPAGSPTSTEEGEPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPG
TEESATPESGPGSEPATSGEETPGTRESATPESGPGEEPATSGSETFGTSESA
TPESGPOTSTEPSEGSAPGSPAGSPISTEECTSESATPESGRPGSERPATSGSET
PGTSESATPESGPGEPAGSPTSTEEGEPAGSPTSTEEGTSTEPSEGSAPGTSE
SATPESGPGTSESATPESGPGTEESATPESGRPGESEPATSGSETPGEEPATSES
ETPGEPAGSPISTEEGTSTEPSEGESAPGTSTEPSEGEAPGSEPATEGSETPGET
EESATPESGPGTSTERPSEGSAPGEPAGSPTSTEEGTSESATPESGPGTSTERS
EGEAPGSPAGSPISTERGTSTEPSEGSAPGTSTEPSEGSAPGTSESATRPESGY
CEEPATSGSETPGEEPATSGSETPGSPAGSPTSTEEGTSESATPESGPGETSTE
PREGSAPGIRTEPSECSARPGEPAGSPTSTEEGTSTEPSEGSAPGTSTERPSEGS
APCTSESATPESGPCTSTEPSEGCSAPGTSESATPESGPGSEPATSGEETRGTS
TEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTESAS

899
{previously
8611)

C-terminal
XTEN

SAGEPGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEER
GTSTERSEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATEGSETPGSERA
TSGSETPESPAGSPISTEEGTSESATRPESGPGTSTEPSEGSAPGTSTERSEGS
APGEPAGSPTSTEEGTSTEPSEGEAPGTSTEPSEGEAPGTSESATPESGPGTS
TEPSEGSAFGTSESATPESGPGREEPATEGSETPGTSTRPSEGESAPGTSTERPSE
GEAPGTSESATPESCPGTISESATPESCPGSPAGSPTSTEEGTSESATPESGRG
SEPATSGSETPGTSESATPESGPGTSTEPEEGSAPGTSTEPSEGSAPGTSTEP
SEGSAPGTSTEPSECSAPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTE
EGTSTEPSEGRAPGTSESATPESGPGSERPATSGEETPGTSESATPESGPGSER
ATSGSETPGTSESATPESGPEGTSTEPSEGEBAPGTSESATPESGPGSPAGSPTS
TEEGSPAGSPTSTEEGSPACSPTSTERGTSESATPESGPGTSTEPSEGSAPGT
SESATPESGPGOEPATSGSETPETSESATPESGPGSEPATSGEETPGTSESAT
PESGPGTSTEPSEGSAPCOPAGSPTSTEECTSESATPESGPESEPATSGSETP
GTSESATPESGPGSPAGEPTETEEGSPAGEPTETEEGTSTEPSEGSAPGTRES
ATPESGPGTSESATPESGPGTSESATPESGPGSEPATSGEETPGSEPATSGEER
TPGSPAGEPTSTEEGTSTEPSEGSAPCGTSTEPSEGSAPGSEPATSESETPGTS
ESATPESGPGTISTEPSEGSAPGSPAGEPTETEEGTSESATPESGPGTSTERPSE
GEAPGSPAGSPTSTEEGTSTEPSEGSAPCTISTERPSEGSAPGTISESATPESGRG
SEPATSGEETPGSERPATSGSTETRPGSPAGEPTSTEEGTSESATRPESGPETSTE
POEGSAPGISTEPSEGSAPGEPAGSPTSTEEGTSTEPSEGSAPGTATESPEGS
APGTSESATPESGRPGYSTEPSEGCSAPGTSARSATYESCGPGSERATSEIRETRGT
STEPSEGEAPGTSTEPSEGSAPGTSESATPESGPGTESAS

S0
{previously
861%)

N-terminal
XTEN

GOPAGSPTSTEEGTSESATPESGPGTETEPSEGSAPGSPAGEPTSTEREGTETE
PEEGESAPGTSTEPSEGESAPATSESATPESGPGSERPATSGEETPGSEPATSGEE
TPCSPAGEPTSTEEGTSESASPESGPCTSTEPSEGSAPCTSTEPSEGSAPGSP
AGSPTSTEEGTSTEPSEGSAPGTETEPSEGSAPCGTSESATPESGPGTSTERPSE
GEAPGTSESATPESGPESEPATSGEETPEISTEPSEGSAPGIESTERPSEGSARG
TSESATPESGPGTSESATPESGPGSPAGSPTSTEECTSESATPESGRPGSERPAT
SGEETPGTSESATPESGPGTSTEPSEGSAPGTETERPSEGSAPGTSTERPSEGSA
PCTSTERPSEGEAPGTSTEPSEGSARPGTSTEPSEGRAPCSPAGERFTETEEGTST
EPSEGSAPGTSESATPESGCPCSEPATSGSETPOTSESATPESGPGESEPATSGES
ETPGTSESATPESGPGTETEPSEGSAPGTEESATPESGPGESPAGSPTRSTEEGS
PAGSPTSTERGSPAGSPTSTEREGTSESATPESGPETSTEPSEGSAPGTEESAT
PESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGE
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GTSTEPSEGSAPGSPAGSPTSTEEGTSESATPESGPGSEPATSGSETPGTSES
ATPESGPGEPAGSPTSTEEGEPAGSPTSTEEGTSTEPSEGSAPGTSESATPES
GPGTSESATPESGPCYSESATPESGPGSEPATSCSETPGSEPATSGCEETRPGSR
AGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGSEPATSGSETPGTSESATE
ESGPGTSTEPSEGSAR

901
{previously
$613)

N-terminal

GEFAGSPISTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTERGTSTE
PEEGSAPGISTEPSEGSAPGTSESATRESCPGSESATSCEETIPGSERPATSESE
TPGEPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSTERPSEGRAPGESP
AGSPTSTEEGTSTEFSEGSAPGTSTEPBRGEAPGTSESATRESGPCTSTERPRSE
GEAPGTSESATPESGPGSEPATSGSETPGTSTEPSEGSAPGTETEPSEGSAPG
TSESATPESGPGTSESATPESGPGSPAGSPTSTEEGTSESATPESGPGSEPAT
SCSETPGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPCTSTEPSEGSA
PGTSTEPSEGEAPGTSTEPSEGSAPGTSTEPSEGRAPGSPAGSPTSTEEGTST
EPSEGSAPGTSESATPRESGPCSEPATESGSETPCTSESATPESGPESEPATSGS
ETPGTSESATPESGPGTESTEPSEGSAPCTEESATPESGPGSPAGSPTESTEEREGS
PAGSPTSTEEGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGTSESAT
PESGPCSEPATSGSETPCTSESATPESGPCESEPATSGSETPECTSESATRPESGP
GTSTEPSEGSAPGSPAGEPTETEEGTEESATPESGPGSEPATSGSETPGTSES
ATPESGPGSPAGSPISTEEGSPAGSPTISTEEGTSTEPSEGSAPGTSESATPES
GPGTSESATPESCGPGTSESATPESGPGSEPATSGSETPCSEPATSGSETRPGEP
AGSPTSTEEGTSTEPSEGSAPGTETEPSEGSAPGSEPATSGRETPGTSESATP
ESGPCTSTEPSEGSAP

9SGz
{previously
8014

N-terminal
XTEN (with
His-tag)

SPAGSPTSTESGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPAT
SCEETPGTSESATPESGCPGSTRPAESCESETPCGTSESATPESGPCTSTEPSEGSA
PGSPAGSPTSTEEGTSESATPESGPGSEPATSGEETPGTSESATPESGPGSPA
GEPTSTEEGSPAGSPTSTEECTSTEPSEGSAPCTSESATPESGPGTSESATPE
SGPGTSESATPESGPGSEPATSGEETPGSEPATSGEETPGSPAGSPTSTEEST
STEPSEGEAPGTSTEPSEGSAPGGSAR

983
{previously
861%)

Cterminal

PGSPAGSP TS TEEGTSECATPESGPGEEPATSGSETPGTSEBATPESGPGTST
EPSEGSARGTETEPSEGSAPGTESTEPSEGSAPGTSTEPSEGSAFGTSTEFSE:
SAPGTSTEPSEGSAPGEPAGSPTSTEEGTSTEPSEGEAPGTSESATRPESGPGS
EPATSGSETPGCTSESATPESGPGEEPATSGSETPGTSESATPESGFGTSTERS
EGSAPGTSESATPESGPGSPAGSPTSTREEGSPAGSPTSTEEGSPAGSPTSTER
CTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEPATESGSETPGETSES
ATPESGPGESEPATSGRETPGTSESATRPESCPGTSTEPSEGSAPGSPAGSPTST
EEGCTSESATPESGPGSEPATSGSETPGISESATPESGCPGESPAGESPTSTEEGSY
AGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESATPESGPGTSESATE
ESGPGSEPATSGRETPGEEPATSGRETIFGEPAGSPTSTEEGTSTEPSEGSAPG
TESTPSEGSAPGSEPATEGSETPCGTSESATPESGPGTSTEPSEGSAPGEPEA

984
{previously
8016)

C-ternunal
XTEN

TPESGPGTSESATPESGPGEPAGSPTSTEEGTSESATPESGPGSEPATEGSET
PGTRESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGTST
EPSEGSARPGTSTEPSEGSAPGISTEPSECSAPGSPAGSPISTEEGTSTEFSEG
SAPGCTSESATPESGPGESEPATSGSETPGTSESATPESGPGSEPATEGSETPGT
SESATPRESGPGTSTERPSEGSAPGTSESATPESGRGRPAGSPTSTEEGSPAGSP
TSTERGSPAGSPYSTEEGTSESATPESGPGTSTEPSEGSAPGTSESATRPESGE
GEEPATSGSETPGTSESATPESGPGREPATSGSETPGTSESATPESGPGTSTE
PREGSAPGESPAGESPTSTEEGTSECATRPESCPGEEPATSCSETPGTSESATPES
GPGSPAGSPISTEREGSPAGSPTSTEEGTSTEPSECSAPGTSESATPESGPGTS
ESATPESGPGTSESATPESGPGSEPATSGSETPGSESATSGSETPGSPAGSPT
STEEGTSTEPSEGSAPGISTEFSEGSAPGEEPATSGSETPGTSESA
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905 C-terminal GTSTEPSEGSAPGTSESATPESGPGREPATSGSETPGSEPATSGSETPGSPAG
{previously | XTEN SPTSTERGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGRPAGSPTST

&017) EECTSTEPSEGCSAPCTSTEPSEGSAPGTISESATPESGPGTSTEPSEGSAPGTS
ESATPESGPGEEPATSGSETPGTSTEPSEGSAPGTSTEPSEGEAPGTSESATE
ESGPGTSESATPESGPGEPAGCSPTISTEEGTSESATPESCPGRSEPATSESETRG
TSESATPESGPGTSTEPSEGCSAPCGTSTEPSEGSAPGTSTEPSEGSAPGTSTEDR
SEGSAPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSA
PGISESATPESGPGSEPATSCEETPGTSESATPESGPGSERPATSGSETPGTSE
SATPESGPGTSTEPSEGEAPGTSESASPESGPGSPAGSPTSTEEGSPAGSPTS
TEEGEPAGSPTSTEEGTSESATPESGPGTSTEPSEGEAPGTSESATRPESGPGES
EPATEGSETPGISESATPESGPGSEPATSGEETPGTSESATPESGR

H06 C-terminal GEETPCSPAGSPTISTEECTSESATPESGPGTSTEPSECSAPGTSTEPSEGSAR
{(previously | XTEN GEPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEGSAPGTSESATPESGPGTSTE

8618} PREGSAPGIRESATPESCPGREPATSCSETPGTSTEPSEGSAPGTSTEPSEGS
APGTSESATPESGPGTSESATPESGPCGSPAGSPTSTEEGTSESATPESGPGSE
PATSGOETPGTSESATPESGPGTSTEPSEGSAPGTSTEPSEGSAPGTSTEPSE
GEAPGTSTEPSECSAPGTSTEPSEGSAPGTSTEPSEGSAPGSPAGSPTESTEEG
TSTEPSEGSAPGTSESATPESGPGSEPATEGSETPGTSESATPESGPGSEPAT
SGOETPGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSPAGSPTSTE
EGSPAGSPISTEEGSPAGSPTSTEEGTSESATRPESGPGTSTEPSEGSAPGTSE
SATPESGPGESEPATESGSTETGTSESATPESGPGSERPATSGEETPGTSESATPRPE
SGRGTSTEFSEGSAFGEPAGSPTSTEEGTSESATPESGPGSERPATS

gl C-ternunal EGSAPGTSTEPSEGSAPGTSESATPESGPCGTSTEPSEGSAPGTSESATPESGP
(previously | XTEN GSEPATSGESETPGTSTEPSEGSAPCTSTEPSEGSAPCTSESATPESGPGCTSES

8815} ATPESGPGSPAGSPTISTEEGTSESATPESGCPGSEPATSCEETPGTSESATPES
CPGTSTEPSEGSAPCTSTEPSEGSAPCTSTEPSEGSAPCTSTEPSEGSAPGETS
TEPSEGSAPGTSTEPSEGSAPGSPAGEPTESTEEGTSTEPSEGSAPGTSESATP
ESGPCSEPATSGSETPCTISESATPESGPGSEPATSGEETPGTSESATPESGPE
TSTEPSEGSAPGTSESATPESGPCEPAGSPTSTEEGSPAGSPISTEEGSPAGS
PISTEEGTSESATPESGPGTESTEPSEGSAPGTRESATPESGPGSEPATSGSET
PETSESATPESGPGREPATSGEETPETSESASPESGRPETESTERPSEGSAPGSPA
GEPTSTEEGTSESATPESGPCEEPATSGSETPETSESATPESGPGSPAGSPTS
TEEGSPAGSPTSTEEGTETEPSEGSAPGTEESATPESGPGTEESAT

908 N-termimnal ASSPAGSPTSTESCGTSESATPESGPGTSTEPSEGSAPGTSESATPESGPGSEDR
{previously ATSGSETPGTSESATPESCGPGSTPAERSGSETPETSESATPESGPETESTEPSEG

§020) SAPGSPAGSPTSTEEGTSESATPESGCPGCSERPATSGSETPGTSESATPESGPGES
PAGSPTSTEEGSPAGSPTSTEEGTSTEPSEGSAPGTSESATPESGPGTSESAT
PESGPGTSESATPESGPCRERPATEGSETPCGSEPATSGSETPESPAGESRPTSTEER
GTSTEPSEGSAPGTSTEPSEGSAPGGEAP

Net Charge

{8132] In other cases, the XTEN polvpeptides can have an wunstructured characteristic imparted by
fncorporation of aming acid residues with a net charge and/or reducing the proportion of hydrophobic amino
acids in the XTEN sequence. The overall net charge and net charge density may be controlled by modifying
the content of charged amino acids in the XTEN sequences. In some cases, the net charge density of the XTEN
of the compositions may be above +0.1 or below -0.1 charges/residue. In other cases, the net charge of a

XTEN can be about (%, about 19, about 2%, about 3%, about 4%, about 3%, about 6%, about 7%, about 8%,
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about 9%, about 10% about 11%, about 12%, about 13%, about 14%., about 15%. about 16%, about 17%,
about 18%, about 19%. or about 20% or more.

{3133] Since most tissues and sarfaces in a human or animal have a net negative charge, the XTEN sequences
can be designed to have a net negative charge to mininuze non-specific mteractions between the XTEN
containing compositions and various surfaces such as blood vessels, healthy tissues, or various receptors. Not
to be bound by a particular theory, the XTEN can adopt open conformations due to clectrostatic repulsion
between individual amine acids of the XTEN polypeptide that individually carry a high net negative charge
and that are distributed across the sequence of the XTEN polypeptide. Such a distribution of net negative
charge in the extended sequence lengths of XTEN can lead to an unstructuwed conformation that, in turm, can
result 1o an effective increase m hydrodynamic radius. Accordingly, in one emabodiment the invention provides
XTEN i which the XTEN sequences contain about 8, 10, 13, 20, 25, or even about 30% glutamic acid. The
XTEN of the compositions of the present invention generally have no or a low content of positively charged
amino acids. In some cases the XTEN may have less than about 10% amino acid residues with a positive
charge, or less than about 7%, or less than about 5%, or less than about 2% amine acid residues with a positive
charge. However, the invention conteraplates constructs where a limited nurber of amino acids with a positive
charge, such as lysine, may be incorporated mto XTEN to permit conjugation between the epstlon amine of
the lysine and a reactive group on a peptide, a linker bridge, or a reactive group on a drag or small molecule o
be conjugated to the XTEN backbone. In the foregoing, a fusion proteins can be constructed that comprises
XTEN, a biologically active protein, plus a chemotherapeutic agent useful 1o the treatment of discases or
disorders, wherein the maximum number of molecules of the agent incorporated into the XTEN component is
determined by the mumbers of lysines or other amino acids with reactive side chains {(e.g., cysieine)
incorporated into the XTEN.

{3134] In some cases, an XTEN sequence may comprise charged residues separated by other residues such as
serine of glyeme, which may lead to better expression or purification behavior. Based on the net charge,
XTENs of the subject compositions may have an isoelectric point (phy of 1.0, 1.5,2.0,2.35,3.0,35, 40,43,
50,355, 6.0, or even 6.5, In preferred embodiments, the XTEN will have an 1soelectric pomnt between 1.5 and
43, In these embodiments, the XTEN incorporated o the BPXTEN fusion protein compositions of the
present invention would carry a net negative charge under physiologie conditions that may contribute to the
unstructured conformation and reduced binding of the XTEN componeut to mammalian proteins and tissucs,
{3135] As hydrophobic amino acids can impart structure to a polypeptide, the mvention provides that the
content of hydrophobic amine acids 1n the XTEN will tvpically be less than 5%, or less than 2%, or less than
1% hydrophobic amino acid content. In one embodiment, the amino acid content of methionine and trypiophan
in the XTEN component of a BPXTEN fusion protein is typically less than 5%, or less than 2%, and ost
preferably less than 1%. In another embodiment, the X TEN will have a sequence that has less than 10% amino

acid residues with a positive charge, or less than about 7%, or less that about 5%, or less than about 2% amine
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acid residues with a postitve charge, the sum of methionine and tryptophan residues wili be less than 2%, and
the sum of asparagine and glutamine residues will be less than 10% of the total XTEN sequence.

Low Immanogenicity

{6136] In another aspect, the mvention provides compositions in which the XTEN sequences have a low
degree of vunwmogenicity or are substantially non-inununogenic. Several factors can contribute to the low
msunogemicity of XTEN, e.g., the nov-repetitive sequence, the unstructured conformation, the hugh degree
of sohihility, the low degree or lack of self-agoregation, the low degree or lack of proteolytic sites within the
sequence, and the low degree or lack of conformational epiiopes in the XTEN segaence.

{6137] Conformational epitopes are formed by regions of the protein surface that are composed of multiple
discontinuous amino acid sequences of the protein antigen. The precise folding of the protein brings these
sequences wto a well-defined, stable spatial configurations, or cpitopes, that can be recognized as “foreign”
by the host bumoral inunune system, resulting in the production of antibodics to the protein or triggering a
cell-mediated mmune response. In the latter case, the immume response to a protein in an individual is heavily
influenced by T-cell epitope recognition that is a function of the peptide binding specificity of that individual’s
HLA-DR allotype. Engagement of an MHC Class [ peptide complex by a cognate T-cell receptor on the
surface of the T-cell, together with the cross-binding of certain other co-receptors such as the CD4 molecule,
can induce an activated state within the T-cell. Activation leads to the release of cyiokines further activating
other bymphoeyies such as B cells to produce antibodies or activating T killer cells as a full cellular vonume
TeSponse.

{6138] The ability of a peptide to bind a given MHC Class 1 molecule for presentation on the surface of an
APC (antigen presenting cell) is dependent on a number of factors; most notably s primary sequence. Inone
embodiment, a lower degree of immumogenicity may be achieved by desigmng XTEN sequences that resist
antigen processing in antigen presenting cells, and/or choosing sequences that do not bind MHC receptors well.
The wnvention provides BPXTEN fusion proteins with substantially nov-repetitive XTEN polypeptides
designed to reduce binding with MHC 11 receptors, as well as avoiding formation of epitopes for T-cell receptor
or antibody binding, resulting in a low degree of immunogenicity. Avoidance of mymunogenicity is, in part, 3
direct result of the conformational flexability of XTEN sequences; e.g., the lack of secondary structure due to
the selection and order of amino acid residucs. For example, of particular inferest are sequences having a low
tendency to adapt compactly folded conformations in aqueous solution or under physiclogic conditions that
could result in conformational epitopes. The administration of fusion proteins comprising XTEN, using
conventional therapeutic practices and dosing, would generally not result in the formation of neuiralizing
antibodies to the XTEN sequence, and may also reduce the immunogenicity of the BP fusion pariner in the
BPXTEN compositions.

{6139] In one embodiment, the XTEN sequences utilized in the subject fusion proteins can be substantially

free of epitopes recognized by human T eells. The elimination of such epitopes for the purpose of generating

45



WO 2021/262985 PCT/US2021/038909

css Hnmunogenic proteins has been disclosed previously; see for example WO 98/52976, WO 02/079232, and
WO 00/3317 which are incorporated by reference herein.  Assays for human T cell epitopes have been
described (Stickler, M., er ol (2003} J Immunol Methods, 281: 95-108).  Of particular interest are peptide
sequences that can be oligomerized without generating T cell epiiopes or non-human sequences. This can be
achicved by testing direct repeats of these sequences for the presence of T-cell epitopes and for the occwrrence
of 6 to 15-mer and, 1o particular, 9-mer sequences that are not human, and then altering the design of the XTEN
sequence to eliminate or disnupt the epitope sequence. In some cases, the XTEN sequences are substantially
non-immunogenic by the restriction of the numbers of epitopes of the XTEN predicted to bind MHC receptors.
With a reduction in the mumbers of epitopes capable of binding to MHC receptors, there ts a concomitant
reduction in the potential for T cell activation as well as T cell helper function, reduced B cell activation or
upregulation and reduced antibody production. The fow degree of predicted T-cell epitopes can be deternuned
by epitope prediction algorithmas such as, e.g., TEPITOPE (Stwrniolo, T., er al. (1999) Nat Biotechnol, 17: 555-
61). The TEPITOPE score of a given peptide frame within a protein is the log of the Ky (dissceiation constant,
affimity, off-rate) of the binding of that peptide frame to multiple of the most commmon human MHC alleles, as
disclosed in Sturniolo, T ef af. {1999) Nature Biotecimology 17:355). The score ranges over at least 20 logs,
from about 10 to about -10 {corresponding to binding constraints of 10e' Ky to 10e7° Ky}, and can be reduced
by avoiding hydrophobic amine acids that can serve as anchor residues doring peptide display on MHC, such
as M, 1, L, V, F. In some embodiments, an XTEN component incorporated mto a BPXTEN does not have a
predicted T-cell epitope at a TEPITOPE score of about -5 or greater, or -6 or greater, or -7 or greater, or -8 or
greater, or at a TEPITOPE score of -9 or greater. As used herein, a scorg of -9 or greater” would encompass
TEPITOPE scores of 10 to -9, inclusive, but would not cncompass a score of =19, as -10 is less than -9
{6140] In ancther embodiment, the inventive XTEN sequences, including those ncorporated into the subject
BPXTEN fusion proteins, can be rendered substantially non-immunogenic by the restriction of known
proteolytic sites from the sequence of the XTEN, reducing the processing of XTEN mto small peptides that
can bind to MHC 1l receptors. In another embodiment, the X TEN sequence can be rendered substantially non-
immunoegenic by the use a sequence that is substantially devoid of secondary stractare, conferring resistance
to many proteases due o the high entropy of the stnicture. Accordingly, the redoced TEPITOPE score and
elimination of known proteolvtic sites from the XTEN may render the XTEN compositions, including the
XTEN ofthe BPXTEN fusion protein compositions, substantially unable to be bound by maramalian receptors,
mcluding those of the tmmune systern.  In one embodiment, an XTEN of a BPXTEN fusion protein can
have »100 nM Kq binding to a mammalian receptor, or greater than 500 nM Ky, or greater than 1 uM Ky
towards a mammalian cell surface or cireulating polypeptide receptor.

{3141] Additionally, the non-repetitive sequence and corresponding lack of epitopes of XTEN can fimit the
ability of B cells to bind to or be activated by XTEN. A repetitive sequence is recognized and can form

multivalent contacts with even a few B cells and, as a consequence of the cross-linking of multiple T-cell
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independent receptors, can stimulate B cell proliferation and antibody production. In coutrast, while a XTEN
can make contacts with many different B cells over its extended sequence, cach individual B cell may only
make one or a small number of contacts with an ndividual XTEN due to the lack of repetitiveness of the
sequence. As a result, XTENs typically may have a much lower fendency to stimulate proliferation of B cells
and thus an inunune response.  In one cmbodiment, the BPXTEN may have reduced tmmumnogenicity as
compared to the corresponding BP that is not fused. In one embadiment, the adnunistration of up to three
parenteral doses of a BPXTEN to a mammal may result in detectable anti-BPXTEN I at a senun dilution of
1:100 but not at a dibution of 1:1000. In another embodiment, the administration of up to three parenteral doses
of a BPXTEN to a mammal may result in detectable anti-BP IgG at a serum dilution of 11100 but not at a
didution of 1:1000. 1o another embodiment, the administration of up to three parenteral doses of a BPXTEN
to a manunal may result in detectable anti-XTEN IgG at a serum diution of 1160 but not at a ddution of
11600, In the foregoing embodiments, the mammal can be a mouse, a rat, a rabbit, or a cynomolgus monkey.
{#142] An additional feature of XTENs with nog-repetitive sequences relative to sequences with a high degree
of repetitiveness can be that non-repetitive XTENs form weaker contacts with antibodies. Antibodies are
oudtivalent molecoles. For instance, IgGs have two identical binding sites and IgMs contain 10 identical
binding sites. Thus antibodies against repetitive sequences can form multivalent contacts with such repetitive
sequences with high avidity, which can affect the potency and/or climination of such repetitive sequences. In
confrast, antibodies against non-repetitive XTENs may yield monovalent mferactions, resulting in less
fikelihood of tumume clearance such that the BPXTEN compositions can remain in circulation for an increased
period of time.

Increased Hydrodynamic Radias

{6143] In another aspect, the present invention provides XTEN in which the XTEN polypeptides can have a
high hvdrodynamic radius that confers a corresponding increased Apparent Molecular Weight to the BPXTEN
fusion protemn mcorporating the XTEN. The linking of XTEN to BP sequences can result in BPXTEN
compositions that can have increased hydrodynamic radii, increased Apparent Molecular Weight, and
mcreased Apparent Molecolar Weight Factor compared to a3 BP not linked to an XTEN.  For example, in
therapeutic applications in which prolonged half-life is desired, compositions in which a XTEN with a high
hydrodynamie radius 1s incorporated into a fusion protein comprising one or more BP can effectively enlarge
the hvdrodynamic radius of the composition beyond the glomerular pore size of approximately 3-5 nm
{corresponding to an apparent molecular weight of about 70 kDA) (Caliceti. 2003, Pharmacokinetic and
biodisinbution properties of poly{ethylene glycol-protein conjugates. Adv Drug Dehiv Rev 55:1261-12773,
resulting in reduced renal clearance of circulating proteins. The hyvdrodynamic radivs of a protein is determined
by its molecular weight as well as by its structure, including shape and compactness. Not to be bound by a
particular theory, the XTEN can adopt open conformations due to electrostatic repulsion between individual

charges of the peptide or the inherent flexability imparted by the particalar amino acids in the sequence that
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lack potential to confer secondary structure. The open, extended and unstructured conformation of the XTEN
polypeptide can have a greater proportional hydrodynamic radius compared to polypeptides of a comparable
sequence length and/or molecular weight that have secondary and/or tertiary structure, such as typical globular
proteins. Methods for determining the hydrodynamic radius are well known in the art, such as by the use of
size exclusion chromatography (SEC), as described in U.S. Patent Nos. 6,406,632 and 7,294,513, The addition
of mereasing lengths of XTEN results in proportional incrcases 1 the parameters of hydrodynamic radius,
Apparent Molecular Weight, and Apparent Molecular Weight Factor, permitting the tailoring of BPXTEN to
destred characteristic cut-off Apparent Molecular Weights or hydrodynamic radi.  Accordingly, in certain
embodiments, the BPXTEN fusion protein can be configured with an XTEN such that the fusion protein can
have a hydrodynanuc radius of at least about 3 nm, or at least about 8 nm, or at least about 10 nm, or 12 nm,
or at lcast about 15 mn. In the foregoing embodiments, the large hydrodyvnamic radius conferred by the XTEN
in a BFXTEN fusion protein can lead to reduced renal clearance of the resulting fusion protein, leading to a
corresponding increase i terminal halfilife, an increase in mean residence time, and/or a decrease in renal
clearance rate.

In another crobodiment, an XTEN of a chosen length and sequence can be selectively incorporated into a
BPXTEN to create a fusion protein that will have, under physiologic conditions, an Apparent Molecular
Weight of at least about 100 kDa, at least about 150 kDa, or at least about 300 kD, or at least about 400
kDxa, or at least about 5300 kDA, or at least about 600 kDa, or at least about 700 kDA, or at least about 800
KkDa, or at least about 900 kDa, or at least about 1000 kDa. or at least about 12060 kDa, or at least about 1500
kDa, or at least about 1800 kDa, or at least about 2000 kDa, or at least about 2300 kDa or more. In another
embodiment, an XTEN of a chosen length and sequence can be selectively linked to a BP to resudt ina
BPXTEN fusion protein that has, under physiologic conditions, an Apparent Molecalar Weight Factor of at
least three, slternatively of at least four, altematively of at least five, alternatively of at least six, alternatively
of at least eight, aliernatively of at least 10, alternatively of at least 15, or an Apparcat Molecular Weight
Factor of at least 20 or greater. In another embodiment, the BPXTEN fusion protein has, under physiclogic
conditions, an Apparent Molecular Weight Factor that is about 4 to about 20, or is about 6 to about 15, or1s

about 8 to about 12, or is about 9 to about 10 relative to the actual molecular weight of the fusion protein.

BIOLOGICALLY ACTIVE PROTEINS OF THE BPXTEN FUSION PROTEIN COMPOSITIONS

{3144] The present mvention relates in part to fusion protein compositions comprising biologically active

proteins and XTEN and the uses thereof for the treatment of discases, disorders or counditions of a subject.
{3145] In one aspect, the invention provides at least a first biologically active protein (hereimatter “BPF”)
covalently linked to a fusion protein comprising one or more exiended recombinant polypeptides ("XTENT),

resulfing in an XTEN fusion protein composition (heremafter “BPXTENT). As deseribed more fully below,
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the fusion protemns can optionally meclude spacer scquences that can further comprise cleavage scquences o
release the BP from the fusion protein when acted on by a protease.

{3146] The term “BPXTENT, as used herein, 1s meant {o encompass fusion polypeptides that comprise one or
two pavioad regions each comprising a biologically active protein that mediates one or more biological or
therapeutic activitics and at least one other region comprising at least one XTEN polypeptide.

{6147] The BP of the subject compositions, particularly those disclosed in Tables 6, together with their
corresponding nuckee acid and amino acid sequences, are well known in the art and descriptions and sequences
are avatlable 1 public databases such as Chemical Absiracts Services Databases {e.g., the CAS Regisiry),
GenBank, The Universal Protein Resource (UniProt) and subscription provided databases such as GenSeg{e.g.,
Derwent). Polynucleotide sequences may be a wild tvpe polynucleotide sequence encoding a given BP (e.g.,
cither full length or mature), or in some instances the sequence may be a variant of the wild type polynucheotide
sequence (e.g., a polynucieotide which encodes the wild type biologically active protein, wherein the DNA
sequence of the polvnucleotide has been optimized, for example, for expression in a particular species; or a
polvaucleotide encoding a variant of the wild tvpe protein, such as a site directed mutant or an allelic variant.
1t is well within the ability of the skilled artisan to use a wild-type or consensus ¢DNA sequence or a codon-
optimized variant of a BP to create BPXTEN constructs contemplated by the invention using methods known
in the art and/or in conjunction with the guidance and methods provided herein, and described more fully in
the Examples.

{6148] The BP for inclusion in the BPXTEN of the invention can include any protein of biologic, therapeutic,
prophvlactic, or diagnostic interest or function, or that is useful for mediating a biological activity or preventing
or ameliorating a disease, disorder or conditions when admunistered to a subject. Of particular interest arc BP
for which an increase in a pharmacokinetic parameter, increased solubility, increased stabilbity, or some other
enhanced pharmaceutical property is sought, or those BP for which mcreasing the termunal half-life would
mmprove efficacy, safetv, or result n reduce dosing freguency and/or improve patient compliance. Thus, the
BPXTEN fusion protein compositions are prepared with various objectives in mind, inchiding improving the
therapeutic efficacy of the bicactive compound by, for example, increasing the in vive exposure or the length
that the BPXTEN remains within the therapeutic window when adminmistered to a subject, compared to a BP
not inked to XTEN,

{6149] A BP of the inveuntion can be a native, tull-length protem or can be a fragroent or a sequence variant
of a biologically active protein that retains at least a portion of the biological activity of the native protein.
{3158] In one embodiment, the BP incorporated into the subject compositions can be a recombinant
polypeptide with a sequence corresponding to a protein found in natare. In another embodiment, the BP can
be sequence variants, fragments, homologs, and numetics of a natural sequence that retain at least a portion of
the biological activity of the native BP.  In non-liniting examples, a BP can be a sequence that exhibiis at

least about 80% sequence identity, or alternatively 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, $0%,
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91%, 92%, 93%., 94%, 95%, 96%, 97%, 98%. 99%. or 100% scquence identity o a protein sequence selected
from Tables 6. In onc embodiment, a BPXTEN fusion protein can comprise a single BP molecule linked to
an XTEN (as deseribed more fidly below). In another embodiment, the BPXTEN can comprise a first BP and
a second molecule of the same BP, resulting 1n a fusion protein comprising the two BP hinked to one or more
XTEN (for example, two molecules of IL-1ra, or two molecules of 11-10). Biologically active proteins
mncluding those as therapeutics are typically labile molecules exlubiting short shelf-lives, particularly when
formulated in agueous solutions. In addition, many biologically active peptides and proteins have limited
solability, or become aggregated dunng recombinant productions, requiring complex solabilization and
refolding procedures. Various chenucal polymers can be attached to such proteins to modify their properties.
Of particular interest are hydrophbilic polymers that have flexible conformations and are well hydrated m
aqueous solutions. A frequently used polvmer is polyethyvilene glveol (PEG). These polymers tend to have
large hydrodynamic radii relative to their molecular weight (Kubetzko, S., ef al. (2005} Mol Pharmacol, 68:
1439-54}, and can resudt in enhanced pharmacokinetic properties. Depending on the potnts of attachment, the
polymers fend fo have himuted interactions with the protein that they have been attached to such that the
polymer-modified protein retains s relevant functions. However, the chemical conjugation of polvmers to
proteins requires complex multi-step processes. Typically, the protein component needs to be produced and
purified prior to the chemical conjugation step. In addition, the conjugation step can result in the formation of
heterogeneous product mixtures that need to be separated, leading to significant product loss. Alternatively,
such nuxtures can be used as the final pharmaceutical product, but are difficult to standardize. Some examples
are currentfy marketed PEGylated Interferon-alpha products that are used as muxtures (Wang, B. L, er gl
(1998} J Submuicrosc Cytol Pathol, 30: 503-9; Dhalluin, C., er o/ (2003) Biocomug Chem, 16 504-17). Such
mixtures are difficalt to reprodocibly manufacture and characterize as they contain isomers with redaced or no
therapeutic activity.

{6151] In general, BP will exhibit a binding specificity to a given target or another desired biological
characteristic when used i vivo or when utilized in an i vifro assay. For example, the BP can be an agonist,
a receptor, a ligand, an antagonist, an enzyme, or a hormone. Of particular interest are BP used or known to
be usefusl for a disease or disorder wherein the native BP have a relatively short terminal half-life and for which
an enhancement of a pharmacokinetic parameter (which optionally could be released from the fusion protein
by cleavage of a spacer scquence) would perout less frequent dosing or an enhanced phammacologic effect.
Also of interest are BP that have a narrow therapeutic window between the mimimum effective dose or blood
concentraiion (Cunw) and the maximum tolerated dose or blood concentration (Ciax). In such eases, the hinking
of the BP to a fusion protein comprising a sclect XTEN sequence(s) can result in an improvement in these
propertics, making them more usctul as therapeutic or preventive agents conmpared t0 BP not inked to XTEN.
{36152] The BP can be a cvtokine. Cytokings encompassed by the mventive compositions can have utility in

the treatment in various therapeutic or disease categories, inclading but not himited to cancer, rheumatotd
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arthritis, wmltiple  sclerosis, myasthenia  gravis, svstemic lupus  ervthematosus, Alzheimer’s
disease, Schizophrenia, viral infections {c.g., chronic hepatitis C, AIDS), allergic  asthma, retinal
neurodegeneralive processes, metabolic disorder, insulin resistance, and diabetic cardiomyopathy. Cytokines
can be especially usefisl in treating mflammatory conditions and autoimmmune conditions.

{3153] The BP can be one ar more ¢ytokines. The cviokines refer to proteins {¢.g., chemokines, interferons,
fvmphokines, mterleukins, and tumor necrosis factors) released by cells which can affect cell bebavior,
Cytokines can be produced by a broad range of cells, including but not linuted to imwnune cells such as
macrophages, B vmphocvies, T lymphooytes, microgha cells, and mast cells, as well as endothehial cells,
fibroblasts, and various stromal cells. A given cvickine can be produced by more than one type of cell
Cytokines can be tnvolved i producing systeric or local immunomodulatory effects.

{6154] Certainn cviokines can function as pro-inflammatory eviokines. Pro-inflamumatory cytokmes refer to
cviokings involved in inducing or amplifying an inflamuatory reaction. Pro-inflammatory cytokines can work
with various cells of the immune svstem, such as neutrophils and leukocvies, (o gencrate an inymme response.
Certain eytokines can fimetion as anti-inflarmomatory evtokmes. Anti-inflammatory eytokines refer to cvickines
mvolved in the reduction of an nflammatory reaction. Anti-inflammatory cyiokings, in some cases, can
regulate a pro-inflammatory cytokine response. Some cytokines can function as both pro- and anti-
mflammatory cytokines.

{3155] Examples of cyiokines that are regulatable by systerns and compositions of the present disclosure
include, but arc not lumited to lymphokines, monokines, and traditional polypepude hommones except for
human growth hormone. Included among the cytokines are parathyroid hormone; thyroxine; insulin; promsulin,
relaxin; prorelaxin; glycoprotein hormones such as follicle stimudating hormone (FSH), thyroid stimulating
hormone {TSH), and luieinizing hormone (LH); hepatic growth factor; fibroblast growth factor; prolacting
placental lactogen; tumor necrosis factor-alpha | mullerian-inhibiting substance; mouse gonadotropin-
associated peptide; inhibin; activin; vascular endothelial growth factor; integrin; thrombopoictin (TPO); nerve
growth factors such as NGF-alpha; platelet-growth factor; transforming growth factors {(TGFs) such as TGF-
alpha, TGF-beta, TGF-betal, TGF-betaZ, and TGF-beta3; insulin-like growth factor-l and -II; ervthropotetin
(EPO); Flt-3L: stem cell factor (SCF); osteoinductive factors; interferons (IFNs) such as IFN-g, IFN-f, IFN-y;
colony stimulating factors (CSFs) such as macrophage-CSF (M-CS5F); granulocyte-macrophage-CSE (GM-
CS8F); granulocyie-CSF (G-CS¥); macrophage stimulating factor (MSP); inderleukins (1Ls) such as 1L-1, -
ia, L-1b, [L-1RA IL-18, 1L-2, 113 1h-4, 1.5 106, 1L-7 PL-8) 119, 1L-10, 11-11, IL-12, 1L-12h, 1L-13,
iL-14, IL-15, TL-16, IL-17, 1L-20; a smor necrosis factor such as CD154, LT-beta, TNF-alpha, TNF-beta, 4-
IBBL, APRIL, CD70, CD153, CD178, GITRL, LIGHT, OX40L, TALL-1, TRAIL, TWEAK, TRANCE; and
other polypeptide factors including LIF, oncostatin M (O5M) and kit ligand (KL). Cytokine recepiors refer to

the receptor proteins which bind cytokings. Cytokine raceptors may be both membrane-bound and soluble.
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{6156] The target polynucieotide can encode for a cvtokine. Non-linuting examples of cytokines include 4-
IBBL, activin BA, activin BB, activin BC, activin BE, artemin (ARTN), BAFF/BLyS/TNFSFI38, BMP1O,
BMP15, BMP2, BMP3, BMP4, BMPS, BMPs, BMP7, BMP8a, BMP8b, bone morphogenetic protein 1
(BMPL), CCLI/TCAS, CCLIL, CCLIZMCP-5,CCLI3MCP-4, CCL14, CCLIS, CCLIs, CCLI7/TARC,
CCL1S, CCL19, CCL2MCP-1, CCL20, CCL2Y, CCL22/MDC, CCL23, CCL24, CCL25, CCL26, CCL27,
CCL28, CCL3, CCL3L3, CCL4, CCL4LVLAG-1, CCLS, CCls, CCL7, CCL§, CCLY,
CDIS3/CO30L/TNFSFS, CD40L/CDIS4/TNESES, CD40LG, CD70, CD7O/CD27L/TNESF7, CLCFL, ¢
MPL/CDHO/TPOR, ONTF, CX3CLY, CXCLEL, CXCL1O, CXCLIE, CXCL12, CXCL13, CXCL14, CXCLIS,
CXCL16, CXCLIT7, CXCL2/MIP-2, CXCL3, CXCLA4, CXCLS, CXCL6, CXCL7/Ppbp, CXCLY, EDA-AL,
FAMIDAL FAMIOA2, FAMIOA3Z, FAMISA4, FAMIDAS, Fas Ligand/FASLG/CDOSL/CDIT8, GDF1G,
GDF11, GDF15, GDF2, GDF3, GDF4, GDFS, GDF6, GDF7, GDFS, GDF9, ghal cell line-derived
neurotrophic factor (GDNF), growth differentiation factor 1 (GDFI), IFNAT, IFNAITQ, [FNAI3, IFNA14,
IFNAZ, IFNA4, IFNAS/IFNaG, IFNA7, IFNAS, IFNBI, IFNE, IFNG, IFNZ, IFNe/IFNWI, IL11, ILIB,
ILISBP, TLIA TLIB, ILIFI0, ILIFY/ILIRA, LIRS, ILIFG, TLIF7, TLIFS, ILIFS, ILIRL2, L3, 1133, 1L,
ILE/CKCLE, inhibin-A| inhibin-B, Leptin, LIF, LTA/TNFB/INFSFI, LTB/TNFC, newturin (NRTN), OSM,
OX-40L/TNFSF4/CD252, persephin (PSPN), RANKL/GPGL/INFSFLI(CD254), TLIA/TNESFIS, TNFA,
TNF-alpha/TNFA, TNFSFIO/TRAIL/APO-2L(CD253), TNFSFI2, TNFSF13, TNFSFI4/LIGHT/CD238,
XCLE, and XCL2. In some embodiments, the target gene encodes for an immune checkpoint inhibitor. Non-
himiting examples of such immune checkpotnt mhibitors mclude PD-1, CTLA-4, LAG3, TIM-3, A2AR, B7-
H3, B7-H4, BTLA, IDO, KIR, and VISTA. In sone embodiments, the target gene encodes for a T cell receptor
(TCR) alpha, beta, gamma, and/or delta chaim.

{3187} Insome cases, the cytokine can be a chemokine. The chemokine can be selected from a group inchuding,
but not limited to, ARMCX2, BCA-1 / CXCL13, CCL11, CCLI2ZMCP-5, CCLI3/MCP-4, CCLIS/MIP-
5/MIP-1 delta, CCLIG / HCC-4 / NCC4, CCLIT/TARC, CCLI8 / PARC / Mib-4, CCLIO/MIP-3b,
CCL2/MCP-1, CCL20/MIP-3 alpha/MIP3A, CCL2V/6Ckine, CCL22/MDC, CCL23 7/ MIP 3, CCL24/Eotaxin-
2/MPIF-2, CCL2S/TECK, CCL26/Eotaxin-3, CCL27/CTACK, CCL28, CCL3/Mipla, CCL4 / MIPIB,
CCLALVLAG-1, CCL5/RANTES, CCLO/CI0, CCL8/MEP-2, CCLY, CMLS, CXCL1, CXCLI10 / Crg-2,
CXCL12/ SDF-1 beta, CXCL14/BRAK, CXCL15/Langkine, CXCL16 / SR-PSOX, CXCL17, CXCL2/MIP-
2, CXCL3 / GRO ganuma, CXCLA/ PF4, CXCLS, CXCL6/ GCP-2, CXCLY / MIG, FAMISAL, FAMIDA2,
FAMISAZ FAMIOA4/TAFA4, FAMI9AS, Fractalkine/CX3CL1, I-309/CCLI/TCA-3, IL-8/CXCLE, MCP-
3/CCLT, NAP-2/PPBP / CXCL7, XCL2, and Armo IL10.

{0188] Table 3 provides a non-limiting list of such sequences of BPs that are encompassed by the BPXTEN
fusion proteins of the mvention. Metabolic proteins of the inventive BPXTEN conpositions can be a protein

that exhibits at least about 80% sequence identity, or alternatively 81%, 82%, 83%, 84%, 83%. 86%, 87%,
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, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to a protein

sequence selected from Table 3.

Table 3: Cytokines for Conjugation

A-CD3

See 1.8, Pat, Nos. 5,885,573 and 6,491,916

f-1ra, buman
inll length

MEICRGLRSHLITLLLFLEFHSETICRPSGRES SEMQAFRIWDVNOKTF Y LRNNQLVAGY LQGPNY
NLEEKIDVVPIEPHALFLGIHGCEKMCLSCVESGDETRLOLEAVNITDLSENRKQDEKRFAFIRSDS
GPTTSFESAACPOGWF LCTAMEADQPVSLTNMPDEGVMVTIKFYFQEDE (SEQ ID NO: 152)

Il-ira, Dog

METCRCPLESYLISFLLFLPHSETACRLGERPCRMOAFRIWDVRQETEY LENNQLVAGYLQGESNTK
LEEKLDVVPVEPHAVELGIHGGELCLACVKSGDETRLOLEAVNITDLSKNKDQDERFTFILSDSG
PTISFESAACPCWEFLCTALEADRPVELTNRPEEAMMVIREYFQKE (SEQ ID 153)

N

{L-1ra, Rabbiu

MRPSRSTRRELISLLLEFLFHSETACRPSGERPCRMQAFRIWDVNQKTF Y LRNNQLVAGY LQGPNA
KLEERIDVVPLEPQLLFLGIQROKLCLSCVESGDKMKLELEAVNI TDLGKNKEQDEKRFTFIRSNS
GPITIFESASCPEGWFLOTALEADQPVSLINTPDDS IVVIKFYFQRED (SEQ ID NO: 154)

T-ira, Rat

MEICRGPYSHLISLLLILLFRSESAGHIPAGKRPCKMGAFRIWDITNQETEVLENNGLIAGY LQGE
NITXKLEEKIDMVPIDERNVELGIHGGRKLCLSCVKSCDDTRLLEEVNITDLNENEEEDKRFTEFIRS
ETGPTISFESLACPGWELCTTLRADHPVSLINTPEEPCTVIRFYFQED (SEQ ID NO: 155

{.~1xa, Mouse

MEICWGPY SHLISLLLILLFHSEAACRPSGER PCEMQAFRIWDTNOKTFY LRNNQLIAGY LQGPN
IKLEEKIDMVPIDLHSVELGIHGCKLCLSCAKSGDRIKLOLEEVNITD LSENKEEDKRFTF IRSE
EGPTTSFESAACPOGWILCTTLEADRPVSLITNTPEEPLIVIKFYFQEDRQ (SEQ ID NO: 156}

Anakinm MERPSGRKSSKMQAFRIWDVRQKTEY LENNGLVAGY LQGPNVNLEEKIDVVPIEPHALF LGTHGEGEK
MOLSCVKSGDETRLQLEAVNITDLSENRRKQDRKRFAFIRSDSGEFTTSFESAACPGHEF LCTAMEADD
PVSLTWMPREGVMVTEREYFQEDE (SEQ ID NO: 157)

iL-10 MHSSALLCCLVLLIGVRASPEQCTQSENSCTHI PGNLPMMLRD LRDARN SRVKTEFFQMEDQLDNLL

LEESLLEDFKGY LEGCQALSEMIQFY LEEVMPOAENQDPDIKAHVN S LOGENLKTLRIRLRRCHRY L
PCENKSKAVEQVENAFNKLOQEKGIYRAMSEFDIFINYIRAYMTIMEIRN (SEQ ID NO: 138}

Table A, Amunoe acid sequences of exemplary interfeukin-12 §1-12) or fraements thereof

Interleukin- K] MWELERDVYVVEVDWIPRDAPGETVNLICDTPEEDDITWTSDOREGVIGSGETLT
12 subunit ITVEEFLDAGQY TCHKGGETLSHSHLLLERKENGIWS TREI LENFENKTEFLECEA
beta (11-312 PRYSGRIFTCSWLVQRMMDLEKEFNIKSSSSSPRSRAVICGMASLIAERVILDORDY
ndi) ERYSVSCOEDVICPTARETLPIELALEARQONRKYENY STSFFIRDIIKPDPPRN
LOMEPLENSQVEVSWEY PDSWSTPHSY FSLEXFEVRIQRKKEKMEETERGCNQREG
AFLVERKTSTEVQCRGENVIOVOAQDRYYNSSCSKWACVPCRVES
Interlenkin- & RVIPVSGPARCLSQSRNLIKTTDDMVKTAREKLEHY SCTAEDIDHEDITRDQTS
12 subunit TIXTCLPLELHENESCLATRETS STTRGESCLPPQETS LMMTLCLGS TYED LKMY
alpha (1132 QTEFQAINAALONHNHOOI I LDKSMLVAIDELMOS LNHNGETLROQKPPVGEADP
p35} YRVEMELCILLHAFSTRVVTINRVMGYLSSA

1112 variant

3

MWELBEKDVIVVEVDWIPDAPSETVNLICDTFEEDDITWISDORHGVIGSGKTLT
I TVREFLDAGRY TCHKGERET LSHSHLLLHRKENGIWS TET LKNFERKTFLECEA
PNYSGREFTCSWLVORINMDLEFNIRSSSSSPOSRAVICGMASLSARKVILDQRDY
ERYSVSCQEDVICPTRAEETLPIELALEARQONKYENY STSFFIRDI IKPDPPKN
LOMKPLENSQVEVSWEY PDSWSTPHSY FSLEKFFVRIQREEKERMRETEESCNQKG
AFLVERTSTEVQUCKGENVCVQAQDRYYNSSCSRWACVRPCRVREGGGESGHRGEGSG
GEESRVIPVEGPARCLIQSRNLILEKTTDIMVETAREKLKHY SCTAEDIDHEDITR
DOTESTLEKICLPLELHENESCLATRETS STTRGECLPPQRTSLMMTLOCLEGS IYED
LEMYQTEFQAINAALONINAQQI I LDKGMLVAIDELMQSLNENGETLROKPPVG
EADPYRVEKMKLCILLBAFSTRVVIINRVMGY LS 3A

{3159] Table A provides a non-limiting list of mnterlenkin-12 sequences (or fragments thereof). The mventive

BPXTEN composttions of this disclosure can contain an anino acid sequence that exbibits at least about 80%
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sequence identity, or aiteman“miy 819, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 1%, 92%, 93%,
0d%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to a protein sequence selected from Table A
{3168] In some embodiments, where the composition of this disclosare (such as a fusion protein} comprises
a cytokine, the cviokine can be selected from a group consisting of interleukins, chemokines, interferons, tumor
necrosis factors, colonv-stimulating factors, or transforming growth factor beta (TGF-beta) superfanuly
members. In some emboduments, the cvtokine can be an mterleukin selected from the group consisting of L1,
L2, 1IR3, 14, 13, 1L, TL7, L&, 119, ILI0, TL11, 1012, I3, HL14, 1013, IL16, and IL17. In some
embodiments, the cyvicking can have at least (about) 80%, at least {about) 81%, at least (about) 82%, at least
{about) 83%, at least (about) 84%, at lcast (about) 85%, at least (about) 86%, at least (about) 87%, at least
{about) 88%, at lcast {about) 89%, at least {about) 90%, at lcast (about) 91%, at least {about) 92%, at lcast
{about) 93%, at lcast (about) 94%. at least {about) 93%, at least {(about) 96%, at least {about) 97%, at least
{about) 98%, at least {about) 99%, or 100% scquence identity to a sequence selected from Fable 3 or Table
A In some embodiments, the cytokine can have at least (about) 80%, at least (about) 81%, at feast (about)
82%, at least (about) 83%, at least {about) 84%, at least (about) 85%, at least (about) 6%, at least (about) 87%,
at feast {about) 88%, at lcast (about) 89%, at lcast {about) 90%, at lcast (about) 91%, at least (about) 92%, at
cast {about) 93%, at lcast (about) 94%, at least (about) 95%, at least (about) 96%. at least {about) 97%, at least
{abouty 98%, at least {about) 99%, or 100% sequence identity to a sequence selecled from Table 3. In some

embodiments, the cviokine can have at least (about) 80%, at least {about) 81%, at least (about) 82%, at least

{about) 83%, at icast (about) 84%. at least {about) 85%, at least (about) 86%, at least {about) 87%, at lcast
{about) 88%, at Icast {about) 9%, at least (about) 90%, at lcast (about) 91%. at least {about) 92%, at least
{about) 93%, at least (about} 94%, at least {about) 95%, at least {about) 96%, at least {about) 97%, at least
{about) 98%, at least (about) 99%, or 100% sequence identity to a sequence selected from Table A. In some
embodiments, the cvtokine can be IL-12 or an TL-12 variant. Tn some embodiments, the cviokine can comprise
g first cytokine fragment {Cyl) and a second cytokine fragment (Cy2). In some emboduments, one of the Cyl
and the CyZ can comprise an aming acid sequence having at feast 70% sequence identity to an interleukin-12
subunit beta. In some embodiments, the other one of the Cy1 and the Cyv2 can comprise an amino acid sequence
having at least (about) 70%, at least (abowut) 75%. at least (about) 80%, at least (about) 85%, at least {about}
0%, at least (about) 91%, at least (about) 92%, at least {about) 93%, at least (about) 94%, at least {about) 95%
at least (about) 96%, at least (about) 97%, at least (about) 98%, at least (about) 99%, or 100% sequence dentity
to an interleukin-12 subunit alpha. In some embodiments, the first cvtokine fragment (Cy1) can comprise an
amine acid sequence having at least {about) 70%, at least (about) 73%, at least (about) 80%, at least (about}
85%, at least (about) 90%, at least (about) 91%, at least (about) 92%, at least {about) 93%, at least (about) 94%,
at feast {about) 95%, at least (about) 96%, at least (about) 97%. at lcast (about) 98%, at least (about) 99%, or
100% sequence identity to a sequence of SEQ D NG, 5. In some embodiments, the second cytokine fragment

{Cy2) can comprise an amino acid sequence having at least (about} 70%, at least (about) 75%, at least {about)
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80%. at least {about) 85%, at least (about) 90%, at least (about) 91%, at least (about) 92%, at least (about) 93%,
at feast {about) 94%, at least {about) 95%, at least {about) 96%, at least (abouty 97%, at least (about) 98%, at
cast (about) 99%, or 100% sequence identity to a sequence of SEQ ID N{3. 6. In some embodiments, the
cviokine can comprise a linker positioned between the first cviokine fragment (Cvl) and the second cvtokine
fragment {((v2). In some embodiments, the cvtokine can be an 1L-12 variant comprising an amino acid
sequence having at least (about) 70%, at least (about) 75%, at least (about) 80%, at least (about) 85%, at least
{about) 90%, at lcast {about) 91%, at least {about) 92%, at lcast (about) 93%. at least {about) 94%, at least
{about) 95%, at lcast {about) 96%, at least (about) 97%, at least {about) 98%, at least {(about) 99%, or 100%
sequence identity to SEQ ID NO. 7. The linker can be a GS hinker (such as (GGGGSH(SEQ TD NG: 273),
{(GGGGSWSEQ ID NO: 273), (GGGGSH(SEQ I NQ: 273), (GGGGSWSEQ ID NO: 273), (GGGGS)s(SEQ
D NQ: 273), ete.).

{161} “1L-ira” means the homan 1L-1 receptor antagonist protein and specics and sequence variants thereof,
mcluding the sequence vasiant anakinra (Kineret®), having at least a portion of the biologieal setivily of mature
1E~tra. Human IL-Tra is a mature ghycoprotein of 152 amino acid residues. The inhibitory action of IL-1ra
results from its binding to the type | IL-1 receptor. The protein has a native molecular weight of 25 kDa, and
the molecule shows limited sequence homology to [L-le (19%) and IL-1B (26%). Anakinra is a
nonglyeosylated, recombinant human IL-tra and differs from endogenous human IL-Ira by the addition of an
N-ternunal methionine. A commercialized version of anakinra is marketed as Kineret®. It binds with the
same avidity to 1L-1 receptor as native L-1ra and IL-1b, but does not result m receptor activation (signal
transduction}, an effect atiributed to the presence of only one receptor binding motif on fL-1ra versus two such
motifs on [L-1 & and IL-18. Anakinra has 133 amino acids and 17.3 kD in size, and has a reported half-life of
approximately 4-6 hours.

{03162] Inereased L1 production has been reported m patients with various viral, bactenial, fimgal, and
parasitic mfoctions; miravascular coagulation; high-dose 11.-2 therapy; solid tumors; leukemias; Alzheimer’s
disease; HIV- 1 infection: autoimmwune disorders; trauma {(surgery), hemodialysis; ischemic discases
(myocardial infarction); nomnfectious hepatitis; asthma; UV radiation; closed head inpury; pancreatitis;
peritonitis; grafi-versus-host disease; transplant rejection; and in healthy subjects after strencous exercise.
There is an association of mereased 1L~ 1b production in patients with Alzhemmer’s disease and a possible role
for 1L 1 i the release of the amylod precursor protein. IL-1 has also been associated with diseases such as
tvpe 2 diabetes, obesity, hyperglycemia, hyperinsulineria, type 1 diabetes, nsulin resistance, retinal
newrodegenerative processes, discase stales and conditions characterized by insulin resisiance, acute
myocardial wnfarction (AMI), acute coronary syndrome (ACS), atherosclerosis, chronic inflasmmatory
disorders, rheumatoid arthritis, degencrative intervertebral disc discase, sarcoidosis, Crohn’s discase,
wcerative colitis, gestational diabetes, excessive appetite, msufficient satiety, metabolic disorders,

elucagonomas, secretory disorders of the airway, osieoporosts, cenfral nervous system disease, restenosis,
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neurndegenerative discase, renal failure, congestive heart failure, nephrotic syndrome, cirrhosis, pulmonary
edema, hypertension, disorders wherein the reduction of food mtake is desired, irritable bowel syadrome,
myocardial mfarction, stroke, post-sargical catabolic changes, hibernating myoccardium,  diabetic
cardiomyopathy, insufficient urinary sodinm excretion, excessive urinary potassium concentration, conditions
or disorders associated with toxic hvpervolenua, polyeystic ovary syndrome, respivatory distress, chronic skin
ulcers, nephropathy, left ventricular systolic dysfunction, gastrointestinal diarrhea, postoperative dunmping
syadrome, uritable bowel syadrome, critical illness polynewropathy (CIPN), systemic inflammatory response
syndrome {SIRS), dyslipidemia, reperfusion injury following ischemia, and coronary heart disease risk factor
(CHDRF) syndrome. [IL-lra-containing fusion proteins of the invention may {ind particular use m the
treatment of any of the foregoing discases and disorders. 1L-1ra has been cloned, as described m U.S. Pat.
Nos. 5,075,222 and 6,858,409,

{83163} In some cases, the BP can be IL-10. [L-10 can be an efiective anti-inflammatory cytokine that represses
the production of the promflammatory cytokines and chemokines. 1L-10 is the one of the major TH2-type
cyviokine that mcreases humoral iomume responses and lowers cell-mediated immune reactions. TL-10 can be
useful for the treatment of awtoimmune discases and inflamamatory diseases such as rheomatoid arthritis,
multiple sclerosis, myasthenia gravis, systemic lupus erythematosus, Alzheimer’s discase, Schizophrenia,
allergic asthma, retinal newrodegenerative processes, and diabetes.

{3164] In some cases, TL-10 can be modified to improve stability and decrease prolytic degradation. The
modification can be one or more amide bond substitution. In some cases, one or more amide bonds within

backbone of 1L-10 can be substituted to achicve the abovementioned effects. The one or more amide linkages

{(—CO—NH—} in IL-10 can be replaced with a linkage which is an isostere of an amide hnkage, such as
CHZNH -, —CH28—, —CH2CH2., — CH=—CH-(cis and trans), —COCH2-, —CH{(OH)CH2 — or —
CH250— Furthermore, the amide linkages in 11-10 can also be replaced by a reduced isostere pseudopeptide
bond. See Couder et al. (1993) Int. J. Peptide Protein Res. 41:181-184, which is hereby incorporated by
reference m ifs entirety.

{6165] The one or more acidic ammno acids, including aspartic acid, glutanic acid, homoghitamic acid,
tvrosime, alkyl, arvl, arvialkyl, and hetcroarvl sulfonamides of 2,4-diarinopriopionic acid, orsithine or lysive
and tetrazole-substitited alkyl amino acids; and side chain anude residues such as asparagine, glutamine, and
atkyl or aromatic substituted derivatives of asparagine or glutamine; as well as hydroxyl-containing aming
acids, including serine, threonine, homoserine, 2,3-dianunopropionic acid, and alky! or aromatic substituted
derivatives of serine or threoning can be substituted.

{8166] The one or more hyvdrophobic amino acids i [L-10 such as alanmine, leocing, isoleucine, valine,
norteacine, (8)-Z-aminobutyric acid, (S)cyclohexylalanine or other simple alpha-amino acids can be
substituted with amino acids including, but not limited to, an aliphatic side chain from CI-C10 carbons

including branched, cvclic and straight chain alkyl, alkenyl or alkynyl substitutions
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{6167} In some cases, the one or more bydrophobic ammwo acids wm IL-10 such as can be substituted
substitution of aromatic-substituted hydrophobic amino acids, including phenylalanine, tryptophan, tyrosine,
sulfotyrosine,  biphenylalanine,  l-naphthylalanine,  2-naphthylalanine,  Z-benzothienylalanine,  3-
benzothienylalanine, histidine, including amino, alkylamino, dialkviamuno, aza, halogenated (fluoro, chloro,
bromo, or iodo) or alkoxy (from C1-C4)-substituted forms of the above-listed aromatic anvino acids, iHlustrative
examples of which are: 2-, 3- or 4-amunopbenylalasine, 2-, 3- or 4-chlorophenylalamine, 2-, 3- or 4-
methylphenylalanine, 2-, 3- or 4-mecthoxvphenylalanine, S5-amino-, S-chloro-, S-methyle or 5
methoxytryptophan, 2°-, 37, or 4"-amino-, 27, 3~ or 4’~chloro-, 2, 3, or 4-biphenylalaning, 2°~, 37~ or 47~
methyl-, 2-, 3~ or 4-biphenvialanine, and 2- or 3-pyridvialanine;

{31681 The one or more hvdrophobic amino acids i IL-10 such as phenylalanine, tryptophan, tyrosine,
sulfotyrosine,  biphenylalamine,  I-naphthvlalanme, Z-vapbthylslanine,  2-benzothienylalanmine,  3-
benzothienylalanine, histiding, including amino, alkylamine, dialkyvlamino, aza, halogenated {fluoro, chloro,
bromo, or 10do) or alkox can be substituted by aromatic amine acids mehuding: 2-, 3- or 4-amnophenylalamne,
2-, 3~ or 4-chlorophenylalamine, 2-, 3~ or 4-methylphenvialanine, 2-, 3~ or 4-methoxyphenylalanine, 5-anuno-,
5-chloro-, S-methvi- or S-methoxytryptophan, 2°-, 37-, or 4 -amino-, 27, 3"~ or 4"-chloro-, 2, 3, or 4-
biphenylalaning, 2’ 3"~ or 4 -methyl, 2+ 3- or 4-biphenylalanine. and 2- or 3-pyridylalanine

{6169] The amino acids comprising basic side chains, inclading argining, lysine, histidine, omithine, 2.3~
diamunopropionic acid, homoargmine, mchuding alkyl, alkenyl, or arvl-substituted denivatives of the previous
aouno acids, can be substituted. Exaraples arc N-cpsilon-isopropyi-tvsine, 3-{4-tetrabydropyridyl)-glycine, 3-
{4-tetrahydropyridylj-alanine, N N-gamma, gamma -dicthyl-bomoarginine, alpha-methyl-arginine, alpha-
methyi-2 3-diaminopropionic acid, alpha-methyl-histidioe, and alpha-methyl-omithine where the alkyl group
occupies the pro-R position of the alpha-carbon. The modified [1L-10 can comprise amides formed from any
combination of alkvl, aromatic, heteroaromatic, ornithine, or 2,3-diaminopropionic acid, carboxylic acids or
auy of the many well-known activated derivatives such as acid chlorides, active esters, active azohdes and
related derivatives, lysing, and ornithine.

{B178] In some cases, 1L-10 comprises can comprise one or more natarally occurring L-amino acids, synthetic
L-amino acids, and/or D-cnantiomers of an amino acid. The IL-10 polvpeptide can comprise one or more of
the following amino acids; e-ammodecanoic acid, w-aminofetradecanocic acid, cvelohexylalanine, w,y-
diammobutyric acid, ap-dianunopropionic acid, d-amino valeric acid, t-butylalanine, t-butyighyeine, N-
methylisoleucine, phenviglyveme, cyclohexylalanine, norleucine, naphthylalanine, ornithine, citrulline, 4-
chlorophenvialanine, 2-fluorophenylalanine, pyridylalanine 3-benzothienyl alanine, hydroxyproline, f-alanine,
o-amincbenzoic acid, meamincbenzoic acid, p-amioobenzoic acid, m-aminomethyvibenzoic acid, 2.3-
dianunopropionic acid, c-aminoisobutyric acid, N-methylglveine(sarcosine), 3-flucropbenylalanive, 4-
fluorophenylalanine, penicilanine, 1,2.3 d-tetrahydroisoquinoline-3-carboxylic acid, B-2-thienylalanine,

methionine sulfoxide, homoarginine, N-acetvl lysine, 2, 4-diamino butyric acid, rho-aminophenyialamne, N-
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methylvaline, homocysteine, homoserine, e-amino hexanote acid, @-anunchexanoic acid, w-ammoheptanoic
acid, @-anunooctansic acid, and 2,3-dianuncbutyric acid.

{3171] IL-10 capn comprise a cysieine residue or a cysteine which can act as linker to another peptide via a
disulfide hinkage or to provide for cyclization of the IL-10 polypeptide. Methods of mtroducing a cysieine or
cysteine analog are known in the art; see, e.g., U.S. Pat. No. 8,067,532, An TL-10 polypeptide can be cyclized.
Other means of cyclization jnclude introduction of an oxime tinker or a lanthionine hinker; see, e.g., U.S. Pat.
No. 8,044,175, Any combination of amine acids (or non-amino acid moietics) that can form a cyclizing bond
can be used and/or introdaced. A eyclizing bond can be generated with any combination of amino acids {or
with an anuno acid and —(CH2 m-CO— or —(CH2 n-CO6H4A—CO—) with fimctional groups which allow for
the mtraduction of a bridge. Sone examples are disulfides, disulfide mimetics such as the —(CH2)n-carba
bridge, thinacetal, thioether bridges (cystathionine or lanthionine) and bridges containing esters and ethers.
{8172} The IL-10 can be substiited with an N-alkyl, aryl, or backbone crosstinking to construct lactams and
other cyclic structures, C-terminal hydroxymethy! derivatives, o-modified derivatives, N-lerminally modified
derivatives including substituted amides such as alkylamides and hydrazides. Tn some cases, an TL-10
polypeptide 1s a retromverso analog.

{3173] 1L-10 can be [L-10 can be native protein, peptide fragment 1L-10, or modified peptide, having at least
a portion of the biclogical activity of native 1L-~10. IL-10 can be modified to improve intracellular uptake. One
such modification can be attachment of a protein transduction domamn. The proten transduction domain can
be attached to the C-terminus of the TL-10. Alternatively, the protein transduction domain can be attached to
the N-terminus of the IL-10. The protein transduction domain can be attached to HL-10 via covalent bond. The
protein transduction domain can be chosen from any of the sequences listed in Table 9.

Table 9. Exemplary protein transduction domains

Amino Ackl Sequence

YGREXKRRQRRR {SEQ ID NO: 8)
RRQRRTSKIMKR {SEQ ID NO: 9)
CWTLNSAGYLLGKINLKALAALAKKIL {SEQ ID NO: 10)
KALAWEAKLAKALAKALAKHLAKALAKALKCEA (SEQ 1D
NO: 11}

ROIKIWFQNRRMKWKK (SEQ ID NO: 12)
YORKKRRGRRR (SEQ ID NO: 13)

FEKRRQRRR (SEQ ID NO: 14}

YEREKKRRORRR (SEQ ID NO: 15)

PRKRRGRR (SEQ ID NO: 16}

YARBAARQARA (SEQ ID NO: 17)
THRLPRRRRRR (SEQ ID NO: 18&)
GERRARRRRRR (SEQ ID NO: 19)

BPFXTEN STRUCTURAL CONFIGURATIONS AND PROPERTIES

{3174] The BP of the subject compositions are not hinuted (o native, full-length polypeptides, b also include

recombinant versions as well as biologically and/or pharmacologically active variants or fragments thercof.

For example, it will be appreciated that various amino acid substitutions can be made i the GP to create

h
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variants without departing from the spirit of the invention with respect to the biological activity or
pharmacologic properties of the BP. Examples of conservative substitutions for amino acids in polypeptide
sequences are shown in Table 4. However, in embodiments of the BPXTEN in which the sequence identity
of the BP 15 less than 100% compared to a specific sequence disclosed herein, the mmvention contemplates
substitution of any of the other 19 natural L-amino acids for a given amino acid residue of the given BP, which
may be at any position within the sequence of the BP, including adjacent amino acid residues. If any one
substitution results in an undesirable change in biological activity, then one of the alternative aming acids can
be emploved and the constract evaluated by the methods described herein, or using any of the techniques and
audelines for conservative and non-conservative mutations set forth, for instance, in U.S. Pat. No. 5,364,934,
the contents of which is incorporated by reference in its entirety, or using methods generally known to those
of skill in the art. In addition, variants can also melude, for instance, polvpeptides wherein one or more amino
acid residues are added or deleted at the N- or Coterminus of the full-fength native amino acid sequence of a
BP that retains at least a portion of the biological activity of the native peptide.

Table 4: Exemplary conservative aming acid subsiitutions

Ala{A} val; ley; ile

Arg (R) iys; gin; asn

Asn (N} gin; his; Ivs; arg

Asp (D) zin

Cys () ser

Glo () asn

Glu (B) asp

Glv () PrO

His (H) asn: gin: fys: arg

xlle (1) ien; val; met; ala; phe: norleucine
Leu (L) norieucine: e: val; met; ala: phe
Lys (F) arg: gin: asn

Met (M) feu; phe; ile

Phe (F) feu: val: tle; ala

Pro (P) gly

Ser (S) thr

Thr {(T) ser

Trp (W) tyr

Tye(Y) irp: phe: thr: ser

Val (V) ile; len; met; phe; ala; noricucine

BPXTEN Fasion Protein Conflipurations

{6175] The mvention provides BPXTEN fusion protein compositions comprising BP linked fo one or more
XTEN polypeptides useful for preventing, treating, mediating, or ameliorating a disease, disorder or condition
related to glucose homeostasis, insulin resistance. or obesity. In some cases, the BPXTEN is a monomeric

fusion protein with a BF linked to one or more XTEN polypeptides. In other cases, the BPXTEN composition
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can include two BP molecules linked to one or more XTEN polypeptides.  The tnveniion conteraplates
BPXTEN comprising, but not limited toc BP selected from Table 3 or Table A (or fragments or sequence
variants thereof), and XTEN selected from Tables 2a-2b or sequence variants thereof. 1n some cases, at least
a portion of the biclogical activity of the respective BP is retamed by the mtact BPXTEN. In other cases, the
BP component either becomes biologically active or has an increase in activity upon its release from the XTEN
by cleavage of an optional cleavage sequence mcorporated within spacer sequences mto the BPXTEN,
described more fully below.,
{3176] In some embodiments, the BPXTEN fuston protein composition comprises {a) an XTEN (such as one
disclosed herein) and (b) a eytokine hinked to the XTEN.
{31771 In one embodiment of the BPXTEN composition, the invention provides a fusion protein of formula
I
10178] (BEMS)H-(XTEN) I
{6179] wherein imdependently for cach occurrence, BP is a is a biologically active protein as described
heremszbove; 5 18 a spacer sequence having between 1 to about 50 amine acid residues that can optionally
mclude a cleavage sequence (as described more fully below); x 13 either 9 or 1 and XTEN is an extended
recombinant polypeptide as described hercinabove. The embodiment has particular utility where the BP
requires a free N-terminus for desired biological activity, or where linking of the C-terminus of the BP to the
fusion proten reduces biological activity and 1t is desired to reduce the biological activity and/or side effects
of the administered BPXTEN.
{6186] In another embodiment of the BPXTEN composition, the invention provides a fusion protein of
formula U (components as described above):
G181} (XTEN-{S)-(BP) i
{3182] wherem independently for each occurrence, BP s a is & biologically sefive protein  as described
heremabove:; S 15 a spacer sequence having between 1 o about 50 arowo acid residues that can optionally
nclude a clravage sequence {as described more fully below); x 13 either O or 1; and XTEN is an extended
recombinant polypeptide as described hercinabove. The embodiment has particular uiility where the BP
requires a free C-terminus for destred biologieal activity, or where linking of the N-terminus of the BP to the
fusion protein reduces biological activity and it 1s desired fo reduce the biological activity and/or side effects
of the administered BPXTEN.
{31831 Thus, the BPXTEN having a single BP and a single XTEN can have at least the following permutations
of configurations, cach listed in an N- to C-erminus orientation: BP-XTEN; XTEN-BP; BP-S-XTEN; or
XTEN-S-BP.
{8184} v avother embodupent, the vention provides an isolated fusion protein, wherein the fusion protein
is of foromuda UL

(BP)-($)-(XTENH8)-(BP(S),-(XTEN), il
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{6185] wherein mdependently for cach occurrence, BP is a 15 a biologically active protein as described
hereinabove; S is a spacer sequence having between | to about 30 amino acid residues that can optionally
include a cleavage sequence {(as described more fudly below); xis either O or 1,y is either 0 or 1, 2 15 either 0
or 1; and XTEN 1s an extended recombinant polypeptide as described hereimabove.

{3186] In another embodument, the vention provides an isolated fusion protein, wherein the fusion protein
is of formula IV (components as described above):

{0187 (XTEN)-(SK-(BP)-(8p-(XTEN}MBM 1AY

{3188] In another embodiment, the mvention provides an isolated fusion protein, wherein the fusion proten
is of formula V (components as described above):

{01891 (BP) «(S)-(BP(S)-(XTEN) v

{6158] In another embodinent, the invention provides an isolated fusion protein, wherein the fusion protein
is of formula VI {components as described above):

{0193 (XTEN)}-(S)~(BP(5)-(BP) VI

{6192] In another embodiment, the mvention provides an isolated fusion protemn, wherein the fusion protein
is of formula VII (components as described above):

{6193] (NTENMSR-(BPS)-(BP)-(XTEN) VI

{6134] In some cases, the BP can comprise a first fragment and a second cytokine fragment, and the XTEN
1s positioned between the first fragment and the second fragment. When desired, the BP can be cyviokine. In
some cases, the eytokine can be IL-10.

{6195] In the foregoing embodiments of fusion proteins of formmulas V1 administration of a therapentically
effective dose of a fusion protein of an embodiment to 2 subject in need thereof can result in a gain in time of
at least two-fold, or at least three-fold, or at feast four-fold, or at least five-fold or more spent within a
therapeutic window for the fusion protein compared to the corresponding BP not linked to the XTEN of and
admumistered at a comparable dose to a subject.

{8196] Any spacer scquence group is optional in the fusion proteins encompassed by the mvention. The
spacer may be provided to enhance expression of the fusion protein from 3 host cell or to decrease steric
hindrance such that the BP component may assume its desired tertiary stracture and/or interact appropriately
with its target molecule. For spacers and methods of identifving desivable spacers, see, for example, George,
et al. (2003} Protein Eonginecring 13:871-879, specifically incorporated by reference berein. In one
embodiment, the spacer comprises one or more peptide sequences that are between 150 amino acid residugs
i fength, or about 1-235 residues, or about 1-10 residues in length. Spacer sequences, exchisive of cleavage
sites, can comprise any of the 20 natural L amino acids, and will preferably comprise hydrophilic amine acids
that are sterically unhindered that can include, but not be hmited to, glveine {G), alanine {A), serine (5),
threonine (1), glutamate (E) and proline (P).  In some cases, the spacer can be polyglycines or polyalanines,

or i3 predominately a mixtwre of combmnations of glycine and alanine residuss. The spacer polypeptide
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exclusive of a cleavage scquence is largely to substantially devoud of secondary structure. Inone embodument,
one or both spacer sequences o 2 BPXTEN fusion protein composition may cach further contain a cleavage
sequence, which may be identical or may be different, wheren the cleavage sequence may be acted on by a
protease to release the BP from the fusion protein.

{3197] In some cases, the incorporation of the cleavage sequence into the BPXTEN is designed to pernut
release of a BP that becomes active or more active upon its release from the XTEN. The cleavage sequences
are located sufficiently close to the BP sequences, generally within 1%, or within 12, or within 6, or within 2
amino acids of the BP scquence terminas, such that any remaining residues attached (o the BP after cleavage
do not appreciably mterfere with the activity {e.g., such as binding to a receptor} of the BP, vet provide
sufficient access to the protease to be able to effect cleavage of the cleavage sequence. In some emboduments,
the cleavage site is a sequence that can be cleaved by a protease endogenous to the mammalian subject such
that the BPXTEN can be cleaved after administration to a subject. In such cases, the BPXTEN can serve as a
prodrug or a circulating depot for the BP. Examples of cleavage sites contemplated by the invention include,
but are not limited to, a polypeptide sequence cleavable by a mammalian endogenous protease selected from
FXla, FXila, kallikrein, FVHa, FIXa, FXa, Fla (thrombin), Elastase-2, granzyme B, MMP-12, MMP-13,
MMP-17 or MMP-20, or by non-mammalian proieases such as TEV, enterokinase, PreScission™ protease
{rhunovirus 3C protease), and sortase A. Sequences known to be cleaved by the foregoing proteases are known
m the art. Exemplary eleavage sequences and cut sites within the sequences are presented in Table 8, as well
as sequence vartants. For exaraple, thrombin {activated clotting factor 1) acts on the sequence LTPRSLLYV
(SEQ 1D NO: 230) {Rawlings N.D | ¢t al. (2008) Nucleic Acids Res., 36 D320}, which would be cut afier the
arginine at position 4 in the sequence. Similarly, incorporation of other sequences into BPXTEN that are acted
upon by endogenous proteases would provide for sustained release of BP that may, in certain cases, provide a
higher degree of activity for the BP from the “prodrug” form of the BPXTEN.

{6198] In some cases, only the two or three amino acids flanking both sides of the cut site (four to six amino
acids total) would be incorporated into the cleavage sequence. i other cases, the known cleavage sequence
can have one or more deletions or insertions or one or two o three amino acid substitutions for any one or two
or three amino acids in the known sequence, wherein the deletions, insertions or substitutions result in reduced
or enhanced susceptibility but not an absence of susceptibility to the protease, resulting in an ability to tatlor
the rate of release of the BP from the XTEN. Hxemplary substitutions gre shown in Table 5.

Table 8: Protease Cleavage Sequences

FXla 274 KLIR$VVGEE 869 KD/FL/T/RIVA/VE/GT/CV
FXla 275 TMIRVIVGE NA NA
Kailikrein 276 SEFRVSTGE 870 -/ =/ FL/RYINSR/RT/ -/~
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FViia 277 LOVENIVGE NA NA
FiXa 278 PLERFIVGS 871 =[G R = f =]~
FXa 279 IEGRYTVGE 872 IA/E/GFE/RISTI/VFS/-/6
Flia (throrbin) 280 LTPRYSLLY 873 -/~ /PLA/RYSAG/ -/~ /-
Flastase-2 281 LEPVSEVE 874 —f ] VIR f ) -
Granzyme-B 282 VAGDYSLER 873 i mf O f o f o f
MMP-12 283 GPASYLEGA 876 G/PAS -~/ GYL -G/~
MMP-13 284 SPACYLRGA 877 G/p/-/obn/-fon/ -
MMP-17 285 APLGVIRLR 878 ~ /B8 -0 - /1T -
MMP-20 286 PALPYLVAQ NA NA
TEV 287 ENLYFQEG 879 ENLYFOHGS
Enterokinase 288 DDDRSIVEE 288 DDDESIVGS
(Pi;;ziij:oi(“ﬁ 867 LEVLFQLGP 867 LEVLFQIGE
Sortase A 868 LPKTHGSES 880 L/P/READ/ TG/~ /ERS/ S

dindicates cleavage site

NA: not apphicable

* the listing of nmultiple amino acids before, between, or after a slash indicate aliernative amino acids

that can be substituted at the position; - indicates that any amino acid may be substituted for the
corresponding anuno acid ndicated m the nuddle column

{3199] In another aspect, the disclosure provides fusion protein comprising multiple release segment (RS)
wheremn each RS sequence is selected from the group of sequences set forth in Table 6 and the RS are linked
to cach other by 1 {0 6 amino acids selected from glycine, serine, alanine, and threonine. In one embodiment,
the fusion protein comprises a first RS and a second RS different from the first RS wherein ecach RS sequence
ia selected from the group of sequences set forth in Table 6 and the RS are linked to cach other by 1 to 6 amino
acids selected from glycine, sering, alanioe, and threonine.  In another embodiment, the fusion protein
comprises a first RS, a second RS different from the first RS, and a third RS different from the {irst and the
seccond RS wherein cach sequence is selected from the group of sequences set forth in Table 6 and the first
and the second and the third RS are linked to cach other by 1 to 6 anuno acids selected fron glycine, serine,
alaning, and threonine. Tt is spectfically mtended that the multiple RS of the fusion protein can be concatenated
to form a sequence that can be cleaved by multiple proteases at different rates or efficiency of cleavage. In
another embodiment, the disclosure provides fusion protemn comprising an RS1 and an RS2 selected from the
group of sequences set forth in Tables 6 and 7 and an XTEN] and XTENZ selected from current disclosure
wherein the RS1 is fused between the XTEN] and the binding moieties and the RS2 is fused between the
XTEN2 and the binding moieties. 1t 1s contemplated that such compositions would be more readily cleaved
by diseased target tissues that express multiple proteases, compared with healthy tissues or when in the normal

circulation, with the result that the resulting fragments bearing the binding moietics would more readily
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penetrate the target tissue; ¢.g., a tumor, and have an enhanced ability to bind and link the target cell and the
effector cell {or just the target cell in the case of fusion protein designed with a single binding moiety. I some
embodiments, where the composition of this disclosure (such as a fusion protein) comprises a release segment,
the release segment (RS) can have at least 82%, at least 88%, af least 94%, or 100% sequence identity 10 a
sequence selected from the sequences set forth in Tables 6-7. Tn some embodiments, the composition of this
disclosure (such as a fusion protem) can have a structural arrangement, from N- to C-terminus of XTEN-RS-
cytokine or eytokine-RS-XTEN.

Table 6. Release Seoment Sequences.

NMawme Conctroct I | Aming Acid Sequence
BSES-4 AC1602 LAGRSDNHSPLGLAGS (S ID NO: 20G)
BSHS-5 AC1603 LAGCRSDNHVPLSLSMG D NO: 21)
BSRE-6 ALI604 LAGRSDNHEPLELVAG (S NO: 27)
BSRS-AL-1 ACI60S ASGRSTNAGPSGLAGP NO: 23)
ACIe06 ASGRSTNAGPQGBLAGY (SEQ ID NO: Z24)
ACIeG7 ASGRSTNAGPPELTIGP O ID NO: 25)
AC1608 ASSRGTNAGPAGSLTGP (SEQ ID NO: 2€)
R§R~1752 ACI609 ASSRTTNTERSTLIGR (5 1D NOo: 27)
RSR-1512 ACI610 AAGRSDNGTRPLELVAP (5 1D NO: 28)
RSR-1517 ACISLE EAGRSANHEPLELVAY (¢ D NO: 29)
VP-2 AC1I612 ASGRGTNAGPAGLTIGR ( D NO: 30}
RSR-10G18 AC1613 LEGRNDNHEPLELGGG ( D NO: 31}
RER-1033 AC1614 TAGRSDNLEPLGLVEG (S D NO: 32}
RER-10359 AC1613 LDGRSDNFHPFELVAG (D NO: 33)
RER-1063 AC1616 LECRSDNEEPENLVAG (SEQ ID NO: 34)
RSR-1167 ACI6LT LRKGREDNNAPLALVAG (S NO: 33)
RSR-1201 ACIGIS > NG: 38)
RSR-1218 ACIEL9 ANSRGTNKGFAGLIGP D NG: 27)
RSR-1226 ACI620 ASSRLTNEAPASLTIP 1D NO: 38}
BSR-1254 ACIG21 DOSREGTNAGPESLIDP ID NO: 39)
BSR-1256 AC1622 ESSREGTNIGQGELTGP O IR NO: 40)
RSR-1261 AC1623 SSSRETNQDPASLTIR (S8Q ID NO: 41)
RESR-1293 AC1624 ASSROGONHSPMELTGER (580 ID NO: 42)
RSR-1309 ACI625 AYSRGPNAGFAGLEGR (SEQ ID NO: 43)
RSR-1326 AC1626 ASERGNNAGFANLTGE (SEQ ID NO: 44)
RSR-1345% AC1627 ASHRGTNPKPAILTGPR (S ID NO: 43}
RER-1354 AC1628 MSSRRTNANTAQLTGP (SEQ ID NO: 46)
RESR-1426 AC1629 GAGCRTDWHEPLELGAA (S D NO: 47)
RSR-147% ACT630 LAGRSENTAPLELTAG (SEQ ID NO: 48)
RSR-1479 ACT631 LEGRPDNBEPLALVAS (S NO: 4%)
RSR-1496 ACIE32 NO: 50}
RSR-1508 ACEE33 0 NO: 51}
BSR-1513 ACI634 BEGEGRSDNHGPLELVSE (SEQ ID NO: 52)
RSR-~1516 AC1633 LSGRSDNEAPLELEAG (SEQ ID NO: 53)
RSR-1524 ALC1636 LEGGRADNHEPPELGAG (380 ID NO: 54)
RER-~1622 ACI63T7 PPSRGTMAEPAGLYGR (SEQ ID NO: 55)
RSR-1629 ACI638 ASTRGENAGFAGLEAR (SEQ ID NO: 56)
RSR-1664 ACI639 ESSRGTNGAFEGLTGPR (SEQ ID NO: 57)
RSR-1667 AC1I640 ASSRATNESPAGLTGE (SEQ ID NO: 58)
RER-1709 AC1641 ASSRGENPFPGGLTGR (SEQ ID NO: 59)
RSR-1712 AC1642 AASRGTNTGPAERLTGS (SEQ 1D NO: 60)
RSR-1727 ACT643 AGSRTINAGPGGLEGP (SEQ ID No: 61)
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RSR-1754 AC1644 APSRGENAGPATLTGA (SEQ ID NO: 62)
RSR-1819 ACTe48 ESGRAANTGPPTLIAP O ID NO: 63)
RSR-1832 ACE646 NPGRAANEGPPGLPGS O ID NO: 64)
PSE-1855 ACie47 ESSRAANLTPPELTGP (SEQ ID NO: 65)
HSR-1911 AC1648 ASGRAANETPPELTGCA (S8Q ID NO: 68)
BSE-1929 AC1649 NSGRGENLSAPSLTIGT (SEQ ID NO: €7)
RESR-~1951 ACI630 TTGRAANLIPAGLTGR (SEQ ID NO: 6€8)
RER-~2208 ACIT761 EAGRSANHTPAGLIGP (SEQ ID NO: 69)
RSR-2298 ACL762 ESGRAANTTPAGLTGEPR (SEQ 70)
RSR-2038 AC1679 TIGRATEAANLIFAGLTGPR (SEQ {oF
RSR-2072 ACI6ED TTGRAEEAARNLIFAGLTEPR ( NC:
RSR-2089 ACI681 TIGRAGEABNLTFAGLTGE ( C:
RSR-2302 AC1682 TIGRATEABNATFAGLTGE ( o}
RSR-3047 AC1697 TTGRAGEAEGATSAGATGEPR ( SE( o
RSR-3052 ACI698 TTGRAGEAANATSAGATGR NG:
RSR-3043 AC 1699 TIERAGEAAGLTPAGLTGE I
HSE-3041 ACITO0 TTGAAGEAANATPAGLTGE
HSR-3044 ACHTO1 TTGRAGEAAGLIPAGLTGE
RSR-3087 ACI702 TIGRAGEAANATSAGATGP | )
RSR-3058 ACIT703 TTGEAGEAAGATSAGATGPR (¢ ) T 813
RER-~2488 ACYIT63 ESGRAANTEPPELGAS (580 ID NO: §2)
RSR-~2486 ACYI764 ESGRAANTAPEGLTGR (SEQ ID NO: 83)
RSR-248% AL1I688 EPGRAANHEPSGLTEG (SEQ ID NOC: 84)
RSR-2599 ACIT06 ESGRAANHTGAPPGGLIGE ( D NC: 85)
RSR-2706 TIGRICEGANATIGELIGR (¢ ID NO: 86)
RSR-2707 RIGRSGEAANETPEGLEGP ( ID NO: 87)
RSR-2708 RTIGRTGESANETFAGLGGE ID NO: 88}
RSR-2709 ACITES STERTGEPANETPAGLSGE NG: 89)
RSR-2718 ACET20 TIERAGEPANATPTGLIGE 90}
BSE-2711 ACE721 RIGRPGEGANATPTELPGE 91
HSE-2712 ACI722 RTGREGGEAANATPSGLGGP
BSE-2713 ACIT723 STGREGESANATPEELEGP ( )
RSR-2714 AC1724 RIGRIGEEANATRPAGLPGE (¢ )
RER-2715 AC1T723 ATGRPGEPANTTIPEGLEGP (SEQ ID 1 )
RSR-2716 ACI726 STGRSGEPANATREGELTGE (S NC: 96)
RSR-2717 ACY727 PIGRGGEGANTTIPTIGLPGPE (SE NC: 97}
RSR-2718 ACIT2R PIGRSGEGANATPSGLTGR ( NC: 98)
RSR-2719 ACIT29 TIGRASEGANSTFAPLTEPR (¢ NC: 99}
RSR-2720 ACIT30 TYGRABEBBNTTPAGLTAR (¢ NC: I
RSR-2721 ACIT31 TTGRATEGANATFAELTER NO:
RSR-2722 ACIT32 TVGERASERANTTPASLTGR s}
RSR-2723 ACET33 TIERAPEAANATPAPLITGE
RSRE-2724 ACI734 THERATEPANATPAPLESE
HSR-2725 ACI735 TVGRASESANATPARLTSP

: AC1736 TVGRAPEGANSTPAGLTGP

ACIT737 THGRATEAPNLEPATLTTPR (¢
ACIT738 TTGRATEAPNLTPAPLTEP (:

RSR-272 AC1739 TQGRATEAPNLEPAALTSPR (- NO:
RSR-2730 ACYI740 TOGRAREAPNLTPATLTAR ( NC:
RSR-2731 ALI741 TSGRAPEATNLAFPAFLTGE ( NC:
RSR-2732 AL1742 TOGRAREABNLTFAGLTER (¢ NC:
RSR-2733 AC1743 TIGRAGSAPNLEPTGLTTR NC:
RSR-2734 AC1744 TTGRAGGAENLEFFEGLTAPR NO:
RSR-2733 ACHT45 TTSRAGTATHLTPEGLTAPR (¢ NG:
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RSR-2736 ALC1T746 TPERAGIATNLPPSGLTTP (SEQ
RSR-2737 ACET47 TTARAGEARNLSPSGLTAP (SEQ
RSR-2738 ALE748 TTGRAGGAGNLAPGGLTEP (IEQ
RSR-2739 ACI749 TTGRAGTATNLPPEGSLTGP (SE
ESR-2740 ACIT750 TTGRAGGAANLAPTELTER (S
RSE-2741 AC1751 TEGRAGTAENLAPSGLTTPR (&
RESR-~2742 ACIT732 TTGRAGSATNLEPGELTGR (
RER-274! AC1T753 TTARAGGAENLTPAGLTER
RSR-2744 AC1754 TTARAGSRENLEPSGLTGR (
RSR-2745 ACI755 TTARAGCGAGNLAFEGLTTP (SEQ
RSR-2746 AC1756 TTSRAGAAENLTFTGLTIGP (¢

RSR-2747

TYGRTTTPGNEFFASLEAR (SE

RSR-2748

TYSRGESGEFNEFFPGLTGP (¢

RSR-2749 AWGRTGASENETFAPLGGE { SEC
RSR-2750 ACET60 RUGRARTIPNTPPEGLETE (SEQ
RSR-2751 ACET6S BSGERAANHTGARPPELGAG
HSR-2754 ACIR01 TIGRAGEAANLTPAGLTES
HER-2755 ACI8O2 TTGRAGEAANLTIPAALTES
RESR-2756 ACIB03 TTGRAGEAANLTPAPLTES {
ACI%04 TTGRAGEAANLIPEPLTES (¢ )
ACIBOS TTGRAGEAANLIPACLTGA (¢ D
RSR-2739 AC1806 TLGRAGEAANLIPRGLTGA (380 ID NO: 7)
RSR-2760 ACIBO7 TIGRAGEAANLTFEPLTGA ( NC:
RSR-2761 ACIROR TTCRAGEARNLTPAGLTRA ( NO:
RSR-2762 ACIL0% TTCRAGEAANLTFEGLTEA ( NOC:
RSR-2763 ACISI0 TTCRAGEAANLTPARPLTEA ( ID NC:
RSR-2764 ACISIE TTGCRAGEAANLTPEPLTEA ( ID NO:
RSR-2765 ACIRI2 TPERAGRAANLIPEPLTGE NG
RSR-2766 ACIRIZ TPERAGRAANLTPAGLTGS
HSRE-2767 ACIRI4 TTGRAGEAANLTIPEGLTGG
RSH-2768 ACIBES TTGRAGEAANLIPEALTGG
BSR-276%9 ACI816 TTGRAGEAANLIPEPLTGG |
RER-2770 ACIRLT TTGRAGEAANLIPAGLTEG (¢
RER-277 ACIBIB TTGRAGEAANLTIPEGCLTEG (S5 If
RSR-2772 ACIB1Y TEGRAGEAANLIRARPLIRG (-
RSR-2773 ACIB20 TTGRAGEAANLIPERPLTIRG (SEQ

Table 7. Release Sesment S

ENCLS

ESN-0001

GEARPGESAGGYAELRMGGAIATSGSETY
@Y (SEQ ID NO: 335)

RSC-0001

GTABAASASGOSAGGYARLRMEGEGALIRG
SR (3EQ ID NO:

583)

RSN-0002

GSAPGTGEEYAPLRMGGGARTSGSETY
GT (3RQ 1D NO: 336)

RSC-0002

GTARAASASGOCTOGCYAPLRMGGGARG

SP(8EQ ID NO: 584)

REN-0003

GSAPGARGGYAALRMGGEIATSGSETE
@Y (8SEQ ID NO: 337;

i

RSC-0003

GTAEAASASCCARGCCYAALRMGGEIFG

SR (580 ID NO: 585)

RSN-0004

GEAPGGPOGYALLRMGGPARTSGSETY
GT (3RQ 1D NO: 338)

RSC-0004

GTARAASASGOCPGGYALLRMGE ARG

SP(3EQ ID NO: 58&;}

RSN-0005

GSAPGEAGSYAFLRMGGSIATSGIETY
GT(3FQ 1D NO: 338)

RSC-0005

GTAEAASASGCCEAGCYAFLRMGGRIFG
SP (580 ID NQ: 387;

RSN-0006

GEAPGPGOGYASLRMGGTARTSGSETY
GT (3RQ 1D NO: 340)

REC-0006

GTARAASASGOCPOGGYASLRMEGETARG
SP (380 ID NO: 588

RSN-G007

GEAPGSRGOYATLRMGCAIATSGRETY
GT(3EQ 1D NO: 341;

RSC-0007

GTARAASASGCSEGCYATLRMGEGAIRG
SP (580 ID NO: 389;
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GSAPGTPEGYANLRMGGGAATSGISETY

GTAEAASASGCTPCCY ANLRMGGEARG

008 REELOO0R
RSN-0008 GT (3RO ID MO: 342) RSC-0008 SP(38Q ID NO: 590}
GSAPGASGGYANLRMGGEIATSGSETP . GTARAASASGGASGGYAHLEMGGRIPG
N < O 000C
RSN-0009 GT (3RO ID NO: 343) REC-0009 SP(3EQ ID NO: 591}
. GESAPGETGGYGELRMGGPARTSGSETY o GTABAASASGGOTGCGY GELRMGERARG
RSN-0010 GT(3EQ ID MO: 344) RSC-0010 8P (¢ ID NO: 592
RSN-001] GSAPGRAGGY PRLEMGGSIATSGIETR RSC001] GTAEAASASGGRAGEYPELAMGESIRG
TS GT (3RO ID NO: 345) REC-00] SP(3EQ ID NO: 593)
o GSAPGPGGGYVELRMGGTARTSGSETY . e GTARAASASGGPOGGGYVELRMGETARG
RSN-0012 GT(3EQ ID NO: 346} RSC-0012 SP(SECQ ID NO: 594}
. GSAPGSRGGYLELRMGGRIATSGSETP . GTARAASASGGSEGGY LELRMGGAIRG
RSN-0013 RSC-0013 .

GT (SEQ ID NO: 347)

SP (380 ID NO: 595}

RSN-0014

GEARPGTRPGOY SRLRMGGGAATSGRETR
BT (3EQ ID NO: 348}

RSC-0014

GTARAASASGGTPOGY SELRMEGEEARG
SP(5EC ID NO:

596}

RSN-0015

GEAPGASGGY TELREMGGEIATISGIETY
GT (3EQ ID NO: 349

RSC-0015

GTARAASASGGASGGY TELRMEGEEIRPG

SP(3RC ID NO: 597

REN-0D016

GEARPGETGOYQRLRMGGPAATSGEETR
GT (SEQ ID NO: 350}

RSCAO016

GTARAASASGGETGEYQELRMEERPARG

SP(SEC ID NO: 598}

GEAPGRAGGYEELEMGGSIATISGIETY

GTARAASASGCEAGGYEELRMEESIPG

i .
RSN-0017 BT (3EQ ID NO: 351) REC-0017 SP(SEQ ID NO: 599}
. GSAPGPGIGPAELRMGGTAATIGSETR o r GTAEAASASGEPGIGPARLRMEGETARG
RSN-0018 BT (SEQ ID NO: 352) R8C-0018 SP(SEC ID NO: 600
GSAPGSEIGAARLRMGGAIATIGSETP GTAEAASASGGSEIGAARLRMEGAIPG
SN-N019 Yo €
RSN-0015 GT(SEQ ID NO: 353) REC-0019 8P (SEQ ID NO: 601)

RSN-0020

GEARPGTPIGRARLEMGGGRATIGIETY
GT(SEQ ID NO: 234)

RSC-0020

GTARAASASGGTPIGSARLRMGEGARG

SP({SEC ID NO: €02}

REN-D021

GEAPGASIGTAELBMGGEIATIGCIET?
GT (SEQ ID NO: 235}

REC0021

GTAEAASASGGASIGTAELRMECEIRG
8P (SEQ ID NO: 603}

RSN-0022

GEAPGEGTIGNAELRMGGPAATIGSETP
ST (SEQ ID NO: 256)

RSC-H022

GTAEAASASGGGTIGNAERLRMGERPAPG
SP{SEC ID NO: €04}

GCOAPGEAIGQARILRMGGEGSIATIGEETP

GCTAEAASASGGEAIGQARLRMGEIIPG

RSN-0023 BT (SEQ ID NO: 357) REC-0023 8P (9EQ ID NO: 605)
- GSAPGPGGPRY ARLRMGETARTSGEETP . GTAFAASASGGPGGPYAELRMGGTARG

RSN-D024 1 o cr 10 wo: 358) - RECO024 | 5p 1550 10 no: 606)
REN-0025 zzz?g:es?iiﬂifLiﬁaAlAmGSEmp REC0025 SgﬁSﬁSﬁgSEﬁﬁMLMGGAIEG

; T -
REN-0026 gizf?fi(?:wizéﬂL?MstmT SSETP | Lo o026 ;;g%?isigTPig}AELRMGGGAPG
RSN-0027 i;s‘[‘zfs?s}iLiﬁﬁ::LﬁisEIAwsGSETF RSC-0027 giﬁ?ﬁsisiﬁsgiiMLMGGExyﬁ
RSN-0028 gi?ifgiiliﬁ?LﬁfﬁGPMTsGSETP REC-0028 g;%é??i5§g?T§§[(iAELMGGPAPG
REN-0029 ziﬁiﬁiﬁiﬁk}LﬁfGSIAmﬁspr REC0029 :g%%?isi%g??}AELRMGGSIEG
RSN-0030 gtsci\‘fficﬁ?i??n?mdciGTMTSGsmTp RSC-0030 :;&(\?AA%?;S???PG?‘TMAELRMGGTAPG
REN-0031 ziﬁffs%isifLiffsAlATsGSETF REC-0031 gi%?i?izzsﬁf.Sng;MLRMGGAIPG

GCSAPGTPGNYABRLRMGGGAATSGSETP

GTAEAASASGETPEGNYARLRMGGGAPG

GN-D032 SC-0032
RENDO32 1 o (seg 10 no: 366) RECO032 | apsro 10 no: 614)
GSAPGASGEY ABLRMGGRIATSGSETP . | GTAEARSASGGASGRYARLRMGGEIRG
REN-0033 e RSC-0033 PEAASASGEASGEL
GT(SEQ ID NO: 3¢7) SP(SEQ YD NO: 615}
, GSAPGGTGHY AELRMGGFAATSGSETP | GTAERRSASGGGIGHYALLRMGGPAPG
REN-0034 RSC-O034

GT (SEQ ID NO: 368)

SP(SEQC ID NO: €16}
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GSAPGEAGGYAEARMGGSIATSGIETY

GTAEAASASGCCEAGCCYAEARMGGRIFG

0 .
RSN-0035 1 Gp (sm0 10 vo: 369 RSCO035 1 ap (sm0 1p vo: 617
GSAFGPGGEY ARVEMGG TAATSGSETE GIARAASASGGPGGGY AEVRMGGTARG
Y 2 g ” Yatey
RSN-O36 | am (sw0 10 wo: 3701 RECO036 1 o sm0 10 wo: 618)
| GSATGSEGGYARIRMGGAIATSGSETE T | GTARAASASGGSEGGYAL L RMGGAL PG
RSN-0037 GT(SEQ 1D NO: 371} RSCA0037 SP (¢ 1D NO: 619}
] | GSAPGTPGGYARFRMGGGAATSGRETE | | GTARAASASGGTPGGYALFRMGGGARG
RSN-(035 REC-0038

GT (3RQ ID NO: 372

SP (380 ID NO: 620}

RSN-0038

GEAPGASGOYARYRMGGEIATSGRETY
GT{3EQ ID NO: 373;

RSCAO039

GTARAASASGCASGCYAEYRMEGGRIFG
SP(SEQ ID NO: 621}

RSN-0040

GRARPGGTOGYAESRMEGPARTSGSETY
GT (SEQ 1D NO: 374)

REC-0040

GTARAASASGOCTGCY AERSRMEGEFARG
SP(38Q ID NO: 622

RSN-0041

GEAPGRAGOGYARTRMGGSTATSGRETR
BT (3EQ ID NO: 375}

RSC-0041

GTARAASASGGEAGGYAETRMEESIRG
SP(SEQ ID NO: 623}

RSN-0042

GEARPGPGOGGY ARLAMGGTRATISGIETY
GT (3EQ ID NO: 376;

RSC-0042

GTARAASASGOPGEGY ARLAMGETRPG
SP(SEQ ID NO: 624)

REN-0043

GEAPGSRGOGYARLVMGGARATSGEETR
GT(SEQ ID NO: 377}

RSC-H043

GTARAARSASGGIEGGYAELVMGEEARPG

SP(SEC ID NO: €25}

RSN-0044

GSAPGTPGGYARLLMGGGRATSGEETP
GT (SEQ ID NO: 378}

REC-0044

GTARAASASGOTIPGGY ARLLMEEERPG
SP(SEQC ID NO: €26;

RSN-0045

GEAPGASGGYAELIMGGERATIGSET?
GT (SEQ ID NO: 378)

RSC-H045

GTAEAASASGGASGGYAELIMEEERPG

SP(SEC ID NO: 627}

GEAPGCTGGY ARLWMGGPRATIGSETP

GTARAASASGGGTGGYARLWMEEPRPG

RSN-0046 GT(SEQ ID NO: 280) REC-0046 SP(SEC ID NO: 628)
GSAPGRAGGYARLSMGGSRATIGRETR GTARAASASGGRAGGYAELIMGGSRPG
. - 047
RSN-0047 BT (SEQ ID NO: 381) REC-0047 SP(SEQ ID NO: 629)
. GSAPGPGGGYARLTHGEGTRATEGSETP ] GTAEAASASGGPGEEYAELTMGETRPG
REN-0(48 RSC-0048

GT (SEQ ID NO:

3820
2823

8P (SEQ ID NO: 630}

REN-0D049

GEAPGSEGGYAELQMGGARATIGSETP
ST (SEQ ID NO: 283)

REC-0049

GTAEAASASGGSEGGYARLOMEEARPG
SP{SEC ID NO: €31}

GSAPGTPGGY AELMNMGGGRATIGEETP

GCTAEAASASGGTPEEYARLNMGEERPG

RSN-0050 GT(SEQ ID NO: 384) R5C-0050 SP(SEQ ID NO: )
- GSAPGASGGY AR LEMGGERATSGEETP . GTAEARSASGGASGEYAELEMEGERPG
RINDOSY | o (spg 10 no: 383) - RSCO05T 1 55 950 10 no: 633)
. "
RSN-0052 zjsjzszP:GQG‘II(iG;fL?SPSGPIATSGSETP RSC-0052 SEZ?CE;A?SiSi(sGT:Ej;AELRPGGPIPG
=5 -
RSN-0053 zizimméﬁsizé}?L?sﬁGsmm SSETP | oo ooss gg)??i&%?ﬁsSigEA?GﬁAELRAGGSAPG
RSN-D054 gi;?fgé’(iiﬁiﬁﬁfL?iiGTIATsGSETP RSC-0054 gi%fifﬁlsﬁ)sig%ef;iﬁMLRLGGTlPG
REN-0055 gi‘?ifsiisizgfmiiSGmmGSETp REC-0055 g;%é?s,isig;SEf?iAELRIGGMPG
RSNA0S6 | gore s e e R SEEEIE L pS00056 | Gnteen e e o RoRoL®S
RAN-0057 | CSARPCASGGYAELRNGGEAATSGSETP | o . .. | CTAEAASASGGASGGYARLRNGGEAPG

GT(SEQ ID NO: }

SP(SEQ ID NO: &

RSN-3058

GCSAPGCTGGYAERLRQGEGPIATSGSETP
GT(SEQ ID NO: 392}

REC-0058

GTAEARSASGEETGEYARLRQBEPIPG

SP(SEQ ID NO: €40}

GCSAPGEAGGYABRLRDGGESAATSGSETP

GTAEAASASGEEAGGYARLRDGESAPG

SN-0(59 SC-0059
REN-0059 GT(SEQ ID NO: 333} RSC-0059 SP(SEC ID NO: &41)
GSAPGPGGEYARLREGGTIATSGSETP GTRAEAASASGEPGGEYARLREGGTIPG
SN~ SC-00
REN-0060 GT(SEQ ID NO: 384} RSC-0060 SP(SEQ ID NO: ©42)
) i GSAPGSEGGYARLRHGGAAATSGSETP - ) GTAEAASASGRSRGEGYARLRAGGAAPG
REN-0061 RSC-0061

GT (SEQ ID NO:

SP(SEQC ID NO: ©43)
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GSAPGTPGGYAERLRMPGGIATSGSETE

GTAEAASASGCTPCCYAELRMPGREIFG

N-G06, RSCO06:
RSN-0062 § o o LD MO: 396) RSC-0062 SP(5EQ ID NO: 644
GSAPGASGGYARLRMAGERRTSGSETY GTARAASASGGASGGYAELRMAGRARG
Y . g ” e
RSN-0063 | ap (sv0 10 wo: 397 RECO063 1 o (sm0 10 wo: 645)
- GEAPGOTGGYARLRMVGPIATSGSETE e GTARAASASGOOCTGGYAELRMVGRIPG
RSN-0064 GT(3RQ ID MO: 398) RSC-0064 8P (¢ ID NO: 646}
i . GSAPGRAGGYARLEMLGSARTIGRETR I GTARAASASGGREAGGYAELIMLESARG
RSN-0065 RSC-0065

GT (3EQ 1D NO:

399}

SP (380 ID NO: 647}

RSN-0066

GEAPGPGGOYARLRMIGTIATSGRETY
GT{3EQ ID NO: 00}

RSCAO066

GTARAASASGCPOGCYAELRMIGTIRG
SP(SEQ ID NO: 648}

RSN-0067

GEAPGSEGGYAELRMYGAIATSGSETY
GT (SEQ ID NO: 401,

REC-0067

GTARAASASGOCSEGGYARLRMYGAIRG
SP (380 ID NO: 649

RSN-0068

GEARPGTPGOYARLRMSGGAATSGRETR
GT{3EQ ID NO:

o2
dUL

RSC-0068

GTARAASASGGTPGGYAELRMEGEARG
SP(SEQ ID NO: 650)

RSN-0069

GEAPGASGGYARLRMNGEIATSGIETY
GT (3EQ ID NO: 403;

REC-0069

GTARAASASGGASGGY ARLRMNGEIRPG
SP(3RC ID NO: 63513

REN-D0T0

GEAPGETGOYARLRMQGPAATSGEETR
GT(SEQ ID NO: 404

RSCAH070

GTARAASASGGETGEYAELRMOGRARG
SP(SEQC ID NO: €32}

652}

RSN-0071

GEAPGANHTPAGLTGPGARATIGIETY
ST {SEQ ID NO: 405)

RSC-0071

GTARAASASGGANHTPACLTEPEARPG
SP(SEQC ID NO: €53;

RSN-0072

GEAPGANTAPEGLTIGPSTRATIGSET?
GT (SEQ ID NO: 406)

RSC-H072

GTAEAASASGGANTAPECLTIEPITRPG

SP(SEC ID NO: 654}

GEAPGTCAPPGGLTGPGTRATIEISET?P

GTAERAASASGGTGAPPGGLTGPETRPG

1T 007
RSN-0073 GT(SEQ ID NO: 407} RSC-0073 SP(SEQ ID NO: 655}
GSAPGANHEPSGL TEGSPRATSGEETR GTARAASASGGANHEPSGLTEGS PRRG
N-0(7- SO0
RSN-0074 GT(SEQ ID NO: 408) REC-0074 SP(SEC ID NO: 656)
. .| CSAPGANTEPFELGAGTERATIGSETP , . | GTAEAASASGGANTEFPELGAGTERPG
RSN-0075 BT (SEQ ID NO: 409) REC-0075 SP(SEC ID NO: 657)
. GSAPGASGPPPGLTGPPGRATIGEETP e GTAEARSASGGASGPPRPGLTSPPGRPG
R3N-0076 GT(SEQ ID NO: 410} RSC-0076 8P (SEC ID NO: 658)
GSAPGASGTPAFLGGEPGRATSGSETP GTAEARSASGEASGTPAPLGSEPGRPG
o ~y z ~
RSN-0077 GT(SEQ ID NO: 411} R5C-0077 8P (SEQ ID NO: 659)
. GSAPGPAGPPEGLETEAGRATSGSETP e GTAEARSASGGPAGPPEGLETEAGRPG
RSN-0078 GT(SEQ ID NO: 412} RBSC-0078 SP(SEQ ID NO: 660)
i GSAPGPTSGRGGLTIGPESRATSGSETP ] GTAEABRSASGEPTSGUGELTSPESRPG
SN-D079 SC-0079 ;
R3N-007¢ GT(SEQ ID NO: 413} RSC-007 SP(SEC ID NO: 661)
GSAPGSAGGAANLVRGGAIATSGSETP GTAEAASASGGSAGGAANLVREGAIPG
SN-D08 SC-H08 o
RSN-0080 GT(SEQ ID NO: 414} RBC-0080 SP(SEQ ID NO: 662)
- - GEAPGTGCGGAAPLVREGGAATIGSETR . P GTAEAASASGEIGGGAAPLVREEEGARPG
R3N-0081 GT(SEQ ID NO: 415) RSC-0081 SP(SEQ ID NO: €63)
} GSAPGAEGGAAALVRGGEIATSGSETP - GTAEAASASGGARGGAAALVREGEIPG
REN-0082 iy ) . RSC-0052 SRR
GT(SEQ ID NO: 416} SP(SEQC ID NO: ©o4d)
\ o SSAPCGCPGGAALLVREGPAATSESETP o PR, GTAEAASASGGEPEGAALLVREEPAPS
RSN-D0H3 il REC-0083 R
GT(SEQ ID NO: 417} SP(SEQ ID NO: ©65%)
i GSAPGERGGAAFLVRGGSIATSGSETP . , GTREAASASGERAGGAAFLVRGGSIPG
RSN-0084 RSC-0084

GT(SEQ ID NO: 418)

SP(SEQ ID NO: 666)

RSN-3033

GCSAPGPCCGCGAASLVRGETAATSGSETP
GT(SEQ ID NO: 419)

REC-0085

GTAEARSASGEPGGGAASLVREETAPG
SP(SEQ ID NO:

867}

GCSAPGSEGGAATILVRGEGATIATSGSETP

GTAEAASASGESEGGAATLVRGGAIPG

SN-00%6 S CO0RE
RENDO¥6 | o (srg 10 wo: 420) RECO086 | ap oro 1o no: ees)
GSAPGTPGGAAGLVRGGGAATSGSETD GTAEAASASGEIPGGAAGLVRGGGAPG
SN-(087 SC-0087 .
RINDOBT | opcpg 1o wo: 421) RSCO087 1 op sk 1o no: 663)
. GSAPGASGGRADLVRGGEIATSGSETD o GIAEARSASGEASGGAADLVRGEELDG
REN-0088 RSC-0088

GT (SEQ ID NO: 422)

SP(SEQ ID NO:

e70)
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GSAPGETCCAGNLVRGEGPAATSGSETE

GTAEAAQASGGGTGGAGNLVRGGPAPG

N-008¢ RSC-0089
RSN-0089 GT(3RQ ID MO: 423) RSC-0089 SP(38Q ID NO: 6
| GRAPGRAGGAPNLVRGGSIATSGSETP o ;TAEAAQAQGGEAGGAPNLVRGGSIPC’
N NO=§|
RSN-0050 GT (3RO ID NO: 424) REC-0090 SP(3EQ ID NO: 672}
GSAPGPGGGAVNLVRGGTARTSGSETY N GTABAASASGGPCGGAVNLVRGETARG
RSN-0091 GT(3EQ ID MO: 425) REC-0091 8P (¢ ID NO: 673}
RSN-0092 GEAPGEREGGALNLVRGGRIATIGIETR RSC-0092 GTAEAASASGGSEGGRLNLVREGEGAIRG
YIS D BT (SEQ IR NO: 426) At SP(3EQ ID NO: 674)
. GSAPGTPGGASNLVRGGGARTSGSETY . s GTARAASASGGTPGGASNLVRGGGRARG
RSN-0093 GT(3EQ ID NO: 427} RSC-0093 SP(SEQ ID NO: 675}
. GSAPGASGGATNLVRGGEIATSGSETP . GTARAASASGGASGGRTNLVRGGRIPG
RSN-009%4 RSC-0094

GT (SEQ 1D NO: 428)

SP (380 ID NO: &7&)

RSN-0095

GEARPGETGGAQNLVRGGPAATSGEETR
BT (3EQ ID NO: 428}

REC-AO095

GTARAASASGGETCCGACGNLVREERPARG
SP(SEQ ID NO: €77}

GEAPGRAGGAERNLVRGGSIATISGIETY

GTARAASASGCEAGGRENLVREESIPG

RSN-0096 GT(3EQ ID NO: 430) RSC-0096 SP(SEQ ID NO: 678}
ot 1c1m | GEAPREAGRSANHREPLGLVATATSGSET o cim | GTARARSASGEAGRSANHEPLGLVATP
RSN-1517 . RSC-1517 - e e
PGET (SEQ ID NO: 431} G8P (SEQC ID NO: €79)
e GEAPASGRSTNAGPSGLAGPATSGIET e . | GTARAASASGASGRSTNAGP3GLAGER
BSRS-AL-2 BSRS-AL-3

PET (SEQ ID NO: 432)

GS8P (SEQ ID NO: 680)

BSRS-A2-2

GEAPASGRETNAGPQGLAGQATSEIET
PET (SEQ ID NO: 433}

GT&EAASASGASGRSTNAEPQGLAGQP

Q ID NO: 681)

GEAPASCGRSTHNAGPPGLTGPATIGIET

GTAEBAASASGASGRSTNAGPRPELTIGPR

CRC.ATA RO AN
BSRS-A3-3 | ogm(sro 10 NO: 434) BSRS-A3-3 | gepisro 1o no: 682

VP-1 GEAPASSRGTNAGPAGLTGPATSGEET VP-1 GTARAASASGASSRETNAGPAGLTERE
- PGT (SEQ ID NO: 435) B GSP (SEQ ID NO: 683)

. GEAPASSRTTNTGPSTLTGPATSGRET . GTAEAASASGASSRTTNIGPSTLTIGRPR

RSN-1752 i - RSC-1752 SOARATEARREE AT

PGT(SEQ ID NO: 436; GSP (SEQC ID NO: ©84)

e GEAPARGRSDNGTELELVAPATSGIET e GTAEARSASGAAGRSDNGTPLELVAPPE
RSN-1512 e RS8C-1512 e e
PGT (SEQ ID NO: 437} C ID NO: ©85)

GCOAPEACGRSANHEPLGLVATATIGEET

GCTAEAASASGEAGRIANHEPLSLVATP

ot ts i v
RSN-1517 4 pe smo 10 no: 438) RSC-1317 1 gapiseg 10 no: 656)
VP2 GEAPASGRGTNAGPAGLTGRATSGSET VP GTAEAASASGASGRGTNAGPASLTGPP
- PGT(SEQ ID NO: 439) i GSP{SEQ ID NO: 687)
} GSAPLFGRNDNHEPLELGGGATSSSET s GTAEAASASGLFGRNDNHEPLELGGGD
R3N-1018 PGT (SEQ ID NO: 440} R3C-1018 GSP(IEQ ID NO: 688)
GSAPTAGRSDNLEPLGLVFGATSSSET GTAEAASASGTAGRSDNLEPLGLVEGD
NLT18% .
REN-1033 1 pgpisro 1o wo: 441) RBC-1053 | wap 550 1o no: 689)
. GSAPLDGRSDNFEPPELVAGATSGSET GTAEAASASGLDGRSDNFHPPELVAGPE
N - ] ~ 118G
RSN-1059 PGT (SEQ ID NO: 442} RBC-1059 GSP (SEQC ID NO ©S80)
) GSAPLEGRSDNEEPENLVAGATS SSET ] GTAEARSASGLEGRSDNEEPENLVAGD
SN-1065 SC-1065
REN-1065 1 papiszo 10 no: 443) RSC-1065 1 apisro 1o nos 651)
REN.1167 | SSAPLKGRSDNNAPLALVAGATSGSET RSC-1167 | CTAEAASASGLKGRSDNNAPLALVAGP
SRTEART L BET(SEQ ID NO: 444) TR 8P (SEQ ID NO: 692)
N GSAPVYSRGTNAGPHGLTGRATSGSET o GTREAASASGVY SRGTNAGPHGLIGRP
RSN-1201 RSC-1201

PGT (SEQ ID NO: 445}

GEP (SEQ ID NO: €83)

RSN-1218

GCSAPANSRGINKGFAGLIGPATSGSET
PGT (SEQ ID NO: 446}

RSC-1218

GTAEAASASGANSRGTNKGFAGLIGPP
GSP{SEQ ID NO: ©%4)

GCOAPASSRLINEAPAGLTIPATSGRET

Q
GTAEAASASCGASSRLINEAPAGLTIPP

IN-1726 SC-1726
REN-1226 1 pgpisro 1o no: 447) RSC-1226 1 gapisro 1o no: 695)
GSAPDQSRGTINAGPEGLIDPATSGSET i GTAERASASGUOSROGTNAGPEGLIDEPP
RSN-1254 , Q e o RNC-1254 g e “9 ~
PGT (SEQ 1D NO: 448} G8P (SEQ ID NO: €¢¢)
T GSAPESSRGTNIGQGGLIGRATSGSET T GTREAASASGESSRGTNIGOGGLIGPP
RSN-1256 @ RSC-1256 “

PGT (SEQ 1D NO:

449}

GSP (SEQ ID NO:

€97)
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GSAPSSSRGINQDPAGLTIPATSGSET

GTAEAASASGISSSRGTNQDFAGLTIFP

RSN-1261 | oo (sp0 1o wo: 4509 RSC-1261 1 op(smo 1o wo: 698)
| GeAPASSRGONRS PMGLTGPATSGSET e | CTARAASASGASSROQNHSPMGLTGRP
RSN-1293 1 omp (smo 1p wo: 45%) RSC-293 | ap (sm0 10 wo: 699
GSAPAY SRGPRAGPAGLEGRATS GSET GTAEAASASGAYSRGPNAGPAGLEGRE
. 3 - {
RSN-1309 PET (3RQ ID NO: 452} RSC-1309 GSP (5mQ ID NO: 700)
RSN.136 | GOAPASERCKNAGPANLIGFATSGSET | o . . | GTAPAASASGASERGNNAGPANLIGFR
T PGET (3RO ID NO: 453) e GSP (SEQ ID NO: 701)
GSAPASHRGTNPKPAILTGPATSGSET GTAEAASASGASHRGTNPKPAILTGER
N~ NS 4
RSN-1343 1 o (seo 1o no: 454) RSC-1345 1 ggp(smo 1o wo: 702)
GSAPMSSRRINANPAQLIGPATS GSET , GTAEAASASGMS SRRTNANPACLIGER
RSN-1354 2 RSC-1354 <

PET (SEQ 1D NO: 455)

GEP (5EQ ID NO: 703)

RSN-1426

GEARPGRAGRIDNREPLELGARATSGIEY
PET (SEQ ID NO: 456}

RS5C-1426

GTARAASASGGAGRTDNHEPLELGRAAR

ID NO: 704)

GEAPLAGRSENTAPLELTAGATSGIEY

GTARAASASGLAGRSENTAPLELTAGE

e TR N -l 7
RSN-1478 PGET(SEQ ID NO: 457) RSC-1478 GSP(SEQ ID NO: 705)
GSAPLEGRPDNREPLALVASATSGSET . GTARAASASGLEGRPDNEEPLALVASE
REN-1479 o PN RS(C-1479 J
PGET (SEQ ID NO: 458} G8SP (SEC ID NO: 706)
GSAPLSGREDNERPLALPAGATSEGEET N GTARAASASGLSGRSDNEEPLALPAGE
RSN-1496 RSC-1496

PET (SEQ ID NO: 459;

GSP (SEQ ID NO:

707)

RSN-1508

GEAPEAGRTDNHEPLELSAPATSGSET
PET (SEQ ID NO: 4€0;

RSC-1508

GTAEAASASGEAGRTDNHEPLELSARP

ID NO: 708)

RSN-1513

GEAPECGGRSDNHGPLELVSGATIGIET
PGT (SEQ ID NO: 44

RSC-1513

GTAEBAASASGEGGRSDNHSPLELVIEGRE
GSP (SEQ ID NO: 709)

RSN-1516

GEARPLEGREDNFEAPLELEAGATSGIEY
PGET (SEQ ID NO: 4&2)

RSC-1516

GTARAASASGLSGRSDNEAPLELEAGE
GSP(SEQ ID NO: 710

RSN-1524

GEAPLGGRADNHEPPELGAGATIGIET
PGET (SEQ ID NO: 443)

RSC-1524

710)
GTAEARSASGLGGRADNEEPPELGAGE
GSP (SEQ ID No: 711

RSN-1622

GEAPPPSRGTHNAEPAGLTGEATSGSET
PGBT (SEQ ID NO: 4&4)

RS8C-1622

GTAEAASASGPPSRGTNAEPAGLTIGER

o ID NO: 712

GCSAPASTRGENAGPAGLEAPATIGEET

GCTAEAASASGASTRGENAGPAGLEAPP

. N
REN-162% | papseo 10 no: 485) R5C-1629 | aapisrg 10 no: 713)
o GEAPESSRGTNGAFEGLTGEATS GSET o GTAEARSASGESSRGTNGAPEGLTGRPR
REN-1664 | pamicro 1o No: 446) RBC-1664 | wapismo 1o no: 714)
GSAPASSRATNES FAGLTGEATSGSET GTAEARSASGASSRATNESPAGLIGEP
ot v o am
R3N-1667 PGT(SEQ ID NO: 487) RS5C-1667 GSP(SEC ID NoO: 715)
REN.170s | OSAPASSRGENPPPGGLIGPATSSSET | ... .o, | GCTAEAASASGASSRGENPPPGGLTGRP
SR I PGT(SEQ ID NO: 468) PR 1 G8PISEQ ID NO: 716)
RON.17]2 | GSAPRASROTNIGPAELTGSATSGSET | . . .., | CTAEAASASGAASRGINTGPAELTGSP
TS L BET(SEQ ID NO: 469 PRtiile d g8B(sEC ID NoO: T1T)
, , GSAPAGSRTTNAGFGGLEGFATSGSET o GTAEARSASGAGSRITNAGPGGLEGPP
RSN-1727 s B RSC-1727 (SEo 1D Mo
PGT(SEQ ID NO: 470} GSP{SEQ ID NO: 718)
GSAPAPSRGENAGFATLTGAATS GSET CTAEARSASGADSREENAGDATLTOAD
SN SC-
REN-1T54 | papisro 10 no: 471 RSCAT54 1 gapsec 1o no: 719)
RGN.1g)o | GSAPESGRAANTGPPTLTAPATSSSET | o . o " | GIAEAASASGESGRAANIGFPTLIAPP
P 3o Rl Kb iy Pl KV Z

PGT (SEQ ID NO: 472}

G8P (SEQ ID NO: 720)

RSN-i832

GCSAPNPCRAANEGPPGLPESATEGSET

RSC-1832

GTAEAASASGNPGRAANEGPPGLPGSP

PGT (SEQ ID NO: 473) GSP (SEQ ID NO: T21)
GUAPESSRAANLIPPELTGPATSGSET GTABAASASGRSSRAANLIPPRELIGPD
AN- 1855 SC-1855
REN-1833 1 pgricro 1o no: 474) RSC-1855 1 sapisro 1o no: 722)
GUAPASGRAANETPPELTGAATSGERT - GTABAASASGASGRAANEIPPGLTGAD
REN-1911 ASDRAATRIEEEL RSC-1911 FAASASGASERAAL
PGT (SEQ 1D NO: 475 G8P (SEQ ID NO: 723)
, GSAPNSGRGENLGAPGLTGTATSGSET . GTABARSASGNSGROENLGAPELIGTD
RSN-1929 R3C-1929

PGT (SEQ ID NO: 476}

GSP (SEQ ID NO: 724)

~¥
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GSAPTTGRAANLIPAGLTGPATSGSET

GTAEAASASGTTCRAANLIFPAGLIGEP

RSN-1951 1 oo (seo 1o wo: 477 RSC-1951 1 Gop(smo 1o wo: 725
GSAFRAGRSANHT PAGLTGPATSGSET GTARAASASGRAGRSANHTFAGLTGER
N-22 S22 !
RSN-2295 | oaop (smo 10 wo: 479) REC-2295 1 Gap seo 1o vo: 726)
GEAPRSGRAANTTPAGLTGPATS GSET GTARAASASGESGRAANTIPAGLTIGER
N-22 $C-2298 ,
RSN-2298 | oo (sz0 1p wo: 479) RSC-2298 1§ ap(smo 1o wo: 727)
- | CSRAPTIGRATEAANLIPAGLTGPATEEG | _ . | GTARAASASGTIGRATEARNLTPAGLY
RSN-203% RSC-2038

SETPGT (3EQ ID NO: 480)

GPPGESP (3EQ ID NO: 728)

RSN-2072

GEAPTTGRAREAANLTPAGLTGPATSG
SETPGT (SEC ID NO: 481)

RSC-2072

GTARAASASGITCRAEEAANLIPAGLT
GPPGSF (SEQ ID NO: 729)

RSN-2089

GEAPTTGRAGEAANLIPAGLTGPATIG
SETPGT (3EQ ID NO: 482)

REC-2089

GTARAASASGTLTCRAGEAANLIPAGLT
GPPGSE (3EQ 1D nNO: 730)

RSN-2302

GEARPTTGRATEAANATPAGLTGRPATSIG
SETPGT (SEC ID NO: 483)

RS5C-2302

GTARAASASGTIGRATEAANATRPAGLT
GPPGSF (SEQ ID NO: 731)

GEAPTTGRAGEARGATSAGATCPATSG

GTARAASASGTIGRAGEAEGATSAGAT

RSN-3047 | spyper spo 1o mo: 484) RSC-3047 1 Gppgse sk 1p mo: 732)
GEAPTTGEAGRAANATSAGATGPATSE GTAEAASASGLTGEAGEAANATSAGAT
SN AR 03057
RSN-3U52 1 spoper (szo 1o no: 485) RSC3032 4 gppgse see 10 no: 723)
. GEAPTTGRAGRAAGLIPAGLIGPATSE o GTARAASASGUTGEAGEAAGLTPAGLT
RSN-3043 RSC-3043

SETPGT (SEC ID NO: 486)

GPPGSE (SE

o ID NO: 734)

RSN-3041

GEAPTTGAAGEAANATPAGLTEPATSEG
SETPGT (SEC ID NO: 487)

RSC-3041

GTAEAASASGTTGAAGEAANATPAGLT
GPPGSF (SEQ ID NO:

GEAPTTCRAGEAAGLTPAGLTGPATSGE

GTAEAASASGTTGRAGEAAULTPAGLT

RSN-3044 | qprpar(smQ Ip NO: 488) REC-3044 | sppgspere 1o wos
. GEAPTTGRAGEAANATSAGATGPATSEG - GTAEARSASGITGRAGEAANATSAGAT
RSN-3057 AR RSC-3057 ) "
SETPGE (SEQC ID NO: 489) GPPGSPE (SEQ ID NO: 737)
- GEAPTIGEAGEAAGATS AGATCPATEE . GTREAASASGTTGEAGEAAGATSAGAT
REN-3058 RSC-3058

SETPGT (SEC ID NO: 49%0)

GPPGSP (SEQ ID NO: 728)

RSN-2485

GEAPESCRAANTEPPELGAGATSGSET
PGET (SEQ ID NO: 481)

RB8C-2443

GTAEAASASGESGRAANTEPPELGAGE

GCOAPESCRAANTAPEGLTGPATIGEET

GCTAEAASASGESGRAANTAPEGSLIGPP

REN-2486 | paqicro 1o no: 492 RSC-2486 | apisro 1o no: 740)
L GEAPEPGRAARNHEDSGLTEGATSGSET . GTAEARSASGEPGRAANHEPSGLTEGE
REN-2488 | namicro 1o NO: 493) REC-2488 | wapismo 1o no: 741
e GSAPESGRAANRTGAFFGGLIGPATSE o GTAERASASGESGRAANHTGAPPGGLT
RSN-2599 ST o RSC-2599 A
SETPGT (SEC ID NO: 494) GPPGSE (SEQ ID NO: 742)
RSN GSAPTTGRIGEGANATFGGLTGRATSG | o\ GTAERASASGTTGRTGEGANATPGGLT
-270 SETPGT (SEQ ID NO: 495) -270 GPRPGSP (SEQ ID NO: 743)
e GEAPRTGRSGEAANETPEGLEGPATSEE I GTARAASASGRTGRSGEAANETPEGLE
RSN-2707 o L RSC-2707 - . .
SETPGT (95 NO: 456) GPPGSP (SEQ ID NO: 744)
RGN.2703 | GSAPRIGRIGESANETPAGLGGPATSS | o .- . | GTAEAASASGRIGRIGESANETPAGLG
PiTa SETPGT (SEQ ID NO: 497) i GPPGSP (SEC ID NO: 745)
RaN-y7g0 | GSAPSTGRIGEPANETPAGLSGPATSE | o . .~ | GTAEAASASGSTGRIGEPANETPAGLS
R SETBET (SEQ ID NO: 498) - GPPGSP (SEQC ID NO: 748)
R GSAPTIGRAGEPANATETGL SGPATSE o GTAEAASASGTTGRAGEPANATPTGLS
RSN-2710 e e M. 4G RSC-2710 D e s v A
SETPGT(SEQ ID NO: 49%) GPPGEIP (SEQ ID NO: 747
N GSAPRIGREGEGANATPTGLPGPATSE o GTAERASASGRTGRPGEGANATPTGLE
RSN-2711 REC-2711

SETPGT (SEQ ID NO:

500)

GPPGEP (SEQ ID NO: 748)

GCSAPRTGRGGEAANATPSGLGGPATSS

GTAEAASASCGRTIGRGGEAANATPSGLG

IN-2712 QO30
REN-2TIZ | emepar (sr0 1o No: 5070 RSC27IT 1 sppase (sro 10 no: 74%)
REN.713 | CSAPSTGRSGESANATFGGLEGPATSS | o . o . | CIAEARSASGSTGRSGESANATPGOLG

RETESAS | SETRET(SEQ ID NO: 502) PLTEER ] GERGSP(SEC ID NO: 750)

, GSAPRIGRIGEEANATFAGLPGPATSSE o GTAERASASGRIGRIGERANATPAGLE
RSN-2714 e e EAe RSC-2714 J
SETPGT(SEQ YD NO: 503) GPPGEP (SEQ ID NO: 751

~¥
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RSN-2715

GSAPATGRPGEPANTTPEGLEGFATSG

GTAEAASASGATCRPGEFANTIFEGLE

1 T
SETPGT (580 1D NO: 504) RSC-ITA5 1 gppasp (sto ip wo: 752)
RSN-271 | GSAPSTGRSSEPANATPGGLIGPATSG | oo .o . | GTARAASASGSTGRSGEPANATFGGLY
K SETPGT (580 1D NO: 505) o GPPGSE (3EQ ID NO: 753)
RSN.2717 | GSAPPTGRGGEGANTTIPIGLFGPATSG | oo .o . | GTARAASASGPIGRGGEGANTIFTGLE
N-Z it/ IS L WL TV -
e SETPGT (580 ID NO: 306) GPPGSF (SEQ ID NO: 754)
. | GSAPPTGRSGEGCANATPSGLTGPATSG | | GTAEAASASGPTGRSGEGANATPSGLT
RSN-2718 REC-2718
e/ SETPGT (580 1D NO: 507) b /S GPPGSP (3EQ ID NO: 755)
RSN.271g | GSAPTTGRASEGANSTPAPLTEPATSG | oo .0\, | FTARAASASGIIGRASEGANSTPAFLE
bl SETPGT (SEQ ID NO: 508) b EPPGSP (SEQ ID NO: 758)
RSN-2720 | GSAPTYGRAAEAANTIPAGLTAPAISG | .. .o, | GTAEAASASGTIGRAAEAANTIPAGLY
SETPGT (580 1D NO: 509) APPGSP (580 ID NO: 757)
RSN.2721 | GSAPTTGRATREGANATPAELTEPATSE RS(.072] | CTABAASASGTIGRATEGANATPARLY
SETPGT (SEQ ID NO: 510) e EPPGSP (SEQ ID NO: 753)
RSN272y | COAPTVGRASERANTIPASLIGRATSG | oo o, | CIABAASASGIVGRASEEANTIRASLY
Nl SETPGT (S5Q ID No: 511) Dol GPPGSP (SEQ ID NO: 759)
RSN.2723 | GSAPTTGRAPEAANATPAPLIGPATSG | .. o). | GTARAASASGTIGRAPEAANATPAPLE
Dl L SETPGT (SEQ ID NO: 512) Phe s GPPGSP (IEQ ID NO: 760)
RSN-2724 | CSAPTHGRATEPANATPAPLISPATSG | oo ., | GTARAASASGIWGRATEPANATPARLY
vl SETPGT (SEQ ID NO: 513) i SPPGSP (SEQ ID NO: 761)
RuN.7p5 | CSAPTVGRASESANATRAELTSPATSG | .. ... | GTAEAASASGIVGRASESANATPAELT
e SETPGT (SEC ID NO: 514) wheEE SPPGSFE (SEQ ID NO: 762)
RSN.2726 | CSAPTVGRAPEGANSIPAGLTGRATSS | o .-, | CIAEAASASGIVGRAPEGANSTRAGLT
DRe s SETPGT (SEC ID NO: 515) alie GPPGSP (SEQ ID NO: 763)
RuN.7y | CSAPTHGRATEAPNLEPATLITPATSG | oo -, | GTARAASASGIWGRATEAPNLEPATLY
DESSLS L SETPGT (IEC ID NO: 516) PhLl2 | gppGSP (SEQ ID NO: 764)
. GSAPTTGRATEAPNLTPAPLTEPATSG GTAFAASASGTTGRATEAPNLTPAPLT
q ol ' 2
REN-2728 | epapom(szo 1o No: 517) R5C-2728 EPPGSP (SEQ ID NO: 765)
RSN.2729 | GSAPTQGRATEAPNLSPAALTSPATSG | o -, | GTARAASASGTQGRATEAPNLIPAALT
“ | SETPGT(SEC ID NO: 518) 7 | SPPGSPIEC ID NO: 768)
ReN273g | CSAPTQORAREAPNLIPATLTAPATSS | . .. | OTAEAASASGTQGRAAEAPNLTPATLT
LS SETPGT(SEC ID NO: 519) Dlmdf2 APBGSP (SEQ ID NO: T67)
. . GSAPTSGRAPEATNLAPAPLTGPATSS o mn GTAEAASASGTSGRAPEATNLAPAPLT
RSN-2731 RSC-2731
R SETPGT (SEQ ID NO: 520) . GPPGSP (SEQ ID NO: 768)
} GSAPTQGRAREAANLTPAGLTREPATSS ] GTAEAASASGTQGRAAEAANLTPAGLT
RSEN-2732 RS8C-2732
s SETPGT (SEQ ID NO: 521) EPPGSP (SEQ ID NO: 76%)
] GSAPTTGRAGSAPNLPPTCGLYTPATSS . GTAEAASASGTTGRAGSAPNLPPTGLT
RSN-2733 RSC-2733
LTS SmEPET(SEQ ID NO: 522) - TPPESP (SEQ ID NO: 770)
REN.2734 | CSAPTTGRAGGAENLEFEGLTAPATSG | . ..., | CTARAASASGTIGRAGGAENLPPEGLE
B SETPGT (95 NO: 523) Dl /2 APBGSP (SEQ ID NO: 771)
ot mne | GEAPTTSRAGTATMLTPEGLTAPATES o wmn. | GTAEARSASGTTSRAGTATNLIPEGLT
REN-2735 . A, RIC-2735 . R,
SETPGT(SEQ ID NO: 52Z4) APPGSPI(SEQC ID NO: 772)
RaN-2736 | CSAPTIGRAGTATNLPPSGLITPATSS RSC2736 | CTAEAASASGTTGRAGTATNLPPSGLT
PETELIN SRTPGT(SEQ ID NO: 525) /00 L epPGSP (SEQ ID NO: 773)
N GSAPTTARAGEAENLSPSGLTAPATSS o GTAEARSASGTTARAGEATNLSPSGLT
RSN-2737 i o RSC-2737 ) ) o
SETPGT (SEQ ID NO: 526) APPGSP (SEQ ID NO: 774)
GSAPTTGRAGGAGNLAPGGLTEPATSS GTAEAASASGTTGRAGGAGNLAPGGLT
QAN L
REN-2738 | sgrparisso 10 NO: 527) RSC-2738 | pppasp (seo 1o no: 775)
N GSAPTTGRAGTATNLEPPEGLIGEATSS o GTAEARSASGTTERAGTATNLPPEGLT
RSN-2739 . ) o RSC-2739 e
SETPGT (SEQ ID NO: 528) GPPGSP (SEQ ID NO: 7746)
- GSAPTTGRAGGAANLAPTGLTIEPATSG e am GTAEAASASGTTERAGGAANLAPTGLT
REN-2740 Cermm e e RIC-2740 P R
SETPGT(SEQ YD NO: 52%) EPPGEP (SEC ID NO: 777)
) GSAPTTGRAGTAENLAPSGLITTEATSS o GTREARSASGTTCGRAGTAENLAPSGLT
REN-2741 RSC-2741

SETPGT (SEQ ID NO: 530)

TPPGEP (SEQ ID NC: 778)

~¥
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RSN-2742

GSAPTTGRAGSATNLGPGGLTGFATSG

GTAEAASASGTTCRAGSATNLGPGEGLT

1 T4
SETPGT (580 1D NO: 531) RSC-1742 1 gppese (sto ip wo: 779)
RSN743 | GOAPTTARAGGAENLIPAGLTEPATSG | oo o . | GTARAASASGITARAGGAENLTPAGLY

SRSSARS sETRGT(5EQ ID NO: 532) P EPPGSP (SEQ ID NO: 780)
RSN.744 | GSAPTTARAGSAENLSPSGLTGPATSG | oo, | GTAEAASASGTTARAGSAENLSPSGLT

e SETPGT (580 ID NO: 333) e GPPGSF (SEQ ID NO: 781)
nSN.a74s | COAPTTARAGGAGNLAPEGLITRATSG | o . o | CTARAASASGITARAGGAGNLAPEGLY

WSS SETPGT (350 1D NO: 534) B I8 wpPGSE (SEQ ID NO: 782)
RSN746 | GSAPTTSRASAAENLIPTGLTIGPATSG | oo, | GTAEAASASGITSRAGAAENLIPTGLY

Simad SETPGT (SEQ ID NO: 535) Phred GPPGSFE (SEQ ID NO: 783)
RSN747 | GSAPTYGRITIPGNEPPASLEARATSG | oo 0., | GTARAASASGTYGRITIPGNEFPASLE

SECSRO ) BETPGT (580 ID NO: 536) DA IR0 O AEPGSPE (SEQ ID NO: 784)

e o GEAPTY SRORSGPNEPPPGLTGPATEG i GTARAASASGTVSRGESGRNEPPRPGLYT
RSN-2748 | aperpor (smo 1p NO: 537) RSC-2748 GPPGSP (SEC ID NO: 785)
RSN.2749 | COAPAWGRIGASENRTPAPLGGEATSG | . | GTARAASASGANGRIGASENETPAPLG

SRTSIES ) SETPGT (SEQ ID NO: 538) Sl GEPGSP (SEQ ID NO: 788)
RuNo75y | CSAPRWGRARTTPNIPPEGLETEATSG | oo oo, | GTARAASASGRWGRABTTENIPPEGLE

SN-2I0U  epepeT(sEg Tp NO: 539) PAe Y TEPGSP (SEQ ID NO: 787)
RoN.275] | GSAPRSGRAANRIGAEPPELGAGATSS | .., . | GTAEAASASGESGRAANHIGAEPPELG

R SETPGT (SEQC ID NO: 540) DAL AGPGSE (SEQ ID NO: 788)
RuN.75s | GSAPTTGRAGEAANLIPAGLTESATSS | o . .- . | CTAFAASASGTTGRAGEAANLIPAGLT

R SETPGT (SEQ ID NO: 541) DATa ESPGSF (SEQ ID NO: 789)
RSN.2755 | CSAPTTGRAGEARNLTPAALTESATSG | . - . | CTAEARSASGTTGRAGEAANLIPAALT

D SETPGT (SEQ ID NO: 542) hde ESPGSP (SEQ ID NO: 790)

GEAPTTGRAGEAANLTPAPLTESATSES GTATAASASGTTGRAGEABNLTRPARLY
~ ok o
RSN-2756 SETPGT (SEC ID NO: 543) RS8C-2756 ESPGSP(SEC ID NO: 791)
RSN.y757 | GSAPTTGRAGEARNLIPEPLIESATSG | o .. | CTABAASASGITGRAGEAANLIPERLT
A SETPGT (SEC ID NO: 544) : - ESPGSP (SEQC ID NO: 792)
GEAPTTGRAGEAANLTPAGLTGAATSE GTAEAASASGTTGRAGEAARNLTPAGLT

n ~ e lai
REN-2758 | apepaT (950 1D NO: 545) RBC-2758 | sapgsp sro 10 no: 793)
RSN.75 | CSAPTTGRAGEARNLTFEGLTGAATSG | .-, | CTAEAASASGTTGRAGEAANLIPEGLT

R SETPGT (SEQ ID NO: 546) - GAPGSP (SEQ ID NO: 794)
REN2760 | CSAPTTIGRAGEAANLIPEPLTGARTSG | o - | GTAPAASASGTTGRAGEAANLTPEPLT

= SETPGT (SEQ ID NO: 547) DA GAPGSP (SEQ ID NO: 795)

. ] GSAPTTGRAGEAANLTPAGLTEAATSS . GTAEAASASGTTGRAGEAANLTPAGLT
REN=2761 RS8C-2761

SETPGT (SEC ID NO: 548)

BAPGSP (SEQ ID NO: 794}

RSN-2762

GCSAPTTGRAGEAANLTIPEGLTEAATSES
SETPGT (SEQC ID NO: 549)

RSC-2762

GTAEAASASGTTGRAGEAANLIPEGLT
EAPGSP (SEQ ID NO: 797)

GEAPTTORAGEAANLTPAPLTEAATSIG

GTAEAASASGTTGRAGEAANLIPARPLT

ag e o
RSN-2763 | sgaper (on NO: 550) RSC-2763 | gupeap (sko 10 no: 798)
] GSAPTIGRAGEAANLTPEFLTEAATSE , GTAERASASGTTGRAGEAANLTPEPLT
N e
REN-2764 | soparisro 1o NO: 551) R3C-2764 1 wupase sro 10 no: 79%)
ReN-y76s | GOAPTTGRAGEARNLTPEPLIGRATSS | o . .~ | GIAEAASASGTTGRAGEAANLIPEPLT
PETAINS amEBGT (9EQ ID NO: 552) T GPPGSP (SEQ ID NO: 2800)
RON-276o | COAPTIGRAGERANLIFAGLTGEATSG | o o | GIABARSASGTTGRAGEAANLTPAGLY
ANTEIOY  SRTRET(SEQ ID NO: 553) "4/B0 L GEPGSP (SEC ID NO: 801)
) GSAPTIGRAGEAANLTPEGLIGGATSE o GTAERASASGTTGRAGEAANLTPEGLT
RSN-2767 SRR REC-2767 payiuiieii
SETPGT (SEQ YD NO: 554) GGPGIP (SEC ID NO: 802)
GSAPTIGRAGEAANLTFRALTGGATSSE GTAERASASGTTGRAGEAANLTPEALT
AN S
REN-2768 | sorparisro 1o NO: 555) R3C-2768 1 supase (sro 10 wo: 803)
- GSAPTIGRAGEAANLTPEFLIGGATSE - GTAERASASGTIGRAGEAANLIPEPLT
RSN-2769 e v . B RNC-2769 PN
SETPGT (SEQ YD NO: 55¢8) GGPGIP (SEC ID NO: 304)
, GSAPTIGRAGEAANLTFAGLTEGATSSE o GTAERASASGTTGRAGEAANLTPAGLT
RSN-2770 RSC-2770

SETPGT (SEQ ID NO: 557)

EGPGSP (SEQ ID NO:

803)
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GSAPTTGRAGEAANLTPEGLTEGATSG

GTAEAASASGTTCRAGEAANLIFEGLT

SETPGT (3EQ ID NO: 561

2771 G
RSN-2 SETPGT (SEQ ID NO: 358) RSC-2771 EGPGSP (SEQ ID NO: S0§)
GSAPTTGRAGEAANLIPAPLTEGATSG GTARAASASGTTCRAGEAANLTPARPLY
RSN-2772 ARSI AR, RSC-2772 {2 S L meeRar
SETPET (3EQ ID NO: 559) EGPGSP (SEQ ID NO: 807)
RSN-2773 GESAPTTGRAGEAANLIPREPLTEGATSG RSC277 GTARAASASGTICRAGEAANLTPERPLY
N-~Z k. Vet o 3=t -
RO SETPGT (55Q 1D NO: 560) BGPGSP (SEQ ID NO: 508)
) | GEAPTTGRAGRARGATSAGRTGPATEG I GTARAASASGTTGRAGEAEGATSAGAT
RSN-3047 REC-3047

GPPGESP (3EQ ID NO: 509)

RSN-2783

GSAFEAGRSAEATSAGATGPATSGSET
PET (SEQ ID NO: 5&

RSC-2783

GTARAASASCEACRSAEATSAGATGRP
GSP Q ID NO: 810)

GEAPSASGIYSROESGPGSPATSGSET

GTARAASASGSASGTY SRGESGPGSRP

PGT (SEQ ID NO: 56€5;

RSN3107 | oy (smp 10 wo: 563 RSC307 1 gop (sm0 10 wo: 511)
o GSAPUASGRAGRIDIHPGSPATSGEET o GTARAASASGSASGEAGRIDTHPGEFR
RSN-3103 | pgp(sep 10 no: se4) RSC-3103 ID NO: 812)
GEAPSASGREFGRAAEHPGSPATSGAET GTARAASASGSASGEPGRAAEHPGEFE
RSN-3102 RSC-3102

GSP({

(SEC ID NO: 813)

REN-3119

GEAPSPAGESSRGTTIAGSPATSGRETY
PGT (SEQ ID NO: 56}

RSC-3119

GTARAARSASGOPAGESSREGTTIAGERP
GSP (SEC ID I 814)

RSN-3043

GEAPTTGRAGEAAGLTPACGLTGPATSG
SETPGT (SEQC ID NO:

567)

RSC-3043

GTARAASASGUTIGEAGEAAGLTIRPAGLT
GPPGSF (SEQ ID NO: 815)

RSN-2789

GEAPEAGESAGATPAGLTGPATSESET
PET (SEQ ID NO: 5€8)

RSC-2789

8153)
GTAEAASASGEAGESAGATPAGLTGRP

ID NO: 816)

GEAPSASGAPLELEAGPGSPATIGIET

PGT (SEQ ID NO: 580}

GTAEAASASGSASGAPLELEASPGSPPR
QN .3 187 =3 £
RSN-310% 1 g seo 10 wo: 569) REC3109 | ggpieng 10 no: 817)
) GSAPSASGEPPELGAGPGSPATEGEET . ) GTARAASASGSASGEPPELGAGPGSPPR
RSN-3110 PGT(SEQ ID NO: 570} RB8C-3110 GSP{SEQC ID NO: 918)
. GSAPSASGEPSGLTEGPGSPATEGSET ] GTARAASASGSASGEPIGLTESPGSPP
RSN-3111 PGT(SEQ ID NO: 571} R3C-3111 GSP(IEQC ID NO: £19)
. GSAPSASGTPAPLTEFFGSPATESSET o GTARAASASGSASGTEAPLTEPPGSPPR
RSN-3112 . N RSC-3112 e e o
PET(SEQ ID NO: 572) o ID NO: 820)
. GSAPSASGTPAELTEPFGSPATSGSET . . | GTAEBASASGSASGTFAELTEPPGSPP
RSN-3113 PGT(SEQ ID NO: 573) R5C-3113 G8P(SEQ ID NO: 821)
. GSAPSASGPPPGLTGPPGSPATESSET - GTARAASASGSASGEEPGLTGPRPGSPPR
RSN-3114 PGT(SEQ ID NO: 574) REC3114 | gap (SEQ ID NO: 822)
. _ | GSAPSASGTPAFLGGEPGSPATSGIET . . | GTAEAASASGSASGTPAPLEGEPGSPP
RSN-3HS  pgpszo 1o wo: 575) REC3I5 1 gap smg 1o no: 823)
. _ | GSAPSPAGAPEGLTGPAGSPATSGSET A _ | GTAEAASASGSPAGAPEGLTSPAGSPD
REN-3125 1 pgqisro 1o no: 576) RSC3125 | gapisrg 1o no: 824)
. GSAPSPAGPPEGLETEAGSPATEGSET . GTAEAASASGSPAGPPEGLETEAGSPR
RSN-3126 PGT(SEQ ID NO: 577) RSC-3126 GSP{SEQ ID NO: 823)
s GSAPSPTSGQGGLTGEPGSEPATS SSET o GTAEAASASGSPTSGQEELTSPESSEPD
REN-3127 APSPISGQ RSC-3127 i
PGT(SEQ ID NO: 578) G8P(SEQ ID NO: 826)
N a1 GSAPSESAPPEGLETESTEPATSGSET o n CTAEARSASGSESADDRGIETRE TEDD
RSN-3131 e e RSC-3131 oy .
PGT(SEQ ID NO: 579} GSP(SEQ ID NO: 827)
ot m GSAPSEGSEPLELGAASETPATSGSET oty GTRAEARSASGSEGSEPLELGAASETPD
RSN-3132 RSC-3132

NS

G3P (SEQ ID NO: 828)

RSN-3133

GCSAPSEGSGFAGLEAPSETPATSGSET
PGT (SEQ ID NO: 581}

REC-3133

GTAEAARSASGSEGSGFPAGLEAPSETPP
GSP (S 82%)

AT NG .
2 LD NO:

REN-3138

GSAPSEPTPPASLEARPGSPATSGSET
PET(SEQ ID NO: 582)

RSC-3138

Q
GTAEAASASGSEFTPPASLEARPGSPP

GSP (SEQ ID NO: 830)

[6200] The RS of the disclosure are useful for inclusion in recombinant polypeptides as therapeutics for

treatment of cancers, autoimmune discases, inflammatory discases and other conditions where localized
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activation of the recombinant polvpeptide 1s desirable. The subject compositions address an uomet noed and
are superior in one of more aspects including enhanced terminal half-life, targeted delivery, and tmproved
therapeutic ratio with reduced toxicity to healthy tissues compared to conventional antibody therapeutics or
bispecific antibody therapeutics that are active upon injection.

{0201} v onccmbodiment, a BP incorporated into a BPXTEN fusion protein can have a sequence that exhibits
at least about 80% sequence identity to a sequence from Table 3 or Table A, aliernatively at least about 81%,

s 174

or about #2%. or about 83%, or about 84%, or about 83%, or about 86%, or about 87%, or about 48

G/

%o, or about
89%, or about 90%, or about 91%, or about 92%, or about 93%, or about 94%, or about 95%, or about 96%,
or about 97%, or about 98%, or about 99%, or about 100% sequence identity as compared with a sequence
from Table 3 or Table A, The BP of the foregoing embodiment can be evaluated for activity using assays or
measured or determined parameters as described herein, and those sequences that retain at least about 40%, or
about 50%, or about 55%. or about 60%, or about 70%, or about 80%, or about 90%, or about 95% or more
activity compared o the corresponding native BP sequence would be considered suitable for inclusion in the
subject BPXTEN. The BP found to retain a switable level of activity can be hnked to one or more XTEN
polypeptides described hereinabove.  In one embodiment, a BP found to retam a suitable level of activity can
be linked to one or more XTEN polypeptides baving at least about 80% sequence wlentity to a sequence from
Tables ?;a—Zb, alternatively at least about 81%, 82%, 83%, 84%, 85%, 86%, 87%, §8%., 80%, 0%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or about 100% sequence 1dentity as compared with a sequence of
Tables 2a-2b, resulting 1n 2 chimeric fusion protein.

{8262] The disclosure conternplates substitution of other BP selected from Table 3 or Table A linked to one
or two XTEN, which may be the same or different, selected from Tables 2a-2b. In the foregoing fision
proteins hereinabove described in this paragraph, the BPXTEN fusion protein can further comprise a cleavage
sequence from Table §; the cleavage sequence being located between the BP and the XTEN or between
adjacent BP. In some cases, the BPXTEN comprising the cleavage sequences will also have one or more
spacer sequence amino acids between the BPF and the cleavage sequence or the XTEN and the cleavage
sequence to facilitate access of the protease; the spacer amimoe acids comprising any natwral amino acid,
including glycine and alanine as preferred amino acids.

Targeting Moteties

{6203] In certain emboduraents, it 1s contemplated that the XPAUs of the present mvention also may further
comprise a tumor targeting moicty that allows the XPAC to bind o an antigen expressed on the tumor. This
can be achieved by inchiding one further domain in the chimeric polypeptide {XPAC) to mfluence s
movements within the body. For example, the chimeric nucleic acids can encode a domain that directs the
polypeptide to a location i the body, ¢.g., tuor cells or a site of mfammation. Exemplary and suitable
targeting motetics domains comprise those that have a cognaie ligand that is overexprossed in inflamed tissues,

the IL-1 receptor, or the IL-6 receptor. In other embodiments, the suitable targeting moicties comprise

g
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those who have a cognate ligand that s overexpressed m fumor tissue, ¢.g., Epcam, CEA or mesothelin. o
some embodiments, the targeting domain is linked to the cytokine via a linker which is ¢leaved at the site of
action {e.g., by inflammation or cancer specific proteases) releasing the cytokine full activity at the desired sife.
In some embodiments, the targeting and/or retention domain 1s hinked to the mterleukin via a linker which 13
not cleaved at the site of action {c.g. by inflammation or cancer specific proteases), causing the cyiokine to
remain at the desired site.

{8204} Particularly preferred targeting moigtics target antigens expressed on the surface of a diseased cell or
tiasue, for example a tumor or a cancer cell. Antigens useful for tumor targeting and retention inclade but are
not hmited to EpCAM, EGFR, HER-2, HER-3, ¢-Mgt, FOLRI, and CEA. Pharmaceutical compositions
disclosed herein, also include proteins comprising two targeting and/or retention domatns that bind to two
different target antigens known to be expressed on a discased cell or tissue. Exeraplary pairs of antigen binding
domains include but are not lunited to EGFR/CEA, EpCAM/CEA, and HER-2/HER-3.

{6265] Suitable targeting moicties include antigen-binding domains, such as antibodies and fragments thergof
including, a polvclonal antibody, a recombinant antibody, a human antibody, a humanized antibody a single
cham vanable fragment (scFv), single-domain antibody such as a heavy v cham variable domain {VH), a ight
chain variable domain (VL) and a variable domain of camelid-type nanobody (VHH), a dAb and the like. Gther
suttable antigen-binding domain mclode non-imnumoglobulin proteins that mimic antibody binding and/or
structure such as, anticalins, affihins, affibody molecules, affimers, affiting, alphabodics, avimers, DARPins,
fynomers, kunitz domain peptides, monobodies, and binding domains based on other enginecred scaffolds such
as SpA, GroEL, fibronectin, lipocallin and CTLA4 scaffolds. Further examples of antigen-binding
polypeptides include a ligand for a desired receptor, a ligand-binding portion of a receptor, a lectin, and
peptides that binds to or associates with one or more target antigens.

{6206] In some cmbodiments, the targeting moietics spectfically bind to a cell surface molecule. In some
embodiments, the targeting and/or retention domams specifically bind to a twmor amtigen. In some
embodiments, the targeting polvpeptides specifically and independently bind to a tamor antigen selected from
at feast one of Fibroblast activation protemn alpha (FAPa), Trophoblast glveoprotein (§T4), Twmor-associated

calcium signal transducer 2 (Trop2), Fibronectin EDB (EDB-FN, sce US Pubhicaion 20200397915),

erabodiments, the targeting polypeptides specifically and independently bind to two different antigens, wherein
at least one of the antigens 18 a tamor antigen selected from EpCAM, EGFR, HER-Z, HER-3, eMet, CEA, and
FOLRL

{0207] The targeted antigen can be a tumor antigen expressed on a fumor coll. Twmor antigens are well known
in the art and inchude, for example, EpCAM, EGFR, HER-Z, HER-3, ¢-Met, FOLR1, PSMA, CD3%, BCMA,
and CEA. ST4, AFP, B7-H3, Cadherin-6, CAIX, CD117, CD123, CDI38, CBieo, CD19, CD20, CD205,
CD22, CD30, CD33, CD352, CD37, CD44, CD52, CD36, CD70, CD71, CD74, CD79%, DLL3, EphAZ, FAP,
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FGERZ, FGFR3, GPC3, gpA33, FLT-3, gpNMB, HPV-16 Eo, HPV-16 E7, ITGA2, 1TGA3, SLL39A6,
MAGE, mesothelin, Mucl, Mucl6, NaPi2b, Nectin-4, P-cadherin, NY-ESQ-1, PRLR, PSCA, PTK7, ROR1,
SLC44A4, SETRKS, SLTRKG, STEAPL, TIMI, Trop2, WT1.

{6208] The targeted antigen can be an mmune checkpoint proten. Examples of immune checkpoint proteins
include but are not limited to CD27, CD37, 2B4, TIGIT, CD133, ICOS, HVEM, CD40L, LIGHT, TIM-1,
OX40, DNAM-1, PD-L1, PDL, PD-L2, CTLA-4, CD8, CD40, CEACAMI, CD48, CD70, A2AR, CD39,
CD73, B7-H3, B7-H4, BTLA, {DO1, IDO2Z, TDO, KIR, LAG-3, TIM-3, or VISTA.

{3209] The targeted antigen can be a cell surface molecule such as a protein, lipid or polysacchanide. In some
embodiments, such an antigen on a tumor cell, virally infected cell, bacterially nfected cell, damaged red blood
cell, arterial plagque cell, flamed or fibrotic tissue cell. Such an antigen can comprise an vumune response
modulator such as for example, including but not bmited to granulocvte-macrophage colony stimulating factor
{(GM-CSF), macrophage colony stimulating factor (M-CSF), gramuocyte colony stimulating factor (G-CSF),
wterieukin 2 (IL-2), interlenkin 3 (IL-3), interleukin 12 (IL-12}, interdevkan 15 (IL-15), B7-1 (CDRO), B7-2
(CD86), GITRL, CD3, or GITR.

Pharmacokinetic Properties of BPXTEN

{3218] The invention provides BPXTEN fusion proteins with enhanced pharmacokinetics compared to the
BP not linked to XTEN that, when used at the dose determined for the composition by the methods deseribed
herein, can achueve a circulating concentration resulting in a pharmacologic effect, vet stay within the safety
range for biologically active component of the composition for an extended period of time compared to a
comparable dose of the BP not linked to XTEN. In such cases, the BPXTEN remains within the therapeutic
window for the fusion protein composition for the extended period of time. As used herein, a “comparable
dose” means a dose with an equivalent moles/kg for the active BP pharmacophore that is administered to a
subject in a comparable fashion. It will be undersiood in the art that a "comparable dosage” of BPXTEN fusion
protein would represent a greater weight of agent but would have essentially the same mole-cquivalents of BP
in the dose of the fusion protein and/or would have the same approximate molar conceniration relative to the
BP.

{6211} The pharmacokinetic properties of a BP that can be enhanced by linking a given XTEN to the BP
melude terminal half-life, area wnder the curve (AUC), Chs volume of distribution, and bicavailability.
{6212] As descrtbed more fully i the Examples pertaining fo pharmacokinetic characteristics of fusion
proteins comprising XTEN, it was swrprisingly discovered that increasing the length of the XTEN sequence
could confer a disproportionate ncrease in the terminal half-life of a fusion protein comprising the XTEN.
Accordingly, the invention provides BPXTEN fusion proteins comprising XTEN wherein the XTEN can be
selected to provide a targeted half-life for the BPXTEN composition adminisicred to a subject. In somoe
embodiments, the invention provides monomeric fusion proteins comprising XTEN wherein the XTEN is

selected to confer an increase in the terminal half-life for the administered BPXTEN, compared to the
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corresponding BP not linked to the fusion protein, of at least about two-fold longer, or at least about three-fold,
or at least about four-fold, or at least about five-fold, or at least about six-fold, or at least aboui seven-fold. or
at least about eight-fold, or at least sbout nine-fold, or at least about ten-fold, or at least aboat 15-fold, or at
least a 20~fold or greater an increase i ternunal half-life compared to the BP not linked to the fusion protem.
Similarly, the BPXTEN fusion proteins can have an increase in AUC of at least about 50%, or at least about
60%. or at least about 70%, or at least about 80%, or at least about 20%, or at least about 100%, or at lcast
about 150%, or at least about 200%, or at least about 300% increase in AU compared to the corresponding
BP not linked to the fusion protein. The pharmacokinetic parameters of a BPXTEN can be determined by
standard methods mvolving dosing, the taking of blood samples at times mtervals, and the assaving of the
protein using ELISA, HPLC, radioassay, or other methods known in the art or as described herein, followed
by standard calculations of the data to derive the half-life and other PK parameters.

{6213] The nvention further provides BPXTEN comprising a first and a second BP molecule, optionally
separated by a spacer sequence that may further comprise a cleavage sequence, or scparated by a second XTEN
sequence.  In one embodiment, the BP has less activity when hinked to the fusion protemn compared to a
corresponding BP not linked to the fusion protein. In such case, the BFXTEN can be designed such that upon
administration to a subject, the BP component is gradually released by cleavage of the cleavage sequence(s),
whereupon it regains activity or the ability to bind to its target receptor or ligand. Accordingly, the BPXTEN
of the foregoing serves as a prodrug or a circulating depot, resulting o a longer terminal half-life compared to
BP not linked to the fusion protein,

{6214] As described herein, in exemplary embodiments, the BPXTEN is an XPAC i which the BPF is a
cytokine. In preferred embodiments, the activity of the cvickine polypeptide in the context of the XPAC 18
attenuated, and protease cleavage at the desired site of activity, such as in a tumor microenvironment, releases
a form of the cytokine from the XPAC that is much more active as a eytokine receptor agonist than the XPAC.
For example, the cytokinc-receptor activating (agonist) activity of the fusion polypeptide can be at least about
10 times, at least about 50 times, at least about 100 times, at least about 250 times, at least about 300 times, or
at least about 1000 times less than the cvickine receptor activating activity of the cvickine polypeptide as a
separate molecular entity. The cytokine polypeptide that i1s part of the XPAC exists as a separate molecular
entity when it contains an amino acid that is substantially identical to the eytokine polypeptide and does not
substantially joclude additional amivo acids and is not assoctated (by covalent or non-covalent bonds) with
other molecules. If necessary, a evtokine polypeptide as a separate molecular entity may include some
additional amino acid sequences, such as a tag or short sequence to aid 1 expression and/or purification.
{8215] In other examples, the cytokine-receptor activating (agomist) activity of the fusion polypeptide is at
least about 10 times, at least about 50 times, at least about 100 times, at least about 250 times, at least about
500 times, or about 1000 tumes less than the cvicking recepior activating activity of the polypeptide that

contains the eytokine polypeptide that 1s produced by cleavage of the protease cleavable linker in the XPAC.
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In other words, the cyvtokine receptor activating (agouist) activity of the polypeptide that contains the cytokine
polypeptide that is produced by cleavage of the protease cleavable linker m the XPAC 15 at least about 10 times,
at least about 50 times, at least abowt 100 times, at least about 250 times, at least about 500 times, or at least
about 1000 times greater than the cvtokine recepior activating activity of the XPAC,

Pharmacolosy and Pharmaceutical Properties of BEXTEN

{6216] The present invention provides BPXTEN compositions comprising BP covalently hinked to XTEN
that can have cnhanced properties compared to BP not linked to XTEN, as well as methods to enhance the
therapeutic and/or biclogic activity or effect of the respective two BP components of the composttions. In
addition, the mvention provides BPXTEN compositions with enhanced propertics compared to those art-
known fusion proteins contaiing tnmunoglobulin polypeptide partners, polypeptides of shorter length and/or
polypeptide partners with repetitive sequences. Tn addition, BPXTEN fusion proteins provide significant
advaniages over chemical conjugates, such as pegylated constructs, notably the fact that recombinant BPXTEN
fusion proteins can be made in bacterial cell expression systems, which can reduce time and cost at both the
research and development and manufacturing stages of a product, as well as result in a more homogeneous,
defined product with fess toxicity for both the product and metabolites of the BPXTEN compared to pegylated
confugates.

{8217] As therapeutic agents, the BPXTEN may possess a number of advantages over therapeutics not
comprising XTEMN inclading, for example, mereased solubility, increased thermal stability, reduced
mmunogenicity, increased apparent molecular weight, reduced renal clearance, reduced proteolysis, reduced
metabolism, enhanced therapeutic efficiency, a lower cffective therapeutic dose, increased broavailability,
mncreased time between dosages to maintain blood levels within the therapeutic window for the BP, a “tailored”
rate of absorption, enhanced lyophilization stability, enhanced serumy/plasma stability, increased terminal half-
life, increased solubility i blood stream, decreased binding by neutralizing antibodies, decreased receptor-
mediated clearance, reduced side cffects, retention of receptor/ligand binding affinity or receptor/ligand
activation, stability to degradation, stability io freeze-thaw, stability to proteascs, stability to ubiquuitination,
ease of admunistration, compatibility with other pharmaceutical excipients or carriers, persistence in the subject,
increased stability in storage {¢.g., increased shelfilife), reduced toxicity in an organism or environment and
the hike. The net effect of the enhanced properties 1s that the BPXTEN may resuilt in enhanced therapeutic
and/or binlogic effect when administered to a subject with a metabolic discase or disorder.

{3218} In other cases where, where enhancement of the pharmaceutical or physicochemical properties of the
BP is desirable, (such as the degree of aqueous solubility or stability), the length and/or the motif family
composition of the first and the second XTEN sequences of the first and the second fusion protein may each
be selected to conter a different degree of solubility and/or stability on the respective fusion proicins such that
the overall pharmaccutical propertics of the BPXTEN composition are enhanced. The BPXTEN fusion

proteins can be constructed and assaved, using methods deseribed herein, to confinm the phyvsicochemical

80



WO 2021/262985 PCT/US2021/038909

properties and the XTEN adjusted, as needed, to result i the desired propertics. o one embodunent, the
XTEN sequence of the BPXTEN 15 selected such that the fusion protein has an aguecus solubility that 1s within
at least about 25% greater compared to a BP not linked to the fusion protein, or at least about 30%, or at least
about 40%, or at least about 50%, or at least about 73%, or at least about 100%, or at least about 200%, or at
least about 300%, or at least about 400%, or at least about 300%, or at least about 1000% greater than the
corresponding BP not linked to the fusion protein. In the eobodiments hereinabove described in this paragraph,
the XTEN of the fusion proteins can have at feast about 80% sequence identity, or about 90%. or about 91%,
or about 92%, or about 93%, or about 94%. or about 95%, or about 96%, or about 97%, or about 98%, or about
899, to about 100% sequence 1dentity to an XTEN sclocted from Tables 2a-2b.

{0219] In onc cmbodment, the mvention provides BPXTEN compositions that can mautain the BP
component within a therapeutic window for a greater period of time compared to comparable dosages of the
corresponding BP not linked to XTEN. [t will be understood in the art that a "comparable dosage” of BPXTEN
fusion protein would represent a greater weight of agent but would have the same approximate mole-
equivalents of BP m the dose of the fusion proten and/or would have the same approximate molar
concentration relative to the BP.

{3228] The mvention also provides methods to select the XTEN appropriate for conjugation to provide the
desired pharmacokinetic properties that, when matched with the selection of dose, enable increased efficacy
of the admimsstered composition by maintaimng the circulating concentrations of the BP withun the therapeutic
window for an enhanced peried of time. As used herein, “therapeutic window” means that amount of drug or
biclogic as a blood or plasma concentration range, that provides efficacy or a desired pharmacologic effect
over time for the disease or condition without unacceptable toxicity; the range of the circulating blood
concentrations between the minimal amount {o achieve any positive therapeutic effect and the maximom
amount which results in a response that is the response immediately before toxicity to the subject {at a lagher
dose or concentration). Additionallv, therapeutic window generally cucompasses an aspect of time; the
maximnun and punionen concentration that results in a desired pharmacologic cffoct over time that does not
result in unacceptable toxicity or adverse events. A dosed composition that stays within the therapeutic
window for the subject could also be said to be within the “safety range.”

{32211 Dose optinuzation is imporiant for all drugs, especially for those with a narrow therapeutic window.
For example. many peptides involved in glucose homeostasis have a narrow therapoutic window., For a BP
with a narrow therapeutic window, such as glucagon or a glucagon analog, a standardized single dose for all
patients presenting with a variety of symptoms mayv not always be effective. Since different glucose regulating
peptides are often used together in the treatment of diabetic subjects, the potency of each and the interactive
effects achieved by combining and dosmg them together must also be taken mio account. A consideration of

these factors is well within the purview of the ordinarily skilled clinician for the purpose of determining the

¢
bt



WO 2021/262985 PCT/US2021/038909

therapeutically or pharmacologically effective amount of the BPXTEN, versus that amount that would result
m unacceptable toxicity and place it outside of the safety range.

{3222] In many cases, the therapeutic window for the BP components of the subject compositions have been
established and are available in published Iterature or are stated on the drug label for approved products
containing the BP. In other cases, the therapeutic window can be established. The methods for establishing
the therapeutic window for a given composition are knowan to those of skill in the art (see, e.g., Goodman &
Gilman's The Pharmacological Basis of Therapentics, 11" Edition, McGraw-Hill {2005)). For example, by
using dose-~cscalation studies in subjects with the target disease or disorder to determine efficacy or a desirable
pharmacologic offoct, appearance of adverse ovents, and deternunation of circulating blood levels, the
therapeutic window for a given subject or population of subjects can be deternuned for a given drug or biologic,
or combinations of biologics or drugs. The dose escalation studies can evaluate the activity of a2 BPXTEN
through metabolic studies i a subject or group of subjects that monitor physiclogical or biochenical
parameters, as known in the art or as described herein for one or more parameters assoeiated with the metabolic
disease or disorder, or chinical parameters associated with a beneficial outcome for the particular indication,
together with observations and/or measured parameters to determine the no effect dose, adverse events,
maximum {olerated dose and the like, together with measurement of pharmacokinetic parameters that establish
the determined or derived circulating blood levels. The results can then be comrelated with the dose
admimstered and the blood concentrations of the therapeutic that are coincident with the foregoing determined
parameters or offect fevels. By these methods, a range of doses and blood concentrations can be correlated to
the mimmum effective dose as well as the maximum dose and blood concentration at which a desired effect
occurs and above which toxicity occurs, thereby cstablishing the therapeutic window for the dosed therapeutic.
Blood concentrations of the fusion protein (of as measured by the BP component) above the maximum would
be considered outside the therapeutic window or safety range. Thus, by the foregoing methods, a Cun blood
level would be established, below which the BPXTEN fusion protein would not have the desired
pharmacologic effect, and a Crax blood level would be established that would represent the highest circulating
concentration before reaching a concentration that would elicit unacceptable side effects, toxicity or adverse
events, placing it cutside the safety range for the BPXTEN. With such concentrations established, the
frequency of dosing and the dosage can be further refined by measurement of the Caux and Cyy to provide the
appropriate dose and dose frequency to keep the fusion proteinds) within the therapeutic window. One of skill
m the art can, by the means disclosed herein or by other methods known in the art, confinm that the admmistered
BPXTEN remains in the therapeutte window for the desired interval or requires adjustment in dose or length
or sequence of XTEN. Further, the determination of the appropriate dose and dose frequency to keep the
BPXTEN within the therapeutic window establishes the therapeutically effective dose regimen; the schedule
for administration of multiple consecutive doses using a therapeuticallv effective dose of the fusion protein to

a subject in need thereof resulting 1 consecutive Chax peaks and/or Can troughs that remain within the
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therapeutic window and results m an voproversent in at least one measured parameter relevant for the target
diszase, disorder or condition. In some cases, the BPXTEN administered at an appropriate dose to a subject
may resalf in blood concentrations of the BPXTEN fusion protein that remams within the therapeutic window
for a period at least about two-fold longer compared fo the corresponding BP not hnked to XTEN and
administered at a comparable dose; altematively at least about three-fold longer; alternatively at least about
four-fold longer; altervatively at least about five-fold longer; aliernatively at least about six-fold longer;
alternatively at least abowut seven-fold longer; alternatively at least about eight-fold longer; alternatively at least
about nine-fold longer or at least about ten-fold longer or greater compared to the corresponding BP not linked
to XTEN and administered at a comparable dose. As used berein, an “appropriate dose” means a dose of a
drug or biologic that, when adrunistered to a subject, would result 1o a desirable therapentic or pharmacologic
effect and a blood concentration within the therapeutic window.,

{6223} In onc embodiment, the BPXTEN administered at a therapeutically effective dose regimen results in
a gain in time of at least about three-fold longer; alternatively at least about four-fold longer; alternatively at
least about five-fold longer; alternatively at least about six-fold longer: alternatively at least about seven-fold
longer; alternatively at least about eighi-fold longer; alternatively at least about nine-fold longer or at least
about ten-fold fonger between at least two consecutive Caes peaks and/or Cris troughs for blood levels of the
fusion protein compared to the corresponding biclogically active protein of the fusion protein not linked to the
fusion protein and administered at a comparable dose regumen to a subject. In another embodiment, the

BPXT]

N administered at a therapeutically effective dose regimen results in a comparable mmprovenment none,
or two, or three or aore measured pararcter using less frequent dosing or a lower total dosage in moles of the
fusion protein of the pharmaceutical composition compared to the corresponding biologically active protein
component(s} not linked to the fusion protein and administered to a subject using a therapeutically effective
dose regimen for the BP. The measured parameters may include any of the climical, biochemical, or
physiological parameters disclosed herein, or others known in the art for assessing subjects with glucose- or
msulin-related disorders, metabolic discases or disorders, coagulation or bleeding disorders, or growth
hormone-related disorders.

{8224] The activity of the BPXTEN compositions of the invention, including functional characteristics or
biologic and pharmacologic activity and parameters that result, may be determined by any suitable screening
assay known in the art for measuring the desired characteristic. The activity and structure of the BPXTEN
polypeptides comprising BP components may be measured by assays described berein, or by methods known
i the art to ascertain the degree of solability, siructure and retention of biologic activity. Assays can be
conducied that allow determination of binding charactenisties of the BPXTEN for BP receptors or a higand,
mncluding binding counstant (Ky), ECs values, as well as their half-life of dissociation of the ligand-receptor
complex (Tin ). Binding affinity can be measured, for example. by a competition-type binding assay that

detects changes in the ability to specifically bind to a receptor or ligand. Additionally, technigues such as flow
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cytometry or surface plasmon resonance can be used to detect binding events.  The assays may comprise
soluble receptor molecules, or may determing the binding to cell-expressed receptors. Such assays may include
cell-based assays, including assays for proliferation, cell death, apoptosis and cell migration. Other pogsible
assays may determine receptor binding of expressed polypeptides, wherein the assay may comprise soluble
receptor molecules, or may determine the bimding to cell-expressed receptors. The binding affinity of a
BPXTEN for the target receptors or ligands of the corresponding BP can be assayed using binding or
competitive binding assays, such as Biacore assays with chip-bound receptors or binding proteins or ELISA
assays, as described tn US Patent 3,534,617, assays described in the Examples herein, radio-receptor assays,
or other assavs known in the art. In addition, BP sequence varants {(assayed as single components or as
BPXTEN fusion proteins) can be compared to the native BP using a competitive ELISA binding assay to
determine whether they have the same binding specificity and affinity as the native BP, or some fraction thereof
such that they are suitable for nclusion in BPXTEN.

{6225] The invention provides tsolated BEXTEN in which the binding affinity for BP target receptors or
higands by the BPXTEN can be at least about 10%, or at least about 20%, or at least about 30%, or at least
about 40%, or at least about 50%, or at least about 60%, or at least about 70%, or at least about 80%, or at least
about 90%, or at least about 95%, or at least about 99%, or at least abouwt 100% or more of the affinity of a
native BP not bound to XTEN for the target receptor or ligand. In some cases, the binding affimty Kq between
the subject BPXTEN and a native receptor or ligand of the BPXTEN is at least about 107 M, alternatively at
feast about 107 M, alternatively at least about 10° M, or at least about 107 M of the affinity between the
BPXTEN and a native receptor or ligand.

{6226] In some cmbodiments, where a composition of this disclosure (such as a fusion protein} compriscs a
cviokine, a binding activity of the cviokine (when linked to an XTEN in the fusion protein) o a corresponding
cytokine receptor can be characterized by a half maximal effective concentration (EC50) at least (about) 1.1
fold greater, at least (about) 1.2 fold greater, at least (about) 1.3 fold greater, at least (about) 1.4 fold greater,
at lcast (about) 1.3 fold greater, at least (about) 1.6 fold greater, at least (about) 1.7 fold greater, at least (about)
1.8 fold greater, at least (about) 1.9 fold greater, or at least (about) 2.0 fold greater than an EC30 characterizing
a corresponding binding activity of the cytokine {when not linked to the XTEN). In some embodiments, a
binding activity of the cviokine {(when linked fo an XTEN in the fusion protein) to a corresponding cyiokine
receptor can be characterized by a half maximal etfective concentration (EC50) of (about) 1.1 fold greater,
{about) 1.2 fold greater, (about) 1.3 fold greater, (about) 1.4 fold greater, (about) 1.5 fold greater, (about) 1.6
fold greater, (about) 1.7 fold greater, (about) 1.8 fold greater, {(about) 1.9 fold greater, or (about) 2.0 fold greater,
or a range between any two of the foregoing, than an EC50 characterizing a corresponding binding activity of
the eytokine (when not linked to the XTEN). In some embodinents, the EC50 value(s) can be determined in
an in vitro binding assav. In some embodimenis, the cytokine can be interleubin 12 (1L-12), and the

corresponding cvtokine receptor can be an interleukin 12 receptor (IL-12R). In some embodiments, the /n vitro
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binding assay can utilize a geoetically engincered reporter gene cell line configured to respond to binding of
the cytokine to the corresponding cytokine receptor with a proportional expression of a reporter protein. The
term “ECs” generally refers to the concentration needed to achieve half of the maximum biologieal response
of the active substance, and can be generally determined by ELISA or cell-based assavs, inchuding the methods
of the HExamples described herein. In some embodiments, the in virro binding assay can be a reporter gene
activity assay {such as one disclosed in Example 8). For example, an exenwplary reporter gene activity assay
can be based on genctically engincered celi(s), gencrated by stably miroducing relevant gene(s) for the
receptor(a)-of-inierest and the signaling pathway(ay-of-interest, such that binding to the engineered receptor
triggers a signahing cascade leading to the activation of the engineered gene pathway with a subsequent
production of signature polypeptide(s) (such as an enzyme).

{62271 In other cases, the invention provides isolated BPXTEN i which the fusion protem is designed to
bind with high affinity to a target receptor, thereby resulting in antagonistic activity for the native ligand. A
non-limiting example of such a BPXTEN 15 IL-1raXTEN, which s configured to bind to an IL-1 receptor such
that the bound composition substantially mterferes with the binding of 1L-1 « and/or 1L-15 to IL-1 receptor.
In certain cases, the mterference by an antagonist BPXTEN (such as, but not limited to IL-TraXTEN) with the

/

binding the native ligand to the target receptor can be at least about 1%, or about 10%, or about 20%, or about
30%, or about 40%, or about 30%, or about 60%, or about 70%, or about 80%, or about 90%, or about 95%,
or about 99%, or about 100%. In other embodiments, the invention provides isolated BPXTEN fusion proteins
(such as, but not hmited to 1L~ 1raXTEN) wherein the binding of the 1solated fusion protein to a cellular receptor
chicits less than 20%, or less than 10%, or less than 3% activation of the signaling pathways of the cell with
bound BPXTEN antagonist in comparison to those evolied by the pative ligand. In other cases, the antagonstic
BPXTEN compositions bind to the target receptor with a dissociation constant of about 10 oM or less, about
5 uM or less, about 1 nM or less, about 500 pM or less, about 250 pM or less, abowut 100 pM or less, about 30
pM or less, or about 25 pM or less. Non-limiting examples of specific constructs of antagomstic BPXTEN
can include TL-1ra-AMS7S, IL-1ra-AE864, or 1L-1ra-AM1296.

{3228] In some cases, the BPXTEN fusion protemns of the mvention retain at least about 10%, or about 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90%, 93%., 98%, or 99% percent of the biological activity of the
corresponding BP not linked to the fusion proteim with regard to an i virro biologic activity or pharmacologic
cffect known or associated with the use of the native BP i the treatment and prevention of metabolic conditions
and disorders. In some cases of the foregoing embodiment, the activity of the BP component may be manifest
by the intact BPXTEN fusion protein, while in other cases the activity of the BP component would be primarily
mamfested upon cleavage and release of the BP from the fusion protein by action of a protease that acts on a
cleavage sequence incorporated mto the BPXTEN fusion protein. In the foregoing, as illusirated in FI1G. 3A-

FlI. 3E. the BPXTEN can be designed to reduce the binding affinity of the BP component for the receptor or
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frgand when linked to the XTEN but have mereased atfinity when released from XTEN through the cleavage
of cleavage sequence(s) incorporated imto the BPXTEN sequence, as described more fully above.

{3229] In other cases, the BPXTEN are designed to redoce the binding affinity of the BP component when
linked to the XTEN to, for example, increase the terminal half-life of BPXTEN adnunistered to a subject by
reducing receptor-mediated clearance or to reduce toxicity or side effects due to the admuustered composition.
Where the toxicological no-cffect dose or blood concentration of a BP not linked to an XTEN is low {meaning
that the native peptide has a high potential to result in side effects). the invention provides BPXTEN fusion
proteins in which the fosion protein i3 configured to reduce the biclogic potency or activity of the BP
conmponent.

{02301 In some cases. it has been found that a BPXTEN can be configured to have a substantially reduced
binding affuuty (expressed as Kd) and a corresponding reduced bioactivity, compared to the activity of a
BPXTEN wherein the configuration does not result in reduced binding affinity of the corresponding BP
component, and that such configaration is advantageous in torms of having a composition that displays both a
long termmal half-life and retains a sufficient degree of biocactivity. Linking a single XTEN to the C-terminus
of a BF (e.g., [L-10) can result in the retention of significant binding affinity to s target receptor, linking an
XTEN to the N-terminus decreases its binding affinity and corresponding biological activity, compared to
consiructs where the XTEN is bound to the Cterminus. In another example, it has been found, as deseribed
m the Examples, that while Iinking of BP to the C-terminus of an XTEN molecule does not substantially
mterfere with the binding to the BP receptors, the addition of a second XTEN to the C-terminus of the same
molecule (placing the second XTEN to the C-termumus of hGH) reduced the affinity of the molecule to the BP
receptor and also resulted in an morease in terminal half-life of the XTEN-BP-XTEN configuration compared
to XTEN-BP configuration. The ability to reduce binding affinity of the BP to its target receptor may be
dependent on the requirement to have a free N- or C-terminus for the particalar BP. Accordingly, the invention
provides a method for increasing the terminal balf-life of s BPXTEN by producing a single-chain fusion protein
construct with a specific N- o C-erminus configuration of the components comprising at least a first
biclogically active protein and one or more XTEN, wherein the fusion protein in a first N- to C-terpuinus
configuration of the biologically active protein and XTEN components has reduced receptor-mediated
clearance (RMC) and a corresponding increase in terminal half-life compared to a BPXTEN in a second N- to
C-terouinus configuration. In one cmbodiment of the foregoing, the BPXTEN is configured, N- to C-terminus
as BP-XTEN. In another emabodiment of the foregoing, the BPXTEN is configured XTEN-BP. In another
embodiment of the foregoing, the BPXTEN is configured XTEN-BP-XTEN. In the latier embodiment, the
two XTEN molecules can be identical or they can be of a different sequence composition or length. Non-
limiting examples of the foregoing embodunent with two XTEN linked to a single BP. Non-limiting examples
of the foregoing embodiment with ong BP linked to one XTEN inchide AM875-IL-1ra, AH864-1L-lra,
AMBTS-IL10, or AEB64-IL10. The invention contemplates other such constructs in which a BP from Table
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3 or Table A and XTEN from Tables 2a-2b are substituted for the respective components of the foregoing
examples, and configired such that the construct has reduced recoptor mediated clearance compared to an
alternate configuration of the respective components.

{6231] In some cases, the method provides configured BPXTEN in which the reduced receptor mediated
clearance can resuli m an fncrease m the terounal half-life of at least two-fold, or at least three-fold, or at least
four-fold, or at least five-fold compared to the halt-life of a BPXTEN i a second configuration where RMC
is not reduced. The invention {akes advantage of BP ligands wherein reduced binding affinity to a receptor,
either as a result of a decreased on-rate or an increased off-rate, may be etfected by the obstruction of either
the N- or C-termunus, and using that terminus as the linkage to another polypeptide of the composition, whether
another BP, an XTEN, or a spacer sequence. The choice of the particular configuration of the BPXTEN fusion
protein can reduce the degree of binding affinity to the receptor such that a reduced rate of receptor-mediated
clearance can be achieved. Generally, activation of the receptor is coupled to RMC such that binding of a
polypeptide to its receptor without activation does not fead to RMC, while activation of the receptor leads to
RMC. However, in some cases, particularly where the ligand has an increased off rate, the ligand may
nevertheless be able to bind sufficiently to initiate cell signaling without triggering receptor mediated clearance,
with the net result that the BPXTEN remains bioavailable. In such cases, the configured BPXTEN has an
mereased half-life compared to those configurations that lead to a higher degree of RMC.

{3232] In cases where a reduction in binding affimity 1s desired in order to reduce receptor-mediated clearance
but retention of at least a portion of the biological activity is desired, it will be clear that sufficient binding
affinity to obtain the desired receptor activation must nevertheless be maintained. Thus, in one embodiment,
the mvention provides a BPXTEN configured such that the binding affinily of the BPXTEN for a target
receptor is 1n the range of about 0.01%-40%, or about 0.1%-30%, or about 196-20% of the binding affimty
compared to a corresponding BPXTEN in a configuration wheremn the binding affimty is not reduced. The
binding affinity of the configured BXTEN is thus preferably reduced by at least about 80%, or at least about
83%, or at least about 90%, or at least about 95%. or at least about 99%. or at lcast about 99.9%, or at lcast
about 99.99% as compared to the binding affinity of a corresponding BPXTEN in a configuration wherein the
binding affinity of the BP component to the target receptor is not reduced or compared to the BP not linked to
the fusion protem, determined under comparable conditions. Expressed differently, the BP component of the
configured BPXTEN may have a binding atfintty that is as small as about 0.01%, or at least asbout 0.1%, or at
least about 1%, or at least about 2%, or at lcast about 3%, or at least about 4%, or at least about 5%, or at lcast
about 10%, or at least about 20% of that of the corresponding BP component of a BPXTEN in a configuration
wherein the binding affimity of the BP component is not reduced. In the foregoing embodiments hereinabove
described in this paragraph, the binding affinity of the coufigured BPXTEN for the target receptor would be
“substantially reduced” compared to a corresponding native BP or a BPXTEN with a configuration in which

the binding affinity of the corresponding BP component is not reduced. Accordingly, the present invention

87



WO 2021/262985 PCT/US2021/038909

provides compositions and methads to produce compositions with reduced RMC by counfiguring the BPXTEN
so as to be able to bind and activate a sufficient number of receptors to obtam a desired in vivo biological
response vet avoid activation of more receptors than is required for obtaining such response. In one
embodiment, the BPXTEN 1s configured such that the subject BP 15 at the N-terminus of the BPXTEN, wherein
the RMC of the adounistered BPXTEN is reduced compared to a BPXTEN configured with the subject BP
linked to the C-terminus of an XTEN and at least a portion of the biological activity of the native BP is retained.
In another embodiment, the BPXTEN is configured such that the subject BP is at the Cerminus of the
BPXTEN, wherein the RMC of the administered BFXTEN 1s reduced compared to a BPXTEN configared
with the subject BP is at the N-ternunus of the BPXTEN and at least a portion of the biological activity of the
native BP is retained. In another embodiment, the BPXTEN 15 configured, N- to C-tervunus, as XTEN-BP-
XTEN, wherein the RMC of the adounistered BPXTEN 1s reduced compared to a BPXTEN configured with
one XTEN and at least a portion of the biological activity of the native BP is retained. [t will be apparent to
one of skill in the art that other configurations to achieve this property are contemplated by the invention; e.g.,
addition of a second molecule of the BP or a spacer sequence. Tn the foregoing embodiments heremabove
described in this paragraph, the half-life of the BPXTEN can be increased at least about 50%, or at least about
75%, or at least about100%, or at least about 150%, or at least about 200%, or at least about 300% compared
to a BPXTEN configured wherein the binding affinity and RMC of the BP component is not reduced.  In the
foregoing embodiments hereinabove described in this paragraph, the increased half-life can permit higher
dosages and reduced frequency of dosing compared to BP not linked to XTEN or compared 1o BPXTEN
configurations wherein the BP component retains a binding affinity to the receptor comparable to the native
Bp.

{8233] Specific in vive and ex vivo biological assays may also be used to assess the biological activity of each
configured BPXTEN and/or BP component to be incorporated mio BPXTEN. For example, the increase of
msulin sceretion and/or transeription from the pavcreatic beta celis can be measured by methods known in the
art. Glucose uptake by tissues can also be assessed by methods such as the glucose clamp assay and the like.
Other in vivo and ex vivo parameters suitable to assess the activity of administered BPXTEN fusion proteins
in treatment of metabolic diseases and disorders include fasting glucose level, peak postprandial glucose level,
ghicose homeostasis, response o oral glucose tolerance test, response to msulin challenge, HA ., caloric mtake,
satiety, ratc of gastric emptying. pancreatic secretion, nsulin scerction, peripheral tissue mosulm sensitivity,
beta cell mass, beta cell destruction, blood Hpid levels or profiles, body mass index. or body weight. Based on
the results of these assays or other assays known in the art, the BPXTEN configuration or composition can be
confirmed or, if needed, adjusted and re-assayed to confirm the target binding affimity or biologie activity.
{0234] Specific assays and mothods for measuring the physical and structural propertics of expressed
proteins are known in the art, including methods for determining propertics such as protein aggregation,

solubility, secondary and tertiary structare, melting propertics, contamination and water content, ete. Such
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methods inchude analytical centrifugation, EPR, HPLC-ion exchange, HPLC-size exclusion, HPLC-reverse
phase, light scattering, capillary clectrophoresis, circular dichroism, differential scanning calorimetry,
flucrescence, HPLC 100 exchange, HPLC-size exclusion, IR, NMR, Raman spectroscopy, refractometry, and
UV/Visible spectroscopy. Additional methods are disclosed m Amau et al, Prot Expr and Purif (20006) 48, 1-

13, Application of these methods to the mvention would be within the grasp of a person skilled in the art.

USES QF THE COMPOSITIONS OF THE PRESENT INVENTION

{3235] In another aspect, the mvention provides a method of for achicving a beneficial effect in a disease,

disorder or condition mediated by BP. The present invention addresses disadvantages and/or imitations of BP
that have a relatively short terminal half-life and/or a narrow therapeutic window between the minimum
effective dose and the maxumum tolerated dose.

{62361 In onc embodiment, the tnvention provides a method for achieving a bencficial cffect in a subject
comprising the step of administering to the subjoct a therapoutically- or prophylactically-effective amount of
a BPXTEN. The effective amount can produce a beneficial effect in helping to treat a disease or disorder. In
some cases, the method for achieving a benceficial effect can inclode administering a therapeutically effective
amount of a BPXTEN fusion protein composition to treat a subject with

{6237} v one embodiment, the mcthod comprises administering a therapeuticallv-effective amount of a
pharmaceutical composition comprising a BPXTEN fusion protem composition comprising a BF linked to an
XTEN sequence(s) and at least one pharmaceutically acceptable carrier (o a subject in need thereof that results
0 greater improvement in at least one parameter, physiologic condition, or climcal outcome mediated by the
BP component(s) compared to the cffect mediated by admumistration of a pharmaceutical composition
comprising a BP oot linked to XTEN and adounistered at a comparable dose. In one embodiment, the
pharmaceatical composition is admnistered at a therapeutically effective dose. In another embodiment, the
pharmaceutical composition 1s admunistered using nusltiple consecutive doses using a therapeutically effective
dose regimen (as defined herein) for the length of the dosing period.

{6238] As a result of the enbanced PK parameters of BPXTEN, as described herein, the BP may be
administered using longer intervals between doses compared to the corresponding BP not linked to XTEN to
prevent, treat, alleviate, reverse or ameliorate symptoms or chinical abnormalities of the metabolic disease,
disorder or condition or prolong the survival of the subject being treated.

{#239] The methods of the mvention may mclude admunistration of consecutive doses of a therapeutically
effective amount of the BPXTEN for a period of time sufficient to achieve and/or maintain the desired
parameter or clinical effect. and such consecutive doses of a therapeutically effective amount establishes the
therapeutically effective dose regimen for the BPXTEN; e.g., the schedule for consecutively administered

doses of the fusion protein compostiion, wherein the doses are given i therapeutically effective amounts to
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resulf i a sustained bencficial effect on any chnical sign or svmptom, aspect, measwred parameter or
characteristic of a metabolic discase state or condition, inchuding, but not Himited to, those described herein.
{3240] A therapeutically effective amount of the BPXTEN may vary according to factors sach as the disease
state, age, sex, and weight of the individual, and the ability of the antibody or antibody portion to ehicit a desired
response m the individual. A therapeutically effective amount is also one in which any toxic or defrimental
eftects of the BPXTEN are outweighed by the therapeutically beneficial effects. A prophylactically effective
amount refers to an amount of BPXTEN required for the period of time necessary to achieve the desired
prophviactic result.

{6241} Forthe inventive methods, longer acting BPXTEN compositions are preferred, so as to improve patient
convenience, to increase the wterval between doses and to reduce the amount of drug required to achieve a
sustained cffect. In one embodiment, a method of treatment comprises adnunistration of a therapeutically
effective dose of a BPXTEN to a subject in need thereof that resulfs in a gam in e spent within a therapeutic
window established for the fusion protein of the composition compared to the corresponding BF component(s)
not linked to the fusion proten and admimstered at a comparable dose to a subject. In some cases, the gainin
time spent within the therapeutic window is at least about three-fold, or at least about four-fold, or at least
about five-fold, or at least about six-fold, or at least about eight-fold, or at least about 10-fold, or at least about
20-fold, or at least about 40-fold compared to the corresponding BP component not linked to the fusion protein
and admuustered at a comparable dose to a subject.  The methods further provide that admimstiration of
multiple consccutive doses of a BPXTEN admiumstered using a therapeutically effective dose regimen to a
subject in need thereof can result in a gain in time between consecutive Crax peaks andior Crin troughs for
bload levels of the fusion protein compared to the corresponding BP(s) not linked to the fusion protein and
administered using a dose regimen established for that BP. In the foregoing embodiment, the gain in time
spent between consecutive Cauy peaks and/or Can troughs can be at least about three-fold, or at least about
four-fold, or at least about five-fold, or at least about six-fold, or at least about eight-fold, or at least about 10-
fold, or at least about 20-fold, or at least about 40-fold compared to the corresponding BP component(s) not
timked to the fusion protein and administered using a dose regimen established for that BP. In the embodiments
hereinabove described in this paragraph the administration of the fusion protein can result in an improvement
m at least one of the parameters {disclosed herein as being useful for assessing the subject discases, conditions
or disorders) using a lower unit dose in moles of fusion protein compared to the corresponding BP componeni(s)
not linked to the fuston protein and administered at a comparable wnit dose or dose regimen to a subject.
{3242] Inoncembodiment, the BPXTEN can have activity that results in an improvement in one of the clinical,
biochemical or phystologic parameters that is greater than the activity of the BF component not inked to XTEN,
determuined using the same assay or based on a measwred clinical parameter. In avotber cmbodinent, the
BPXTEN can have activity in two or more clinical or metabolic-refated parameters (e.g., ghucose homeostasis

and weight control in a diabetic subject, or reduced prothrombin and bleeding times in a hemophiliac subject,
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or increased muscle mass and bone density m a growth-hormone deficient subject), cach mediated by one of
the different BP that colfectively result in an enhanced effect compared the BP component not linked to XTEN,
determined using the same assays or based on measured chnical parameters.  In another embodiment,
administration of the BPXTEN can result m activity in one or more of the climical or biochenucal or physiologic
parameters that is of longer duration than the activity of one of the single BP components not linked to XTEN,
determined using that same assay or based on a measured clinical paramcter.

{6243] In some embodiments, the present disclosure provides a method of treating or preventing a disease or
condition in a subject, the method comprising administering to a subject a therapeatically effective amount of
a fusion protein or a composition comprising the fusion protein, all of which are disclosed heremn. In some
emnbodiments, the disease or condition can be a cancer, or a cancer-related disease or condition, or an
mflammatory or autoimmune discase. In some crbodiments, the discase or condition can be a cancer, or a
cancer-related discase or condition. In some embodiments, the discase or condition can be a cancer or a cancer-
related discase or condition. Where desired, the subject fusion and composition can be used in conjanction
with a therapeutically effective amount of at least one immune checkpont mhibitor.

{8244} The mvention further contemplates that BPXTEN used in accordance with the methods provided
herein may be administered in conjunction with other treatment methods and pharmacentical compositions
useful for treating cancer, rheumatoid arthritis, mudtiple sclerosis, myvasthenia gravis, systemic lupus
erythematosus, Alzheimer’s disease, Schizophrenia, viral nfections {e.g., chronic hepatitis C, ATDS), allergic
asthma, retinal neurodegenerative processes, metabolic disorder, imsulin resistance, and diabetic
cardiomyopathy. mflammatory conditions and autoinunune conditions.

{3245] In some cases, the admunistration of a BPXTEN may permit use of lower dosages of the co-
administered pharmaceutical composition to achieve a comparable chimical effect or measured parameter for
the disease, disorder or condition n the subject.

{6246] The foregoing notwithstanding, n certam cmbodiments, the BPXTEN used in accordance with the
methods of the present invention may prevent or delay the need for additional treatment methods or use of
drugs or other pharmaceutical compositions in subjects with glucose-related diseases, metabolic diseases or
disorders, coagulation disorders, or growth-hormone deficiency or growth disorders. In other embodiments,
the BPXTEN may reduce the amount, frequency or duration of additional treatment methods or drugs or other
pharmaceutical compositions required to treat the underlying disease, disorder or condrtion.

{6247} In another aspect, the invention provides a method of designing the BPXTEN compositions with
desired pharmacologic or pharmaceutical properties. The BPXTEN fusion proteins are designed and prepared
with various objectives i mind {compared to the BF components not linked to the fusion protein), inchuding
voproving the therapeutic efficacy for the treatment of metabolic discases or disorders, enbancing the

pharmacokinetic characteristics of the fusion proteins compared to the BP, lowering the dose or frequency of
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dosing required to achueve a pharmacologic effect, enhancing the pharmaceutical propertics, and to enhance
the ability of the BF components to remain within the therapeutic window for an extended period of time.
{3248] In general, the steps in the design and production of the fusion proieins and the inventive compositions
may, as dlustrated i FIGS, 4-6, include: (1) the selection of BPs {e.g., native proteins, peptide hormones,
peptide analogs or derivatives with activity, peptide fragments, otc.) to treat the particular discase, disorder or
condition; (2) selecting the XTEN that will confer the desired PK and physicocheniical characteristics on the
resulting BPXTEN (¢.g., the administration of the composition 0 a subject results in the fusion protein being
maintained within the therapeutic window for a greater period compared to BP not Imbied to XTEN); (3)
establishing a desired N- to C-termumus configuration of the BPXTEN to achieve the desired efficacy or PK
parameters; (4) establishing the design of the expression vector encoding the configured BPXTEN: (5)
transformung a suitable host with the expression vector; and (6) expression and recovery of the resultant fusion
protein.  For those BPXTEN for which an increase in half-life (greater than 16 h) or an increased period of
time spent within a therapeutic window is desired, the XTEN chosen for incorporation will generally have at
least about 500, or about 376, or about 864, or about 873, or about 913, or about 924 anuno acid residucs where
a single XTEN is to be incorporated into the BPXTEN. In another embodiment, the BPXTEN can comprise a
first XTEN of the foregoing lengths, and a second XTEN of about 144, or about 288, or about 576, or about
864, or about 875, or about 913, or about 924 amino acid residues.

{02491 In other cases, where in increase in half-life 1s not required, but an mcrease mn a pharmaceutical
property (e.g., solubility) is desired, a BPXTEN can be designed to include XTEN of shorter lengths. Tn some
embodiments of the foregoing, the BPXTEN can comprise a BP linked to an XTEN having at least about 24,
or about 36, or about 48, or about 60, or about 72, or about 84, or about 96 amino acid residues, in which the
solubility of the fusion protein under physiclogic conditions is at least three-fold greater than the corresponding
BP not linked to XTEN, or alternatively, at least four-fold, or five-fold, or six-fold, or seven-fold, or eight-fold,
or mine-fold, or at least 10-fold, or at least 20-fold, or at least 30-fold, or at least 50-fold, or at least 60-fold or
greater than glucagon not linked to XTEN. In still other cases, where a hatf-life of 2-6 hours for a glucagon-
containing BPXTEN fusion protein is desired {e.g.. in the treatment of noctarnal hypoglycemia), a fusion
protein can be designed with XTEN of mtermediate lengths such as about 100 aming acids, or about 144 aminc
acids, or about 156 aming acids, or abowt 168 amuno acids, or about 180 amino acids, or about 196 amino acids
i the XTEN component of the glucagon-containing BFXTEN.

{6256 In another aspect, the invention provides methods of making BPXTEN compositions to tmprove case
of manufacture, resalt tn increased stability, increased water solubihity, and/or ease of formulation, as compared
to the native BPs. In one embodiment, the invention mcludes a method of increasing the water solubility of a
BP conmprising the step of hinking the BP to one or more XTEN such that a higher concentration m soluble
form of the resulting BPXTEN can be achieved, under physiologic conditions, compared to the BP in an un-

fused state. Factors that contribute {o the property of XTEN to confer mereased water sclubility of BPs when
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fucorporated nto a fusion protein include the high solubility of the XTEN fusion partner and the low degree
of self-aggregation between molecules of XTEN in solution. In some embodiments, the method reselts in a
BPXTEN fusion protein wheretn the water solubility s at least about 50%, or at least about 60% greater, or at
least about 70% greater, or at least about 80% greater, or at least about 90% greater, or at least about 100%
greater, or at least about 130% greater, or at least about 200% greater, or at least about 400% greater, or at least
about 600% greater, or at least about 800% greater, or at least about 1000% greater, or at least about 2000%
greater, or at least about 4000% greater, or at least about 6000% greater under physiologic conditions,
compared {o the un-fused BP.

{6281] In another embodiment, the fnvention includes a method of enhancing the shelf-life of a BP comprising
the step of linking the BP with one or more XTEN selected such that the shelf-life of the resulting BPXTEN
is extended compared to the BP in an un-fused state. As used berein, sholf-life refers to the peried of time over
which the functional activity of a BP or BPXTEN that is in solution or in some other storage formulation
remains stable without unduae loss of activity. As used herein, "functional activity” refers to a pharmacologic
effect or biological activity, such as the ability to bind a receptor or ligand, or an enrymatic activity, or {0
display one or more known functional activitics assoctated with a BP, as known in the art. A BP that degrades
or aggregates generally has reduced functional activity or reduced bioavailability compared to one that remains
in solution. Factors that contribute to the ability of the method to extend the sheiffife of BPs when incorporated
mto a fusion protein mchude the increased water solubility, reduced self-aggregation in solution, and increased
heat stability of the XTEN fusion pariner. [n particular, the low tendency of XTEN to aggregate facilitates
methods of formulating pharmaceutical preparations containing higher drug concentrations of BPs, and the
heat-stability of XTEN contributes to the property of BPXTEN fusion profeins to remain soluble and
fumctionally active for extended periods. In one embodiment, the method results in BPXTEN fusion proteins
with "prolonged” or "extended” shelf-life that exiubit greater activity relative to a standard that has been
subjected to the same storage and handling conditions. The standard may be the un-fused full-length BP. 1o
one embodiment, the method ncludes the step of formulating the solated BPXTEN with one or more
pharmaceutically acceptable excipients that enhance the ability of the XTEN {o retain its unstructured
conformation and for the BPXTEN to remain solable in the formulation for a time that 15 greater than that of
the corresponding un~fused BP. In one embodiment, the method encompasses linking a BP to an XTEN to
create g BPXTEN fusion protein results in a solution that retains greater than about 100% of the functional
activity, or greater than about 105%, 110%, 120%, 130%, 130% or 200% of the functional activity of a standard
when compared at a given time point and when sabjected to the same storage and handling conditions as the
standard, thereby enhancing its shelflife.

{0252] Shelf-lifc may also be asscssed in terms of functional activity remaining after storage, normahized to
functional activity when storage began. BPXTEN fusion proteins of the invention with prolonged or extended

shelf-life as exhibited by prolonged or extended functional activity may retain about 50% more functional
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activity, ot about 60%, 70%, 80%, ot 90% more of the functional activity of the equivalent BP not linked to
XTEN when subjected to the same conditions for the same period of time. For example, a BPXTEN fusion
protein of the invention comprising exendin-4 or glacagon fused to a XTEN sequence may retain about 830%
or more of s original activity in solution for periods of up to 5 weeks or more under various temperature
conditions. In some embodiments, the BPXTEN retains at least about 50%, or about 60%, or at cast about
70%, or at least about 80%, and most preferably at least about 90% or more of its original activity in solution
when heated at 80°C for 10 min. In other embodiments, the BPXTEN retains at least about 50%, preferably
at least about 60%, or at least about 70%, or at least about 80%, or altematively at least about 90% or more of

its original activity in solution when heated or maintained at 37°C for about 7 days. In another embodiment,

BPXTEN fusion protein retains at least about 80% or more of its functional activity afier exposure o a
teraperature of about 30°C to about 70°C over a period of time of about one hour to about 18 howrs. In the
foregoing cmbodiments hereinabove described in this paragraph, the retained activity of the BPXTEN would
be at feast about two-fold, or at least about three-fold, or at least about four-fold, or at feast about five-fold, or
at least about six-fold greater at a given time pomnt than that of the corresponding BP not linked to the fusion

protein.

THE DNA SFQUENCES OF THE INVENTION

{32531 The prosent invention provides isolated polynucieic acids encoding BPXTEN chimeric polypeptides

and sequences complementary to polynucleie acid molecules encoding BPXTEN chimeric polypeptides,
wncluding homologous variants. In another aspect, the invention encomypasses methods to produce polynucieic
acids encoding BPXTEN chimeric polypeptides and sequences complementary to polynucieie acid molecules
encoding BPXTEN chimeric polypeptides, including homologous vartants. In general, and as ilhustrated in
FIGS. 4-6, the methods of producing a polymucleotide sequence coding for a BPXTEN fuston protein and
expressing the resulting gene product include assembling nucleotides encoding BP and XTEN, linking the
components in frame, incorporating the encoding gene 1nto an appropriate expression vector, ransforming an
appropriate host cell with the expression vector, and causing the fusion protetn to be expressed m the
transformed host cell. thereby producing the biclogically-active BPXTEN polypeptide. Standard recombinant
techmques i molecular biology can be used to make the polynucieotides and expression vectors of the present
fnvention,

{0254] In accordance with the mvention, nucleic acid sequences that encode BPXTEN may be used to
generate recombinant DNA molecules that direct the expression of BPXTEN fusion proteins in appropriate
host cells. Several cloning strategies are envisioned to be suitable for performing the present invention, many
of which can be used o generate a construct that comprises a gene coding for a fusion protein of the BEXTEN
composition of the present mvention, or its complement. In one embodiment, the clomng strategy would be

used to create a gene that encodes a monomenc BPXTEN that comprises at least a first BP and at least a first
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XTEN polyvpeptide, or its complement. In another embodiment, the cloning strategy would be used to create
a gene that encodes a monomeric BPXTEN that comprises a first and a second molecule of the one BP and at
cast a first XTEN (or its complement) that would be used to transform a host cell for expression of the fusion
protein used to formulate a BPXTEN composition. In the foregoing embodiments hereinabove desertbed 1
this paragraph, the gene can further comprise nucleotides encoding spacer sequences that may also encode
cleavage sequence(s).

{6255] In designing a desired XTEN sequences, it was discovered that the non-repetitive nature of the XTEN
of the inventive compositions can be achieved despite use of a "building block™ molecular approach in the
creation of the XTEN-encoding sequences.  This was achieved by the use of a lbrary of polymucleotides
encoding sequence motifs that are then multimerized to create the genes encoding the X TEN sequences (see
FIGS. 4 and 5). Thus, while the expressed XTEN may consist of multiple units of as few as four different
sequence motifs, because the motifs themselves consist of non-repetitive aming acid sequences, the overall
XTEN sequence is rendered non-repetitive.  Accordingly, in one embodiment, the XTEN-encoding
polyueleotides comprise multiple polynueleotides that encode non-repetitive sequences, or motifs, operably
linked in frame and in which the resulting expressed XTEN amino acid sequences are non-repetitive.

{6256] In onc approach, a construct is first prepared containing the DNA sequence corresponding to BEXTEN
fusion protein. DNA encoding the BP of the compositions may be obtained from a ¢DNA library prepared
using standard methods from tissue or isolated cells believed to possess BP mRNA and fo express it at a
detectable level. If necessary, the coding sequence can be obtained using conventional primer extension
procedures as described tn Sambrook, er af | supra, o detect precursors and processing intermediates of mRNA
that may not have been reverse-transeribed into eDNA. Accordingly, DNA can be conveniently obtained from
a ¢DNA hibrary prepared from such sources. The BP encoding gene(s) may also be obtained from a genomic
library or created by standard synthetic procedures known i the art {e.g., automated nucleic acid synthesis)
using DNA sequences obtained from publicly available databases, patents, or literature references. Such
procedures arc well known in the art and well described in the scientific and patent literature. For example,
sequences can be obtained from Chemical Absiracts Services (CAS) Registry Numbers (poblished by the
American Chemical Society) and/or GenBank Acecession Numbers {e.g., Locus 1D, NP _XXXXX, and
XP XXXXX) Model Protein identifiers available through the National Center for Biotechnology Information
(NCBL) webpage, available on the world wide web at nebi.nlm.nihugov that correspond to entries w the CAS
Registry or GenBank database that contain an amino acid sequence of the BAP or of a fragment or variant of
the BAP. For such sequence identifiers provided herein, the summary pages associated with each of these
CAS and GenBank and GenSeq Aceession Nombers as well as the cited journal publications {e.g., PubMed ID
ovumber (PMID)) are each incorporated by reference m their entiretics, particularly with respect to the amino
acid sequences described therein. In one embodiment, the BP encoding gene encodes a protemn from any one

of Table 3 or Table A or a fragment or variant thereof.
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{6287] A gene or polynuclootide cncoding the BP portion of the subject BPXTEN protein, i the case of an
expressed fusion protein that will comprise a single BP can then be cloned into a constract, which can be a
plasmid or other vector under conirel of appropriate transcription and translation sequences for high level
protein expression i a biological system. In a later step, a second gene or polynucieotide coding for the XTEN
is genetically fused to the nucleotides encoding the N- and/or C-ternunus of the BP gene by cloning it into the
construct adjacent and m frame with the gene(s) coding for the BP. This second step can occur through a
higation or multimerization step. In the foregoing embodiments hereinabove described i this paragraph, i is
to be understood that the gene constructs that are created can alternatively be the complement of the respective
genes that encode the respective fusion proteins.

{02581 The gene encoding for the XTEN can be made in one or more steps, either fully synthetically or by
synthesis combined with enzymatic processes, such as rostriction enzyme-mediated clomng, PCR and overlap
extension. XTEN polypeptides can be constructed such that the XTEN-encoding gene has low repetitiveness
while the encoded amino acid sequence has a degree of repetitiveness.  Genes encoding XTEN with non-
repetitive sequences can be assembled from oligonucleotides usimg standard technigues of gene synthesis. The
genc design can be performed using algorithms that optimize codon usage and amino acid composition. In
one method of the imvention, a library of relatively short XTEN-encoding polynucleotide constructs is created
and then assembled, as Hostrated tn FIGS. 4 and S, This can be a pure codon hibrary such that each library
member has the same amino acid sequence but many different coding sequences are possible. Such libranies
can be assernbled from partially randonuzed oligonucleotides and used to generate large libraries of XTEN
segments comprising the sequence motifs. The randomization scheme can be optimized to control amino acid
choices for each position as well as codon usage.

Polvnucleotide Libraries

{32591 In another aspect, the mvention provides libraries of polvoucleotides that encode XTEN sequences
that can be used to asscruble genes that encode XTEN of a desired length and sequence.

{0260 o certain embodiments, the XTEN-encoding library constructs comprise polynucicotides that encode
polypeptide segments of a fixed length. As an initial step, a Hibrary of oligonuciectides that encode motifs of
9-14 ammo acid residues can be assembled. In a preferred embodiment, Hbraries of ohgonucleotides that
encode motifs of 12 amino acids are assembled.

{6261] The XTEN-encoding sequence segments can be dimerized or multunerized into longer cncoding
sequences. Dimerization or multimerization can he performed by ligation, overlap extension, PCR assembly
or similar clomng technigues known in the art.  This process of can be repeated multiple times until the
resulting XTEN-encoding sequences have reached the organization of sequence and destred length, providing
the XTEN-cncoding genes. As will be appreciated, a library of polynucleotides that encodes 12 anuno acids
can be dimerized into a library of polynucleotides that encode 36 amino acids. In turn, the library of

polynucleotides that encode 36 amino acids can be serially dimerized into a library containing successively
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longer lengths of polynucieotides that cucode XTEN sequences. o some embodiments, ibraries can be
assembled of polyvnucleotides that encode amino acids that are limited to specific sequence XTEN families;
e.g., AD, AE, AF, AG, AM, or AQ sequences of Table 1. In other embodiments, libraries can comprise
sequences that encode two or more of the motif family sequences from Table 1. The libraries can be used, n
turn, for serial dimerization or ligation to achicve polvnucleotide sequence libraries that encode XTEN
sequences, for example, of 72, 144, 288, 576, 864, 912, 923, 1296 anuno acids, or up to a total length of about
3000 amino acids, as well as intermediaie lengths. In some cases, the polyvnucieotide Hibrary sequences may
also include additional bases used as "sequencing islands,” described more fully below.

{6262] FIG. 5 1s a schematic flowchart of representative, non-limiting steps 1n the assembly of a XTEN
polyoucleotide construct and a BPXTEN polynucleotide construct i the embodiments of the mwvention.
Individual oligonucleotides $01 can be annealed into sequence motifs 562 such as 2 12 amino acid motaf ("12-
mer™), which is subsequently ligated with an oligo contatning Bbsl, and Kpnl restriction sites 563, Additional
sequence motifs from a hbrary are annealed to the 12-mer until the desired length of the XTEN gene 504 13
achieved. The XTEN gene s cloned into a stuffer vector. The vector can optionally encode a Flag sequence
306 followed by a stuffer sequence that is flanked by Bsal, Bbst, and Kpnl sites 567 and, in this case, a single
BP genc (encoding exendin-4 in this example) 588, resulting in the gene encoding a BPXTEN comprising a
single BP 538, A non-exhaustive list of the XTEN names and SEQ 1D NOS. for polynucleotides encoding
XTEN and precursor sequences is provided in Table 8.

Table 8: DNA sequences of XTEN and precursor sequenges

AF144 247 | GOTAGCGAACCEGUAACTTCCEECTCTGARACCCCAGATACTTCTGARAGCGCTACTC
CTGAGTCTGECCCAGGTAGCEAACCTGCTACCTCTEGCTCTEARACCCCAGETAGCCC
GGCAGGCTCTCCGACTTCCACCGAGGARGGTACCTCTACTGRAACCT TCTGAGGRTAGC
GCTCCAGGTAGCGAACCGGUARCCTCTGGCTCTGAAACCCCAGSTAGCGARCCTGCTA
CCTCCEECTCTGARACTCCAGGTAGCGRAACCEECTACTTCCGETTCTGARACTCCAGE
TACCTCTACCGAACCTTCCGARGGCAGCGCACCAGGTACTTCTCARAGCGCARCCCCT
GAATCCEGTCCAGGTAGCGARCCOGCTACTTCTGGCTCTGAGACTCCAGGTACTTCTA
CCBAACCOTCCOARGGTAGCGCACCA

AF144 248 | GETACTTCTACTCCGGARRGCGETTCCGCATCTCCAGETACTTCTCCTAGCGGTGAAT
CTTCTACTGCTCCAGGTACCTCTCCTAGCGGCEARTCTTCTACTACTCCAGGTTOTAC
CAGCTCTACCGOTGAATCTCCTGACCCAGETTCTACCAGCGAATCCCCGTCTGECACT
GCACCAGETTCTACTAGCTCTACCGCAGAATCTCCAGETCCAGETACT TCCCCTAGCS
GTGAATCTTCTACTGCTCCAGGTACCTCTACTCCGBARAGCEGCTCCGCATCTCCAGS
TTCTACTAGCTCTACTGCTGAATC TCCTEETCCAGETACCTCCCCTAGCGGCGARTCT
TCTACTECTCCAGGTACCTCTCCTAGCGECGAATCT TCTACCGUTCCAGGTACCTCCT
CTAGCGGTGARTCTTCTACCECACCA

AFE388 249 GGTACCTCTEARAAAGCGCAACTCCTEGAGTCTEECCCAGGTAGUGAACCTGCTACCTCCG
GCTCTGAGACTCCAGETACCTCTGARAGCGUAACCCCOGRAATCTGETCCAGETAGCEA
ACCTECAACCTCTGECTCTEGRAACCCCAGETACCTCTGAAAGCGCTACTCCTEGAATCT
GGCCCAGGTACTTCTACTGAACCETCCGAGRGECAGCECACCAGGTAGCCCTECTGECT
CTCCRAACCTCCACCCGAAGAAGGTACCTCTGARAGCGCAACCCCTGRATCCGECCCAGE
TAGCGAACCGECAACCTCCEGETTCTCGAAACCCCAGETACTTCTGARAGCGCTACTCCT
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GAGTCCEECCCAGGTAGLCCGGLTGECTCTCCEACTTCCACCCGAGGAAGGETAGCCCGSE
CTEGCTCTCCAACTTCTACTGRAAGAAGETACTTCTACCEAACCTTCCGAGGGCAGCGC
ACCAGGTACTTCTGARAAGCGCTACCCCTEGAGTCCGGCCCAGGTACTTCTGAAAGCGCT
ACTCCTERAATCCGGTCCAGGTACTTCTEGAAAGCECTACCCCGGAATCTEECCCAGGTA
GCERACCEGCTACTICTEETTICTGAAACCCCACGEGTAGCEARCCEGECTACCTCCGETIC
TEARACTCCAGGTAGCCCAGCAGGCTCTCCGACTTCCACTGAGGRAAGGTACTTCTACT
GAACCTTCCGRAGGCAGCECACCAGGTACCTCTACTGAACCTTCUTGAGGGCAGCGCTC
CAGGTAGCCAACCTGCCAACCTOTGGCTCTEGARACCCCAGETACCTCTGAAAGCGUTAL
TCCTGAATCIGRUCCAGETACTTCTACTGAACCETCCGAGGBCAGCECACCA

50 GETAGCCCEECTGECTCTCCTACCTCTACTGAGGRAAGGTACTTCTCGARAGCECTACTC
CTGAGTCTGETCCACGTACCTCTACTGAACCETCCCAAGGTAGCGCTCCAGETAGCCC
AGCAGGCTCTCCGACTTCCACTGAGGAAGGTACT TCTACTGAACCTTCCGAAGGCAGC
GCACCAGGTACCTCTACTGAACCTTCTGAGRECAGCGCTCCAGGTACTTCTEAAAGCG
CTACCCCGEGAATCTCRCCCAGGTACCGAACCEGGCTACTTCTEGTTCTCGAAACCCCAGE
TAGCEAACCGECTACCTCCEGETICTCAAACTCCAGETAGCCCGGCAGGCTCTCCGALCT
TCTACTGAGGAAGGTACTTCTGAAMAGCOGCAACCCCEGEAGTCCGGCCCAGGTACCTCTA
CCGRACCGTCTGAGGECAGCECACCAGGTACTTCTACCGAACCGTCCGAGGETAGCGEC
ACCAGGTAGCCCAGCAGSTTCYCCTACCTCCACCGAGGAAGETACTTCTACCEARCCGE
TCCEAGGGTAGCGCACCAGGTACCTCTACTGAACCTTCTGAGGGCAGCGCTCCAGETA
CTTCTCAMAGCGCTACCCCGRAGTCCEETCCAGSTACTICTACTGAACCETCCGAAGE
TAGCEGCACCAGGTACTTCTGAAAGCEGCAACCCCTGAATCCGETCCAGGETAGCEAACCE
GCTACTTCTGGCTCTGAGACTCCAGETACTTICTACCEGAACCETCCGAAGGTAGCGCAC
CAGGTACTTCTACTGAACCGTCTCAAGGTAGCGUACCAGGTACTTCTGARAGCGUAAC
CCCGEAATCUGECCCAGBTACCTCTEGAAAGCECAACCCCERACTCCEGCCCAGGTAGC
CCTGCTEECTCTCCAACCTCCACCGARAGAAGGTACCTCTGAAACGCGCAACCCCTEAAT
CCBGCCCAGGTACCGAACCGGCAACCTCCGETTCTGARACCCCAGGTACCTCTCGAMAG
CGCTACTCCGGAGSTCTGECCCAGOTACCTCTACTGAACCGTCTCAGGGTAGCGCTCCA
GGTACTTCTACTCAACCETCCGAAGETAGCGCACCAGGTACTICTACCGAACCETCCG
AMGGCAGCGCTCCAGGTACCTCTACTGAACCTTCCEAGEECAGCECTCCAGGTACCTC
TACCGAACCTTCTGAAGETAGCGCACCAGGTACTTCTACCGAACCETCCGAGGETAGC
GCACCAGGTAGCCCAGCAGGTTCTCCTACCTCCACCGAGGAAGEGTACTTCTACCGEAAC
CETCCGAGGGTAGCGCACCAGGTACCTCTGARAGCGCAACTCCTGAGTCTGGCCCAGSE
TAGCGAACCTGCTACCTCCGGCTCTGAGACTCCAGGTACCTCTGAAAGCGCAACCCCE
GAATCTGGETCCAGGTAGCGAACCTGCAACCTCTGGCTCTGARACCCCAGETACCTCTIG
AAAGCECTACTCOTGAATCTGCCCCAGETACTTCTACTEAACCETCCGAGEGCAGCGC
ACCAGGTACTTCTGARMAGCGCTACTCCTEAGCTCCGGCCCAGGTAGCCCEGECTGEUTCT
CCGACTTCCACCEAGGRAAGGTAGCCCGECTGECTCTCCRAACTTCTACTGAAGAAGGTA
GCCCGGLAGGCTCTCCGACCTCTACTGAGGAAGETACTTCTGAAAGCGCAACCOUGGA
GTCCEGCCCAGGTACCTCTACCGAACCETCTGAGGECAGCGCACCA

51 GETTCTACTAGCTCTACCGCTGAATCTCCTEECCCAGGTTCCACTAGCTCTACCGCAL
AATCTCCGEECCCACETTCTACTACCGAATCCCCTTCTGETACCGCTCCAGETTCTAC
TAGCTCTACCGCTGRATCTCCGGETCCAGETTCTACCAGCTCTACTGCAGRAATCTCCT
GGCCCAGGTACTTCTACTCCEGARAGCGETTCCGCTTCTCCAGGTTCTACCAGCGAAT
CTCCTTCTGGCACCECTCCAGGTACCTCTCCTAGCEGECGRAATCTTCTACCGUTCCAGE
TTCTACTAGCGAATCTCCTTCTGECACTGCACCAGETTCTACCAGCEAATCTCCTTCT
GGCACCGCTCCAGGTACCTCTCCTAGCOGCRAATCTTCTACCGCTCCAGGTTCTACTA
GCGRATCTCCTTCTGECACTECACCAGGTTCTACCAGCGAATCTCCTTCTGRECACCGEC
TCCAGGTACCTCTCCTAGCGECGAATCTTCTACCGUTCCAGETTCTACTAGCGAATCT
CCTTCTGGCACTGCACCAGETTCTACTAGCEAATCTCCTTOTGGCACTGCACCAGGETT
CTACCAGCGAATCTCCGTCTEGCACTGCACCAGCTACCTCTACCCCTGAAAGCGETTC
CECTTCTCCAGGTTCTACTAGCSAATCTCCTITCTGETACCGCTCCAGGTACTTICTACC
CCTGAAAGCGGECTCCECTTCTCCAGETTCCACTAGCTCTACCGCTGAATCTCCGGETC
CASGTTCTACTAGCTCTACTGCAGAATCTCCTGOCCCAGGTACCTCTACTCCGGAAAG
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CeGCTCTECATCTCCAGETACTTCTACCCCTGRAAAGCGETTCTGCATCTCCAGEGTTCT
ACTAGCGRATCCCCGTCTEGTACCGCACCAGGTACTTCTACCCCRGARRAGCGGCTCTG
CTTCTCCAGGTACTTCTACCCCEEARAAGCGGCTCCGCATCTCCAGETTCTACTAGCGA
ATCTCCTTCTGETACCELTCCAGGTTCTACCACGCGAATCCCCEGTCTGETACTGCTCCA
GETTCTACCAGCGRAATCTCCTTCTGCTACTGCACCAGETTCTACTAGCTCTACTGECAG
AATCTCOCTGOCCCAGGTACCTCTACTCCEGARAAGCGECTCTGCATCTCCAGGTACTTC
TACCCCTEAAAGCGGTTCTGCATCTCCAGGTTCTACTAGCGAATCTCCTTCTGGCACT
GCACCAGGTTCTACCAGCEGAATCTCCGTCTCCCACTGCACCAGEGTACCTCTACCCCYS
A2AGCEETTCCGUTICTCCAGGTTCTACTAGCEGARTCTCCTICTGGCACTGCACCAGS
TTCTACCAGCGAATCTCCETICTEGCACTECACCAGGTACCTCTACCCCTEARAGCGGT
TCCGCTTCTCCAGGTACTTICTCCGAGCGETGAATCTTCTACCGCACCAGETTCTACTA
GCTCTACCECCTEGAATCTCCGEECCCAGEGTACTTCTCCGAGCGETGAATCTTCTACTGC
TCCAGGTTCCACTAGCTCTACTGCIGAATCTCCTEGECCCAGSTACTICTACTCCGGAL
AGCGGTTCCOCTTCICCAGCTTCTACTAGCEAATCTICCETICTGGCACCECACCAGETT
CTACTAGCTCTACTCGCAGAATCTCCTEGCCCAGGTACCTCTACTCCCGAARBLGGCTC
TGCATCTCCAGGTACTTCTACCCCTEGAAAGCEGGTTCTGCATOTCCA

AMETS

GGTACTTICTACTGAACCGTCTGAAGEGCAGCGCACCAGGTAGCGAACCGGCTACTICCGE
GTTCTGARACCCCAGETAGCCCACGCAGGTTCTCCAACTTCTACT GAAGARGETTICTAC
CAGCTCTACCGCAGRATCTCCTGETCCAGGTACCTCTACTCCGGAAMAGCGGLTCTGCA
TCTCCAGGTTCIACTAGCGAATCTCCTTICTGECACTECACCAGGTTCTACTAGCGAAT
CCCCETCTGETACTGCTCCAGGTACTTCTACTCCTGARAGCEGTTCCGCTTCTCCAGE
TACCTCTACTCCOGAAAGCGETTCTEGCATCTCCAGETAGCGAACCGECAACCTCCGEC
TCTGAAACCCCACGTACCTCTGAMAGCGCTACTCCTGAATCCGEGUCCAGETAGCCCGG
CAGGETTCICCGACTTCCACTGAGGAAGGTACCTCTACTGAACCTTCTGAGGECAGCGC
TCCAGGTACTTICTGAAAGCGCTACCCCEREAGTCCEETCCAGGTACTTCTACTGAACCSE
TCCGAAGETAGCCCACCAGGTACTTCTACCGRACCETCCGAGGECTAGCECACCAGGTA
GCCCAGCAGGTTCTCCTACCTCCACCGAGGRAAGETACTTCTACCEAACCETCCCGAGGSE
TAGCGCACCAGSTACTTCTACCEAACCTTCCCGASGECAGCGCACCAGGTACTTICTGAA
AGCGCTACCCCTCAGTCCEGECCCAGGTACTTICTCAAAGCGCTACTCCTEGAATCCEETC
CAGGTACCTCTACTGAACCTTCCCAAGECAGCGUTCCAGGTACCTCTACCGAACCETC
CEAGGECAGCGCACCAGETACTTCTGARAAGCGCAACCCOTGAATCCGETCCAGEGTACT
TCTACTEGRACCTTCCGAAGGTAGCGCTCCAGGTAGCGRAACCTGUTACTTCTGGTTCTG
ABDCCCCAGGTAGCCCEECTGEUTCTCCGACCTCCACCEAGGRAAGGTAGCTCTACCCC
GITCTGETECTACTGGTTCTCCAGETACTCCGGECAGCGETACTGCTTICTTCCTOTCCA
GETAGCTCTACCCCTTCTEGCTGCTACTEGECTCTCCAGETACCTCTACCEAACCETCCGE
AGGGTAGCGCACCAGGTACCTCTACTGAACCGTUTGAGEETAGCGCTCCAGCTAGCGA
ACCGECAACCTCOGGTTCTGARACTCCAGGTAGUCCTGLTGGCTCTCCEGACTTCTACT
GAGGAAGGETAGCCCGGUTEGTTCTCCGACTTCTACTGAGGAAGGTACTTCTACCGAAC
CTTCCGAAGGTAGCGCTCCAGGTECAAGCECAAGCGGCECGCCARGCACEEGAGETAC
TTCTGAAAGCGCTACTCCTGAGTCCGELCCAGETAGCCCEGCTEECTCTCCGACTTCC
ACCCAGGAAGGTAGCCCEECTGECTCTCCARCTTICTACTGAAGAAGSTTCTACCAGCT
CTACCGCTEAATCTCCTEECCCAGGTTCTACTAGCGAATCTCCETCTGECACCGCACT
AGGTACTTCCCCTAGCGETGAATCTTCTACTGCACCAGETACCCCTBGCAGCGGTACC
GETTICTTCCTCTCCAGGTAGCTCTACCCCETICTEGTIGCTACTGGCTCTCCAGGTTICTA
GCCCETCTCCATCTACCEETACCEECCCAGCTAGCGAACCEECAACCTCCEBCTCTCA
AHACTCCAGCTACTTCTGAAAGCGCTACTCCOCAATCLGECCCAGGTAGCEGRAACCGECT
ACTTCCGEGCTCTGRAAACCCCAGGTTCCACCAGCTCTACTGCAGAATCTCCEGEECCCAL
GTTCTACTAGCTCTACTGCACAATCTCCGGETCCAGGETACTICTCCTAGCGEUGAATC
TTCTACCGCTCCAGCTAGCCAACCEECAACCTCTGELTCTCGAAACTCCAGGTAGCGAA
CCTECAACCTCCGECTCTGARACCCCAGGTACTTCTACTGAACCTTCTGAGEECAGCE
CACCAGGTTCTACCAGCTCTACCECAGAATCTCCTGETCCAGGTACCTCTACTCCGGA
AAGCEECTCTECATCTCCAGETTCTACTAGCGAATCTCCTTCTGGCACTGCACCAGGET
ACTTCTACCEGAACCCTCCRGAAGGCAGCGCTCCAGCTACCTCTACTCGAACCTTCCGAGE
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GCAGCGCTCCAGGTACCTCTACCGAACCTTCTCGAAGGTAGCGCACCAGETAGCTCTAC
TCCETCTEETGCAACCGECTCCCCAGETTCTAGUCCETCTGCTTCCACTEETACTGGEC
CCAGGTECTTCCCCGEEUACCAGCTCTACTGETTCTCCAGGTAGCGAACCTGCTACCT
CCEGTTCTGARACCCCAGETACCTCTGARAGCELAACTCCGGAGTCTGETCCAGGETAG
CCCTCCAGGTTCTCCTACCTCCACTCAGRAAGETAGCTCTACTCCGTCTEETGCAACC
GECTCCCCAGGTTCTAGCCCOGTOTGCTTCCACTEGTACTEGCCCAGETECTICCCCGE
GCACCAGCTCTACTGGTTCTCCAGGTACCTCTGARAGCEGCTACTCCGGAGTCTGGECCC
AGGTACCTCTACTGAACCETCTEGAGGGTAGCCUTCCAGETACTTCTACTEGAACCETCC
GAAGGTAGCGCACCA

GETAGCCCEECTGECTCTCCTACCTCTACTGAGGRAAGGTACTTCTCGARAGCECTACTC
CTGAGTCTGETCCACGTACCTCTACTGAACCETCCCAAGGTAGCGCTCCAGETAGCCC
AGCAGGCTCTCCGACTTCCACTGAGGAAGGTACT TCTACTGAACCTTCCGAAGGCAGC
GCACCAGGTACCTCTACTGAACCTTCTGAGRECAGCGCTCCAGGTACTTCTEAAAGCG
CTACCCCGEGAATCTCRCCCAGGTACCGAACCEGGCTACTTCTEGTTCTCGAAACCCCAGE
TAGCEAACCGECTACCTCCEGETICTCAAACTCCAGETAGCCCGGCAGGCTCTCCGALCT
TCTACTGAGGAAGGTACTTCTGAAMAGCOGCAACCCCEGEAGTCCGGCCCAGGTACCTCTA
CCGRACCGTCTGAGGECAGCECACCAGGTACTTCTACCGAACCGTCCGAGGETAGCGEC
ACCAGGTAGCCCAGCAGSTTCYCCTACCTCCACCGAGGAAGETACTTCTACCEARCCGE
TCCEAGGGTAGCGCACCAGGTACCTCTACTGAACCTTCTGAGGGCAGCGCTCCAGETA
CTTCTCAMAGCGCTACCCCGRAGTCCEETCCAGSTACTICTACTGAACCETCCGAAGE
TAGCEGCACCAGGTACTTCTGAAAGCEGCAACCCCTGAATCCGETCCAGGETAGCEAACCE
GCTACTTCTGGCTCTGAGACTCCAGETACTTICTACCEGAACCETCCGAAGGTAGCGCAC
CAGGTACTTCTACTGAACCGTCTCAAGGTAGCGUACCAGGTACTTCTGARAGCGUAAC
CCCGEAATCUGECCCAGBTACCTCTEGAAAGCECAACCCCERACTCCEGCCCAGGTAGC
CCTGCTEECTCTCCAACCTCCACCGARAGAAGGTACCTCTGAAACGCGCAACCCCTEAAT
CCBGCCCAGGTACCGAACCGGCAACCTCCGETTCTGARACCCCAGGTACCTCTCGAMAG
CGCTACTCCGGAGSTCTGECCCAGOTACCTCTACTGAACCGTCTCAGGGTAGCGCTCCA
GGTACTTCTACTCAACCETCCGAAGETAGCGCACCAGGTACTICTACCGAACCETCCG
AMGGCAGCGCTCCAGGTACCTCTACTGAACCTTCCEAGEECAGCECTCCAGGTACCTC
TACCGAACCTTCTGAAGETAGCGCACCAGGTACTTCTACCGAACCETCCGAGGETAGC
GCACCAGGTAGCCCAGCAGGTTCTCCTACCTCCACCGAGGAAGEGTACTTCTACCGEAAC
CETCCGAGGGTAGCGCACCAGGTACCTCTGARAGCGCAACTCCTGAGTCTGGCCCAGSE
TAGCGAACCTGCTACCTCCGGCTCTGAGACTCCAGGTACCTCTGAAAGCGCAACCCCE
GAATCTGGETCCAGGTAGCGAACCTGCAACCTCTGGCTCTGARACCCCAGETACCTCTIG
AAAGCECTACTCOTGAATCTGCCCCAGETACTTCTACTEAACCETCCGAGEGCAGCGC
ACCAGGTACTTCTGARMAGCGCTACTCCTEAGCTCCGGCCCAGGTAGCCCEGECTGEUTCT
CCGACTTCCACCEAGGRAAGGTAGCCCGECTGECTCTCCRAACTTCTACTGAAGAAGGTA
GCCCGGLAGGCTCTCCGACCTCTACTGAGGAAGETACTTCTGAAAGCGCAACCOUGGA
GTCCGGLCCAGETACCTCTACCCGAACCETCTCGAGGGCAGCGCACCAGGTACCTCTGAR
AGCGCAACTCCTEAGTCTEGCCCAGCTAGCGAACCTGCTACCTCCGGCTCTGAGACTC
CAGGTACCTCTCGARAGCECAACCCCOGAAT CTGRTCCAGETAGCEARCCOTGECARACCYEC
TEGECTCTGARACCCCAGETACCTCTGAAAGCECTACTCOTGAATCTGGCCCAGETACT
TCTACTGAACCETCCGAGGOCAGCGCACCAGGTAGCCCTGCTIGECTICTCCAACCTCCA
CCGAAGAAGGTACCTCTRAAAGCGCAACCCCTEGARTCCRECCCAGETAGCEAALCGEC
AACCTCCEETTCTGAMACCCCAGGTACTTICTCAAAGCECTACTCCTBAGTCCGELCCA
GETAGCCCEBCTEECTCTCCCACTTCCACCCAGEGAAGGTAGCCCGGLTEECTCTCCAN
CTTCTACTGAAGARAGGTACTTCTACCGAACCTTCCCAGEGGCAGCGCACCAGETACTYC
TGAAAGCGCTACCCCTGAGTCCGGCCCAGGTACTICTGAAAGCGCTACTCCTEAATCC
GETCCAGGTACTTICTGAAAGCGCTACCCCEEAATCTEGCCCAGGTAGUGAACCGGCTA
CTTCTGGTTCTGARACCCCAGGTAGCGAACCEGCTACCTCCEGTTCTGAAACTCCAGE
TAGCCCAGCAGGCTCTCCGACTTCCACTGAGEAAGGTACTICTACTGAACCTTCCGAN
GGCAGCGCACCAGGTACCTCTACTEGAACCTTCTGAGEGCAGLGCTCCAGGTAGCGAAC
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CTECAACCTCTGECTCTEAAMACCCCAGETACCTCTGARAAGCGCTACTCCTGAATCTGG
CCCAGGTACTTCTACTGRAACCGTCCGAGEGCAGLGCACCA

AFRG4 254 GETTCTACCACCGAATCTCCTTCTGGCACCECTCCAGGTACCTCTCCTAGCGGCGAAT
CTTCTACCEGUTCCAGGTTICTACTACCGAATCTCCTYTCTGECACTGCACCAGETTCTALC
TAGCCAATCCCCGICTGETACTECTCCAGETACTICTACTCCTEAAAGCGEETTCCECT
TCTCCAGGTACCTCTACTCCOGAAAGCEGTTCTGCATCTCCAGGTTCTACCAGCGAAT
CTCCTTCTGECACCGCTCCAGGTTCTACTAGCGAATCCCCETCTGGTACCGUACCAGE
TACTTCTCCTAGCCECGAATCTTCTACCGCACCAGETTCTACTAGCEGAATCTCCETCT
GECACTECTCCAGGTACTTCTCCTAGCGGTEAATCTTCTACCECTCCAGGTACTTCCC
CTACCGGCRGAATCTTCTACCECTCCAGGTTCTACTAGCTCTACTGCAGAATITCCGEE
CCCAGGTACCTCTCCTAGCGETGRAATCTTCTACCGCTCCAGETACTTCTCCEAGCGET
GAATCTTCTACCGCTCCAGETTCTACTAGCTCTACTGCAGRAATCTCCTGGCLCAGGTA
CCTCTACTCCGGARAGCGRCTCTGCATCTCCAGGTACTTCTACCCCTGARAGCGETTC
TGCATCTCCAGGTTCTACTAGCGRAATCTCCTTCTGECACTGLACCAGETTCTACCAGT
GAATCTCCGTCTGCCACTGCACCAGETACCTCTACCCCTGARAGCGETTCCECTICTC
CAGGTTCTACCAGCTCTACCGCAGAATCTCCTGGTCCAGGTACCTCTACTCCGGARAAG
COGCTCTGCATCTCCAGGTTCTACTAGCGAATCTCCTTCTGGCACTGCACCAGGTACT
TCTCCCAGCEGGTCAATCTTCTACCEGCACCAGGTTCTACTAGCTCTACCGCTGAATCTC
COGECCCAGETACTTCTCCEAGCGETGAATCTICTACTGCTCCAGGTACCTCTACTCC
TEAAAGCGGTTCIGCATCTCCAGETTCCACTAGCTCTACCGLAGRATCTCCGEGGECCCA
GOGTTCTACTAGCTCTACTGCTGAATCTCCTGGCCCAGGTTCTACTAGCTCTACTGCTG
AATCTCCOGETCCAGETTCTACCAGCTCTACTGCTGAATCTCCTGETCCAGEGTACCTC
CCCGAGCOGTGAATCTTCTACTECACCAGGTTCTACTASCGAATCTCCTTCTGECACT
GCACCAGGTTCTACCAGCCAATCTCCEICTGGCACTECACCAGGTACCTCTACCCOTG
AAAGCEETCCXRKH XXX IXXTECAACCGCAAGCEGECECGCCAAGCACGGEARKIXX
XEXKTAGCGAATCTCCTTCTGETACCGCTCCAGCTTCTACCAGCCGAATCCCCETCTGGT
ACTGCTCCAGGTTCTACCAGCCAATCTCCTTICTEETACTOCACCAGGTTCTACTAGCG
AATCTCCTTCTEGETACCECTCCACGETTICTACCAGCEAATCCCCETCTGETACTECTCC
AGETTCTACCAGCGAATCTCCTTCTGETACTGCACCAGETACTTCTACTCCGGARAGC
GETTCCGCATCTCCAGETACTTCTCCTAGCGETEGAATCTTCTACTGCTCCAGGTACCT
CTCCTAGCGGCERAATCTTCTACTECTCCAGGTTCTACCAGCTCTACTGUTGAATCTCC
GEETCCAGCTACTTCCCCGAGCEETGRATCTTCTACTGUACCAGETACTTCTACTCCG
GAAAGCGETTCCECTTCTCCAGETTCTACCAGCEAATCTCCTTCTGGCACCGCTCCAG
GTTCTACTAGCGRATCCCCOTCTEGTACCGCACCAGGTACTTCTCCTAGCGGCGAATC
TTCTACCGCACCAGGTTCTACTAGCGRAATCCCCETCTGRTACCGCACCAGGTACTTCT
ACCCCGGAAAGCEGCTCTECTTCTCCAGETACTTCTACCCCGGAAAGCGGCTCCGECAT
CTCCAGEGTTCTACTAGCGAATCTCCTTCTGOTACCGCTUCAGGTACTTCTACCCCTGA
AAGCOGCTCCGCTTCTCCAGSTTCCACTAGCTCTACCGUTGAATCTCCGEGTCCAGHT
TCTACCAGCGAATCTCCTTICTGECACCGUTCCAGGTTCTACTAGCGAATCCCCETCTG
GTACCGCACCAGETACTTCTCCTAGCGGCGAATCTTCTACCGCACCAGGTTCTACCAG
CTCTACTGCTGAATCTCCGOOTCCAGGTACTTCCCCGAGCGOTGAATCTTCTACTGCA
CCAGGTACTTCTACTCCGGARAGCOGTTCCOCTTCTCCAGCTACCTCCCCTAGCGEECS
AATCTTCTACTGCTCCAGGTACCTCTCCTAGCGECGAATCTTCTACCGCTCCAGETAC
CTCCCCTAGCGETEGAATCTTCTACCECACCAGETTCTACTAGCTCTACTGCTGAATCT
CCEGCTCCACSGTTCTACCAGCTCTACTGCTCAATCTCCTGETCCAGETACCTCCCCGA
GCECTCAATCTTCTACTGCACCAGSTTCTACSCCCTTCTGCTTCCACCGETACCGEECCC
AGCTAGCTCTACTCCETCTGETECARCTGEGUTCTCCAGGTAGCTCTACTCCETOTEET
GCAACCGGCTCCCCA

XXX was inserted in two areas where no seguence
information is available.
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i
AGRE4 255 | GETGCTTCCCCGEECACCAGCTCTACTGRTTCTCCAGGTTCTAGCCCGTCTGCTTCTA
CTEGTACTAGTCCAGSTTCTAGCCCTTCTGCTTCCACTEGTACTGETCCAGGTACCCC
GGATAGCGATACCECTTCTTCTTCTCCAGGTAGCTCTACTCCGTCTGGTECTACCGRE
TCTCCAGGTTCTARCCCTTCTGOATCCACCGGTACCGGCCCAGETGCTTCTCCEGGCA
CCABCTCTACTGETTCTCCAGGTACCCCEEECAGCEGTACCGCATCTTCTTCTCCAGS
TAGCTCTACTCCTTCTGETGCARCTEGTTCTCCAGSTACTCCTGECAGCGGTACCGCT
TCTTCTTCTCCAGETGCTTCTCCTGETACTAGCTCTACTGET TCTCCAGETGCTTCTC
CGEGCACTAGCTCTACTGETTCTCCAGGTACCCCGEGTAGCEGTACTGCTTCTTCCTC
TCCAGGTAGCTCTACCCCTTCTGETGCARCCGECTCTCCAGGTGCTTCTCCGGECACT
AGCTCTACCGGTTCTCCAGSTACCCCGGETABCGETACCECT TCTTCTTCTCCAGGTA
GCTCTACTCCOTCTGGTECTACCEGCTCTCCAGETTCTARCCCTTCTGCATCCACCES
TACCHGCCCAGGTICTAGCCCTTCTSCTTCCACCEETACTGECCCAGETAGCTCTACT
CCTTCTGOTGCTACCOGCTCCCCAGSTAGCTCTACTCCTTCTGGTGCARCTGGCTCTC
CAGGTGCATCTCCEOOCACTAGCTCTACTESTTCTCCAGETGCATCCCCTGECACTAG
CTCTACTGETTCTCCAGGTGCTTCTCCTGETACCAGCTCTACTGETTCTCCAGGTACT
CCTEECAGCEATACCECTTCT TCTICTCCASETGCTTCTCCTGETACTAGCTCTACTS
GTTCTCCAGETECTTCTCCEEGCACTAGCTCTACTERTTCTCCAGETGCTTCCCCEEE
CACTAGCTCTACCGETTCTCCAGGTTCTAGCCCTTCTGCATCTACTGGTACTGGCCCA
GGTACTCCEGECAGCEATACTACTICTTCCTCTCCAGGTGCATCTCCGGGCACTAGCT
CTACTGATTCTCCAGETGCATCCCOTGGCACTAGCTCTACTGGTTCTCCAGSTGCTTC
TCCTEATACCAGCTCTACTGETTCTCCAGGTAGCTCTACTCOGTCTGGTGCAACCGET
TCCCCAGGTAGCTCTACTCCTTCTGETGCTACTGGCTCCCOAGRTGCATCCOOTGGCA
CCAGCTCTACCEETTCTCCAGETACCCCGGECAGCEETACCECATCTTCCTCTCCAGE
TAGCTCTACCCCOTCTEETGCTACCEETTCCCCAGETAGCTCTACCCCETCTERTGCA
ACCGECTCCCCAGGTAGCTCTACTCCGTCTGATGCAACCGEETCCCCAGGTTCTAGEE
COTCTGCTTCCACTGETACTEGCCCAGSTGCTTCCCCGEGCACCAGCTCTACTGGTTC
TCCAGGTGCATCCCCREETACCAGCTCTACCEGTTCTCCAGETACTCCTGGCAGCGET
ACTGCATCTTCCTCTCCAGETECTTCTCCEEECACCAGCTCTACTGGTTCTCCAGETE
CATCTCCOGECACTAGCTCTACTGETTCTCCAGGTECATCCCCTGGCACTAGCTCTAC
TGGTTCTCCAGETGCTTCTCCTSGTACCAGCTCTACTGGTTCTCCAGETACCCCTGET
AGCGETACTGCTTCTTCCTCTCCAGGTAGCTCTACTCOGTCTGETGCTACCGETTCTC
CAGGTACCCCEEETAGCEOTACCOCATCTTCTICTCCAGGTAGCTCTACCCCRTCTEE
TGCTACTGOTTCICCAGSTACTCCGGECAGCGETACTGCTTCTTCCTCTCCAGGTAGE
TCTACCCCTTCTSOTGCTACTGGCTCTCCAGETAGCTCTACCCCGTCTGGTGCTACTG
GCTCCCCAGETICTAGCCCTTCTGCATCCACCEETACCEETCCAGGTTCTAGCCCGTC
TGCATCTACTGETACTESTCCASGTEGCATCCCCOGECACTAGCTCTACCGETTCTCCA
GETACTCCTGGTAGCGETACTGCTTCTICTICTCCAGETAGCTCTACTCCTTCTOGTG
CTACTGGTTCTCCAGGT TCTAGCCCTTIC TGCATCCACCOGTACCEGCCCAGRTTCTAG
CoCGTCTGCTTCTACCGETACTGETCCAGGTGCTTCTCCGGGTACTAGCTCTACTGET
TCTCCAGATGCATCTCCTEGTACTAGCTCTACTEGTTCTCCAGETAGCTCTACTCCGT
CTGETGCARCCEECTCTCCAGETTCTAGCCCTICTGCATCTACCOGTACTGRTCCAGG
TGCATCCCCTGETACCAGCTCTACCEETTCTCCAGETTCTAGCCCTTCTEGCTTCTACC
GGTACCEATCCAGATACCCCTGECAGCEETACCECATCTTCCTCTCCAGGTAGCTCTA
CTCCBTCTAGTECAACCEETTCCCCAGETAGCTCTACTCCTTCTGETGCTACTGGCTC
CCCABGTECATCCCCTGECACCAGCTCTACCGETTCTCCR

AMO23 256 | ATGECTGAACCTGCTGGCTCTCCAACCTCCACTGAGGAAGETGCATCCCCAGGCACCA
GCTCTACCGGTTCTCCAGGTAGCTCTACCCCOTCTEGTGCTACCGGCTCTCCAGGTAG
CTCTACCCOGTCTGETGCTAC TGCTCTCCAGGTACTTCTACTGARCCATCTGAAGET
AGCGCACCAGGTAGCGAACCEGCTAC TTCCEGTTCTGARACCCCAGGTAGCCCAGCAS
GTTCTCCARCTTCTACTGAAGAAGETTCTACCAGCTCTACCECAGRATCTCCTGRTCT
AGGTACCTCTACTCCGEARAGCGGCTCTGCATCTCCAGET TCTACTAGCGARTCTCCT
TCTGECACTGCACCAGGTTCTACTAGCGAATCCCCETCTGETACTGCTCCAGGTACTT
CTACTCCTGAAAGCEGT TCCECTICTCCAGSTACCTCTACTCCGGARAGCGETTCTET
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ATCTCCAGGTACCGAACCEGCAACCTCCEECTCTGARAACCCCAGGTACCTCTGARAGC
GCTACTCCTGRAATCCGGLCCAGETAGCCCEGCAGGTTCTCCGACTTCCACTGAGGAAG
GTACCTCTACTGRACCTTCTGAGGGCAGCGCTCCAGGTACTTICTGARAAGCGCTACCCC
GEAGTCCEETCCAGGTACTTCTACTGAACCGTCCGAAGETAGCGCACCAGETACTTCT
ACCGAACCETCCEAGGETAGCGCACCAGETAGCCCAGCAGGTTCTCCTACCTCCACCS
AGGRAGETACTTCTACCRAACCETCCGAGGGTAGCGCACCAGGTACTTCTACCGAACC
TTCCGAGEGCAGCGCACCAGCTACTTCTEAAAGCGCTACCCCTGAGTCCEGCCCAGST
ACTTCTGAAAGCECTACTCCTGAATCCGET CCAGGTACCTCTACTGAACCTTCCGAAS
GCAGCGUTCCAGGTACCTCTACCEGRAACCETCCCAGGGCAGCGCACCAGETACTTCTGA
AAGCCCAACCCOTGAATCCOETCCASGTACTTCTACTGAACCTTCCOAAGGTAGCECT
CCAGGTAGCGRACCTGCTACTTCTGGTTCTGAAACCCCAGGTAGCCCGECTGGLTCIC
CEGACCTCCACCCGAGGAAGETAGCTCTACCCCETUTGETEGCTACTGETTCTCCAGGTAL
TCCEBGCAGCGETACTGCTICTTICCICTCCAGGTAGCTCTACCCCTICTGGTGCTACT
GECTCTCCAGGTACCTCTACCGAACCETCCOAGRGETAGCECACCAGETACCTICTACTS
AACCETCTCGAGGETAGCEGCTCCAGETAGCEGAACCGELAACCTCCGETTCTGARACTCC
AGGTAGCCCTECTGECTCTCCGACTTCTACTCAGGARGGETAGCCCEECTEETTCTCCE
ACTTCTACTCAGGRAGGTACTTCTACCGAACCTTCCOAAGETAGCGLUTCCAGGTGCAN
GCGCAAGCGRCGCCCCAAGCACGGEAGGTACTTCTCAAAGCECTACTCCTGAGTCCGE
CCCAGGTAGCCCEECTEECTCTCCEACTTCCACCEAGGAAGETAGCCCEECTEECTCT
CCAACTTCTACTGRAGAAGCTTCTACCAGCTCTACCECTGAATCTCCTGGCUCAGGYT
CTACTAGCGAATCTCCGTCTEGCACCGCACCAGGTACTTCCCCTAGCGGTGRATCTTC
TACTGCACCAGGTACCCCTEGECAGCGETACCECTTCTTCCTCTCCAGGTAGCTCTACC
COETCTGETECTACTEGCTCTCCAGETTCTAGCCCETCTGCATCTACCGETACCGECC
CAGGETAGCGAACCGECAACCTCCGECTCTGAAACTCCAGGTACTTCTGAAAGCGCTAC
TCCEEAATCCEGGCCCAGGTAGCGAACCGECTACTTCLGGCTCTGARAACCCCAGGTTCC
ACCAGCTCTACTGCAGAATCTCCGGECCCAGEGTTCTACTAGCTCTACTGCAGAATCTC
CGEETCCAGETACTTCTCCTAGCGEGUGAATCTTCTACCGCTCCAGEGTAGCGARCCGET
AACCTCTGGUTCTCGAAACTCCAGGTAGCGAACCTGCAACCTCCGGUTCTGARACCCCA
GETACTICTACTGAACCTTCTGAGGECAGCECACCAGGTTCTACCAGCTCTACCGCAG
AATCTCCTGETCCAGETACCTCTACTCCGGARAAGCEGECTCTECATCTCCAGETTCTAC
TASCGAATCTCCTTCTGECACTGCACCAGGTACTTCTACCGAACCETCCGAAGGCAGC
GCTCCAGCTACCTCTACTGCAACCTTCCGAGGEGCAGCECTCCAGCTACCTCTACCGAAC
CTTCTCAAGETAGCECACCAGGTAGCTICTACTCCETICTGETECAACCGEGECTCCCCAGE
TTCTAGCCCEYCTGCTTCCACTOOGTACTEGCCCAGETGCTTCCCCEEECACCAGCTCY
ACTGETTCTCCASGTAGCCAACCTECTACCTCCOGTTCTGAAACCCCAGGTACCTCTG
ABRBRGCGCAACTCCGCAGTCTEGGTCCAGGTAGCCCTECAGGTTCTCCTACCTCCACTGA
GEAAGGTAGCTCTACTCCETCTYEOTECARCCEGGUTCCCCAGGYTCTAGCCCETYCTEOT
TCCACTEETACTEGCCCAGGTGCTTCCCCEGECACCAGCTCTACTEETTCTCCAGGTA
CCTCTGAMAGCCGUTACTCCGGAGTCTGECCCAGETACCTCTACTGAACCETCTCGAGGSE
TAGCGCTCCAGGTACTTCTACTEGAACCETCCGAAGGTAGCGCACCA

ATGCCTEAACCTECTGECTCTCCARACCTCCACTEAGEAAGGTACCCCOEETAGCGEETA
CTECTTCTTCCTCTCCAGETAGCTCTACCCCTTOTGETGCAACCGELTOTCCAGGTGT
TTCICCEEGCACCAGCTCTACCGEEITCTCCAGGTAGCCCGGUTGECICTCCTACCICT
ACTGAGGAAGGTACTTCTGAAAGCGCTACTCCTEAGTCTEETCCAGSTACCTICTACTS
AACCETCCCAAGRTAGCECTCCAGGTAGCCCAGCAGECTCTICCGACTTCCACTGAGEA
AGGTACTTICTACTGAACCTICCGAAGGCAGCGCACCAGETACCTCTACTGAACCTTCT
GAGGECAGCOCTCCAGGTACTTCTGARMAGCECTACCCCEGGAATCTGEUCCAGGTAGCE
AACCEECTACTICTGETTCTCAAACCCCAGETAGCEGAACCGECTACCTCCGETTCTGA
AACTCCAGGTAGCCCEECAGECTCTCCGACCTCTACTCGAGCGAAGGTACTTCTGAAAGC
GCAACCCCERAGTCCEECCCAGGTACCTCTACCGRAACCGTCTGAGGECAGCECACCAG
GTACTTCTACCGARCCGTCCGAGGETAGCGCACCAGOETAGCCCAGCAGGTTCTCCTAL
CTCCACCGAGGAAGGTACTTCTACCGAACCETCCGAGGGTAGCGCACCAGETACCTCT
ACTCAACCTTCTGACGGCAGCGCTCCAGGTACTTICTGAAACGCGCTACCCCEEAGTCCSE
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GTCCAGETACTTCTACTEAACCETCCGAAGGTAGCGCACCAGGTACTTCTGAAAGCGC
AACCCCTEAATCOGGTCCAGGTAGCGAACCGGUTACTTCTGGCTCTGAGACTCCAGGET
ACTTCTACCGAACCGTCCGAAGETAGCGCACCAGGTACTTCTACTGAACCOTCTEAAG
GTAGCECACCAGGTACTTCTGAAAGCECAACCCCGGAATCCGGCCCAGETACCTCTGA
AAGCCCAACCCCEGAGTCCGECCCAGGTAGCCCOTGCTGECTCTCCAACCTCCACCGAR
GAAGGTACCTCTGRARAGCECAACCCCTGAATCCGGCCCAGGTAGCGAACCGGCAACCT
CCEGTTCTGARACCCCAGGETACCTCTGAAAGCGUTACTCCGGAGTCTGEGCCCAGGETAC
CTCTACTGAACCETCTGAGGOTAGCECTCCAGETACTTCTACTGAACCETCCGAAGGT
AGCGCACCAGGTACTTCTACCGAACCETCCOAAGGCAGCECTCCAGSTACCTCTACTG
AACCTTCCCAGGRCAGCECTCCAGGTACCTCTACCGAACCTTCTGARGETAGCECACC
AGGETACTTCTACCGAACCETCCRAGGGTAGCGCACCAGETAGCCCAGCAGGTTCTCCT
ACCTCCACCCAGGRAAGGTACTTCTACCGAACCETCCOAGEGGTAGCGCACCAGGTACCT
CTGABAGCGCAACTCCTEAGTCTGGCCCAGETAGCGRACCTSCTACCTCCGGCTCTGA
GACTCCAGCTACCTCTGAAAGCEGCAACCCCOEAATCTGETCCAGGTAGCEAACCTGCA
ACCTCTGGCTCTGRAACCCCAGGTACCTCTCAAAGCECTACTCCTGAATCTEECCCAL
GTACTTCTACTGARCCGTCCEGAGGELAGCEGCACCAGOETACTTCTGARAGCEUTACTCC
TEGAGTCCGEGUCCAGGTAGCCCGECTEGCTCTCCEACTTCCACCGAGEAAGGTAGCCCE
GOTEECTCTCCAACTTCTACTGAAGAAGGTAGCCCCRCAGECCTCTCCGACCTCTACTG
AGGAAGGTACTTCTCAAAGCECAACCCCERAGTCCERCCCAGGTACCTCTACCGARCC
GTCTEGAGGEGLAGCGCACCAGETACCTCTGAALGCGCAACTCCTGAGTCTGEUCCAGGET
AGCERACCTECTACCTCCGELTCTEGAGACTCCAGGTACCTCTGARAGCGCARCCCCGE
AATCTGGTCCAGGTAGCGAACCTGCAACCTCTGGCTCTGAAACCCCAGGTACCTCTGA
AAGCECTACTCCTGAATCTEGECCCAGGTACTTCTACTGAACCGTCCEGAGGELAGCGCA
CCAGETAGCCCTGCTEECTCTCCAACCTCCACCCAAGAAGGETACCTCTGAAAGCGCAR
CCCCTGAATCCGGCCCAGGTAGCGRAACCEGELAACCTLCGETTCTGRAAACCCCAGGTAC
TTCTEARAGCGCTACTCCTGAGTCCGGCCCAGGTAGCCCGELTGGUTCTCCEACTTCC
ACCEAGGAAGGETAGCCCGECTGECTCTCCAACTTCTACTGAAGAAGETACTTCTACCE
AACCTTCCGAGGGCAGCCCACCAGETACTTCTGARAGCGCTACCCCTGAGTCCGELCC
AGGTACTTCTGAAMAGCECTACTCCTEGAATCCEGTCCAGGTACTTICTGAAAGCECTACC
CCGEAATCTGECCCAGGTAGUGAACCGGCTACTTICTGGTTCTGARACCCCAGETAGCE
ABRCCEGCTACCTCCGETTCTGARRCTCCAGGTASCCCAGCAGCCTCTCCGACTICCAC
TCAGCGAAGGTACTTCTACTGAACCTTCCCAAGGCAGCECACCAGGTACCTCTACTGAA
CCTTCTCAGEGCAGCECTCCAGGTAGCGAACCTCSCAACCTCTCCCTCTGAAACCCCAG
GTACCTCTGARASCECTACTCCTCAATCTGECCCAGETACTTICTACTGAACCETICCGA
GGGCAGCGCACCA

AM1296

GETACTTCTACTGAACCETCTGAAGGCAGCOCCACCAGGTAGCGARCCGECTACTTCCG
GTTCTGARACCCCAGGTAGCCCAGCAGETTCTCCAACTTCTACT GAAGRAGGTTCTAC
CAGCTCTACCGCAGRATCTCCTGETCCAGGTACCTCTACTCCGEAAAGLUGGCTCOTGCA
TCTCCAGETTCTACTAGCEAATCTCCTTCTGGCACTGCACCAGEGTTICTACTAGCGAAT
CCCCCTCTGOTACTGCTCCAGGTACTTCTACTCCTGARAAGCGETTCCGUTTICTCCAGS
TACCTCTACTCCGGARAGCOETTCTGCATCTCCAGGTAGCGRACCGECAACCTCCGGC
TCTGAAACCCCAGGTACCTCTGAAAGCGCTACTCCTGAATCCGECCCAGETAGCCCGS
CAGGTTCTCCGACTTCCACTCAGGAAGETACCTCTACTGAACCTTICTGAGGBCAGCGC
TCCAGGTACTTCTGAMAGCOCTACCCCERRAGTCOGECTCCAGETACTTICTACTGAACCS
TCCCRAGGTAGCEGCACCAGCTACTICTACCEAACCGTCCGAGGETAGCECACCAGGTA
GCCCAGCAGSTTCTCCTACCTCCACCGAGCAAGETACTTCTACCGARCCETCCGAGGS
TAGCGCACCAGGTACTTCTACCGAACCTTICCCAGGGCAGCGCACCAGGTACTTCTGAN
AGCECTACCCCTGAGTCCGGUCCAGHETACTTCTGAALGCGCTACTCCTGARTCCGGTC
CAGGTACCTCTACTCGAACCTTCCGAAGGCACGCGCTCCAGGTACCTCTACCEAACCETC
CGAGEGCAGCECACCAGGTACTTCTEAAAGCECAACCCCTERATCCEETCCAGGTACT
TCTACTGAACCTTCCGAAGCTAGCEGCTCCAGETAGCGAACCTGCTACTTCTEETTICTYS
AAACCCCAGETAGCCCGGCTEGCTCTCCGACCTCCACCGAGEAAGGTAGCTCTACCCC
GTCTEETGCTACTEETTCTCCAGGTACTCCREECACLGETACTGCTTCTTICCTCTCCA
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GETAGCTCTACCCCTTCTEGTGCTACTEGECTCTCCAGGTACCTCTACCEAACCETCCG
AGGGTAGCGCACCAGGTACCTCTACTGAACCGTUTGAGEETAGCGCTCCAGGTAGCGA
ACCGGCAACCTCCGETTCTGARACTCCAGGTAGCCCTGUTGGCTCTCCEGACTTCTACT
CAGGAAGGTAGCCCGECTEGTTCTCCCGACTTICTACTGAGGAAGEGTACTTCTACCGEAAC
CTTCCGAAGGTAGCGCTCCAGGTCCAGAACCAACGGGECCOGCCCCAAGCEGAGETAG
CEAACCGECAACCTCCGECTCTGARACCCCAGETACCTCTGAAAGCGCTACTCCTGAR
TCCGGCCCAGGTAGCCCEECAGETTCTCCGACTTCCACTGAGGAAGGTACTTCTGAAR
GCGCTACTCCTCAGTCCEECCCAGGTAGCCCEEUTGECTCTCCGACTTCCACCGAGSA
AGGTAGCCCOEUTGGCTCTCCAACTICTACTGAAGAAGETACTTCTGARAGCGCTACT
COTCAGTCCOGCCCAGETAGCCCGGECTERCTICTCCCACTTCCACCCAGERARGBETAGCC
CEECTGECTCTCCAACTTCTACTGAAGRAGGTTCTACCAGCTCTACCGCTGAATCTCC
TGGCCCAGCTTCTACTAGCGAATCTCCGTCTGGUCACCGCACCAGGTACTTCCCCTAGT
GETGARATCTTCTACTGCACCAGGETICTACCAGCGAATCTCCTTCTEGBCACCECTUCAG
GTTCTACTAGCEGARTCCCCETCTEETACCECACCAGSTACTICTCCTAGCEBCEARTC
TTCTACCGCACCAGETACTTICTACCGAACCTTCCGAGGECAGCGCACCAGETACTTICT
GAAAGCGCTACCCCTGAGTCCGECCCAGGTACTTICTGAAAGUGCTACTCCTEAATCCE
GTCCAGGTAGCGAACCGGCAACCTCTGGCTCTGARACCCCAGGTACCTCTGARAGCGEC
TACTCCGGAATCTCCTCCAGETACTTCTGARAGCCCTACTCCGGAATCCGETCCAGGET
ACCTCTACTECAACCTTCTGAGGGECAGCECTCCAGCTACTTCTGARAGCECTACCCCRE
AGTCCGETCCAGGTACTTCTACTGAACCETCCGARGETAGCECACCAGETACCTCCCC
TAGCEGCGAATCTTCTACTGCTCCAGGTACCTCTCCTAGCEGECGRATCTTCTACCECT
CCAGETACCTCCCCTAGCGETGAATCTTCTACCGCACCAGETACTTCTACCEAACCET
CCGAGGGTAGCGCACCAGGTAGCCCAGCAGETTCTCCTACCTCCACCGAGGRAGGTAC
TTCTACCGAACCGTCCGAGGETAGCECACCAGGTTCTAGCCCTICTEGCTTCCACCEET
ACCEECCCAGETAGCTCTACTCCGTCTGETECAACTEGCTCTCCAGETAGCTCTACTC
CETCTGGTGCAACCGECTCCCCAGGTAGCTCTACCCCGTCTEGTGCTACCGECTCTCC
AGGTAGCTCTACCCCETCTGETGCAACCEGGUTCCCCAGGTGLATCCCCGEETACTAGT
TCTACCGGTTCTCCAGGTGCAAGCECAAGCEECOCECCAAGCACGEGERAGGTACTICTC
CCAGCOGTCGAATCTTCTACCECACCAGGTTCTACTAGCTCTACCGUTGRAATCTCCEGE
CCCAGGTACTTCTCCEAGCEGETGRAATCTTCTACTGUTCCAGETACCTCTGARAGCGCT
ACTCCGCAGTCTSGCCCAGGTACCTCTACTGAACCETCTGAGCCTAGCGCTCCAGETA
CTTCTACTGAACCETCCCAAGGTAGCECACCAGSTTCTAGCCCTTCTGCATCTACTGE
TACTECCCCAGCTAGCTICTACTCCTTCTGETIGCTACCGECTCTCCAGGETECTICTCCG
GOTACTAGCTCIACCEETTCTCCAGETACTTICTACTCCEEAAAGCEGETTCCECATCTC
CASGTACTTCTCCTAGCEETGAATCTTCTACTGUTCCAGGTACCTCTCCTAGCGECGA
ATCTTCTACTGCTCCAGCSTACTTCTCGAAAGCEGCAACCCCTGAAT CCEETCCAGGTAGC
GAACCGECTACTTICTGECTCTGAGACTCCAGGTACTICTACCGAACCETCCGAAGETA
GCGCACCAGGTTCTACCAGCGAATCCCCTTCTGETACTECTCCAGGTTCTACCAGCGA
ATCCCCTTCTGEUACCECACCAGETACTTCTACCCOTGARAGCERCTCCECTTCTCCA
GETAGCCCGGCAGGCTCTCCGACCTCTACTGAGEAAGGTACTTCTGAAAGCGCAACCC
CGGAGTCCGGCCCAGGTACCTCTACCGARCCEYCUTGAGHECAGCECACCAGGTAGCCC
TECTGECTCTCCAACCTCCACCEAAGAAGGTACCTCTGAAAGCGCAACCCCTGAATCC
GECCCAGGTAGCEGAACCEECAACCTCCRGETTICTEGAAACCCCAGEGTAGCTCTACCCCGT
CTEGTECTACCEETTCCCCAGGTGCTTCTCCTGETACTAGCTCTACCEETTCTCCAGSE
TAGCTCTACCCCETCTGETGCTACTGECTCTCCAGETTCTACTAGCGRAATCCCCETCT
GETACTGCTCCAGGTACTTCCCCTAGCGETGRAATCTTCTACTGCTCCAGETTCTACCA
GCTCTACCGCAGRATCTCCGGGTCCAGETAGCTCTACCCOTICTGETGCAACCGGECTC
TCCAGGTECATCCCCGEETACCAGCTCTACCGETTCTCCAGGTACTCCEEGTAGLGGT
ACCGCTTCTICCTCTCCAGGTAGCCCTECTOGGUTCTCCEACTTCTACTGAGGAAGGTA
GCCCGGUTGGTTCTCCGACTTCTACTGAGGAAGETACTTCTACCGAACCTTCCGAAGG
TAGCGCTCCA

BORG4 259 GGTACTTCCACCGRACCATCCGAACCAGGTAGCGCAGGTACTTCCACCGAALCATCCG
AACCTGGCACCGCACGTAGCECAACCEECAACCTCTCOTACTEAACCATCAGETAGCRE
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CECATCCEAGCCTACCTCTACTEGAACCAGGTACGCGAACCEGGCTACCTCCGETACTGAG
CCATCAGGTAGCGAACCEECAACTTCCEGETACTEAACCATCAGGTAGCGAACCGGECAA
CTTCCGECACTGARACCATCAGGTAGCEETGCATCTGAGCCGACCTCTACTGAACCAGE
TACTTCTACTGAACCATCTGAGCCGGEECAGCCCAGGTAGCGAACCAGCTACTTCTGGEC
ACTGAACCATCAGGTACTTCTACTGAACCATCCEGRAACCAGGTAGCGCAGETAGCEAAC
CTGCTACCTCTGETACTEAGCCATCAGETAGCCGARCCGECTACCTCTGETACTGAACC
ATCAGGTACTTCTACCGRACCATCCGAGCCTGEGTAGCGCAGGTACTTCTACCGAACCA
TCCCAGCCAGGCAGCGCAGCTAGCGAACCEGCAACCTCTGCCACTGAGCCATCAGETA
GCEAACCAGCAACTICTEETACTGAACCAT CACGGTACTAGCGAGCCATCTACTTCCGA
ACCAGGTECAGGETAGCERECECATCCCAACCTACTTCCACTGAACCASGTACTAGCGAS
CCATCCACCTCTGAACCAGGTGCAGGTAGCGAACCGGCAACTTCCGGCACTGAACCAT
CAGGTAGCEGAACCGGCTACCTCTGETACTEGAACCATCAGETACTTCTACCGAACCATYC
CEAGCCTGEGTAGCCCAGETACTTICTACCEGAACCATCCGAGCCAGGCAGCECAGETAGC
GETGCCATCCOAGCCGACCTCTACTGAACCAGEGTAGCEAACCAGCAACTTCTBECACTS
AGCCATCAGCTAGCCGAACCAGCTACCTCTGETACTCGAACCATCAGGTAGCEAACCGET
TACTTCCGEGLACTGAACCATCAGGTAGCGAACCAGCAACCTUCGGTACTGRACCATCA
GETACTTCCACTGAACCATCCGAACCGGETAGCECAGGTAGCGAACCOGCARACTTCCE
GCACTGAACCATCACGTAGCEETGCATCTGAGCCCGACCTCTACT GAACCAGETACTTC
TACTGAACCATCTGAGCCREECAGCGCAGCTAGCGAACCTECAACCTCCGECACTGAL
CCATCAGGTAGCEGCECATCTGAACCAACCTCTACTEAACCAGGTACTTCCACCGRAL
CATCTGAGCCAGGCAGCGCAGGTAGCGGCGCATCTCGAACCAACCTCTACTGRACCAGE
TAGCGAACCAGCAACTTCTGETACTGAACCATCAGETAGCEGECGCATCTGAGCCTACT
TCCACTGAACCAGETAGCGARACCGECAACTTCCGECACTGARACCATCAGGTAGCGGETG
CATCTGAGCCGACCTCTACTEAACCAGGTACTTICTACTGAACCATCTGAGCLEGGCAG
CGCAGGTAGCGAACCEGCAACTTCCEGECACTGAACCATCAGETAGCEGRTGCATCTGAG
CCGACCTCTACTGAACCAGGTACTTCTACTGRAACCATCTGAGCCGGECAGCECAGETA
GCGAACCAGCTACTTCTGGCACTGAACCATCAGGTACTTCTACTGAACCATCCGAACC
AGGTAGCGCAGCTAGCGAACCTGCTACCTCTECTACTGAGCCATCAGGTACTTCTALT
GAACCATCCGAGCCEEGTAGCGCAGETACTTCCACTGAACCATCTCGAACCTEETAGCE
CAGGTACTTCCACTGAACCATCCGAACCAGETAGCGCAGGTACTTCTACTGAACCATC
CGAGCCOEGTAGCGCAGSTACTTCCACTGAACCATCTGAACCTGETAGCGCAGGTACT
TCCACTGAACCATCCGAACCAGSTAGCGCAGEGTACTAGCGAACCATCCACCTCCGAAC
CAGGCCCAGETAGCEETGCATCTGAACCEGACTICTACTGAACCAGGTACTTCCACTGA
ACCATCTGAGCCAGETAGCGCAGGTACTTCCACCEGAACCATCCOAACCAGGTAGCGCA
GGTACTTCCACCOAACCATCCGARACCTGECAGCOCAGGTAGCGAMACCGGCAACCTCTG
GTACTGAACCATCAGETAGCGGTCCATCCCGAGCCGACCTCTACTGAACCAGETAGCGA
ACCAGCARCTTCTGGCACTGAGCCATCAGGTAGUGAACCAGCTACCTCTGGTACTGAA
CCATCAGGTAGCGAACCEECAACCTCTGECACTCAGCCATCAGCTAGCCGAACCAGCAA
CTTCTGETACTCAACCATCAGGTACTAGCGAGCCATCTACTTICCEAACCAGGTGCAGSE
TAGCGAACCTGCAACCTCCGGCACTGAGCCATCAGGTAGCGGCEGCATCTEAACCAACC
TCTACTGAACCACGTACTTCCACCGAACCATCYCAGCCAGGCAGUGCAGGTAGCEAAC
CTECAACCTCCGECACTEAGCCATCAGETAGCGECGCATCTGRAACCAACCTCTACTGA
ACCAGGTACTTCCACCCGRAACCATCTGAGCCAGGLAGCG A

BG4

2648

GETAGCGAAACTECTACTTICCGECTCTGAGACTECAGGTACTAGTGAATCCGCAACTA
GCGAATCTEOCECAGGTAGCACTGCAGECTCTGAGACTTCCACTGARGCAGBTACTAS
CEGAGTCCGCAACCAGCEGAATCCGGCGCAGETAGUGARACTGCTACCTCTGGCTCCGAS
ACTGCAGGTAGCGRAACTGCAACCTCTGEGCTCTGRARCTGCAGGTACTTCCACTGRAAL
CAAGTGAAGGUTCCGCATCACGTACTTCCACCGAAGCAAGCCAAGGUTCCGUATCAGE
TACTAGTGACTCCGCAACTACCGAATCCGETECAGCTAGCEGAAACCECTACCTCTGGET
TCCEAAACTECAGETACTTCTACCRAGGCTAGCGAAGGTTCTGCATCAGGTAGCACTG
CTGETTCCCAGACTTCTACTEGAAGCAGGTACTAGCGAATCTECTACTAGCGAATCCGE
CGCAGGTACTAGCGRATCCEGLTACCAGCGRATCCGELGCAGETAGCEGAAACTECAACC
TCTEETTCCCAGACTECAGCTACTACGCGAGTCCGCTACTACGUGAATCTGGCECAGETA
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CTTCCACTGAAGCTAGTEAAGGTTCTGCATCAGETAGCEAAACTGCTACTTCTGETTC
CEAAACTECAGGTAGCGRAACCGCTACCTCTGETTCCGAAACTGCAGGTACTTCTACC
GAGGCTAGCGAAGGTTCTGCATCAGGTAGCACTECTGETTCCCGAGACTTCTACTEGAAG
CAGGTACTAGCCAGTCCECTACTAGCEGAATCTGECGCAGETACTTCCACTGAAGCTAG
TEAAGGTTCTGCATCAGETAGCRGARACTECTACTTCTGETTCCGRAAACTECAGETAGC
ACTGCTGECTCCEGAGACTTCTACCGAAGCAGGTAGCACTECAGEGTTCCGARAACTTCCA
CTGRAAGCAGGTAGCGAAACTGCTACCTCTGGCTCTGAGACTGCAGGTACTAGCGRAATC
TEGCTACTAGCGAATCCGECECAGGTACTAGCCAATCCGUTACCAGCEAATCCGEUGCA
GETAGCGAAACTGCAACCTCTGETTCCGAGACTECAGGTACTAGCGAATCTGCTACTA
GCEAATCCEOCECAGGTACTAGCGAATCCECTACCAGCEARTCCGELECAGBTAGCGA
AACTGCAACCTCTGGTTCCGAGACTGCAGGTAGCGARACCGCTACCTCTGGTTCCGAR
ACTGCAGETACTTCTACCEGAGGUTAGCGAAGGTTCTSCATCAGGTAGCACTGCTGEYT
CCEGAGACTTCTACTGAAGCASGTAGCCGAAACTGCTACTTCCOGCTCTCGAGACTGCAGS
TACTAGTGAATCCGCAACTACCEGAATCTEECOCAGCTAGCACTGCAGGOTCTGAGACT
TCCACTGAACCAGGTAGCACTECTEGETTCCEAAACCTCTACCGAAGCAGGTAGCACTE
CAGGTTCTGAMACCTCCACTEAAGCAGGTACTTCCACTGAGECTAGTGAAGECTCTYGC
ATCAGGTAGCACTGCTGETTCCEGARACCTCTACCGAAGCAGETAGCACTGCAGGTTCT
GAAACCTCCACTGRAGCAGCTACTTCCACTCAGGCTAGTGAAGGCTCTGCATCAGETA
GCACTGCAGCGTTCTCGAGACTTCCACCGAAGCAGGTAGCEGAAACTGCTACTTICTGETITC
CGAAACTGCAGGTACTTCCACTGAAGCTAGTCGAAGETTCCECUATCAGGTACTAGTGAL
TCCEGLCAACCAGCGRATCCGELGCAGETAGCEAAACCECAACCTCCGETTCTEAAACTG
CAGGTACTAGCGAATCCGCAACCAGLGAAT CTGGCECAGGTACTAGTGAGTCCGCAAC
CAGCEAATCCGGCCCAGGTAGCGARACCGCAACCTCLGGTTCTGARAACTGCAGGTACT
AGCEAATCCGCAACCAGCGAATCTGECOCAGETAGCEAAACTGCTACTTICCEECTCTG
AGACTGCAGETACTTCCACCEAAGCAAGCGAAGGTTCCGCATCAGGTACTTCCACCEA
GGCTAGTGAAGGCTCTGCATCAGGTAGCACTEGCTGGCTCCGAGACTTCTACCEAAGCA
GGTAGCACTGCAGGTTCCGRAAACTTCCACTEGAAGCAGGTAGCGARACTGCTACCTICTE
GCTCTGAGACTGCAGETACTAGCCRAATCTGUTACTAGCGAATCCGEGUGCAGETACTAG
CGAATCCGCTACCAGCGAATCCCECECAGEGTAGCGAAACTGCAACCTCTGETTCCGAG
ACTGCAGGCTAGCGARAACTGCTACTTCCGGUTCCCAGACTGCAGGTAGCGARRACTGCTA
CTTCTGECTCCGARMACTECAGGTACTTCTACTGAGGCTAGTGAAGETTCCGCATCAGE
TACTAGCGAGTCCGCAACCAGCGAATCCEGUEGCAGETAGCGAAACTGCTACCTCTGGEC
TCCGAGACTGCAGGTAGCGAAACTGCAACCTICTCEOTCTGAAACTGCAGGTACTAGLG
AATCTEGCTACTASCEGAATCCEGCCCAGCTACTASCEGAATCCECTACCAGCGAATCCGE
CGCAGGTAGCGABRACTECAACCTCTEETTCCGAGACTGCA

{6263] One may clone the library of XTEN-encoding genes inio one or more expression vectors known in the
art. To facilitate the identification of well-expressing library members, one can construct the library as fasion
to 3 reporier protein. Non-luniting examples of suttable reporter genes are green fluorescent protein, luciferase,
alkaline phosphatase, and beta-galactosidase. By screening, one can identify short XTEN sequences that can
be expressed in high concentration in the host organism of choice. Subsequently, one can generate a library
of random XTEN dimers and repeat the sereen for high level of expression. Subsequently, one can screen the
resulting constructs for a number of properties such as level of expression, protease stability, or binding to
antiserun.

{3264] One aspect of the invention is to provide polynucieotide sequences encoding the componenis of the
fusion protein wherein the creation of the sequence has undergone codon optinuzation.  Of particular inderest

1s codon optimization with the goal of improving expression of the polypeptide compositions and to improve
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the genetic stability of the encoding gene m the production hosts. For cxample, codon optinuzation is of
particular importance for XTEN sequences that are rich in glyeine or that have very repetitive amino acid
sequences.  Codon optimization can be performed using computer programs (Gustafsson, C., et al. (2004)
Trends Biotechnol, 22 346-53), some of which minimize ribosomal pausing {(Coda Genomies Ine.). In one
embodiment, one can perform codon optimization by constructing codon hibraries where all members of the
fibrary encode the same amivo acid sequence but where codon usage is varied. Such hbraries can be screened
for highly expressing and genetically stable members that are particularly suitable for the large-scale
production of XTEN-containing products. When designing XTEN sequences one can consider a number of
properties. One can minimize the repetitiveness i the encoding DNA sequences. In addition, one can avoid
or minunmize the use of codons that are rarcly used by the production host (c.g. the AGG and AGA arginine
codons and one leucine codon in £ coff). Inthe casc of F. coli, two glycine codons, GGA and GGG, are rarely
used in highly expressed proteins. Thus codon optimization of the gene encoding XTEN sequences can be
very desirable. DNA sequences that have a high level of glveine tend to have a high GC content that can lead
to mstability or low expression levels. Thus, when possible, it is preferred to choose codons such that the GC-
content of XTEN-¢ncoding sequence is suitable for the production organism that will be uvsed to manuofacture
the XTEN.

{6265] Optiopally, the full-length XTEN-encoding gene may comprise one or more sequencing istands. In
this context, sequencing islands are short-stretch sequences that are distinet from the XTEN hibrary construct
sequences and that include a restriction site not prosent or expected to be present i the full-length XTEN-
encoding gene. Inonc embodiment, a sequencing island is the sequence

5 -AGGTCGCAAGCGCAAGCGGCGCGCCAAGCACGGGAGGT-3” (SEQ ID NO: 261y, In another
embodiment, a sequencing island is the sequence
5-AGGTCCAGAACCAACGGOGCCGGCCCCAAGCGGAGGT-3” (SEQ IR NG: 262).

{6266] As an alternative, one can counstruct codon libraries where all members of the library encode the same
amino acid sequence but where codon usage is varied. Such hibraries can be screened for highly expressing
and genetically siable members that are particularly suitable for the large-scale produciion of XTEN-containing
products.

{3267] Optionally, one can sequence clones in the hibrary o climmate isolates that contain undesirable
sequences. The wutial ibrary of short XTEN sequences can allow some variation in amino acid sequence. For
mstance one can randomize some codons such that a number of hydrophilic amino acids can occur n a
particalar position.

{8268] During the process of terative multimerization ong can screen the resulting hibrary members for other
characteristics like solubility or protease resistance in addition to a sereen for high-level expression.

{0269] Once the genc that encodes the XTEN of desired length and properties is selected, if is genetically

fused o the nuclestides encoding the N- and/or the C-terminus of the BP gene(s) by cloning it into the construct
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adjacent and 1n frame with the gene coding for BP or adjacent to a spacer sequence. The mvention provides
various permutations of the foregoing, depending on the BPXTEN to be encoded. For example, a gene
encoding a BPXTEN fusion protein comprising two BP such as embodied by formulda HI or IV, as depicted
above, the gene would have polynucleotides encoding two BP, at least a fivst XTEN, and optionally a second
XTEN and/or spacer sequences. The step of cloning the BP genes into the XTEN construct can occur through
a ligation or multimerization step. As shown in FIG. 2A-FIG. 26, the constructs encoding BPXTEN fusion
proteins can be designed in different configurations of the components XTEN 202, BP 283, and spacer
sequences 284, In one embodiment, as illostrated in FIG. ZA, the construct comprises polynuclectide
sequences complementary to, or those that encode a monomeric polypeptide of components in the following
order (5710 37) BP 203 and X TEN 202, or the reverse order. In another embodiment, as llustrated 1n FIG. 2B,
the construct comprises polynucleotide sequences complementary to, or those that encode a monomeric
polypeptide of components in the folfowing order (5° to 37} BP 283, spacer sequence 204, and XTEN 282, or
the reverse order. In another embodiment, as illustrated in FIG. 20, the construct 208 encodes 2 monomeric
BPXTEN comprising polvoucleotide sequences complementary to, or those that encode components in the
following order {37 io 37} two molecules of BP 243 and XTEN 202 or the reverse order. In another
embodiment, as illustrated in FIG, 2B, the construct comprises polynucleotide sequences complementary to,

~
o)

or those that encode a monomeric polypeptide of components in the following order {57 to 37): two molecules
of BP 283, spacer sequence 204, and XTEN 282, or the reverse order. In another embodiment, as illustrated
m FIG. 2K, the construct comprises polynucleotide sequences complementary to, or those that encode a
monomeric polypeptide of components in the following order (5™ 0 37): BP 243, spacer sequence 264, a second
molecule of BP 203, and XTEN 282, or the reverse order. In another embodiment, as illusiraied i FIG. 2F,
the construct comprises polvpucieotide sequences complementary to, or those that encode a monomeric
polyvpeptide of components in the following order (57 t0 37): BP 2403, XTEN 202, BP 263, and a second XTEN
202, or the reverse sequence. The spacer polvaucleotides can optionally comprise sequences encoding
cleavage sequences. As will be apparent to those of skill in the art, other permutations of the foregoing are
possible.

{32781 The mvention also encompasses polymucleotides comprising XTEN-encoding polynacleotide variants
that have a high percentage of sequence dentity to (a) a polynucleotide sequence from Table 8, or (b)
sequences that are complementary to the polynucleotides of (a). A polynucieotide with a high percentage of
sequence identity is one that has at least about an 80% oucleic acid sequence identity, alternatively at least
about 81%, alternatively at least about 82%, alternatively at least about 83%, alternatively at least about 84%,
alternatively at least about 85%, aliernatively at least about 86%, aliernatively at least about 87%, alternatively
at least about 88%, alternatively at least about 89%, altornatively at least about 90%, alternatively at least about
51% | alternatively at least about 92%. alternatively at least about 93%, alternatively at least about 94%,

alternatively at least about 95%, aliernatively at least about 96%, alternatively at least about 97%, alternatively
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at least about 98%, and alternatively at least about 99% nucleic acid sequence identity to (a) or (b) of the
foregoing, or that can hybridize with the target polvnucieotide or its complement under stringent conditions.
{6271] Homology, sequence simiarity or sequence identity of nucleotide or amino acid sequences may also
be deternuned conventionally by using known software or computer programs such as the BestFit or Gap
pairwise comparison programs (GCG Wisconsin Package, Genetics Computer Group, 375 Science Drive,
Madison, Wis. 53711). BestFit uses the local homology algorithm of South and Waterman (Advances 1o
Applied Mathematics. 1981, 2. 482-489), to find the best segment of wentity or sinularity between two
sequences. Gap performs global alignments: all of one sequence with all of another sinular sequence using
the method of Needieman and Wunsch, (Joumnal of Molecular Biology. 1970, 48:443-453), When using a
sequence alignment program such as BestFit, to deternune the degree of scquence homology, sinulariy or
identity, the default setting may be used, or an appropriate scoring matrix may be selected to optimize identity,
simifarity or homology scores.

{6272] Nuclkeio acid sequences that are “complementary™ are those that are capable of base-pairing according
to the standard Watson-Crick complementarity rules. As used herein, the term “complementary sequences”
means nucleic acid sequences that are substantially complementary, as may be assessed by the same nucleotide
comparison sct forth above, or as defined as being capable of hybridizing to the polynucleotides that encode
the BPXTEN sequences under stringent conditions, such as those described herein,

{06273] The resulting polynucleotides encoding the BPXTEN clumeric compositions can then be individually
cloned into an expression vector. The nucleic acid sequence may be inseried into the vector by a vanety of
procedures. In general, DNA is inserted into an appropriate restriction endonuclease site(s) using techmiques
known in the art. Vector components generally include, but are not limited to, one or more of a signal sequence,
an origin of replication, one or more marker genes, an enhancer element, a promoter, and 2 franscription
ternunation sequence. Construction of suitable vectors contaiming one or more of these components employs
standard ligation techniques which are known to the skilled artisan. Such techonigues are well known o the art
and well described in the scientific and patent lHterature,

{8274] Vartous vectors are publicly available. The vector may, for example, be in the form of a plasmid,
cosmid, viral particle, or phage. Both expression and cloning vectors contain a nucleic acid sequence that
enables the vector to replicate in one or more selected host cells. Such vecior sequences are well known for a
varicty of bacteria, yeast, snd viruses. Useful expression vectors that can be used include, for example,
segments of chromosomal, non-chromosomal and synthetic DNA sequences. Suitable vectors include, but are
not himited to, derivatives of SV40 and pcBNA and known bacterial plasmids such as col El, pCRI, pBR322,
pMal-C2, pET, pGEX as described by Smith, et al., Gene 57:31-40 (1988), pMB9 and derivatives thereof,
plasouds such as RP4, phage DNAs such as the numerous derivatives of phage | such as NMO8 9, as well as
other phage DNA such as MI3 and filamentous single stranded phage DNA; veast plasmuds such as the 2

micron plasimd or dertvatives of the 2m plasmid, as well as centromeric and integrative veast shuttle vectors;
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vectors usetul n eukaryotic cells such as vectors usefud in inseet or manunalian cells; vectors derived from
combinations of plasmids and phage DNAs, such as plasmids that have been modified to employ phage DNA
or the expression control sequences; and the like. The requirements are that the vectors are replicable and
viable m the host cell of choice. Low- or high-copy number vectors may be used as desired.

{6275] Promoters suitable for use in expression vectors with prokaryotic hosts imclude the B-lactamase and
lactose promoter sysiems [Chang et al, Nature, 275:615 (1978) Goeddel ot al., Nature, 281:544 (1979},
alkaling phosphatase, a tryptophan (trp) promoter system [Goeddel, Nucleic Acids Res., 8:4057 (1980); EP
36,7761, and hybrid promoters such as the tac promoter {deBoer et al,, Proc. Natl. Acad. Sci. USA, 80:21-25
(1983)]. Promoters for use in bacterial svstems can also contam a Shine-Dalgarno (5.1) sequence operably
fimked to the DNA cncoding BPXTEN polypeptides.

{8276] For example, in a bacelovirus expression system, both non-fusion transfer vectors, such as, but not
limited to pVLO41 (BamHl cloning site, avalable from Summers, et al, Virology 84:390-402 (1978)),
pVLI393 (BamHE, Smal, Xbal, EcoRI, Votl, Xmalll, Bglll and Pstl cloning sites; Invitrogen), pVL.1392
{BgHL, Pstl, Notl, Xmalll, EcoRl, Xball, Smal and BamH! cloning site; Sununers, et al., Virology 84:390- 402
(1978) and Invitrogen) and pBlueBaclll (BamHI, BglH, Pstl, Neol and Hindi 1T cloning site, with blue/white
recombinant screening, Invitrogen), and fusion transfer vectors such as, but not limited to, pAc7 00 (BamHI
and Kpnl cloning sites, in whuch the BamHI recognition site begins with the initiation codon; Summers, et al.,
Virology 84:390-402 (1978}, pAc701 and pAcT0-2 (same as pAc700, with different reading frames), pAc360
[BamHI cloning site 36 base pairs downstream of a polvhedrin tnitiation codon; Invitrogen (1993) ) and
pBheeBacHisA, B, € (three different reading frames with Bam# I, Bgl H, Pstl, Neo L and Hind I cloning site,
an N-terminal peptide for ProBond punification and blue/white recombinant screening of plagues; Invitrogen
(220 can be used.

{6277] Mammalian expression vectors can comprise an origin of replication, a suitable promoter and enhancer,
and also any necessary ribosome binding sites, polvadenviation site, splice donor and acceptor sites,
transcriptional termination sequences, and § flanking nontranscribed sequences. DNA sequences derived from
the SV40 splice, and polyadenvlation sites may be used to provide the required nontranscribed genetic elements.
Maromalian expression vectors contemplated for use in the invention include vectors with inducible promoters,
such as the dihvdrofolate reductase promoters, any expression vector with a DHFR expression cassette or a
DHFR/methotrexate co-amplification vector such as pED (Pstl, Sail, Shal, Smal and EcoRI cloning sites, with
the vector expressing both the cloned gene and DHFR; Randal J. Kaufinan, 1991, Randal J. Kaufman, Current
Protocols in Molecular Biology, 16,12 (1991)). Alternatively a glutamine svnthetase/methionine sulfoximine
co-amplification vector, such as pEET4 (Hindlll, Xball, Smal, Sbal, EcoR] and Sell cloning sites in which the
vecior expresses ghitamine synthetase and the cloned gene; Celltech) A vector that directs episomal
expression under the control of the Epstein Barr Virus (EBV) or nuclear antigen (EBNA)} can be used such as
pREP4 (BamHI r 5fH, Xhol, Notl, Nhel, Hindi II, Nhel, Pvull and Kpnl cloning sites, constitative RSV-LTR
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promoter, hvgromyein selectable marker; Invitrogen), pCEP4 (BamHI, SfH, Xbol, Notl, Nhel, Hindlil, Nhel,
Pvall and Kpuof cloning sites, constitutive h(CMV immediate carly gene promoter, hygromyein selectable
marker; Invitrogen), pMEP4 ( Kpnl, Pvul, Nhel, Hindtl, Notl, Xhol, 5fif, BamHI{ cloning sifes, mducible
methaliothionein H a gene promoter, hygromycem selectable marker, Invitrogen), pREPS (BarmHI, Xhol, Notl,
Hindll, Nbel and Kpnl cloning sites, RSV-LTR promoter, histidinol selectable marker; Invitrogen), pREP9
(Kpul, Nhel, Hmd U1, Notl, Xho |, 5fi |, BamH I cloning sites, RSV-LTR promoter, G418 selectable marker;
lavitrogen), and pEBVHis (RSV-LTR promoter, hygromycin selectable marker, N-terminal peptide purifiable
via ProBond resin and cleaved by enterokinase; Invitrogen).

{6278] Selectable mammalian expression vectors for use in the invention include, but are not limited to,
pRe/CMYV (Hind U1, BstX], Notl, Sbal and Apal cloning sites, G418 selection, Invitrogen), pRe/RSV (Hind 11,
Spel, BstXI, Noti, Xbal cloning sites, G418 selection, Tnvitrogen) and the hike. Vaccinia virus mammalian
expression vectors {see, for example, Randall J. Kaufman, Current Protocols in Molecular Biology 16.12
(Frederick M. Aasubel, ot al., eds. Wiley 1991) that can be used in the present invention inchude, but are not
himited to, pSCI1 (Smal clomng site, TK- and beta-gal selection), pMISO1 (Sal |, Smal, A {11, Narl, BspMi,
BamHI, Apal, Nhel, Sacil, Kpnl and Hindilf cloning sites; TK- and -gal selection), pTKgptFIS (EcoR1, Pstl,
Salll, Accl, Hindll, Shal, BamHI and Hpa cloning sites, TK or XPRT selection) and the like.

{8279] Yeast expression systems that can also be used in the present invention inchude, but are not limited to,
the non-fusion pYES2 vector (XJbal, Sphi, Shol, Notl, GstXI, EcoRI, BstXI, BamHI, Sad, Kpnl and Hindill
cloning sites, Invitrogen), the fusion pYESHisA, B, C (Xball, Sphi, Shol, Notl, BstXlI, EcoRl, BamHI, Sad,
Kpn! and Hindi I cloning sites, N-terminal peptide purified with ProBond resin and cleaved with enterokinase;
nvitrogen), pRS vectors and the like.

{6280] In addition, the expression vector contaming the chimeric BPXTEN fusion protein-encoding
polvnuclestide molecule may include drug selection markers. Such markers aid in cloning and n the selection
or identification of vectors containing chimeric DNA molecules. For example, genes that counfer resistance to
neomycin, puromyein, hygromycin, dibydrofolate reductase (DHFR) inhibitor, guanine phosphoribosyi
transferase (GPT), zeocin, and histidinol are useful selectable markers. Alternatively, enzymes such as herpes
simplex virus thymidine kinase (k) or chloramphenicol acetyltransferase (CAT) may be cmployed.
Immunologic markers also can be emploved. Any known selectable marker mav be emploved so long asitis
capable of being expressed suvultancously with the nucleic acid encoding a gene product. Further examples
of selectable markers are well known to one of skill in the art and include reporters such as enhanced green
flusrescent protein (EGEFP), beta-galactosidase (B-gal) or chloramphenicol acetyltransferase (CAT).

{82811 In one embodiment, the polynucleotide encoding a BPXTEN fusion protein composition can be fused
C-terrainally to an N-terminal signal sequence appropriate for the expression host systent. Signal sequences
are typically proicolvtically removed from the protein during the translocation and secretion process,

eenerating a defined N-terminus, A wide variety of signal sequences have been described for most expression
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systems, including bacterial, yeast, msect, and manunalian systems. A non-limiting list of preforred examples
for cach cxprossion system follows herein. Preferred signal sequences are OmpA, PhoA, and DsbA for £ coli
expression. Signal peptides preferred for veast expression are ppL-alpha, DEX4, invertase signal peptide, acid
phosphatase signal peptide, CPY, or INUL. For insect cell expression the preferred signal sequences are sexta
adipokinetic hormone precursor, CP1, CP2, CP3, CP4, TPA, PAP, ar gp67. For manumalian expression the
preferred signal sequences are 1L.2L, SV40, TgG kappa and 1gG lambda.

{6282] In ancther embodiment, a leader sequence, potentially comprising a well-expressed, independent
protein domain, can be fused to the N-terminus of the BPXTEN sequence, separated by a protease cleavage
site. While any leader peptide sequence which does not mhabit cleavage at the designed proteolyiic site can
be used, sequences in preferred embodiments will comprise stable, well-cxpressed sequences such that
expression and folding of the overall composition is not significantly adversely affected, and preferably
expression, solubility, and/or folding efficiency are significantly improved. A wide variety of suitable lcader
sequences have been described in the literature. A non-limiting list of suitable sequences mcludes maltose
binding protein, celhulose binding domam, ghitathione S-transferase, 6xHis tag (SEQ 1D NG 263), FLAG tag,
hemaglutinin tag, and green fluorescent protein. The leader sequence can also be further tmproved by codon
optimization, especially in the second codon position following the ATG start codon, by methods well
described in the literature and hercinabove.

{3283] Vanous in vitro enzymatic methods for cleaving proteins at specific sites are known. Such methods
include use of enterokinase (DDDK (SEQ 1D NQO: 264)), Factor Xa (IDGR (SEQ 1D NO: 263)), thrombin
(LVPRGS (SEQ 1D NO: 266)), PreScission™ (LEVLFQGP (SEQ 1D NG: 267)), TEV protease (EQLYFOQG
(SEQ ID NGO 268)), 3C protease (ETLFQGP (SEQ 1D NO: 269)), Sortase A (LPETG SEQ 1D NG: 909},
Granzyme B (D/X, N/X, M/N or §/X), mteins, SUMQO, DAPase (TAGZyme™), Acromonas aminopeptidase,
Ammopeptidase M, and carboxypeptidases A and B, Additional methods are disclosed in Aman, ef o/, Protein
Expression and Purification 48 1-13 (2006),

{6284] Io other embodiments, an optimized polviucieotide sequence encoding at east about 20 to abowt 60
amine acids with XTEN characteristics can be mcluded at the N-terminus of the XTEN sequence o promote
the initiation of translation to allow for expression of XTEN fusions at the N-terminus of proteins without the
presence of a helper domain. In an advantage of the foregoing, the sequence does not require subsequent
cleavage, thereby reducing the number of steps to manufacture XTEN-containing compositions. As desceribed
m more detail in the Examples, the optimized N-terminal sequence has attributes of an unstructured protein,
but may include nocleotide bases encoding amino acids selected for their ability to promote initiation of
translation and enhanced expression. In one embodiment of the foregoing, the optimized polynucleotide
encodes an XTEN sequence with at Jeast about 90% sequence wdentity to AE912 (SEQ 13 NO: 217). In avother
embodiment of the foregoing, the aptimized polynuclentide encodes an XTEN sequence with at feast about

90% sequence identity to AM923 (SEQ ID N{O: 2183,
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{6285] In ancther embodiment, the protease stie of the leader sequence construct 18 chosen such that if s
recognized by an in vivo protease. In this embodiment, the protein is purified from the expression system while
retaining the leader by avoiding contact with an appropriate protease. The full-length consiruet 1s then injected
into a pattent. Upon injection, the construet comes mto contact with the protease specific for the cleavage site
and is cleaved by the protease. In the case where the uncleaved protein is substantially less active than the
cleaved form, this method has the beneficial effect of allowing higher inttial doses while avoiding toxicity, as
the active form is generated slowly in vive. Some non-limiting examples of in vivo proteases which are useful
for this application include tissue kalbikrein, plasma kallikrein, trypsin, pepsin, chymotrypsin, thrombin, and
matrix metalloproteinases, or the proteases of Table 8.

{02861 In this manner, a cluimeric DNA molecule coding for a monomeric BPXTEN fusion protein is
generated within the construct.  Optionally, this chimeric DNA molecule may be transferred or cloned nto
another construct that is a more appropriate expression vector. At this point, a host cell capable of expressing
the chimeric DNA molecule can be transformed with the chimeric DNA molecule. The vectors contaimng the
DMNA segments of mterest can be transferred into the host cell by well-known methods, depending on the type
of cellular host. For example, calcium chloride transfection is commonly utilized for prokaryotic cells, whereas
calcium phosphate treatment, lipofection, or electroporation may be used for other cellular hosts. Other
methods used to transform mammalian cells include the wse of polybrene, protoplast fusion, liposomes,
electroporation, and nucromnjection. See, generally, Sambrook, ef af | supra.

{62871 The wansformation may occur with or without the utilization of a carrier, such as an expression vector.
Then, the transformed bost cell is cultured under conditions suttable for expression of the chimeric DNA
molecule encoding of BPXTEN.

{6288] The present imvention also provides a host cell for expressing the monomeric fusion protein
compositions disclosed herein.  Examples of suitable eukaryotic host cells include, but are not limited to
mammalian cells, such as VERO cells, HELA cells such as ATCC No. CCL2, CHO cell ines, COS celis,
WI38 cells, BHEK cells . HepG2 cells, 3T3 cells, A549 cells, PCI2 colls, K862 cells, 293 cells, 9 cells and
Cvl cells.  Examples of swtable nop-mammalian eukaryotic cells include cukaryotic microbes such as
filamentous fungi or veast are suilable cloning or expression hosts for encoding vectors.  Saccharomyces
cerevisine 18 a conmmonly used lower eukaryotic host microorganism. Others include Schizosaccharomyces
pombe (Beach and Nurse, Nature, 290: 140 [1981]; EP 139,383 published 2 May 1985); Kluwyveromiyces hosts
{U.S. Pat. No. 4,943 529; Fleer ¢t al , Bio/Technology, 9:968-975 (1991)) such as, e.g., K lactis (MW98-8C,
CBS683, CBS4574; Lowvencowrt et al., J. Bacteriol, 737 {19831}, K fragilis (ATCC 12,424), K bulgaricus
{ATCC 16,045}, K wickeramii (ATCC 24,178}, K walidi {ATCC 36,500}, K dresophilarum {(ATCC 36,906,
Van den Berg et al., Bio/Technology, 8:135 (1990)), K thermotolerans | and K. marxionus; yarvowia {EP
402 226, Pichia pastoris (EP 183,070; Sreckrishna et al., §. Basic Microbiol , 28:265-278 [19881]); Candida.

Trichoderma reesia (EP 244 234); Neurospora crassa {Case et al., Proc. Natl. Acad. Sei. USA, 76:5259-5263
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[Y979)); Schwanniomyces such as Schwanniomyces occidentalis (EP 394,538 published 31 Oct. 1990); and
filamentous fungi such as, e.g., Newrospora, Penicillium, Tolypociadivm (WO 91/00357 published 10 Jan.
1991), and Aspergiilus hosts sach as A. nidulons (Ballance et al., Biochem. Biophys. Res. Commun,, 112:284-
289 [1983]; Tilburn et al., Gene, 26:2035-221 [1983]; Yellon et al., Proc. Natl. Acad. Sci. USA, 81: 1470-1474
[19841) and 4. niger (Kelly and Hynes, EMBO 1., 4:475-479 [1985]). Methylotropic veasts are suitable herein
and inchude, but are not linuted to, yveast capable of growth on methanol selected from the genera consisting of
Hansenula, Candida, Kloeckera, Pichia, Saccharomyces, Torulopsis | and Rhodoiorula . A list of specific
apecies that are exemplary of this class of yeasts may be found in C. Anthony, The Biochemistry of
Methylotrophs, 269 (1982),

{02891 Other suitable cells that can be used in the present invention include, but are not houted to, prokaryotic
host cells strains such as Escherichia coli) (e.g., strain DH3-a), Bacillus subtilis, Salmonella typhimurium, ot
strains of the genera of Pseudomonas, Strepromyces and Staphylococcus. Non-limiting examples of suitable
prokaryotes include those from the generar Actinoplones; Archaeogiobus; Bdeilovibrio; Borrelic;
Chloroflexus;,  Enterococcus,  Escherichia;  Lactobacillus,  Listeria;  Oceanobacillus;,  Paracoccus;
Pseudomonas,; Staphylococcus, Sireptococcus; Strepiomyees, Thermoplasma, and Vibrio. Non-limiting
examples of specific swrains include: Archaeoglobus fulgidus, Bdellovibrio bacteriovorus: Borrelia
burgdorferi; Chloroflexus aurantiacus, Enterococcus fiecnlis; Enterococcus faecium, Lactobacillus johnsonii:
Lactobacillus plantavum; Lactococeus lactis; Listeria innocua, Listeria monocytogenes, Oceanobacillus
iheyensis; Paracoccus zeaxanthinifaciens, Pseudomonas mevalonii, Staphylococcus aureus; Staphyiococous
epidermidis, Staphylococcus  haemolyficus, Streprococcus agalactiae, Strepiomyces  griseclosporeus,
Streptococcus mutons; Streptococcus pneumonioe;, Streplococcus pyogenes, Thermoplasma acidophilum;
Thermoplasma volcanium, Vibrio cholerae: Vibrio parahicemolviicus; and Vibrio vulnificus.

{6290] Host cells containing the polynucleotides of interest can be eultured in conventional nuirient media
(c.g., Hamn's nutricnt mixture) modified as appropriate for activating promoters, selecting transformants or
araplifying genes. The culture conditions, such as temperature, pH and the like, are those previousky used with
the host cell selected for expression, and will be apparent to the ordinarily skilled artisan.  Cells are typically
harvested by centrifugation, disrupted by phvsical or chemical means, and the resulting crude extract retained
for further purification. For compositions secreted by the host cells, supernatant from centrifugation is
separated and retained for forther purification. Microbial cells eraployed n expression of protems can be
disrupted by any convenient method, including freeze-thaw cycling, sonication, mechanical disruption, or use
of cell bysing agents, all of which are well known to those skilled 1n the art. Embodiments that involve cell
bvsts may entail use of a buffer that contaims protease inhibifors that hmit degradation after expression of the
chimeric DNA molecule. Switable protease mdubitors melude, but are not Hinited to leupeptin, pepstatin or
aprotinin.  The supernatant then may be precipitated in successively increasing concentrations of saturated

ammonium sulfate.
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{6251] Gene expression muay be measured in a saraple directly, for example, by conventional Southern blotting,
Northern blotting to quantitate the transcription of mRNA ([Thomas, Proc. Natl. Acad. Sci USA, 77:53201-
5205 (19803}), dot blotting (DNA analysis), or in situ hybridization, using an appropriately labeled probe,
based on the sequences provided herem. Alternatively, antibodies may be emploved that can recoguize speeific
duplexes, including DNA duplexes, RNA duplexes, and DNA-RNA hybrid duplexes or DNA-protemn duplexes.
The antibodies in turn may be labeled and the assay may be carried out where the duplex is bound to a surface,
so that upon the formation of duplex on the surface, the presence of antibody bound to the duplex can be
detected.

{6292] Gene expression, alternatively, may be measured by inmunological of fluorescent methods, such as
immunchistochemical statming of cells or tissue sections and assay of cell culture or body fluids or the detection
of sclectable markers, to dircctly quantitate the expression of gene product.  Antthodies usefud for
mmunchistochemical staining and/or assay of sample fluids may be etther monoclonal or polyclonal, and may
be prepared 1n any mammal. Conveniently, the antibodics may be prepared agamst a native sequence BP
polypeptide or aganst a synthetic peptide based on the DNA scquences provided heren or against exogenous
sequence fused to BP and encoding a specific antibody epitope.  Examples of sclectable markers are well
knowa to one of skill in the art and include reporters such as enbanced green fluorescent protein (EGEP), beta-
salactosidase (B-gal} or chloramphenicol acetvitransferase (CAT).

{0283] Expressed BPXTEN polypeptide product{s) may be purified via methods known i the art or by
methods disclosed heretn.  Procedures such as gel filtration, affinity purification, salt fractionation, ion
exchange chromatography, size exclusion chromatography, bydroxyapatite adsorption chromatography,
hydrophobic nteraction chromatography and gel electrophoresis may be used; cach tailored to recover and
purify the fusion protein produced by the respective host cells. Some expressed BPXTEN may require
refolding during isolation and purification. Methods of punification are described in Robert K. Scopes, Protein
Purification: Principles and Practice, Charles R Castor {ed.), Springer-Verlag 1994, and Sambrook, et al.,
supra. Multi-step purification separations arc also described in Baron, ef o/, Crit. Rev. Biotechnol. 10:179-90
(1990) and Below, erai., J. Chromatogr. A. 679:67-83 (1994).

PHARMACEUTICAL COMPOSITIONS

{6294] Cyiokines can have utility in the treatment in various therapeutic or discase categornies, including but

not limited to cancer, rheumatoid arthritis, multiple sclorosis, myasthenia gravis, systemuc fupus ervthematosus,
Alzheimer’s disease, Schizophrenia, viral infections {(e.g., chrounic hepatitis C, AIDS), allergic asthma, retinal
neurodegencrative processes, metabolic disorder, msulin resistance, and diabetic cardiomyopathy.

{3295] However, the therapeutic utility of cytokines can be limited in some situations because some of the

cvtokmes such as TL-2, TL-12, TL15, Type T Interferons (alpha & beta), and IFN-gamma can be toxic to the
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host cells when delivered systematically. Extending the hait-life of the cuculating cytokine can be a way to
reduce the cell toxicity by slowing the intraccllular uptake.

{3296] The BPXTEN in the disclosure provides methods and compositions of extending the halflife of the
cviokines by attachment of the cviokine to XTEN. In one embodiment, the phammaceutical composition
comprises the BPXTEN fusion protein and at least one pharmaceutically acceptable carmer. BPXTEN
polvpeptides of the present invention can be formulated according to known methods to prepare
pharmaceutically usefid compositions, whereby the polypeptide is combined m admixture with a
pharmaceutically acceptable carrier vehicle, such as aqueous solutions or buffers, pharmaceutically acceptable
suspensions and enudsions. Examples of non-aqueous solvents include propyl ethyvlene glyeol, polyethylene
glyenl and vegetable oils. Therapeutic formulations are prepared for storage by mixing the active ingredient
having the desired degree of purity with optional physiclogically acceptable carriers, excipients or stabilizers,
as described in Remington's Pharmaceutical Sciences 16th edition, Osol, A, Ed. (1980), in the form: of
tyophilized formulations or agucous solations.

{6297} The pharmaceutical compositions can be adnunistered orally, intranasally, parenterally or by
imhalation therapy, and may take the form of tablets, lorzenges, granules, capsules, pills, ampouies,
suppositories or acrosol form. They may also take the form of suspensions, solutions and emulsions of the
active ingredient in agueocus or nopagueous diluents, svrops, grapulates or powders.  In addition, the
pharmaceutical compositions can also contain other pharmaceutically active compounds or a plurality of
compounds of the mvention. The pharmmaceutical composition can be fornmulated for oral, intradermal,
subcutaneous, imfravencus, intra-arterial, intraabdominal, intraperitoncal, intrathecal, or intramuscular
administration. The pharmaceutical composition can be in a liquud form. The pharmaccutical composition can
be in a pre-filled syringe for a single mjection. The pharmaceutical composition can be formulated as a
tvophilized powder to be reconstituted prior to administration.

{6258] More particularly, the present pharmaceutical compositions may be adounistered for therapy by any
suitable route including oral, rectal, nasal, topical (including transdermal, acrosol, buccal and sublingual),
vagmnal, parenieral (ncluding subcutaneous, subcutancous by mfusion pump, mitramascudar, imtravenouns and
intradermal), intravitreal, and pulmonary. It will also be appreciated that the preferred route will vary with the
condifion and age of the recipient, and the disease being {reated.

{62991 In onc embodiment, the pharmaccutical composition is administered subcutancously.  lIn this
embodiment, the composition may be supplied as a lyophilized powder to be reconstituted prior to
admimsiration. The composition may also be supphied in a liquid form, which can be administered directly to
a patient. In one embodiment, the composition is sapplied as a liqquid in a pre-filled svringe such that a patient
can easily self-admimister the composition.

{33001 Extended release formulations usefid in the present mvention may be oral formulations comprising a

matrix and a coating composition. Suitable matrix materials may mclude waxes (e.g., camauba, bees wax,
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paraffin wax, ceresine, shellac wax, fatty acids, and fatty alcohols), oils, hardened oils or fats (¢.g., hardened
rapesced o1l castor oil, beef tallow, palm cil, and sova bean oil). and polymers (e.g., hydroxypropy! cellulase,
polyvinvipyrrohidone, hydroxypropyl methyl cellulose, and polyethylene glycol). Other suitable matrix
tabletting materials are mucrocrystallime cellulose, powdered celiulose, hydroxypropy! cellulose, ethyl
cellulose, with other carriers, and fillers. Tablets may also contain granulates, coated powders, or pellets.
Tablets may also be multi-layered. Multi-lavered tablets are especially preferred when the active mgredients
have markedly different pharmacokinetic profiles. Optionally, the finished tablet may be coated or uncoated.
{3363] The coating composition may comprise an insohuble matrix polymer and/or a water soluble matertal.
Water soluble materials can be polymers such as polvethylene glveol, hydroxypropyl cellulose, hvdroxypropy!
methyl celiulose, polvvinylpyrrolidone, polyvinyl alechol, or movomeric matenials such as sugars {c.g., lactose,
sucrose, fructose, mannttol and the hike), salts {e.g., sodium chioride, potassium chloride and the like), organic
acids (c.g., fumaric acid, succinic acid, lactic acid, and tartaric acid), and mixtures thereof. Optionally, an
enteric polymer may be incorporated into the coating composition. Suitable enteric polymers include
hydroxypropyl methy] cellulose, acetate suceinate, hvdroxypropyl methyl celhilose, phthalate, polyvvinyl
acetate phthalate, cellulose acetate phthalate, cellulose acetate trimellitate, shellac, zein, and polymethacrylates
contatning carboxyl groups. The coating composttion may be plasticised by adding suitable plasticisers such
as, for example, diethy phthalate, citrate esters, polyethyiene glycol, glycerol, acetviated glyeerides, acetylated
citrate esters, dibutyisebacate, and castor oil. The coating composition may also include a filler, which can be
an insoluble raterial such as silicon dioxide, titantum dioxide, tale, kaolin, alumina, starch, powdered cellulose,
MCC, or polacrilin potassium. The coating composition may be applied as a solution or latex m organic
sofvents or aqueous solvents or mixtures thereof. Solvents such as water, fower alcohol, lower chlorinated
hydrocarbons, ketones, or mixtares thereof may be used.

{3302] The compositions of the invention may be formulated using a variety of excipients. Suitable excipients
mclude microcrystalline cellulose (c.g. Avicel PH102, Avicel PHIOL), polymethacrylate, poly(cthyi acrviate,
methyl methacrylate, trimethylammoniocthyl methacrylate chloridey (such as  Euodragit RS-30D),
hydroxypropyl methyicelhdose (Methocel K100M, Premium CR Methocel K100M, Methocel E3, Opadry®3,
magnesium stearaie, lalc, triethyl citrate, aquecus ethvicellulose dispersion (Surelease®), and protamine
sulfate. The slow release agent may also comprise a carrier, which can comyprise, for example, solvents,
dispersion media, coatings, antibacterial and antifungal ageots, isotonic and absorption delaving ageunts.
Pharmaceutically acceptable salts can also be used in these slow release agents, for example, nuneral salis such
as hydrochlorides, hydrobromides, phosphates, or sulfates, as well as the salts of organic acids such as acetates,
proprionates, malonates, or benzoates. The composition may also contain liquads, sach as water, saline,
glycerol, and ethanol, as well as substances such as wetting agents, emulsifving agents, or pH buffering agents.

Liposomes may also be used as a carrier.
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{6303] In avother combodiment, the compositions of the present mvention are cncapsulated i liposomes,
which have demonstrated utility in delivering beneficial active agents in a controlied manner over prolonged
periods of time. Liposomes are closed bilayer membranes containing an entrapped agueous volume. Liposomes
may also be unilameliar vesicles possessing a single membrane bilayer or muttilamellar vesicles with multiple
membrane bilayers, each separated from the next by an agucous layer. The structure of the resulting membrane
bilayer is such that the hydrophobic (non-polar) tails of the hpid are oriented toward the center of the bilaver
while the hydrophilic (polar) heads orient towards the agueous phase. In one embodiment, the liposome may
be coated with a flexible water soluble polyvmer that avoids uptake by the organs of the mononaclear phagoeyte
system, primarily the hiver and spleen. Suitable hyvdrophilic polymers for surrounding the liposormes include,
without  lunitation, PEG,  polyvinvipyrrolidone,  polyvinyimethylether,  polymethyloxazoline,
polvethyloxazoline, polyhvdroxypropyloxazoline, polyvhydroxypropyimethacrylanude, polymethacrylamide,
polydimethylacrvlamide, polvhyvdroxypropylmethacrylate, polyhydroxethylacrvlate, hydroxymethyleelhilose
hydroxyethylceliulose, polyethyleneglyeol, polyaspartamide and hydrophilic peptide sequences as described
in U.S. Pat. Nos. 6,316,024 6,126,966, 6,056,973, 6,043,094, the contents of which are incorporated by
reference m their entirety.

{3364] Liposomes may be comprised of any lipid or lipid combination known in the art. For example. the
vesicle-forming lipids may be natwrally-occurring or synthetic lipids, including phospholipids, such as
phosphatidylcholine, phosphatidylethanolamine, phosphatidic acid, phosphatidylserine, phasphatidyiglveerol,
phosphatidylinositol, and sphingonyelin as disclosed in U.S. Pat. Nos. 6,056,973 and 5,874,104, The vesicle-
forming lipids may also be glycolipids, cerebrosides, or cationic lipids, such as 1,2-dioleyloxy-3-
{trimethviamino) propane (DOTAPR), N-{1-(2,3 -ditetradecyioxy ypropylI-N N-dimethyi-N-
hydroxyethylammoniom  bromide (DMRIE), N-f1 [(2,3.-dioleyloxyipropyli-N N-dimethyi-N-hvdroxy
othylammonium  bronude (DORIE);, N-[1-(2,3-dioleyioxy)propyi-N.N N-trimethylammonium  chloride
(DOTMA); 3 [N-(N' N'-dimethylaminoethane) carbamolv] cholesterol {(DC-Chol); or
dimethyldioctadecylanumonium (DDAB) also as disclosed m U8, Pat. No. 6,056,973, Cholesterol may also
be present in the proper range to impart stabihity to the vesicle as disclosed in U.S. Pat. Nos. 5,916,588 and
5,874,104

{3305] Additonal liposomal technologies are described in U.S. Pat. Nosa. 6,759,057; 6,406,713; 6,352,716;
6,316,024, 6,294,191, 6,126,966, 6,036,973; 6,043,094, 5,965,156, 5,916,588, 3,874,104, 5,215,680 and
4,684,479, the contents of which are incorporated herein by reference. These describe liposomes and lipid-
coated microbubbles, and methods for their mamifacture. Thus, one skilled i the art, considering both the
disclosure of this invention and the disclosures of these other patents could produce a liposome for the extended

release of the polypeptides of the present invention.
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{6306] For liquid forowlations, a desired property s that the formulation be supplicd 1 a form that can pass
through a 25, 28, 30, 31, 32 gauge necedic for intravenous, intramuscular, intraarticular, or subcutancous
admimistration.

{6307] Administration via transdermal foronddations can be performed using methods also known mn the art,
mnchading those described generally in, e.g., US. Pat. Nos. 5,186,938 and 6,183,770, 4,861,800, 6,743 211,
6,945,952, 4,284,444, and WO 89/09051, mcorporated herein by reference 1o their entireties. A transdermal
patch is a particularly useful embodiment with polypeptides having absorption problems. Patches can be made
to control the release of skin-permeable active ingredients over a 12 hour, 24 hour, 3 day, and 7 day period. In
one example, a 2-fold daily excess of a polypeptide of the present invention 1s placed in a non-volatile thad.
The compositions of the wvention are provided 1 the form of a viscous, non-volatide iquid. The penctration
through skin of specific formulations may be measures by standard methods in the art (for example, Franz et
al., I Iovest Derm 64:194-195 (1975)). Examples of suitable patches are passive transfer skin paiches,
tontophoretic skin patches, or patches with microncedies such as Nicoderm.

{3308] In other embodiments, the composition may be delivered via intranasal, buccal, or sublingual routes
to the brain 1o enable transfer of the active agents through the olfactory passages into the CNS and reducing
the systemuic admunistration. Devices commonly used for this route of administration are included in U5, Pat.
No. 6,713,483, Compositions delivered via this route may enable inereased CNS dosing or reduced total body
burden reducing systenuc toxicity risks associated with certain drugs. Preparation of a pharmaceutical
composition for delivery in a subdermally implantable device can be performed using methods known in the
art, such as those described i, ¢.g., U.S. Pat. Nos. 3,992,518, 5,660,848; and 5,756,115,

{3369] Csmotic pumps may be used as slow release agents in the form of tablets, pills, capsules or implantable
devices. Osmotic pumps are well known 1n the art and readily available to one of ordinary skill in the art from
companies experienced in providing osmotic pumps for extended release drug delivery. Examples are ALZA's
DUROS™; ALZA's OROS™: Osmotica Pharmaceutical's Osmodex™ gystem; Shire Laboratorics'
EnSoTrol™ gystem; and Alzet™. Patents that describe osmotic pump technology are U.S, Pat. Nos, 6,890,918,
6,838,093, 6,814,979 6,713,086, 6,534,090, 6514532, 6,361,796, 6,352,721, 6,294201, 62847276;
6,110,498. 5 573,776, 4,200,0984; and 4,088,864, the contents of which are incorporated herein by reference.
One skilled i the art, considering both the disclosure of this invention and the disclosures of these other patents
could produce an osmotic puny for the extended release of the polypeptides of the present mvention.

{6310] Syringe pumps may also be used as slow release agents. Such devices are described in U8, Pat. Nos.
4,976,696 4,933,185, 5.017,378; 6,309.370, 6.254,573; 4435173, 4398908, 6,572.585. 5298022
5,176,502: 5,492,534; 5,318,540; and 4,988,337, the contents of which are incorporated herein by reference.
One skilled 1o the art, considering both the disclosure of this mvention and the disclosures of these other patents

could produce a syringe pump for the extended release of the compositions of the present invention.
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PHARMACEUTICAL KITS
{8311] Io another aspect, the invention provides a kit to facilitate the use of the BPXTEN polypeptides. In

one embodiment, the kit comprises, in at least 8 first container: {a) an amount of a BPXTEN fusion protein
composition sufficient to treat a discase, condition or disorder upon administration to a subject in need thercof]
and {b) an amount of a pharmaceutically acceptable carrier; together in a formulation ready for mjection or for
recoustitution with sterile water, buffer, or dextrose; together with a label identifying the BPXTEN drug and
storage and handling conditions, and a sheet of the approved ndications for the drug, instructions for the
reconstiution and/or administration of the BPXTEN drug for the use for the prevention and/or ireatment of an
approved indication, appropriate dosage and safetv information, and nformation dentifying the lot and
expiration of the drug. Tn another embodiment of the foregoing, the kit can comprise a second coutainer that
can carry a suitable diluent for the BPXTEN composition, which will provide the user with the appropriate

concentration of BPXTEN to be delivered o the subject.

EXAMPLES
Example 1: Construction of XTEN
{3312] XTENs and various componenis can be made and assembled as described m WO 2010/091122, which
i hereby incorporated by reference in its entirety and in particular with reference to its teachings regarding
XTEN sequences and the manufacture and assembly thereof.

Example 2: Methods of producing and evaluating BPXTEN; XTEN-cvtckine as example

{8313] A general schema for producing and evaluating BPXTEN compositions is presented in FIG. 6, and
forms the basis for the general description of this Example. Using the disclosed methods and those known to
one of ordinary skill in the art, together with guidance provided in the illustrative examples, a skilled artesian
can create and evaluate a range of BPXTEN fusion proteins comprising, X TENs, BP and variants of BP known
in the art. The Example is, therefore, to be construed as merely Ulustrative, and oot linutative of the methods
in any way whatsoever; numerous variations will be apparent to the ordinarily skilled artisan. In this Prophetic
Example, a BPXTEN of ILI0 Hinked to an XTEN of the AE family of motifs would be created.

{6314] The general schema for producing polynuclectides encoding XTEN is presented in FIGS. 4 and 5.
FIG. 5 15 a schematic flowchart of representative steps 1o the assembly of a XTEN polynucleotide construct in
one of the embodiments of the invention. Individual oligonucleotides 581 are annealed into sequence motifs
502 such as a 12 amino acid motif ("12-mer™), which is subsequently ligated with an oligo containing Bbs],
and Kpnl restriction sites 303, The motf Hbraries can be himted to specific sequence XTEN families; e.g.,
AD, AE, AF, AG, AM, or AQ) sequences of Table 1. In this case, the motifs of the AE famly (SEQ ID NOS:
186-189) would be used as the motif hibrary, which arc anncaled to the 12-mer to create 2 “building block”™
length; ¢ g, a segment that encodes 36 amino acids. The gene encoding the XTEN sequence can be assembled

by ligation and multimerization of the “building blocks™ antil the desired length of the XTEN gene 504 15
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achicved. As lustrated in FIG. 8, the XTEN length jn this case 1s 48 anuno acid residues, but longer lengths
can be achieved by this process. For example, multimerization can be performed by ligation, overlap extension,
PCR assembly or similar cloning technigues known in the art. The XTEN gene can be cloned inio a stuffer
vector. In the example illustrated m FIG. §, the vector can encode a Flag sequence 5606 followed by a stuffer
sequence that is flanked by Bsal, Bbsl, and Kpnd sites 847 and a BP gene (c.g., exendin-4) 508, resulting in
the gene encoding the BPXTEN 566, which, in this case encodes the fusion protein in the configuration, N-to
C-terminus, X TEN-IL1O.

{3315] DNA sequences encoding IL10 (or another candidate BP) can be conveniently obtained by standard
procedures known in the art from a ¢cDNA library prepared from an appropniate cellular source, from a genomic
library, or may be created synthetically (e.g., avtomated nucleic acid synthesis) using DNA sequences obtained
from publicly available databases, patents, or literature references. A gene or polvnucleotide encoding the
1L.10 portion of the profein can then be cloned into a construct, such as those described herein, whichcanbe a
plasmid or other vector under control of appropriate transeription and translation sequences for high level
proten expression m a biological system. A second gene or polynucleotide coding for the XTEN portion {in
the case of FiG. 5 illustrated as an AE with 48 amino acid residues) can be genetically fused to the nucleotides
encoding the N- terminus of the 1L10 gene by cloning it info the construct adjacent and in frame with the gene
coding for the IL10, through a ligation or multimerization step. In this manner, a chimeric DNA molecule
coding for {or complementary to) the XTEN-IL10 BPXTEN fusion protein would be generated within the
construct. The construct can be designed in different configurations to encode the vartous pernwtations of the
fusion partners as a monomeric polypeptide. For example, the gene can be created to encode the fusion protein
i the order (N- to C-terminos), ILIG-XTEN; XTEN-IL10;, ILI0-XTEN- IL10; XTEN- IL10-XTEN; as well
as multimers of the foregoing. Optionally, this chimeric DNA molecale may be transferred or cloned into
another constract that is a more appropriale expression vector. At this point, a host cell capable of expressing
the chimeric DNA molecule would be transtormed with the chuneric DNA molecule. The vectors containing
the DNA scgments of interest can be transferred into an appropriate host cell by well-known methods,
depending on the type of cellular host, as described supra.

{8316] Host cells containing the XTEN-IL10 expression vector would be cultured in conventional nutrient
media modified as appropriate for activating the promoter. The culture conditions, such as temperature, pH
and the bike, are those previously used with the host cell selected for expression, and will be apparent to the
ordinartly skilled artisan. Afier expression of the fusion protein, cells would be harvested by centrifugation,
disrupted by physical or chenucal means, and the resulting crude exiract retained for purification of the fusion
protein, as described below. For BPXTEN composttions secreted by the host cells, supernatant from
centrifugation would be separated and retatned for further purification.

{3317] Gene expression can be measured in a sample directly, for example, by conventional Southern blotting,

Morthern bloiting {0 quanittate the ranscription of mRNA (Thomas, Proc. Natl Acad. Sei. USA, 77:5201-
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5205 (1980}, dot blotting (DNA analysis), or in stfu hyvbridization, using an appropriately labeled probe, based
on the sequences provided herein.  Alternatively, gene oxpression can be measured by immunclogical of
fluorescent methods, such as immuonohistochemical staiming of cells to divectly quantitate the expression of
gene product. Antibodies useful for mmuonohistochemical staming and/or assay of sample thuds can be either
monoclonal or polyclonal, and may be prepared in any mammal. Conveniently, the antibodies may be prepared
against the 1IL10 sequence polypeptide using a synthetic peptide based on the sequences provided herein or
against exogenous sequence fused to IL10 and encoding a specific antibody epitope. Examples of selectable
markers are well known to one of skill 1n the art and mchide reporters such as enhanced green fluorescent
protem (EGFP), beta-galactosidase (B-gal) or chloramphenicol acetylransferase (CAT).

{0318] The XTEN-ILI0 polypeptide product would be purified via methods known in the art.  Procedures
such as gel filtration, affintty purification, salt fractionation, ion exchange chromatography, size exclusion
chromatography, hydroxyapatite adsorption chromatography, hydrophobic mteraction chromatography or gel
electrophoresis are all technigues that may be used in the purification.  Specific methods of puarification are
described in Robert K. Scopes, Protein Purification: Principles and Practice, Chardes R. Castor, ed., Springer-
Verlag 1994, and Sambrook, ef af.. supra. Multi-step purification separations are also described in Baron, e/
al., Crit. Rev. Biotechnol. 10:179-90 (1990) and Below, er ¢/, J. Chromatogr. A. 679:67-83 (1994).

{6319] Asillustraied in FIG, 6, the tsolated XTEN-IL 10 fusion proteins would then be characterized for their
chemuical and activity properties. Isolated fusion protein would be characterized, e.g., for sequence, purity,
apparent molecular weight, solubility and stability using standard methods known in the art. The fusion protein
meeting expected standards would then be evaluated for activity, which can be measured in vitro or in vivo,
using one or more assavs diselosed herein.

{6328] In addition, the XTEN-IL10 fusion protein would be administered to one or more amimal species to
determine standard pharmacokinetic parameters, as described in Example 25,

{6323] By the iterative process of producing, expressing, and recovering X TEN-1L 10 constructs, followed by
their characterization using methods disclosed herein or others known in the art, the BFXTEN compositions
comprising 1L10 and an XTEN can be produced and evaluated by one of ordinary skill in the ast to confirm
the expected properties such as enhanced solubility, enhanced stabthty, improved pharmacokinetics and
reduced immunogenicity, leading to an overall enhanced therapeutic activity compared to the corresponding
unfused 1110, For those fusion proteins not possessing the desired propertics, a different sequence can be
constructed, expressed, isolated and evaluated by these methods in order to obtain a composition with such
properties.

Example 3: Analvtical size exclusion chromatography of XTEN fusion proteins

{83221 Size exclusion chromatography analysis is pecformed on fusion proteins containing various therapeutic
proteins and unstructured recombinant proteins of ncreasing length.  An exemplary assay uses a TSKGel-

G4000 SWXL (7 8mm x 30cm) column in which 40 pg of purified glucagon fusion protein at a conceniration
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of 1 mg/ml is separated at a flow rate of 0.6 ml/oun i 20 mM phosphate pH 6.8, 114 M NaCl. Chromatogram
profiles are monitored using OD214nm and OD280nm. Column calibration for all assays are performed vsing
a size exclusion calibration standard from BioRad. 1t is thought that fusion proteins comprising IL10 and
XTEN can reduce renal clearance, contributing to iereased terminal half-life and improving the therapeutic
or biologic effect relative to a corresponding un-fused biologically active protein.

Example 4: Optinuzation of the release rate of C-terminal XTEN

{8323} Vanants of the fusion protein can be created in which the release rate of C-terminal XTEN is altered.
As the rate of XTEN release by an XTEN release protease i1s dependent on the sequence of the XTEN release
site, by varying the anuno acid sequence in the XTEN release site one can control the rate of XTEN release.
The sequence spectficity of many proteases is well known in the art, and 1s documented in several databases.
I this casc, the anuno acid specificity of proteases would be mapped using combinatorial hibrarics of substrates
[Harris, J. L, et al. (2000) Proc Natl Acad Sci U S A, 97 7754] or by following the cleavage of substrate
mixtures as flhustrated in [Schellenberger, V., et al. (1993) Biochemistry, 32: 4344] An alicrnative is the
identification of desired protease cleavage sequences by phage display [Matthews, D, et al. (1993) Science,
26%: 1113} Constructs would be made with variant sequences and assayed for XTEN release using standard
assays for detection of the XTEN polypeptides.

Example 8: Analysis of seguences for secondary structare by prediction alporithms

{3324] Ammo acid sequences can be assessed for secondary structure via cerfain compuier programs or
algorithms, such as the well-known Chou-Fasman algorithm (Chou, P. Y, er al. (1974) Biochemisiry, 13: 222-
435) and the Gamier-Osguthorpe-Robson, or “GOR™ method (Garnier §, Gibrat JF, Robson B. {1996). GOR
method for predicting protein secondary structure from amino acid sequence. Methods Enrymol 266:540-553).
For a given sequence, the algorithms can predict whether there exists some of no secondary stracture at all,
expressed as total and/or percentage of residucs of the sequence that form, for exampile, alpha-helices or beta-
sheets or the percentage of residues of the sequence predicted to result in random coil formation.

{B325] Scveral representative sequences fromy XTEN “familics™ have been assessed using two algorithm tools
for the Chou-Fasman and GOR methods to assess the degree of secondary structhure in these sequences. The
Chou-Fasman tool was provided by William R Pearson and the University of Virginia, at the “Biosupport™
miernet stie, URL located on the World Wide Web
at fasta.bioch virginia.cdu/fasta_www2/fasta_www.cgi?Trm=miscl as it existed on June 19, 2009, The GOR
tool was provided by Pole Informatique Lyonnais at the Network Protein Sequence Analysis interaet site, URL
located on the World Wide Web at .npsa-pbil.ibep. fi/cgi-bin/seepred gord pl as if exisied on June 19, 2008.
{83261 As a first step in the analvses, a single XTEN sequence was analyzed by the two algorithms. The
AE864 composition is a XTEN with 864 amino acid residues created from multiple copies of four 12 amino
acid sequence motifs consisting of the amino acids G, S, T, E, P, and A, The sequence motifs are characterized

by the fact that there is limited repetitiveness within the motifs and within the overall sequence in that the
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sequence of any two consecutive amino acids is not repeated more than twice i any one 12 anuno acid motif,
and that no three contiguous amino acids of full-length the XTEN are identical. Successively longer portions
of the AF 864 sequence from the N-terminus were analyzed by the Chou-Fasman and GOR algorithms (the
latter requires a mintmum length of 17 amino acids). The sequences were analyzed by entering the FASTA
format sequences into the prediction tools and running the analysis. The results from the analvses are presented
in Table 16,

{8327} The results indicate that, by the Chou-Fasman calculations, the four motifs of the AE family {Table 1)
have no alpha-helices or beta sheets. The sequence up to 288 residues was simularly found to have no alpha-
helices or beta sheets. The 432 residue sequence is predicted to have a small amount of secondary stracture,
with only 2 asuno acids contributing to an alpha-helix for an overall percentage of 9.5%. The full-length
AF864 polypeptide has the same two anuno acids contributing to an alpha-helix, for an overall percentage of
0.2%. Calculations for random cotil formation revealed that with increasing length, the percentage of random
coil formation increased. The first 24 amino acids of the sequence had 91% random coil formation, which
increased with increasing length up to the 99.77% value for the full-length sequence.

{6328] Numerous XTEN sequences of 300 amino acids or longer from the other motif families were also
analyzed and revealed that the mapority had greater than 95% random coil formation.  The exceptions were
those sequences with onie or more instances of three contiguous serine residucs, which resulted in predicted
beta-sheet formation. However, even these sequences still had approximately 99% random coil formation.
{6329] In contrast, a polypeptide sequence of 84 residucs limited to A, S, and P amino acids was assessed by
the Chou-Fasman algorith, which predicted a high degree of predicted alpha-helices. The sequence, which
had multiple repeat “AA” and “AAA” sequences, had an overall predicied percentage of alpha-helix struchure
of 69%. The GOR algorithm predicted 78.57% random cot formation; far less than any sequence consisting
of 12 amino acid sequence motifs consisting of the amno acids G, S, T, E, P, analyzed in the present Example.
{6330] Conclusions: The analysis supports the conclusion that: 1) XTEN created from mwltiple sequence
motifs of G, 8, T, E, P, and A that have lumited repetitiveness as to contiguous aning acids are predicted to
have very low amounts of alpha-helices and beta-sheets; 2) that increasing the length of the XTEN does not
appreciably inerease the probability of alpha-helix or beta-sheet formation; and 3} that progressively increasing
the length of the XTEN sequence by addition of non-repetitive 12-mers consisting of the amino acids G, §, T,
E, P, and A rosults in increased percentage of random coil formation. In contrast, polypeptides created from
amino acids limited to A, S and P that have a higher degree of internal repetitiveness are predicted to have a
high percentage of alpha-helices, as determined by the Chou-Fasman algorithm, as well as random coil
formation. Based on the numerous sequences evaluated by these methods, it is generally the case that XTEN
created from sequence motds of 6, S, T, E, P, and A that have hoited repetitiveness (defined as no more than
two identical contiguous amine acids i any one motif) greater than about 400 anmino acid residues in length

are expected to have very lmited secondary structure.  With the exception of motifs contaming three

125



WO 2021/262985 PCT/US2021/038909

contiguous serines, it is believed that any order or combination of sequence motifs from Table  can be used
to create an XTEN polypeptide of a length greater than about 400 residues that will reselt in an XTEN sequence
that 1s substantially devoid of secondary structure. Such sequences are expected to have the characteristics
described in the BPXTEN embodiments of the invention disclosed herein.

Table 16; CHOU-FASMAN and GOR prediction calculations of polypeptide sequences

289 | GSTSESPSSTAP 12 Residue totals™: H: 0 E: 0 Not
peroent: H: 8.0 E: 0.0 Deterrained
290 | GTSTPESGSASP 12 Residue totals: H: ¢ E: § Not
percent: H: 8.0 E: 0.0 Deterrained
291 |GTSPSGESSTAP (2 Residue totals: H: ¢ B © Nat
percent: H: 0.0 E: 0.0 Dietermined
292 (GSTSSTARSPGP i2 Residue totals: H: ¢ E: ¢ Not
percent: H: 0.0E: 6.0 Determined
293 GSPAGSPISTEESTRESATPESGR 24 Kesiduc totals: H: & E: © 91.67 %
percent: H: 0.0 E: 6.0
294 | GSFAGSPTSTEEGTSESATPESGPGT 36 Residoe totals: H: 6 E: ¢ 94.44%
STEPSRGIAR percent: H: 0.6 E: 0.0
295 | GSPAGSPISTEEGTSESATPESGPRGT 43 Residoe totals: H: 0 B! ¢ 93.75%
STEPSEGSAPGSPAGSPTSTER percent: H: 0.0E: 0.0
296 CAPAGSPTSTRRGTSESATPESGRPGT &0 Residue totals: H: 0 8 € 86.67%
3TEPSEGSAPGSPAGSPTSTEREGTST percent: H: 0.0 E: 0.0
EPSEESAP
297 GSPAGSPTSTEEGTSRIATPRIGRGT 108 Residue totals: H: ¢ H: § 97.22%
STEPSEGSAPGSPAGSPISTEEGTST percent: H: 0.0 E: 0.0
EPSEGSAPCTSTEPSEGSAPGTIESA
TPESGPGSEPATSGSE
TPGEEPATSGRETR
268 |GSPAGSPTSTEEGTIESATPESGRGT 216 Resiductotals: H: ¢ E: © 99.07%
STEPSEGSAPGSPAGSPISTEEGTST percent: H: 0.0 8B: 0.0
EPSEGSAPGTSTRPSEGSAPGTSESA
TPRSGPESEPATSGSETPGSERATSG
SETPGSPAGSPISTEEGCTSESATPES
GPGTSTEPSEGSAPGTSTEPSEGSAP
GEPACSPISTEEGTSTEPSEGSAPGT
STEPSEGSAPGTSESATPESGRGTST
EPSEGSAP
299 | GSPAGSPTSTEEGTIESATPESGPGT 432 Fesidue totals: H: 2 E: 3 99.54%
STEPSRGSAPGSPAGSPTSTERGTST percent: H: 0.5 B:0.7
EPSESSAPGTSTEPSEGSAPGTSESA
TRPRSGPESEPATSGSETPESERPATSG
SETPGSPAGSPTSTEESTSESATPES
GPETSTREPSRGSAPGTSTEPSEGSAPR
GEPACSPISTEEGTSTEPSEGSAPGT
STEPSEGSAPGTIESATRPESGRPGTST
EPSEGSAPEGTSESATPESGCPGSEPAT
SGESETPETSTRPSRGSAPGTSTERPSE
GEAPGTSESATPESGPETSESATPES
GPGSPAGSPTSTEEGSTSESATPESGE
GSEFPATSGSETPGTISESATPESGPGT
3TEPSEGSAPGTSTEPSEGSAPGTST
EPSEGSAPGTSTEPSEGSAPETISTEP
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SEGSAPGTS TEPSEGSAFGSPAGSPT
STEEGTSTEPSEGSAP

AESc4

GSPAGSPTSTEEGTIESATPESGRPGT
STEPSEGSAPGEPAGSPISTEEGTST
EPSEGSAPGTSTERPSEGSAPGTSESA
TPESGPCSEPATSGSETPGSERFATEG
SETPGSPAGSPTSTEEGTSESATPES
GPGISTERPSEGEAPGISTEPSEGSAY
GEPAGSPISTEEGISTEFSEGSAPGT
STEPSEGSAPCTSESATPESGRGIRT
EPSEGSAPGTSESATRPESGPGSEPAT
SESETPEISTERSEGSAPGTSTERPSE
GEAPSTSESATPESGPGTSESATPES
GPGSPAGSPISTEEGTISESATPESGE
GSEPATSGSETPETSESATPESGPGT
STEPSEGSAPGTSTEPSEGSAPGTST
EPSEGCSAPGCTSTEPSEGSAPETSTEP
SEGSAPGTSTEPSEGSAPGSPAGSPT
STEEGTSTEPSEGSAPGISESATPES
CPESEPATSGERTPGTSESATPESGP
GEEPATSGSETPGTSESATPESGPGT
STEPSEGSAPGLIESATPESGPGERPA
GSPTSTEEGSFAGSPISTEEGSPAGS
PTSTEEGTSESATPESGPGTSTERPSE
GESAPGTSESATPESGPGSEPATSGER
TPGTSESATPESGPGIERPATSGEETRE
GTSESATPESGPGISTEPSEGSAPGS
PAGSPISTEECTSESATFESGPGSEP
ATSGEETPCTSESATPESGRPGERPAGS
PTISTEEGSPAGSPTSTEEGTSTEPSE
GBAPGTSESATPESGPGTSESATRES
GPETSESATPESGPGSEFATSGSETP
GSEPATSGSETPGSPAGSPTSTERGT
STEPSEGSAPGISTEPSEGSAPGSER
ATSCSETPEISESATPESGPGTITEPR
SEGSAP

864

Resiductotals: H: 2 E: 3
percent: H: 0.2 E: 0.3

AD 576

301

GESESCSSECCPGSGEEPSESGEEGSE
SESGSSEGGPGSSESGSSEGEPGSSE
SGSSEGGPEESESGESEGEPESSESG
SSEGEPGRSPGGSSGIRSGIEGSSGP
GESSGSSESGSSEGGPEISSESERSES
GPGESESGSSEGEPGSEEEPSESGSS
CESPEESSGIESCESPGGSSGSESGS
CEEPSESGESGESESGSSEGGPGIGE
EPSESGSSCSCCEPSESGS SGSEGSESR
GPGESSGESPGGIZGIESGSGCEEPER
SEESCSEEEPSESGSSGRGGEERPSESG
S3GE3ESGCSSECGGPGESPGESSGRES
GESPGGCSSCSESGESPEGS SGISESGE
SPGGSSGRESGESPEEISGSRSGESE
SEERRGEPESGGRPSESGESGREGSS
GPECESSGCSSESGSSEGGIGIGGERPSE
SGESGSSESGSSEGEREIGERPEREG
SSCGESPEESSGSESCESPEESSGSES
GERESGESEQGGPGEGEEPSESGESGS
SESCSSECCPGSGEEPSESGISGRGEE

Residue totals: H: 7 E: ¢
peroent: H: 1.2 B 0.0
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 EPSESGSSGESPGGSSGSESGSEGSS

GPGESSGESESGE3ECEPESEGSSGR
GESS

GO PAGEFISTEEGSTIESATPESGPGT
STEPIRGIAPGEPAGSPISTERESTSY
EPSEGSAPCTISTEFSEGSAFELIRERA
TPESGPEIEPATIGIETPEEERPATSESG
SETPEIFAGIFPISTRESISESATRES
SGPETSTEPSEGSAPGTSTERPSEGSAP
SIPAGSPISTEEGTITEYSEGRARGT
STEPSEGSAPGTIESATPESGPGTET
ERPSEGSAPCTIRSATPESGPGRERAT
SESETPCTETEP SEGSAPGETITERSE
GOAPGUSESATPESGPEIIREEATRES
GEGSPAGSPTSTEEGTEESATPESGE
CREFPATIGERTRPOTSRSATPESGREY
STEPSEGSAPGTSTEFSEGIAPGTET
EPSEGSAPGTSTEPSEGSAPETETER
SEGSAPGTSTEFSRGSAPOCSPAGSFT
STERGTETERPSERGSAPGTISESATRES
SPEIEPATSGSETPGTSESATPESGE
GOEPATSGSETPETIRSATPESGRGT
STEPSEGIAPGISESATPESGPGSFA
GEPTSTEEGESPAGSPTSTEEGESPAGSE
PISTREECTSESATPESGPELSTERSR
GOAP

Residoe totals: H: 2 E: ©
percent: H: 0.4 E: 0.0

GETESTAESPOPESTISTARSPGRGS
TRESPEGTARPGETESTARSPEGPGRTS
STARSPERPGTSTRESGOASPEITIES
PROTAPGTSPSCESSTAFGRYSEERS
GIAFGITIRSPSCTAPGISPIGESST
APGESTERSPSGETAPGRTSESPRGTAR
STIPICESITAPGSTIESPIGTARPGS
TERSPSGTAPGSTSEIPSGTARGTET
FESGSASPEITIESPIGTAPSTSTRE
SEEASPEETSSTARSPOPGRTISTAR
SPEPETSTPESGBASTEISTPESGEA
SPGSTIESPIGTAPGTSTPESGEASE
GISTPESGIASPEITIESPICTRAPGS
TRESPRGTARGRTORSPSGTAPGRTS
STARSPOPOTSTFESGSASPEISTIRE
SGSASPESTIESPIGCTAPEETIRSRS
GIAPGTITPRESGIARPESTSESFSGT
APGSTERESPSGTARPGTSTPESGRASP
GTSPSCESSTAPGETISTARSPERET
SPSGESSTAPGS T3 TARSPERGTST
PEIGSASPEITSNSPRGTAP

5460

Residuc totals: H: 2 E: ©
percent: H: 0.4 H: 0.0

99.65

AF504

304

CASPETEETGEPGUSPRASTEIGRGS
SPSASTETGRGTRGSGTASSIPGEST
POGATGOPESNPRASTEIGRGASRGT
SSTESPETPEEGTASSSPEISTESGA
TEIPETPEEGTASSSPCASPETRSTG
SPEASPETSSTGSFGTRGSETASSSEP
GESTPSCATCIPEASPEIIETGERET
FGSGTASSIPESSTPECATGCSPGSHNE
SASTETERGLSPRASTOTIOPERSTRS

504

Residue totals: H: § E; €
percent: H: 0.0 E: 0.0

94.44%
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GATEIPEISTPOGATESFGASPETES
TESPCGASPETISTESPEASPETESTG
SFEIPRIGTASSSPCASPOTSS TGS Y
GASPETSSTGEPGASPETSSTEIRGS
SPIASTOTOPCTIFGSGTASSIPGASP
GTSSTESPGASPETISTESPEASPET
SSTESPEERTRRGATESPESSTRSGA
TESPEASPETSSTEGSPETPGSGTASS
SPOSSTPICGATCRPEARTREGATGRSD
GESTPSGATGIPESSPIASTETGRGA

SPETSSTERP
AFRe4 305 GEPAGSPISTERGTSRSATPESGRGY 264 Residue totals: H: 2 B 3 997 7%
STEPSEGSAPGSPAGSPISTERGTST percent: H: 0.2 E: 04

EPSEGSAPGUSTEPSEGIAPETEREA
TPESGPEIEPATLIEIETPESEPRATSG
SETPEIPAGSPTSTERGTSESATRES
SPETESTEPSEGSAPGTSTERPSEGESAP
GEPAGSPUSTEESTEITEPSEGSARGT
STEPSEGIAPGTSRSATPESGPETST
ERFIRGEAPGTSRSATPESGPGRERATY
SESETPGTSTEP SEGSAPGTITERSE
GOAPGTUSESATPERGPETIESATRES
GPESPAGEPISTIRRGTISESATPESGE
GREPATSGISRTPOTSESATPESGRGTY
STEPRSECSAPGTSTEPSEGEARPGTRT
EPSEGSAPGTSTEPSEGSAPETSTER
SEGSAPGISTEFSRGRAPGSPAGSFT
STEEGTSTEPSEGSAPETSESATRESR
GPRGERPATSGRETPETSEIATRREGE
GOEPATSGSETPETIRIATPESGRGT
STEPIRGIARPGTORSATPESGPGEFA
GEPTSTEECSPAGSFTSTEEGSPAGS
PUSTREGESESATPEISGREISTRPSS
GEAPGTIESATPESGPGSEPRTSGSE
TPEISREATYPREGPGOEPATSGRETY
STIESATPESGPGTSTEFSEGIAPGS
PAGEPISTEEGLSESATYREGRGERR
ATSGEETRPETIRSATPESGPESPAGSE
PTSTERGEPAGERPTSTERGTISTERSE
SEAPGSTIESATPESGRPETSESATRES
GPETSESATPESGPEIEPATEGEETR
GOEPATIGERTIPOSPACSPISTEEGT
STEPSEGSAPGTSTEPSEGSAPGREPR
ATSGEETPGTSESATRRIGREYETER

SEGSAR
AFRSE 306 GETRESPIGTAPGTEPIGEESTARGS 873 Resiductotals: H: 2 E: O 95.20%
TREAPRGTARPGRTORSPSSTAPETST percent: H: 0.2 E: 0.0

PESGCIASPLTSTRESGIASPGITRES
PECTAPCSTSESPSGTAPEESPRGES
STAPGITSESPEGTAPETIPEGESSET
APETSPEGRESTAPGETISSTRAES PG
STEPICESSTAPETSPEGEIITARGSE
TESTAESPOPGTSTREIGIASRPGTRT
FESGSASPEITIESPEGTAPGSTIES
PAETAPGYETPREGEASPERTS LAY
SPEPETITPESGSASPESTIREIRPEGETY
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 APGTEPSGESSTAPGSTSSTARSPED

GTEPSCESSTAPSTITPESGEASPGS
TESTARSPERPERTSSTARSPGPGSTS
STARSPEPESTESTARSPGPGTIREG
EZSTAPGSTSESPSGTAPGSTIESRES
GTAPGTITPESGPXXXGASASGARPST
XXX SEESPEGTAPGSTSES PESCTAFG
STSEISPEGTARPGSTOESPSGTAPGET
SHSPSGTAPGSTSESFRETARPEIETD
EOGEASPETSPRCGESSTAPGTERSGE
SSTAPGETESTARSPEPETSPECGESS
TAPGTSTPESGSASFEITSESPEGTA
PGYTISESPSCTAPCTIPICREETARSG
STSESPIGTAPGISTPESGIASPGTS
TPESGIASPGLT SRS PESTAPGISTR
ESGEASPEITSSTARSPEREITIESP
SGTAPGSTSESPAGTAPEIEPEGRSES
TAPGETISTAESPEPCTIPICESSTA
PETETPESGEASPETSPEGESSTARPS
TEPICESSTAPGTSFEGESITARGSET
SOTARSPGPEGSTISTARSPERETERS
GESSTAPGIIFRASTSICPESS TG
ATEEPGEETPECGATGER

AGESS

307

GESPEASPETES TGS PEESPEASTGETY
GPESSPSASTCLGPGTIRESETAZESR
GOSTPSGATGEPERNPIASTETGRGA
SFEISSTGEPEIPGSCTASSSPGSST
PEGATGIPETPCESCTASSSPEASPGT
S8TGEPCAKPETISTEIRETRESGTA
SEEPGISTPEGATEEPEASPETESTG
SPEIPEIETASSSPGORTIPIGRTGEY
GINPSASTETGPGSSPSASTGEIGRGS
STPSCATGRPERSTHIGATEERGASY
GTE8TGIPGASPETISTEEPEASPGT
SEVEIPEIPGIGTASSEPOGASPETSRS
TEEPEASPCTSSTGS PEASPGTESTSE
SPGSSPSARTGETCREIPEIGTASSER
GASPETIRTGEPCASPOTSSTGEFGA
SPETIETEEPGESTPOGATERPFGERT
PEGATCEPCASPETSSTES PGTRGES
TASSSPESSTPIGATESPEEETREGA
TESPERETRPEGATCSPOSEPSASTET
CGPRASPETSSTESPGASPETSSTGEP
GUPGEGTASSSPEASPEISETGERPGA
SPETSSTGEPCASPETSSTESPEASE
GTSSTGEPETPGICTASSSPESSTES
SGATEESPETPCSCTASSSPEISTREGA
TESPETPGRGTASSEPEEISTREGATG
SFESSTPECGATGEPESSPIASTOTIGE
GO SPSASTETIGPGASPOISSTEIPET
PESGTASSSPCSSTFSGATEERPGESEP
SARTHUGPGSSPRASTEIGERBASRGT
SE8TESPEGASPGTISTESPEISTREGA
TEIPEESPEASTETGPGASPGTERTSE
SPGESPSASTGTGRGTIESETAREEPR

368

Residuc totals: H: ¢ E: ©
percent: H: 0.0 E: 0.0

94.70%
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S ETTPSBATGSPGSSTESGATGEPEA

SPETSITERP

-8
d

AMEBTS

GTSTEPSEGSAPGREPATIGEETRGS
FPAGSPTETERGETSSTARSPOPGLST
PESGSASPRETERSPSSTAPGSTRES
PEGTAPCTSTPESGIASTELSTFRESS
SASPESEPATIGIETRPETSREATRES
GEFESRPAGEIPISTRERGISTEPSEGSAY
GTSESATPESGPCTISTEPSEGSARPGT
STEPCECSAPGSFAGSFISTERRERTY
EPSEGSAPGTITEPIERGSAPCETSRSA
TPRIGPETERSATPESGPEISTERSE
SEAPGSTETEPSEGSAPETSESATRES
GPGISTEPSEGSAPGIRPATEGSRETR
GOFAGIPTSTEESSSTPSBATGEEPGT
POEGTASSERPGESTRSGATESPEISY
EPSEGSAPCTSTEPSEGSAPESEFAT
SGSETPESPAGESPTETEREGSPAGERPT
STEEGTITEPSRGSAPCASASGAPST
GETSESATPREGPGSPAGSPISTERES
SPAGSPTSTEEGSTSSTAEISPGPESET
SESPSGTAPGIEPEGESSTAPGETRGS
GTASSEPESSTPSCATOSPESSPSAS
TETEPESERPATSGSETPEISESATRE
SGPOREPATSGSETIFESTS STARERFS
PGETSSTAESPGRPETIPICESESTARG
SEFATIGIRTPGSREPATSGCSETPGLS
TEPSEGISAPGETSSTAESPEPETSETPR
ROGCASPGRTSESPEGTAPEYRTRRS
EESAPGTSTEPSEGEAPGTETERSEG
SAPEISTREGATGSPGESPIARTGTG
POGASPETIS TGS PGS EFATIGEETRS
TERSATPESGPCAPAGSPIETRRGSS
THSGATGIPOIEPSASTOTCPCASEG
TERITEIEPETYERSATPESGPEUSTERS
ESGSAPCTETEPSEGSAR

Residue totals: H: 7 EH:

percent: H: 0.8 E: 0.3

3

AMI2EG

309

SGTSTEPSECSAPCGSEFATSGIETRGS
PAGSPTSTEEGSTE3TAESPERGTST
FESGSASPEGITSESPEGTAPGSTISES
POGTARPEISTPRSGSASPRUSTRESG
SASPOSEPATSGRETPEISESATRESR
GERGEPAGSPTSTEEGTESTEPERGEAR
GISESATPEIGPOISTEPSEGSAPGT
STEPIRGISAPGEPAGSPTSTEEGTRT
EPSEGSAPCTSTEFSEGSAPEIEERA
TPESGPETSESATPESGRPETETERSE
CRAPETITERSRGSAPOISESATRES
SPETSTEPSEGSAPGISEFATIGIETPE
SEPRAGSPISTEEGSSTRPSGATGIPGT
PGEGTASSSPEARTRIGATEEPETET
EPSEGEAPGTETRPSRGSAPGRERATY
SESETPOIPAGSFISTEREGIPAGEPFT

STERGISTEPSEGSAPGRERTERARS
GGSEPATIGIETPEISESATPESGRG
SPAGIPISTERGTENSATPESGPGSY
AGSPTSTEECGSPAGSFTSTEEGTSES

1318

Residue totals: H: 7 E:

peroent: H: 0.7 B 0.0

3
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| ATPECGPGSPAGSFTSTEEGEPAGED

TETEEGSTISTARRPEPESTERSPEG
TAPEFTSPRGRESTAPGETOESPSGTA
PEITERSPEQTAPGTEPSGESSTAPG
TETEPSEGCSAPCTSESATRESGRPGTS
ESATPESGPGIERPATICSETPETESES
ATPESGRPEIIRIATPESGPETSTERS
ECSAPCGTSRSATRESGPGTSTERPRES
SAPGTSPSGESSTAPEIIPEGRESTA
POGTIPSGESSTAPSTITERERGEARG
SFAGSPIESTERGTSTEPSECGSAPGES
PEASTCTGPGSSTPSGATEIPGEESTPR
SGATCSPESSTPAGATEIFEERTRES
ATGEPGASPEISSTESPEASASGARS
TEETSPRGRESTAPGETSSTAESEGE
STEPICESSTAPGTSESATPEIGRGT
STEPCHEGSAPGLSTERIRGEAPGEED
SASTEIGPEISTPIBATEIPEASPGET
SETESPETETRESGSASPETIREGES
STAPGTIPIGESSTAFEISESATRES
GPGESRPATSGRETPETSTERPERGEAR
GOTREIPEGTAFGSTISRESPSCTAPGT
STPEISGEASPGEPAGSPTSTEESTRE
SATPESCPUTISTEYSEGSARPEGIPAGS
PTSTEEGTSESATPESGRPEEERPATSEG
SETPEESTPSGATGSPEASPOTEREG
SPESSTRECGATGSPESTSESPIGTAR
GUOPOGESSTAFGETISTARSPGRGS
STPSGATGEPGASPETESTESPGTRG
SCTASBEPESPAGSPISTEECSPAGS
PTETEESTSTEPSEGSAT

AMS23

310

MAEPAGISPTSTEEGASPETISTGEERSG
SQTUPSCATGRPERSTRIGATEERGTS
TEFSEGIAPGSEPATEGEETPESPAG
SPTATERGETSSTARSPOPEISTRES
SEASPCETSESPSGTAPGSTSRIPES
TAPGISTPESGRASFEIITRREGEAS
FGEERPATRGERTPOTISESATPESGEG
SPAGIPTSTERGTOTEPSEGSAPGTS
ESATPESCPGISTEF SEGSAPGTSTE
POEGSAPGSPAGEPTITERGTSTERS
EGSAPGTITEPERGSAPSTSESATYE
SEPETSESATRESGRPOTSTERPSEGSA
PGITSTEPSEGSAPETIRSATRREGRSG
TSTEPSEGSAPGREPATICEETRGER
AGSPTETERGESTPSCATESPETRGS
SGTASSSPEISSTPSCGATESPETSTERS
BOSAPGTSTEPSEGRAPRIRPATSGSE
ETPESPAGSPISTEEGSPAGIEPTISTE
EGTSTERPIRGIAPGASASCAPSTCET
SESATPESGPGSPAGSPTSTEEGERFA
GEPISTEEGSTRSTARSPERGRETERS
FOGETAPGTIPSGESSTAPGTPESGTA
SESPEEETPSGATGEPGESPIASTGET
GPEGIEPATIGEETFGTSESATPESGPE
GURPATIGRETPESTISTARSPGRGS

924

Residuc totals: H: 4 E: 3
percent: H: 0.4 E: 03

98.70%
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S CTARSPEPGTSFSGES S TAPGEED

ATIGEETPGIEPATIGSETPRTSTER
SEGSAPEETSSTARSPEPETSTRESG
SASPEETSRSPEGTAPGTISTERPSEGS
APGTISTEPSEGSAFGTSTERPSEGSAP
GESTPSGATGIPEEZPSASTRTGRGA
SFETSETEEPGERPATSGESETPCISE
SATPREGPESPAGEPTITEEGEITES
GATGSPESSPRARTETEPBASPGTSS
TESPGTIESATPESGPETITERPSEGS
AVPEFISTERIRGIAP

ARSI

MAEPAGERPTSTREGTPOGSGTASISRG
SETPECATCSPCASPFETSSTEEPEEP
AGSPISTERGUSESATFREIGRETETR
POEGSAPESPAGSPISTERGTETERPS
BEEIAPGTETERSEGSAPCTSESATRE
SEPESEPATSGEETEGSERATSGEET
PGSPAGSPUSTEEGTIRSATPESGRSG
TOTERPSRGEAPGISTEPSEGCSAPGEY
AGEPTETERGTSTEPSRGSAPGTUSTE
PEEGCSAPCTSESATEESGRETIITERS
EESAPGTSESATPESGPESEPATEGS
ETPEISTERPSRGSAPSTISTEPSEGSA
PETERESATPRESGPOGTSESATPESGES
SPAGSPISTEEGTSESATIRIGPEER
PATSGSETPGTRESATPRIGPETETE
FOEGSAPGLITEPSRGSAPGTSTEPS
EESAPGTSTEPSEGSAPETISTERSES
SAPGTSTEPSEGRAVPEIRAGERTETE
EETSTEPSEGEAPETSESATPRESGRG
SEFPATSGIRTRPGTINSATPESGPGRE
PATSGSETPGISESATFESGPGTISTE
PORGSAPGUSESATREISGREIRAGRR
TSTEEGIPAGSPIITEREGESPRGSPTS
TEREVIRSATPRSGPOISTEPSEGSA
PETIESATPESGPGSEFATIGIETRE
TERSATPESGPGRERPATIGERTRGTS
ESATPESGRPGTRIRPSEGSAPGSFAG
SPTETERGTSESATPESGPGREPATLS
SEETPCTSESATEESGPGS PAGEPTS
TEEGSPAGSPISTHEGTSTEPSEGSA
PETSESATPRIGPCTSESATPESGEG
TEESATPESGRGSEPATSGRETPGEE
PATSGSEIPGSPAGESPISTRERETETE
POEGSAPGTUSTERPREGIAPESERATS
GOETRPGEYSESATPRESCPOTSTEPSEG
ZAP

913

Residue totals: H: 8 E: 3
percent: H: 0.9 E: 03

89 45%

BC 864

312

GTSTEPSEPGSAGTSTEFSEPGIAGS
EPATSGTEPSGSGASEPTSTERPGSEP
ATSGTEPSGSEPATSGTERPSGSERAT
SETEPSGEGASERPTISTEPGTSTERSE
PESAGSEPATSGTEFSGISTERPSERPG
SAGSEPATSGTEPSGIEPATSETRRS
GTSTEPSEPGIAGISTEPSEPGSAGS
EPATSGTEPSGESRPATSGTERPSGTSE
PRTSEPCACSCASEPTSTEPGTISERS

Residuc totals: H: & E: ©
percent: H: 0 E: O
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TSEPSAGCSEPATSGIEPSGSERPATSEG
TEPSGTSTEPSEPGIAGTSTEPSERG
SAGSGASEPTSTEPGSEPATSGTERS
GREPATSGTEPSGSEPATSGTERSGS
EPATSGTEPSGISTEPSERPGSAGREP
ATSGTEPSGSGASERPTSTEPGTSTER
SEPGSAGSEPATSGTEPSGSGASERPT
STEPGTSTEPSEPGSAGSGASEPTST
EPGSEPATSGTEPSGEGASKEPTETER
GSEPATSGTEPSSEGASERTSTERPGT
STEPSEPGSAGSEPATSGTEPSGSGA
SEPTSTEPGTSTEPSEFPGSAGSERFAT
SGTEPSGTSTEPSEPGRAGSEPATEG
TEPSGISTEPSEPGSAGSTSTEPSERPG
SACGTSTEPSEPGSAGTSTEPSERGSA
GTSTEPSEPGSAGTSTEFSEPGIAGT
SEPSTSEPGAGSGASERPTSTERPGTET
EFSEFPGSAGTSTEPSEPSSAGTSTER
SEPGSAGSEPATSGTEPSGSGASERT
STEPGSEPATSGTEFSGSEFPATIGTE
POGERPATSGTEPSGIERPATSGTRERS
GTSEPSTSEPCGAGSEPATSGTERPSGS
CASEPTSTEPGTSTEPSEPGSAGSEPR
ATSGTEPSCSCGASEFTISTERPGISTER

SEPGSA

313 ASPAAPAPASPAAPAPIAPAAAPASR 84 Residuc totals: H: 58 E: O T8.57%
AFAAPSAFPAFAAPSAASPARPSAPPA percent: H: 690 E: 0.0
AASPAARPIAPPAASARATAAASARAS
APSAAR

* H: alpha-helix E: beta-shect

Example 6: Analvsis of polvpeptide sequences for repetifiveness

{33311 Polvpeptde amino acid sequences can be assessed for repetitiveness by quantifving the number of
times a shorter subsequence appears within the overall polypeptide. For example, a polypeptide of 200 amino
acid residues has 192 overlapping 9-amino acid subsequences {or 9-mer “frames”), but the number of unique
S-mer subsequences will depend on the amount of repetitivensss within the sequence.  In the present analysis,
different sequences were assessed for repetifiveness by summing the occurrence of all umque 3-mer
subsequences for cach 3-ammo acid frame across the first 200 amino acids of the polymer portion divided by
the absoluic number of unique 3-mer subsequences within the 200 amino acid seguence. The resulting
subseguence score s a reflection of the degree of repetitiveness within the polypeptide.

{3332] The results, shown in Table 11, mdicate that the unstructured polypeptides consisting of 2 or 3 amino
acid types have high subsequence scores, while those of consisting of 12 anino acids motifs of the six amino
acids G, 5, T, E, P, and A with a low degree of internal repetitiveness, bave subsequence scores of less than
10, and in some cases, less than 5. For example, the L288 sequence has two amino acid types and has short,
highly repetitive sequences, resulting in a subsequence score of 30.0. The polypeptide J288 has three amino

acid types but also has short, repetitive sequences, resulting 1n a subseguence score of 33.3. Y576 also has
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three amino acid tvpes, but is not made of miernal repeats, reflected mn the subsequence score of 15.7 over the
first 200 amino acids. W376 consists of four types of amino acids, but has a higher degree of internal
repetitiveness, e.g., “GGSG” (SEQ ID NQ: 2703, resulting in a subsequence score of 23.4. The ADS76 consists
of four types of 12 amino acid motfs, cach consisting of four types of amino acids. Because of the low degree
of internal repetitivencss of the individual motifs, the overall subsequence score over the first 200 amino acids
is 13.6. 1o cootrast, XTEN’s consisting of four motifs contains six types of anuno acids, cach with a low
degree of internal repetitiveness have lower subseguence scores; ¢.g., AES64 (6.1), AF864 (7.5}, and AMSTS
(4.5).

{6333] Conclusions: The results indicate that the combination of 12 ammo acid subsequence motifs, cach
consisting of four to six amino acid types that are essentially non-repetitive, into a longer XTEN polypeptide
resulis in an overall sequence that is non-repetitive. This is despite the fact that cach subsequence motif may
be used multiple times across the sequence. In contrast, polymers created from smaller numbers of amino acid
types resulted 1a higher sabscquence scores, although the actual sequence can be tailored to reduce the degree
of repetitiveness to result in lower subsequence scores.

Table 11: Subsequence score calculations of polvpentide sequences

GSGREGGEICEREES CEEGGSGGRGGSGEEGGESGEESESCGEEEESGERGGS GEEGE
SEEEGGESGOECCSCCECGSGCEGGSCREGERGGREGGSGOESCSCCEGESGEEGES
SOECGSCGCEGGSGEGREGGIGEECGECOEEOICCEGGSGCGEGGSGGREESEEEEE86
GEGGSGCEGGRGREGESGERGGSGCEGGSGEEGEICEREESEERGGEGERGGRGE
BEGGESGEESGEECOEEESCOECGSGCEGGSGEEGEICEREEESCCECGSCCEGGSGER
CESEERGESGGES

K28% 315 CREEGGGRGGECEGGCEGCECEGERRGERERGGORGGRGEGGGEGCEGEGEER GG 469
ECECGGEGGEGEGGEREGEEGEGGERESCECEGCCEGGEGEGEEEGEEGEGEEEGEE
GCEGGCEGCESEEEECREERCEGGGEGGRGEGGCGEGCCESEEECEREORGEGGGEGGEG
BGEERGGECESCCECCEGECGCGEGGEGRGEGREGOREGESCCECCEGECGGEGGREER
CEEEGGRGREGGERGCEGEGGCESCGECE GEERGGRGRGEEREGCEGCECGCEGGEGRE
SCEGCGEGEGGGEG

£28% 3i6 SRS SES S SES S SES SRS SE S SCESSESSSSESSSESSESSSSESSSESSES 30.0
SO SESSSESSESSSCES SR SSESSSSESSOESIESSSSESESRSSESSS/ESss
B SR S S RS SR BES S S S S S8R S SRS S S SRS SRR SESSSSESSSESSES 88
SRS RS SRS SNBSS NS ES3SSESSCESSESSSOESSSESSESS33ESISES
SRS E S S8R SE S S S SRS SN S eSSBS S SESSESSSSESSSRSSERSSSE
SSSESSESSSSES

GEGSGEGSEGEGCSEGCSCEGEGSEGSGEGEGESEGSECGESECSECSEGEGGSEGSEG 268
EGSGRGEEGEGGSECSECEGSCGEGSEGEGSEGGSEGEGCCSECSEGEGSGEGSEGE
GEECGSRGEGSEGSGEGEGSCEGIECGECSEGSGRGEGSGEGSEGEGSESICEGRES
SEGSCEGECGSEGSECGEGESRGSGRGEGGEGSCEGEGSCGEGERERGGEGRGSEGEGS
GEGGEGEGSESCSECECGSEGGEGEGSEGSGEGEGSEGESECEGSEGGSEGREGSE
CEGEGRGSRGSGE

1376 318 CEKPGRGOGEPEGGGERPCCRPECECGECK PEERPRGGGEPGECEGCRPEGCGKPEGE 18.3
SKPGGCECGKPGEGKPEGGEERPEGECSKPEOCEGCKPGCGK FEGEGK PGEEEGEKPEGSK
PGEGCEGKPEEKPEGEERGKPGGGEPGEGCGRPCECGKPEEEREEKPRGGKPEGEGK
PEGERGRKPGOKPCEGCCRPEGGCEGK PGEK PERGGEGKPOGCHKPEGEGKPGGEK PG
CEEGGKPRGREGKPGCR PEGGCECK PEEKPEGGGEPRGGGREGR PCCCGK PCGEGEK PG
ECECKPGGKIEGEGKPGEEGECKPESKPGECCEGCKPEGCGK PCEGERPEGSKPEES
GEGRPGEEKPERGEKPEGGCKPECECK PGEEGR PCEGEKPECCKPEGGGEGKFGE

Y288

(5]
o
~4
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GKPEGEGKPEECECKPECKPEGGGGKPGEGERPEGGKPECECCCKPEGEGKFGGEK
PEEGGGGEKPGGEPEGEGKPGEGGECGKPEEKPEGGGEGHKPGCGEPEGGGEGKPEGEGEK
PCEGCRPEGGEGKPEEGEKPEREGGKPECECKPCOCGEGK PGEKPEREGEKPEGGEEGSK
PGCGEPGGEGGEKPEGCKPCGEGGKPEG

U376

GEGRPGGRPGIGEEKPERGERKPGECRGRPGEGRPGIGERCGKPEERKPGRGGEPREGES
GEKPGEEOKPOCKPOCEGSCRPGCK PFEGGEKPEGGIGORKPOCKPEGGSGEGKPGEK
PGECEGGEKPGGCEEPGGEGEPEAGKPEEEGSGKPGGKPEGGSGGRPGGRKPEGES GG
KPGCSCKPGGKPGEGGKFEGGSGORKPEOCSCRPCCKPEGEGEGKFEERKPGEGERPC
SGEGGRPGECKPECECKPGSGKPGREGSGEPGGRPEE GCECKPEGGKPEGGSGGKR
GGEKPEOEECKPGSOCCKPCGECCGKIGSGEEKFGERPGORECECSKPCCRPCGEGCGKPGEE
GECKPGGGCK PGCEPGCEGGRPEGSGKPEEESGHPGCHPEGGGGEPEGIGKPEEE
GRPEGSGRPGEEKPREESGGEPGGSGEPCGRPCECECKPEGSGKPEGGSGRPGGR
PREGGGKPEGESCOKPEOCKPEGGS GG PGEK PGGREGECKPEOKPGSGEGGKPGGKR
CEESGEKPOGHPEGGEIGEEPCESCKPEEKPRGGGSGHPGGRPCGEGCEPECEGI K
PGGSGKPG

W76

320

GESCKPGKPGGSGSGKPEREGKPEEESCKPESCRPGEGSGK PGS GEPGEEEGKPES
GRPGOGGRPGIEEGKPEGEKPGGIGGRPCGESCRPER PES GESGKPGIGEPGBGES
CEKPERKPGSGESGOKPCKPGSCEESGR PEGKFESGGSGCKPCKPGSGGSGEKPEKY
GREESGRPGSGERPGEESGRPERGKPEIS GG GKPGEPGRGESGRPGIGRKPGIEEEK
PESCKPGGGSGKPGSGKPESGERCKPEKPGSGOCGKPGSGSGKPGEEEPEIGE6KP
GGGRPGEICEKPEEICEKPECEPGSGGGICRPGEPCGICEES CKPGKPGGSGRGE PG
SCKPEEGIECKPESCKPOSGGSCGKPEKPESGGRGERPGEKPOSCOCKPGSGEGKPGGE
CKPEEGSCGEPGGOEPGSGSGRPEGOEBKRPEEGSCKPGESGRPGIGEPGEEIGEKPEK
PESGGSCGKPGSCGEPGEIGERGRPERPEGSCECKPGSCGKPEGGGSGRPESGRKPEEE86
KPGSGRPECESCKPEECKPOGGRE PGS GIGRPGEIGEGKPEKPESCESGGEPGERFG
SEGSGRKPGSGKPEECSGCRPGRPGIGE

Y376

321

CEGSGEGSEGEGSECSCECEGSEGSCGEGEGESRGSEGEGCSEGCSCECEGGEGSGREG
EGSCEGSEGEGGGEGSEGEGICEGGECEGSECGSEGEGGSEGGEGEGSEGSGCEGE
GCSEGCGSEGEGSEGEGSECEGSEGSGCECECSEGSGEGEGSEGSGEGEGREGSGEGES
SEGGIECECCSEGSECRGSGRGSEGEGGIEGSECEGCEBEGSECRGSGEGSEGEGE
SRGERGRGGEEGSEGEGGEGSGEGRESEGESGRGEGSGREGSEGEGSEGSCGEGEGSE
SSCECECGSEGSEGEGSGEGIEGESSECSCECEGSEGSGEGEGGIEGSEGESGSE
GOEGEGGSEGRECEGERGEGRGEGSEGSCGEGEGSGEGSRCEGESRGEGREGREGSEGS
GEGEGGIEGSECESSECSCEGEGCGREGS GEGEGIGEGSECECGCECSECEGSEGSG
EGRGERGEGRGEGEEGGRECEGGSEGSRGRGERGGERGRGIEGGRECEGSEGI GR
SEGCSEGCSCGEGEGSGEGSEGESGSECCECECSECGSEGEGSEGEIEGEGCCEGSEES
EGGGEGSEGEGSECGSCEGEGSGEGSE

-
L
~J¥

ADST6

%)
o
e

GOSESGSSEGEPESCCEPSESGSSGSSESGSSECCPGISESGSSRGOGPGS SESGS
SEGGPESSESGCSSESGPGSSESGS SEGGPGESPEGSSCSESGSEGSSGPGESSGS
BESGESRGEPGOSESGSSEGEGRPGS SRS GEERGGPGSGOEPSESGSSGESPGEEEE
SESGCESPGGSSGSESGSGEEPSESGESCSSESGSSEGEPESGEEPSESGS G606
EPSESGS3GEEGSSCPCESSGESPGGSSGRESGICCEPSESGESGSGGEPSESGS
SGSEEEFPSESGERGSSESGS SEGOPERESPEGSSGUESCESPCOSSGSESGESPEE
SECSESGESPGGSSGSESGESPEEESCEESGESESGS SEGGPGOGGERPSESBESG
SEGSSCPCGESSGSSESGESEGGPGICCEPSESGSSGSSESGESRGGPGRGEEPSE
SGESGESPCCESGSESCRSPGGSSGRESGSSESGAZEGERESCEEPSESGSSGSS
ESGESRGGPGOGEEPSESGSSGSGRREPSESGSSGRSPGGASGSESGIEGSSGRGERE
SSCSSESGSSEGGFGSEGSSGPEESS

323

AGSPAGSPISTEEGTSESATPESGRPETSTEPSEGSAPGSPAGSPISTEESTSTED
SEGSAPGTSTERSEGSAPGT SESATPESGPGSEPATSGRETRPGSRPATSGSRTPG
SPAGEPISTEECTSESATPESGPGTSTEPSEGSAPCTSTEPSEGSAPGSPAGSPT
STERGTSTEPSEGEAPGTSTEPSEGSAPCGTSRSATPESGPGTSTEPSEGSARPETS
ESATPESGPGSEPATSGEETPEGTSTEPSEGCSAPGTSTEPSEGSAPGTSESATPES
GPGISESATPESGRPESPAGESPISTEEGTSESATPESGREGSERPATSGSETPGISES
ATPESGPGTSTEPSECSAPCGTSTEPSEGSAPGISTEPSEGCSAPGTSTEPSEGSAPR
CTSTEPSEGSAPGTSTEPSESSAPGSPAGSPTSTEEGTSTEPSEGSAPESTSESAT
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PESGPESEPATSGSETPGTSESATPES GFGSEPATSGEETPGT SESATEE SGEGT
S TEPSEGSAPGTSESATPESGPGS PAGS PTS TERGSPAGS PTS TEEG S PAGE DTS
TEEGTSESATPESGRPETSTEPSRGSAR

AF340

GSTSSTAESPGPESTSSTARSPGPGSISESPSCTAPGSTSSTARSPGPGSTISSTA
ESPGPGILSTRPESGIASPGSTSREPSGTAPGTSPSGESSTAPEETSRSPSGTAPGS
TSESPSGIAPGISPSCESSTAPGSTSESPSGTAPGSTSESPSCTAPGTSPIGESS
TAPGSTSESPSGTAPGSTIESPSGTARPGSTESESPSGTAPGTSTPESGSASPEETS
ESPSGIAPGISTRESGSASPGSTSSTAESPOPGSTSSTARSPERETISTPESGRAS
PEISTPESGSASPGSTSESPSGTAPGTSTPESGRASPETSTPESGSASPGSTSES
PoGIARPGRISESPSCTIAPCSTOESPSGTARPGSTSSTAERSPCPGISTPESGIASRG
TETPESGSASPGSTIESPSGTAPGSTIESPECTAPGTSTPESGSASPGATISESPS
GTAPGSTSESPIETARPGISTPESGSASPGTSPSCESSTARPGESTSSTARSPGPGTS
PSGESSTAPGSTSSTAESPGPGTSTPESGSASPEITSESPSGTAP

AF304

(3
]
W

GASPGISATGEPESSPEASTOTOPGSSPSASTGTGRGTPESCTASSSPGSSTRSG
ATGEPGENPSASTGTGPCGASPETSSTEEPETPGSGTASSS PGS STPSGATGESPETY
PGSGTASSSPGASPGEISSIGEPCGASPETSSTCSPGIFGSGTASSSPGESTPEGAT
GOSPGASPCTSSTES PETRPGEGTASSSPEGSSTPSGATGRPEENPSASTGTGPGSSY
SASTEIGPGSSTPSCATGS PGS STPSCATGEPGASPGISSTCSPCGASPETSSTGES
PEASPGISSTGEPGTPGEGTASSSPEASPETSSTGSPGASPGTSSTGSPGASPETY
SSTCSPGSSPSASTGIGPGTPEESGTASSSPCASPGTS STGSPGASPETSSTEEPG
ASPGISSTCIPEISTPEGATGSPGESTPIGATGIPGASPETSSTCSPGTPGEGTA
SEEPEESIPSCATCSPCSSTPSGATES PEESTRPSGATGSPCSSPSASTETGRGAS
PETESSTGSRP

~3
<@

AER64

326

GEPAGSRPTSTEREGTSESATPESGPEISTERPSRGSAPGSPAGSPISTEEGTITERS
EGSAPGISTEPSECSAPGISESATPESCPCSEPATSGSETPGSEFATSGSETPGS
PAGSPISTEEGTSESATPESGPGTSTEPSEGSAPGTSTEPSECSAPGSPAGSETS
TEEGISTEPSEGSAPCISTEPSEGSAPGISESATPESGPGTSTEPSEGSAPETSE
SATPESGPGSEFATSGSETPGTSTEPSEGCSAPGTSTEPSEGSAPGTSESATPESSG
PCISESATPESGRPGSPAGSPISTERCTSESATPESGPGSEPATRGEETPGTISESA
TPESGPGTSTERPSEGCSAPCTSTEP SEGSAPGISTEPSEGSARPCTSTEPSEGSAPG
TETERPSERGSAPGISTEPSEGSAPGSPAGSRPTSTERGTSTEPSEGSAPGTSESATR
ESGPGSEPATSGSETPGISESATPESGPGSEPATSGSETFEGTISESATPESGPETS
TEPSEGSAPGIRES AT PRESGPGEPAGSPISTEEGSPACSPTSTERGEPAGSPTST
EEGTSESATPESGPCTSTEPSEGSAPGISESATPESGPESSEPATSGSETPGTSES
ATPREEGRPGESEPATSGSETPGTSESATPESGREGTSTRPSEGSAPGSPAGSPTSTER
SITSESATPFESGPGSEPATSGIETPCTRESATPESGEFGSPAGSPISTEEGSPAGSP
TOTEEGTATERPSEGSAPCGTSESATPESGPGTSESATRPESGPECTSESATPESGEGS
EFPATSGERETPGSEPATSCGSETPGS PAGSPFISTEEGTISTEPSEGSAP

AFB64

~~4

td
ra

GSTSESPIGCTAPSTSPSCGESSTAPGSTSESPSGTAPGETSESPSCGTAPGTSTRES
CEASPGT ST PESGOASPGS T ESPEGTARPGE TSN SPSGTAPGTSPSGESSTARGS
TSESPSGTAPGTSPEGESSTAPGISPRCESSTAPGSTSSTARSPGPGTSPSGCESS
TAPGITSPAGESSTAPGSTSSTAESPOGPGTISTPESGISASPETSTPESGSASPGSTS
ESPSGIAPGSISESPSCTAPGISTRPESGSASPESTSSTAESPCPGISTRESGSAS
PESTEESPSGTAPGTSPSGESSTAPEGSTSSTARSPGPGTSPSGESSTAPGTSTPRE
SCSASPGSTSSTABSPERPGEISSTAES PCPGSTSSTABSPERGETESTARSPGPG
TOPSGESSTAPGSTSESPSCTAPGSTSESPSGTAPGTSTPESCPEEEGASASGAR
SIXXRXEESPSGTAPGSTSESPSGTARPGSTSREPSGTAPGRTSESPSGTARPES TS
ESPSCGTAPGSTSESPSGTAPGTSTPESCSASPGTSPSGESSTAPGISPIGESSTA
PGSISSTAESPEGRPGISPECGESSTAPGCISTPESGSASPEITSESPEGTAPGITISES
PSGTAPGTISPECESSTAPGSTSESPSGTAPGISTPESGSASPGTSTPESGSASEG
STSESPSGTAPGISTPESGSASPGITESTARSPGPGE TSRS PSGTAPGSTRES RS
STAPGTSPSGESSTAPGETSSTARSPCPCTSPSGESSTAPGTSTPESGSASPETS
POGESSTAPGTIRPSGESSTAPGTSPSGESSTAPGSTSSTARESPGRGITISSTARSY
GPETESPSGESSTAPGSSPSASTGTGPGSSTPESGATGESPEESTPSGATGSE

-3
in

AGS68

)
b2
=]

GESPGASPETESTCSPCSSPSASTEIGPGS SPSASTGTCPETIPGSGTASSSPGSS
TPSEATGSPGSNPSASTCIGPCGASPETSSTGSPGTPGEGTASSSPGSSTRPIGATE

~3
i
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SPGIPEICTASSSPOASPGTSSTCGSPGASPGIS TGS PECTPESCTASSSFGSSTR
SCATGSPGASPGTSSTGSPEGTPEGIGTASSSPGSSTPSGATGSPGSNPSASTETGEP
GOSPSASTCIGPESSTREGATGEPGSSTPSCGATGSPCGASPETISSTGEPGASPGETS
STGSPGASPETSSTGSPCTPGSGTASSSPCGASPGTIZTESPCASPGTSSTGSPGA
SPEITSRTGSPESSPSASTCTIGPGTPGSGIASSSPGASPETSSTCSPGASFGTSST
GEPCGASPGTSSTGS PGS STPEGATGSPESSTPSGATGS PGASPETSSTEIPETRG
SCIASSSPGSSTPSGATGRPGSSTPSCATCSPEGSSTPSGATESFGRSPSASTGSTS
PGASPGTSSTESPEASPOTSSTGS PGTPGSGTASSSPGASPETSSTGSPGASPGT
BETGEPGASPETSS TGS PCASPETESTEERGTIPGSGTASSSPGSSTPSGATEE PG
TPESGTASSSPGSSTPSCGATESPECTPESCTASSSPGSSTPSGATGSPEESTRSGA
TCSPGSSPSASTEIGREESPRASTGICPCASPGTSSTESPETRPGEGTARSSSPESS
TPSGATGSPESSPSASTCTGPGSSFSASTGIGPGASPETSSTGCSPCGASPGTSSTG
BRGESTRPSGATGE PGS SPSASTGTIGRPEASPGTSSTGSPGESPSASTETIGREGTRES
STASSSPGSSTPSGATGIPGSSTPSCATGCSPCASPGTSSTGESE

AMRT3

324

STSTEPSEGSAPGSEPATSGEIETPESPACSPISTEEGSTSSTARSPGPETSTPES
GOASPGSTRESRPIGTAPGSTSRSPSGTIAPGTSTRPESGSASPETSTPESGSASPGS
BEPATSGSETPCSTSESATPESGPGS PAGSPTSTEEGTSTEPSEGSAPGTSESATER
SCPETSTEPSEGSAPGISTERPSEGSAPCSPAGSPTSTEEGTSTERPSESSAPETSTY
EPSEGSAPGTSESATPRESGRPGISESATPESGPGTSTEPSEGSARPGISTEPSEGSS
PGISESATPESGPETSTRPSEGSAPGEEPATSGRETPGIRPAGEPTSTERGSSTPRS
GATGSPEIPGECTASSSPCSSTISGATGS PETSTEPSEGSSAPCTSTEPSEGSARG
SEPATSCGSETPGSPAGSPISTEEGSPAGSPTSTEEGTSTEPSEGSAPGASASGAR
STGCCTSESATPESGREGSPAGSPISTEEGCSPAGSPTSTEEGSTS STARSPGPGSTS
ESPSGTAPGTIPSGESSTAPGTPGSGTASSSPGESTPSGATCSPGSSPSASTGTG
PGSEPATSGSETIPCISESATPESGPGSEPATSGERTPGRISSTAESPGPGSTS ST
ARSPGPGTSPSCGESSTAPGSERPATSGSETPGSEPATSGSETPGISTEPSEGSARG
STSSTAESPCPGISTRESGEASPGRISESPSGTAPGTSTERPSEGSAPGISTEPSE
GSAPGISTEPSEGSAPGSSTPSCGATGS PGS SPSASTGTCPCASPGTSSTGSPGSE
PATSGSRTPGISESATPESGPGSPAGS PISTERGESSTPEGATGSPGSSPSASTEY
GPEASPGTSSTGSPRISESATPESGRETSTEPSEGSAPGTSTEPSEGSAR

4.5

AMI296

GCISTEPSEGSAPGSEPATSGIETPESPACSPTSTEEGSTSSTARSPGPETETPES
GSASPGSTSESPSETARPGESTSRSPSGTAPGTSTPESGRASPETSTPRESGSASPGS
BEPATSGIETPCTSESATPESGPGS PAGSPISTEEGTSTEPSEGCSAPGTSESATRE
SEPETSTEPSEGEAPGTSTEPSEGIAPGSPAGESPISTEEGTSTEPSEGSARPETEY
EPSECGSAPGISESATPESGPGTSESATPESGPGTSTEPSEGSAPGISTERPSEGSA
PGTSESATPESCGRPETSTRPSEGSAPGEEPATSGRETPESPAGSPTSTERGESTPS
GATGEPGTIPEESGTASSS PGS STPSGATGS PETSTEPSEGCSAPGTSTEPSEGSARG
SEPATSGSETPGSPAGSPISTEEGSPAGSPTSTEEGTSTEPSEGSAPGPERPTEPA
PSGESEPATSGSETPGISESATPESCPCSPAGSPISTEEGTSESATPESGPEEPA
GSPISTEEGS PAGS PISTRERGISESATPESGPGEPAGSPTESTERGSPAGSPISTE
BEGS IS TARS PCPGSTSESPSGTAPGTSPEGESSTAPGSTSESPSGTAPGSTSES
PECTAPGTSPSGESSTAPGTITEPSEGSARPCTSESATFESGPGTSESATRPESGPG
SEPATSGSETPEISESATRFESGPGISESATPESGPGTSTEPSEGSAPGISESATP
ESGPGISTERPSEGIAPCTSPSGESSTAPGTSPSCGESSTAPCTSPSCGESSTAPGTS
TEPSEGSAPGSPAGSPISTEEGTSTEPSEGEAPGSSPSASTCTIGPGSSTRSGATE
SPECESTPSCGATGIEPGISTPSCATGSPEESTRPSCATGSPGASPETSSTGIPEASAS
GAPSTGGTSPRGES STAPGES TS STARSPGPGTSPSCGESSTAPGTSRSATPESGPG
TSTEPSEGSAPCISTEPSEGSAPGSSPSASTGTIGPGSSTPSCATCSPGASPETSS
TGEESPGTSIPESGSASPCTSPSGESSTAPGISPRGESSTAPGTSESATPESGRPGSE
PATSGSETPGISTERPSEGSAPGSTSESPSCTAPGSTSESEFSGTAPGTSTPESGSA
SPGSPAGRPTITEEGTSRSATPRSGPGTSTEPSEGRAPGI PAGESPTSTERGTSES
ATPESGPGIEPATSCISETPCSSTPSGATGSPEGASPGTSSTCISPESSTPSGATGES?E
GETSRSPEGTAPGTSPSGESSTAPGETESTARSPGPGRSTPSGATGSPGASPETS
STCSPCTPGSETASSSPEIPAGSPTSTEECSPAGSPTSTEREGTSTEPSEGSAP

4.5

Example 7: Calenlation of TEPTTOPE scores
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{6334] TEPITOPE scores of 9mer peptide sequence can be calculated by adding pocket potentials as described
by Sturruolo {Sturniclo, T, et al. (1999) Nat Biotechniol, 17: 555]. In the present Example, separate Tepitope
scores were calculated for individual HLA alleles. To calcudate the TEPITOPE score of a peptide with sequence
P1-P2-P3-P4-P3-Po-P7-P8-PY, the corresponding individual pocket potentials m Table 12 were added. The
HLA*Q101B score of a 9mer peptide with the sequence FDKLPRTSG (SEQ 1D NO: 271) would be the sum
of 0,-13.0,09,0.-1.8 0.09.0, 0.

{8335} To evaluate the TEPITOPE scores for long peptides one can repeat the process for all 9mer
subsequences of the sequences. This process can be repeated for the proteins encoded by other HLA alleles.
Tables 13-16 give pocket potentials for the protein products of HLA alleles that occur with hugh frequency in
the Caucasian population.

{6336] TEPITOPE scores calculated by this method range from approximately -10 to +19. However, 9mer
peptides that lack a hydrophobic amino acid (FKLMVWY (SEQ 1D NO: 272)) in P1 position have calculated
TEPITOPE scores in the range of -1009 to -989. This value is biclogically meaningless and reflects the fact
that a hydrophobic amino acid serves as an anchor residue for HLA binding and peptides lacking a hydrophobic
residue in P1 are considered non binders to HLA. Because most XTEN sequences lack hydrophobic residucs,
all combinations of 9mer subsequences will have TEPITOPEs in the range in the range of <1009 to -989. This
method confirms that XTEN polypeptides may have few or no predicted T-cell epitopes.

Table 12: Pocket potential for HLA0I81B allele.

A -999 ) 0 0 - 0 J - G

C -989 0 0 8 - 0 0 - 0

D -994 -1.3 -13 1240 - -2.7 2 - -19
B -999 0.1 -12 | 041 - ~2.4 0.6 | - -19
¥ 0 0.8 08 | 008 - -2.1 03 | - -0.4
G -999 0.5 02 071 - -0.3 -11 ] - -{}.8
H -999 0.8 02 | 0.7 1 - -2.2 01 | - -11
I -1 i1 1.5 05 ¢ - -9 0.6 | - 0.7
K -9949 L1 0 210 - -2 -2 - -1.7
L -1 i i 09 | - -2 03 | - 0.5
M -1 1.1 14 | 08 | - -1.8 0.09 | - 0.08
N -999 0.8 05 1004 - -1.1 01 | - -1.2
p -999 -0.5 03 | -19 1 - -0.2 0.07 | - -1.1
Q -999 1.2 0 a1 4 - -1.8 02 1 - -1.6
R =999 22 6.7 | 211 - -1.8 0.09 | - -1

S -999 ~0.3 02 1-07 ¢ - .6 02 | - 0.3
T -999 0 0 -1 - ~1.2 0.09 | - -0.2
W -1 21 05 1011 - -1.] 0.7 | - 0.3
W Q0 -0.1 g -18 1 - -2.4 011 - -1.4
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Y 0 0.9 08 | -11: - -2 0. 0.9

(¥
H

Table 13: Pocket potential for BLA0301E allele.

A =999 ¢ O 0 - { 0 - O

C -999 0 0 0 - { 0 - O

D -999 -1.3 13 1231 - 24 1061 - 0.6
E -99% 0.1 -12 | -] - -14 |02 1 - -0.3
F -1 0.8 0.8 -1 - -14 1 635 | - 0.9
G -959 0.5 02 103} - -0.7 1 01 - 0.4
H -999 0.8 0.2 0 - 01 {1 -08 1 - 0.5
I 0 1.1 15 1651 - i 04 | - 3.6
K -999 1.1 0 -1 - 13 1-09 1 - -0.2
L 0 ] 1 0 - 0.2 62 | - -0

M 0 L1 1.4 0 - -0.9 1.1 - 1.1
N -999 0.8 05 1021 - 06 1-01 1 - 0.6
P -999 -0.3 0.3 -1 - 0.5 0.7 1 - -0.3
0 -999 1.2 J 0 - -03 101 - -0.2
R
S
T

-999 22 0.7 1 -1 - 1 -0.9 | - 0.5
-999 -0.3 02 1071 - 01 16071 - 1.1

-99% 0 0 -1 - 08 | -01 1 - -0.5
M 0 2.1 0.5 0 - 1.2 0.2 - 0.3
W -1 0.1 { -1 - -14 1061 - -1
Y -1 0.9 0.8 -1 - -14 |01} - 0.3

Table 14: Pocket potential for BLAH401 B allele.

C -999 g G 0 - 0 0 - 0
D -9949 -1.3 -1.3 1.4 - | -bi 030 -1 -17
E -99% 0.1 -12 1.5 - 124102 0 - 117
F 0 0.8 0.8 05 1 - | -E1 - - -1
G -999 0.5 0.2 46 4 - 1 -ES P30 -1
H -999 0.8 0.2 1.1 - | -14 0 - 1008
i -1 1.1 1.5 .8 - 10110081 - 103
K -989 1.1 0 171 - 1241403410 - 103
L -1 i i 0.8 S Y -1
M -1 1.1 14 8.9 - | ~i11 684 - 104
N -999 0.8 0.5 0.9 - 1131064 - 1-14
iy -999 -0.5 8.3 -16 | - O 071 - 1-13
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0 -99% 1.2 0 1.8 ~ | -15 0 0.8
R -999 22 (.7 18 ] - 12414 412 -1

S -999 -0.3 0.2 (.8 - i 0.2 0.7
T -999 0 0 0.7 - 1 19 101 -1.2
v -1 2.3 0.5 9 1~ 1 09 008 -0.7
W 0 (.1 0 12 0 - -1 i -14 -1
Y 0 0.9 (.8 36 1 - | -B5 0 -12 -1

Table 15: Pocket potential for HEA®GT81B allele.
A -99% & 0 0 - 0 0 - 0
C -999 { 0 0 - 0 0 - 0
D -999 -13 1 13 1 -16 - 25 4 -13 ~ -1.2
B -999 0.1 12 ) -14 - ~2.5 0.9 - -(.3
F 0 0.8 0.8 0.2 - -{.8 2.1 - 2.1
G -999 (.5 0.2 <11 - -0.6 0 - (.6
H -999 (1.8 (.2 0.1 - -0.8 0.9 - -0.2
i -1 11 L5 1.1 - 0.5 2.4 - 34
K -999 1.1 0 -1.3 - -1.1 0.3 - -1
L -1 i i -0.8 - -0.9 2.2 - 34
M -1 1.1 14 -0.4 - -0.8 1.8 - 2
N -99% .8 0.8 -1 - -0.6 1.4 - -0.5
P -999 -0.5 0.3 -1.2 - 0.5 1 =02 - -(0.6
O -8G9 2 0 ~1.5 - -1.1 i1 - -0.9
R -999 2.2 0.7 -1.1 - -11 0.7 - (.8
S -999 -0.3 0.2 1.5 - 0.6 0.4 - -0.3
T -999 { 0 1.4 - 0.1 0.9 - 0.4
v -1 2.1 0.3 0.9 - 0.1 1.6 - 2
W 0 -}, 1 {0 -1 - -(.9 1.4 - 0.8
Y 0 0.9 0.4 -(.9 - -1 1.7 « 1.1
Table 16: Pocket potential for HLA*15018 allcle,

A -999 { 0 Y 0 G

C -499 Y O y 0 O 0
D 999 1 -13 1 <13 1 <04 -0.4 | -07 -1.9
E -999 1 0.1 -12 1 06 -1 0.7 -1.9
F -1 (.8 0.8 2.4 031 14 -0.4
G -999 1 0.3 6.2 0 0.3 0 -03.8
H -99% 1 08 0.2 1.1 -5 1 0.6 -11
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I { 11 1.5 0.6 0051 1.5 6.7
K -999 1 1.1 0 0.7 3.3 1 03 -1.7
L 0 1 | 0.3 6.2 19 G.5
M O 1.1 14 i G.1 1.7 0.08
N 999 | 0.8 0.5 -0.2 6.7 i -1.2
p -999 | .05 0.3 -0.3 <321 03 ~1.1
G -999 1 12 0 -0.8 0.8 | -0.3 -1.6
R -99% 1 22 G.7 0.2 i -0.5 -1

S -599 | 03 0.2 -0.3 06 | 03 -0.3
T -599 ¢ 0 -0.3 -0 0.2 -0.2
vV 8 2.1 0.3 0.2 331 03 0.3
W -1 -1 0 0.4 0.4 1 06 -1.4
Y -1 8.9 0.8 25 04 | 07 -0.9

Table 17: Exemplary Biclogical Activity, Exemplary Assavs and Preferred Indications for BP

{L.-1 xeceptor
antagonist

interlcukin-1
receptor; IRAP;
KINERET;
ANTRIL)

{Anakinra; soluble

Binds H.1 receptor
without activating the
target cells; inhibits the
binding of IL1-alpha
and IL1-beta; and
rewtralizes the biologic
activity of 1L 1-alpha
and IL1-beta.

Competition for [L~1 binding to
1L-1 recepiors in YT-NClor
C3H/Hel cells (Carier et al.,
Nature 344 633-638, 1990);
Inhibition of IL-1-induced
endothelal cell-leukocyte
adhesion (Carter et al., Nature
344: 633-638, 1990y,
Proliferation assays on 4375~
C6 cells, a buman melanoma
cell line highly susceptible to
the aatiproliferative action of
TL-1 (Murai T et al, I Biol
Chem. 276; 6797-6806, 2001).

Asstoimamune Discase, Arthritis;
Rbeumatoid Axthritis; Asthma;
Diabetes; Diabetes Mellitus;
GVHD; Inflamumatory Bowel
Disorders; Chron's Discase;
Cenlar Inflararaation; Psoriasis;
Septic Shock; Transplant
Rejection; Inflammatory
Disorders; Rbeurnatic Disorders,
Osteoporosis; Postmenopansal
Qstleoporosis; Stroke.

-0 receptor
agonist

Binds 1110 receptor,
facilitates the
interaction between H.~
I0R1 and IL-10R2,
Ieading to downstrearn
signalling that resulis in
anti-inflammatory
ESpPOnse.

Conformatonal Changes
Mediate Interteukin-10
Receptor 2(IL-10R2) Binding
to 1L-10 and Assembly of the
Signaling Complex (Yoon S. ¢f
al., I Biol. Chem. 281 35088 —

35096, 2006).

Autoimmmune Disease; Arthrins;
Rheumatoid Arthritis, Asthma;
Diabetes: Diabetes Mellitus;
GVHD; Inflammatory Bowel
Disorders; Chron’s Discase;
Ocular Inflammation; Psoriasis;
Septic Shock; Transplant
Rejection; Inflammatory
Disorders; Rheumatic Disorder;
Oisteoporosis; Postienopausal
Osteoporosis

Table 18; Exemnlary BPXTEN of linked to XTEN

H-lra-
AE864

MREPSGREKS SKMOAFRIWDVNQKTFY LRNNGLVAGY LQGPNVNLEEK IDVVRPIEFPHALFLGL
HEGKMCLSCOVESGDETRLGLEAVNITD LEERRKQUDEKRFAFIRSDSGPTTSFESAACPGWEL
CTAMEADQFVSLIMMPDEGVMVIKEY FQEDEGGSPAGSPISTEEGT SESATPESGPGTSTE
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PSEGCSAPGSPAGSPISTEEGISTEPSEGCSAPGTSTERSEGSAPGISESATPESGPGSEPAT
SGSRTPGSEPATSGSETPGSPAGSFTSTEREGTSESATPESGPECTSTEPSEGSAPGTSTERS
EGSAPGSPAGSPISTEEGTSTEPSEGSAPGISTEPSEGSAPCTSESATPESGPEISTERSE
GSAPGTSESATIESGPGSEPATSGSETPCTSTEPSEGSAPGTSTEPSEGSAPETSESATER
SCPOCTSESATFESGPEGIPAGSPISTEECTSESATPESGFGSEPATSGEETPETSESATPES
GPGTSTEPSEGSAPCTISTEPSEGSAPGTSTEPSEGIAPETSTEPSEGSAFPGTSTEPSEGSA
PEISTEPSEGSAPCSPAGSPISTEEGTISTERPSEGSAPCTISESATPESGPGSEPATSGERTP
GCISESATPESGPGSEPATSGIETPETSESATPESGPGTSTEPSEGSAPGTSESATPESGRG
SPAGSPISTERGE PAGSPTSTERGRPAGSPISTEEGTISESATPRESGPGTSTEPSEGSAPGT
SESATPESGPGSEPATSGSETPGTSESATPESGPGSEPATSGSETPGTSESATPESGPGTS
TERPSEGSAPGSPACGSPISTEEGTSESATFESGPGSEPATSGSETPGTSESATPESGRGSPA
GSPTSTEEGSFAGSPISTEEGTS TEPSEGSAPGTSESATFESGPGTSESATPESGPGTSES
ATPESGPGSEPATSGEETPGSEPATSGRET PGS PAGSPTSTRRGTSTEPSEGSAPGTSTER
SEGSAPGSEPATSGCSETPCTSESATFESGPGTSTEPSEGSAP

TL~Tra~
AMETS

()
(o)
[S¥]

MRPSGRES SKMOAFRIWDVNQRKTFY LRNNQLVAGYLOGPNVNLEEKIDVVPIEPHALFLGI
HECKMCLSCVESGRETRLOQLEAVNITDLSENRKQDERFAFIRSDSGPTTSFESAACPEWEL
CIAMEADOFVSLTNMPDEGVMVIKEY FOEDEGGTSTEPSEGSAPEGSEPATSGSETPGSPAG
SPISTEEGETSSTARSPCPETSTPESGSASPEGSTIESPECTAPGSTSESPSGTAPGTSTPE
SGEASPEISTPESGSASPGSEPATSGRETPGTSESATPESCPGSPAGSPTSTERGTSTEPS
EGSAPGTSESATPESGPGIS TEPSEGSARPG TS TRPSEGSAPGSPAGSPISTERGTSTERPSE
GCOAPGTSTEFSEGSAPGTSESATPESGPGTSESATPESGFGTSTEPSEGSAPSTSTEPSEG
SAPGTSESATPESGPGTSTEPSEGSAPGSEPATSGEETPESPAGSPTSTEEGSSTPSGATS
SPETPGEGTARSSPGSSTPSGATGS PEISTEPSEGSAPGISTEPSEGSAPGSEFATSGESRT
PESPAGSPTSTEEGSPAGSPTETEEGTSTEPSEGSAPGASASGAPSTGETSESATPESGRG
SPAGSPISTEEGS FAGS PISTERGSTSSTAESPGPGSTSESPESGTAPGTSPSGCESSTAPGT
PGSGTASSSPESSTPSCATOS PGS SPSASTGTIGPGSEPATSGSETPGTSESATPESGPGEE
PATSGEETPGSTISSTAESPCPGSTSSTARSPGPGISPSCESSTAPGSEPATSGSETRPGSEP
ATSCSETPGISTEPSEGIAPGETESTAESPGPGTSTPESGSASPEETSESPSGTAPGTSTE
POEGSAPGTSTERSEGSAPGTSTEPSEGSAPGSSTPSCGATESPGISPSASTGTGPGASPGT
SSTGSPGSEPATSGEETPGTSESATPESGPGSPAGSPTSTERGSSTPSGATGS PGS SPSAS
TETGRPGASPGTSS TGS PGTSESATPESGRPETSTEPSEGSAPGTSTEPSEGEAY

H-10-
AE864

(OS]
(98
Lol

MHSSALLCCLVLLIGVRASPGOGTSENSCTHRF PGRLPRMLEDLEDAF SRVKTFFQMEDQL
DHLLLKESLLEDFKGYLGCOALSEMIQFYLEEVMPQAENQDPD IKAHVN S LEENLKTLRIR
LRRCHREFLPCENK SKAVEQVENAFNELQERGIYKAMISEFDIFINY IRAYMIMEKIRNGSPAG
SPISTEEGTSESATPESGPGTSTERPSEGSAPGESPAGSPISTEEGCTSTEFSEGSAPGTSTEP
SEGSAPGISE AT PESGPGSEPATSGRETPGSEPAT SGERTPGSPAGSPTSTERGTSREAT
PESGPGTSTEPSEGSAPGTSTEPSEGCSAPGSPAGSPISTEEGTSTEPSEGSAPGTSTEPSE
GRAPGTSESATPESGRPGTSTEPSEGSAPGTSESATPESGPGSEPATSGSETPFGTSTEPSES
SAPGTSTEPSEGCSAPGTSESATPESGPGTSESATPESGPESPAGSPTSTEREGTSESATPES
GRGERPATSGOETPCGISESATRPESCGPEISTRPSRGSAPGTSTEPSEGSAPETSTERPSRGSA
POISTEPSEGSAPGISTEPSEGSAPCISTEPSEGSAPGSPAGSPISTEEGSTSTEPSEGSAP
GISESATPESCPESEPATSGSETPGTSESATPESGPESEPATSGSETPGTSESATPESGPG
IS TEPSEGSAPSISESATPESGPGS PAGSPISTERGSPAGSPISTEEGS PAGSPISTERGY
SESATPESGPGISTEPSEGSAPGTSESATRPESGPGSEPATSGIETPGTIESATRPESGPGSE
PATSGSETPGTSESATPESGPGTISTEPSEGSAPGSPAGSPISTEEGTISESATPESGPGSER
ATSGIETPCTSESATPESCPGOPAGEPISTEEGISPAGSPTSTERGTSTEPSEGSAPGTSES
ATPRSGPGISE AT PESGPGTSESATPRESGPGSEPATSGSETPGIERPATSGSETRPGEPAGS
PISTEEGTSTEFSEGSAPGTSTEPSEGCSAPCSEFATSGSETPGTSESATPESGPGTSTEFS
EGSAP

AMS75-
L-10

GUSTEPSEGSARPCGSERPATSGSRTPGOPAGSPISTEEGETSSTARSPGPGTSTPESGIASPEG
STSESPSGTAPSSTSESPSGCTAPGTS TPESGSASPGTSTPESGSASPGSEPATSGSETPGT
EREATPESGPGSPAGSPISTEECTSTERSRGSAPGTSESATPESGPEGTSTERPSRGIEAPGTS
TEPSEGSAPGSFAGSPTSTEEGTSTEPSEGCSAPGISTEPSEGSAPGTSESATPESGPGTSE
SATPESGPCISTERSRGSAPGISTEPSEGSAPGTSESATRESGPGTSTRPSEGSAPGSERA
TSGSETPESPAGEPISTEEGSSTPSGATGS PEIPESCTASSSPGSSTFSGATGSPETSTEP
SRGEAPGISTEPSEGSAPGSEPATISGEETPGESPAGSPTSTEEGSPAGSPTETERGTSTERS
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EGSAPCASASGAFSTGETISESATPESCPCSPACSPTSTEEGSPAGSPISTEEGSTSSTAES
PGPGSTSESPSGTAPGTSPSGESSTAPGTPGSGTASSSPESSTPSCGATGSPGSSPSASTGET
GRESEFATSGIETPCISESATPESGPESEPATSGSETPCSISSTAESPGRPEGSTESTARSPG
PETSPSCGESSTAFGSEPATSGIETPESEPATSGSETPGTSTEPSEGSAPGSTSSTARSPGE
GISTPESGSASFGITSESPESGTAPGTSTEPSEGSAPGTISTEPSEGSAPGISTEPSEGSAFG
SSTPSGATGS PGS SPSASTOTGPRGASPGTSSTGIPEGSEPATSGCSETPGTSESATPESGRGS
PAGSPISTEEGSSTPSCATCSPGSSPSASTGIGPGASPOISS TGS PGISESATRESGPGTR
TEPSEGSAPGTSTEPSEGSAPMESSALLCCLVLLTGVRAS PGQGTOSEN SCTHFPGRLEPIRY
LRDLEDAFSRVKITFFOMKDQ LONLLLEESLLEDFRGY LECQALSEMIQF VLERVMPORENG
DPRIKAHVNS LEGENLKTLRLRLRRCHERFLPCENKSKAVEQVEKNAFNKLQEKGI YEAMSEFD
IFPINYIEAYMIMEKIRN

* Sequence name retlects N- to C-terminus configuration of BP and XTEN components

Table B. DNA and amino acid sequences of an exemplified X TENviated §1.-12 construct and a

reference construct,
Exemplified DBNA GCATCACATCATCACCATCACCATCACCATEETTCTCCAGCCGAGTOCCCAACTIC
XTENvlated | scquence GACCGAGEARGEEACCTCCGAGTCAGCTACCCCEEAGTLCGETCOTGECACTTCCA
TL-12 SEGID CCGAACCATOGOAGEECAGCECCCCTEEEABCCCTECCEG0AGCCCTACARGCACT
construct N 1 GAAGAGGGCACCAGTACAGAGCCAAS TGAGGGGAGCECCCCTEETACTAGTACTGA
(M-terminal ACCATCCGAGGGGTCABCTCCABGCACGAGTGAGTCCECTACCCCCBABAGCGGAC
His-tag is CGGGCTICAGAGCCCGCOACGAGTEECAGTGARACTCCAGGOTCAGAACCCECCAST
optional) AGTGEETCAGAGACTCCAGGCAGCCOTGCUGEATCCCCTACGTCCACCOAGGAGGE

AACATCTGAGTCCGCAACACCUGAATCCGGTCCAGGCACCTCCACGEAACCTAGTG
BBGECTCGECACCAGGTACAABCACCCAACCTAGCGAGEGCAGUBCTCCCEECAGC
CCTECCEECAGCCCAACCTCAACTGAGGAGEECACCAGTACTGAGCCCAGCGAGGSE
ATCAGCACCIGGCACCAGCACCEAACCTAGCGAGGGECAGCECCCCTGERACTAGCE
AGTCAGCTACACCAGAGAGCEEECUTEGEAACTTCTACCGAACCCAGTEAGEEGATCC
GCLCCAGGCACCTCOCGAATCCGCAACCCCCGAATCCERACCTGGCTCAGAGCTCGC
CACCAGCEEEAGCEGAAACCCCTGGCACATCCACCEBAGCCTAGCGAAGGGETCCGCAL
CCGGCACCAGTACAGAGCCTAGCGAGEEATCAGCACCTGECACCAGTEGAATCTGOT
ACACCAGAGAGCGGCCOTEGEAACCTCCGAGTCCGCTACCCCCGABAGLEGECCAGG
TECTCCTEOTEECTCCCCCACCTCAACAGAACAGREREEACAAGCGAAAGCGECTACGC
CTGAGAGTEECCCTEGECTCTGAGCCAGCCACCTCUGGCTCTEGARMRCCCCTGGCACT
AGTGAGTCIGCCACGCCTIGAGTCCGEACCCGEGACCTICTACTGAGCCCTCGRAGGE
GAGCGCTCCTGGCACGAGTACASAACCTTCCGAAGGAAGTEGCACCGBETACAAGCA
CCEAGCCTTCCEAAGGCTCTGCTCCCERAACCTOTACCEGAACCCTCTGAAGGGICT
GCACCCBBTACCAGCACCCGAACCCAGCGRAAGEETTCAGCECCTGGGACCTCAACAGA
GCCCTCGGAAGGATCASCECCTEEAAGCCCTGCAGCGGAGTCCAACTTCCACGEAAG
ARGGAARCGTCTACAGAGCCATCAGAGGEGGTCCGCACCAGGTACCAGUBAATCCGCT
ACTCCCGAATOTGECCCTGGETCCGAACCTECCACCTCCGGCTCTGAAACTCCAGE
GACCTCCGAATCTGCCACACCCEGAGAGCRGUCCIBECICCGAGCCCECAACATCTG
GCAGCGAGACACCTGGCACCTCCGAGAGCGCAACACCCGAGAGCLEECCUTEECALCC
AGCACCGAGCCATCCGAGGSATCCOCCCCAGGCACTTIOTGAGT CAGCCACACCTGA
BAAGCEEACCAGGATCACCCGCTGGCTCCCCCACCAGTACCEGAGGAGGGETCCCCCE
CTGEAAGTCCAACAAGCACTGAGRAAGGRTCCCCIGCCOSECTCCCCCACAAGTACC
GAAGAGGGCACAAGTGAGASCEGCCACTCCCGAGTCCRGGCCTGECACCAGCACAGA
GCCTICCEGAGGEGETCCGCACCASCTACCTCAGAGTCTEGCTACCCCOBAGTCAGGETC
CAGBATCAGAGCCAGCCACCTCCGEETICTGAGACACCCOCCACTTICCGAGAGTGCC
ACCCCTGASTCCOCACCCEEGETCCEGAGCCCGCCACTTCCEGECTCCGARALTCCCGEE
CACAAGCGAGAGCGCTACCCCABAGTCAGGACCAGGAACATCTACABAGCCCTCTG
BAGCCTCCECICCAGGETCCCCAGCCEECAGSTCCCACTAGCACCGAGBAGGEGEAACC
TCTEAAAGCSCCACACCCGAATCAGEGGCCAGEBETCTGACSCCTGCTACCAGCGECAG
CEAGACACCAGGCACCTICTGAGTCCECCACACCAGAGTCCEGEACCCEEATCYCCCG
CTGGGAGCCCCACCTCCACTCABSCAGGCATCTCCTGCTGEGCTCTCCAACATCTACT
GAGGAAGGTACCTCAACCGAGCCATCCGAGSCATCAGCYCCCGGCACCTCAGAGTC
GECAACCCUBGAGTCTGGACCCGGAACTTCCEAAASTGCCACACCAGAGTCCEGETC
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CCEGGACTTCAGRAATCAGCAACACCCEGAGTCCGGCCCTGERTCTEGARCCCGUCACA
AGTGETAGTGAGACACCAGGATCAGRAACCTEUTACOTCAGERTCAGAGACACCCGS
ATCTCCEECAGGCTCACCAACCTCCACTGAGGAGSESCACCAGCACAGAACCAAGCG
AGGGCTCCGCACCCGEGAACAAGCACTEAACCCAGTGAGGEGTICAGCACCCGECTCTY
GAGCCGGCCACAAGTGECAGSTBACACACCCGGCACTTICAGAGAGTGUCACCCCCEA
GAGTGECCCAGGCACTAGTACCEAGCCCICTEAAGGCAGTEGUGCCAR GECACAGT
CEAGBCCBCTAGCGCCAGCGGCATETGGRAGCTCBACARCCGACGTGTACETGETGE
AGGTGGACTGGACACCAGATECCCCCERCGAGACCEGTGARACCTGACATGUGACACC
CCCGAGGAGCGACGATATCACCISCACATCTGATCAGAGGCACGEUGTGATCEGAAG
CEGCAAGACCOTEGACAATCACCETGAAGGAGTTCCTGEATGCCGGCCAGTACACAT
GLCACAAGGGCOECEAGACCOTETCCCACTCTICACCIGCTGCTGCACAAGAAGGAG
ABCGGCATCTGGTCCACAGAGATCCTGAAGAACTTCAAGAATAAGACCTTTCTGAA
GTGCGAGGCCCCTAATTATAGCEGCCEGETICACCTIGTTICCTGGUIGEITGCAGAGAS
ACATEGGACCTGAAGTTIAATATCAAGAGCTCCTCTAGCTCCCCAGATAGCCGRGCA
GLGACATGCCGCAATCCCCAGCCTETICCGCCGAGAAGSTICACCCTGCACCAGAGAGA
TTACGAGAAGTATTICTGTGAGCTGCCAGCGAGGACGTGACATGTCCCACCEBCCGAGG
AGACACTECCTATCEAGCTGECCCTCCAGCGCCAGELAGCAGAACAAGTACGAGRAT
TATTCCACCTCTTTCTTTIATCCGCGACATCATCAAGCCAGATCCCCCTAAGAACCT
GCAGATGAAGCCCCTGAAGAATTCCCAGETCGAGGTGICTTIGEEGACTACCCTGACA
GCTGGTCCACACCACACTCTTATTTCAGCCTGAAGTTCTTTIGTGAGBATCCAGCGEC
AACAAGCAGAAGATGAAGGAGACCCAGGAGEECTECAATCAGAAGGGCECCTTICT
GETECAGAAGCACATCCACCGAGGTGCAGTECAAGCBEAGCARRCGTGTGCETGCAGE
CACAGGATCGGTACTATAATTICTAGC TG T ICCAAGTGEBCCIGCETECOTIEICGE
GTGAGATCTEECGECGECGECICTOECEELEECEECTCCGRCGELGECEBCTCCAG
AGTGATCCCCEIEAGCEGACCAGCARAGGTGCCTETCCCAGAGLCGBAACCTGCTIGA
AGACCACASACGATATGGTGAAGACCECCUGEEACAAGCTCARGCACTACTCTTIGT
ACAGCCCAGGACATCGATCACBGAGGACATCACCCGGEATCAGACCTCTACACTGAA
GACATGCCTECCCCTGGAGCTGCACARGRACCGACGAGCTETCYGECCACCCGEGAGS.
CRAGCTCCACCACARGAGGCAGCTECCTGCCCCCTCAGAAGACCTCCCTGATGATE
ACCCTGTSCCIGOCCCTCTATCTACGAGGACCTGAASATGTATCAGACCGAGTYTCCA
GGCCATCAATGCCECCCTGCAGRACCACAATCACCAGCAGATCATCUTERGACRAGE
GCATGCTGETGGCCATCGATCASCTGATCCAGAGCCTEAACCACAATGGCOGAGACT
CTGAGGCAGAAGCCACCAGTGEGAGAGGCAGATCCTTACAGGHTCAAGATGRAAGCT
GRGCATCCTECTGCACGCCTTITTCCACCAGGRTGETGACRATCAATCGUETEGATGE
GCTATCTETICTAGCGCT

{wherein X' is a pelynucleoctide seguence enceding a
release segment as set forth in Table 6 ox 7)

Exemplified
XTENylated
12
construct
(N-ferminal
His-tag is
optional)

Aming acid
sequence
SEG ID
NG: 2

ASHHHHHEBHGSPAGSPTSTEEGTSESATPESGRPETSTEPSEGSAPGSPAGSPIST
EEGTSTEPSECSAPCTSTEFSEGSAPGISESATPESGCPCSEPATSGSETPGSEPAT
SEEETPGSPAGSPISTEEGTSESATPESGPGTSTEPSEGSAPGTITERPSEGSAPGS
PAGSPISTERGTSTERPSEGSAPSTSTEPSEGSAPETSESATPESGPCISTEPSEGS
APGTEESATPRSGPGESEPAT SGSETPGTSTERPSEGSAPCTSTEPSEGSAPGTSESA
TPESGPGISESATPESGPGS PAGSPISTEEGTSESATPESGPGSEPATSGSETRPGT
SESATPESGPGISTEPSEGSAPCGTSTEPSEGSAPGISTEPSEGSAPGTSTEPSEGS
APGISTEPSEGSAPGISIEPSEGSAPGSPAGSPTSTERGTSTEPSEGSAPGTISESA
TPESGPGSEPATSGSETPGTSESATPESGPGEEPATSCSETPCTSESATPESGPGT
STRPSEGEAPGISESATPESGRPESPAGSPISTERGE PAGSPTSTEEGSPAGSPTET
EEGTSESATPESGPGTSTERPSEGSAPGTSESATIESGPGIEPATSGSETPETSESA
TPESGPGSEFATSGERETIPGTISESATPESGPGTSTEP SEGSAPGEPAGSPISTEEGT
SESATPESGPCSEPATSGSETPGTSESATPESGPGSPAGSPISTEEGSPAGSPIST
ERGISTEPSEGSAPGTSESATRPESGRGTISESATPESGPGTSESATPESGRGSRPAT
SGSETPGSEPATSGEETPESPAGCSPTSTEEGTSTEPSEGSAPGTETEPSEGSAPGS
EPATSGRETRPEISESATPESGPGISTERPSEGSAPNGTARAASASGMWRLERDVYIVY
EVEWIPDAPSETVNLTCDTPEEDDITWISDORAGVIGSCKTLT ITVEKEF LDAGQYT
CHRKGGETLOSHSHLLLHRRKENGIWS TR I LKNFENKTY LECEAPNY SGRFTCSWLVOR
NMDILERENIKSSSSSPDSRAVICOMAS LEAEBKVTLDORDYEKY SVESCQEDVICPTAERE
ETLPIELALEARQONKYENY STSFFIRD I IXKPOPPEKNLOMKPLENSQVEVSWEYPD
SWESTPHEYFSLKFFVRIQREKEKEKMEETEEGCNQKGCAFLVEKTSTEVQCKGENVCVQ
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AQDRYYNSSCSEWACVPCRVREGGEESGEGGSGGGESRVIPVIGPARCLSQSRNLL
KTTDDMVKTAREKEXKHY SCTARD IDHED T TRDOTSTLK Y CLPLELRENRSCLATRE
TESTIRGSCLPPRKTSIMMTICLGSIVYED LMY QTEFQATNAA LONHNHQOQI TLDK
CGMLVAIDELMQSLNHNGETLROK PPVERADPYRVEMELCILLHARF S TRVVTINRVM
GYLSSA

{wherein X is an amince acid sequence {(release segment)
as set forxrth in Table 6 or 7}

Reference
consiruct
{C-tegminal
His-tag is
optional)

DNA
SOGURTICE
(SEQ D
NG 3)

ATGTEEECABCTCOAGCAAGCGACGTGTACGTEETECASGTCGACTGGACACCAGATEC
CCCCBGCCAGACCEGTGAACCTGACATECEACACCCCCOAGGAGGACGATATCACCT
GGACATCTGATCAGAGGCACGELETEGATCGGAAGCGEGCAAGACCCTEACAATCACC
GTGAAGGACTICCTGGATGCCGGCCAGTACACATETCACAAGGBCGGCGAGACCCT
GTCCCACTCTCACCTGCTGCTGCACAAGAAGBACAACGECATCTGGTCCACAGAGA
TCCTGAAGAACTICAACGAATAAGACCTTICTGAAGSTGCOAGGCCCCTAATTATAGT
GGCCGETTCACCTETITCCTEGCTGHTGCAGAGAAACATGGACCTGAABTTTAATAT
CRAGAGCTCOTCTAGCTCCCCAGATAGCCGEECAGTGACATGCGGAATGEGECCAGCC
TETCCECCHBAGCAAGGTGACCCTGGACCAGAGAGATTACCAGRAGTATTICTGTGAGC
TGCCAGGAGGACGTGACATSTCCCACCECCGAGGAGACACTGCCTATUGAGCTEGEC
CCTGGAGGCCAGGCAGCAGAACAAGTACCAGAATTATICCACCTICTTICTTTATCC
GCGACATCATCAAGCCAGATCCCCCTAAGAACCTECAGATGAAGCCCCTGAAGRAT
TCCCAGGTUBAGCTETCTTIGGEGAGTACCCTIGACABT TGO TCCACACCACACTCTTA
TTTCAGCCTGAAGTICTTTICTGAGGATCCAGCGCAAGAAGGAGAAGATGAAGGAGA
CCCGAGGAGGECTECAATCAGAASGSCECCTTICTEEGTEGEACGAAGACATCCACCGAG
GTGCAGTECAAGGEAGGAAACGTGTGCGETGCAGELACAGGATCGGTACTATAATIC
TAGCIGTICCAACSTGEEGCCTECETGCOTTIGICGGEICACATCIGELEGEGLEELEECT
CTEGCEGGCEECEERCTCOGEEELEGECOGCTCCAGAGTEGATCCCOGTEAGCEGEGACCA
GCAAGEGTGCCTGTCCCAGAGCCECAACCTEGCTGAAGACCACAGACGATATCGTGAR
GACCECCCBEEACAAGCTGAAGCACTACTCTTGTACAGCCCAGGACATCEGATCACG
AGGACATCACCCSGCATCAGACCTICTACACTGAAGACATGCCTGCCCCTGRAGCTEE
CACAAGAACGAGAGCTETICTEECCACCCGGGAGACAAGCTCCACCACAAGAGGCAG
CECCCTGCCCCOTCAGAAGACCTICCCTGATCGATCGACCOYGTGLOCTGBGCICTATCT
ACGAGCGACCTGCARGATGTATCAGACCEAGTTCCASSCCATCARTGCCEGCCCTGCAG
AACCACAATCACCAGCACATCATCOTGGACAAGGGCATGCTIGETEECCATCGATGA
GCTGATGCAGAGCCTGAACCACAATGGCCAGACCCTGAGGCAGAAGUCACCAGTGEG
GAGAGGCAGATCOTTACAGGGTGAAGATGAASCTEYGCATCOTGCTGCACGCCTTT
TCCACCAGGOTOOTCGACAATCAATCGCEGTGATEEECTATCTGTCTAGCGCCCATCA
TCACCATCACCATCACCAT

Reference
construct
{Cterminal
His-tag is
optional)

Amine acid
sequence

SEQ 1D
N: 4

MWELERKDVIVVEVDWIPLDAPGETVNLTCDIFERDD I TWISDQREGVIGSGKTLTIT
VEKEFLDAGQY TCHEGGETLSHSHLLLEKKENGIWSTEILENFRNKTFLKCEAPNY S
GRETCSWLVORNMDLKFNIKSSSSSPDSRAVICEGMAS LSARKVILDQRODVERKYSVS
COEDVICPTAEETLPIELALEARQONKYENY STSFFIRDIIKPDPPENLOMKPLEN
SOVEVESWEY PRSWSTPHSYFSLKFFVRIQREKEEMERETEEGCNQRKGAFLVEKTETER
VRCKGGNVCVQAQDRYYNSSCSKWACVPCRVRSGGGGSGGEEEGEEESRVIPVSGP
ARCLSGSRNLLKTIDDMVETARER LEHY SCTAEDIDHED ITRDQTSTLETCLPLEL
HENESCLATRETS STTRGSCLPPQKTSIMMTLC LSS IYEDLEKMYQTEFQAINAALQ
NEHNHQOI ILDEGMLVAIDELMOS LNHNGETLRQEPPVGEADPYRVEMKLOILLEAY
STRVVTINRVMGY LS SARRRRHENE

{6337] The poly-histidine tag (His-tag), located at the C- or N-terminus of cach exemplified fusion protein,

as shown heremabove in Table B, is optional.

Example §: 1112 Activitv Assay

{8338] HEK-Blue IL12 reporter cells were purchased from InvivoGen and cultured at 37°C, 5% COy in a

culture media consisting of DMEM, 4.5 2/ glucose, 2 mM L-ghlutamine, 0% {(v/v) heat-inactivated fetal

bovine serum, 100 U/mi penicillin, 100 pg/mi streptomycin, 100 pg/ml Normoein, 12X HEK-Blue Selection.
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For the 112 activity assay, a test mediur was prepared as described in the imuediately preceding sentence
but withont Normocin and Selection antibiotics. The test medium and 1X PBS were warmed to 37°C in a water
bath. Cells were dislodged from the flask by washing the flask with the pre-warmed PBS, followed by a
centrifugation at 300xg (1200 rpm) for 5 mins at room femperature, determination of cell viability, and a
resuspension of the cell pellet 1 the test medium to 0.833x10e6 cells/ml. Ninety microliters (90 ull) of the
cells were aliquoted mio cach well of a 96-well flat-clear-bottom plate (Costar, cat#3395). TL12 test articles
were prepared at 10X concentration in the test mednum with 17 nM being the highest conceniration, followed
by a serial 10-fold dilation to 1.7 pM. Then, 10ul of the 10X solation were added (o the 90 ul of cells, and
the plate was incubated for 24h. The next day, a QuantiBlue solution, the detection reagent for secreted
embryonic alkaline phosphatase {SEAP), was prepared by diuting OB reagent and OB buffer 11 room
teraperature MilhQ water to 1% (v/v) concentration each. The mixiure was incubated at room temperature for
10 mumutes. Subsequently, 1830ul. were aliquoted to each well of a 96-well flat bottom tissue culture plate, and
to each well was added 20pL of the supernatant. The plate was incubated at 37 °C, 5% CO, for 6h. At different
incubation time miervals (13min, 30min, th, 2h, 3h), a microplate reader was used to measure the optical
density (0.0} at 650nm. The results were analyzed by Excel software and presented here from the 3hr
timepoint.

{8339] Asshownin FIG. 8, 1L-12 reporter cells that produce secreted embryonic alkaline phosphatase (SEAP)
m response to IL-12-induced STAT4 activation were treated with mereasing concentrations of the TL-12 test
atticles for 24h. The levels of SEAP in the suporatant were measured using a QuantiBlue solution, and the
plate was read at optical density of 650nm. The XTENvlated IL12 (SEQ 1D NO: 2) composition curve {irtangle)
is shifted at least 2X relative to the corresponding de-XTENvlated 1112 composition curve {diamond},
indicating a masking effect of the XTEN that reduces cytokine activity.

Example 8: 1112 Receptor Binding Assay

{6340] HEK-Blue IL-12 reporter cells (Tnvivogen, as described in Example 8) that express the human IL-12
receptor were used (o assess binding of the 1112 constructs to the 1L-12 recepior. Increasing concentrations
of an exempiified “XTENylated IL127 construct (SEQ 1B NG: 2) (1 gM) containing a recombinant single
chain mouse IL12 with an N-terminal his-tag plus an XTEN sequence followed by a release segment sequence
were incubated with 50,000 293HEK-IL-12 reporter cells that were subsequently washed and surface bound
1112 monttored by flow cytometry using a fluorescent-labelled anti-His-tag sotibody for detection. Binding
by the XTENvlated IL12 was compared to binding of the reference H.-12 construct (SEQ ID NO:4) that
contatned a recombinant single chain mouse IL-12 and a C-terminal His-tag. Due to release of the His-tag from
the XTENylated IL-12 following i3 activation with homan matrix metallopeptidase 9 (MMP9), we were
unable to assess [L-12 binding of its activated form in this assay. The XTEN fragment released by MMP9
cleavage retained the His-tag and was used as a specificity control for binding. As shown in Fi(s. 24-98, the

XTEN, when present in the fusion protein masked the cytokine binding to its corresponding IL12 receptor.
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The XTENvlated 1L-12 exhibited a binding affinity that is reduced compared with the cormresponding binding
activity of the IL12 when not linked to the XTEN, as characterized by an increase in the half maximal effective

concentration (EC50).

Example 10: Exemplary Xtenylated 1112 Constructs
{6341} In certain excmplary embodiments, XTENylated IL12 constructs were created using IL12 subunits
that have been Xitenvlated four times.  The table below provides the nucleic acid and amino acid sequences of

exemplary IL12 p35 subumii that bas been Xienylated and an IL12 p40 subunit that has been Xtenvlated.
{6342] Figure 10A and 10B show a schematic representation of the above two constructs. HEK Blue HL12
activity assays were performed substantially as described i Example 9 above. The data from those assays is

collaied s Figure 10C and represented in the Table 19 below:

TABLE 19: 1112 Activity Reported Using HEK Blue Assay

EC50 Masking
mull12 25 n/a
(AP2531 XPAC) 7817 430
(AP2351 PAC) i7 -
{AP2552 XPAC with TG tag) 2746 as
{AP2552 PAC with TG tag) 29 -

{3343] These data clearly show that PACs generated have equivalent activity to recombinant mudLi2 as
expected for a heterodimeric preparation and that the XTENylation of the TL12 resulted in a binding affimty
that 1s reduced compared with the corresponding binding activity of the IL12 when not linked to the XTEN,
as characterized by an increase 1n the half maxumal effective concentration (EC30). As such, this data show
that 1L 12-XPAC-4X constmcts exhibit sufficient masking and activity to be comparable to that of naked 1L12.
Moreover, presence of a transglataminase tag does not influence IL12 activity.

{6344] In a further analvsis, the effect of 1 (AP2450), 3 (AP2447), and 4 {(AP2446) XTENs on 1L 12 compared
(Figures 11A-C and Table 20).

BCS0 (pM)

AP24465PAC
(4XTEN)

AP2447-XPAC
(3XTEN)

AP24SO-XPAC
(IXTEN)

9624

849.5

1171

AP2446-PAC

AP2447-PAC

AP2450-PAC
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{6345] Of the data generated, i was seen that all XTENs contribute to masking and that increasing XTEN at

a single site does not provide additional benefit but use of a dual plasmid format for expression offers additional

XTEN addition benefits. The most preferred constracts: AP2446, AP2450, AP2407, were selected for further

study.

{6346] In the next steration, the [LI12-XPAC-4X construct was redesigned to explore designs for cach of

purification and analyvtics of the IL12 heterodimers. The design of three constructs is shown in the following

table and a schematic of the constructs is shown 1o Figures 12A (L12-XPAC-4X 1 comprised of XPS/XP13
sequence shown i Table 22), 12B (JL12-XPAC-4X 2 comprised of XP4/XP10 sequence shown in Table 22}

and 12C (AL12-XPAC-4X.3 comprised of XP3/XP9 scquence shown in Table 22) as schematics and described

it the Table 21 below:

TABLE 21: Features of Three Exemplary IL12-XPACs each comprising 4 XTEN sequences

Construcis Subumnits Format H#XTENs Total Subunit Total Protein
XTEN AA Size Size (kDa)
(kDa)
IL12-XPAC- 4 1152 172
431
KXTEN | X288-P40-X288 2 93
P40
XTEN | X288-P35-X2388 2 79
P35
IL12-XPAC- 4 1152 172
AC3244 | X376-P40-X288 2 101
AC3247 | X376-P35-X200 2 71
IL12-XPAC- 4 1152 172
AC3245 | X200-P40-X288 2 85
AC3246 | X288-P35.X376 2 87
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Table 22: Sequences of exemplary xtenvlated subunits for XPAC s shown in Table 21

XP No.

DBNA Seqguence

Protein Sequence

Domain

Xpil

CAGCCGEEET

o
(O RIY A EICICH)

CCCAACTTCGACCGAGGAAGGGACT

ACCTCCH

GCAGCGCCCCTGEGEAGCCTTEICE

GAGCCCTACAAGT

v

ACCGAAGAGGGCACCAGTACY

AGAGCCAAGTGAGGEGCAGCGET

SGTACTAGTACTGAACCATCCGAGGGETCAGCTCCAGGCACE.

AGT

GAGTCCGCTACCCCCGAGAGTGGALCCG

sGCTCAGAGCCCGCCACG

CAGTGAAACTCCAGGCTCAGAACCCGCCACTAGTGGETCA

NN NN

TGCCGCATCCCCTACGTCCACCE!

CAGGCAGC

GGAACATCTGAGTCCGCAACACCCGAATCCGEICCAGGCACCTCC

ACCT

ACCTAGTGAAGGLUTCGGCACCAGGTACAAGCACCGA

AGCGAGGGECAGCGCTCCCEGECAGCCOTGCCEGCAGCCCAACCTCA

AGGAGGGCACCAGTACTGAGCCCAGTCGAGGGATCAGCA

CACCGAACCTAGCGAGGGCAGCELCCCTGGGACTALT

e
GGCACCAG

ACCAGAGAGCGGGCCTGGAATTTCTACCGAA

TCCGCAACCCCOGAA

NN

\GCCCGCCACCAGLGET

ACCTGGCTCA

ACATCCACCGAG

ACAGAGCCTAGCGAGH

ACACCAGAGAGCGGCCCTGEGAACCTCCGAC

AGCGGEGCCAGAGGCT

sAGCGCCAACCACACCCCCGC

CTGACCGGCCCTGGCACAGCCGAGGCCG L CTAGCS

CACAGCCGAGGUCGUTAGCE

GTGATCCCCGTGAGCEEACCAGCAAGGTGUCIGTCCCAGAGLH

AACCTGCTGAAGACCATAGACGATATGGTCGAAGACCGCCC

AAGCTGAAGCACTACTCTTGETACAGCCGAGGACATCGATCACGAG
GACATCACCCGGGAT CAGACCTCTACACTGAAGACAT GCCTECCT

ACGAGAGCTGTCTG

GCCACCC

TEGAGCTGCACAAL

CCACCACAAGAGGCAGCTGCCTGCCCCCTICAGAAGACT

GAAG

GGGCTCTA

> CTEH ACCAGGACT!

ATGTATCAGACCGAGTTCCAGGCCATCAATGCCGCCCTGCAGAAL
CACCAGCAGATCAT

CCTGGACAAGGGCATGCTGGTGGECT

GAGCTGATGCAL

AGCCTGAACCACAATGGECGAGACCCTG

GAAGCCACCAGTGEECAGAGGC

ATCGAAGCTGETGCATCCTGCIGCACGCCTT

TCARTCGCGTCGATGGGCTATCTGTCTAGCGCCGGCACAGCT

(4

GAGGCCGOTAGCGCCAGCGGUGETGCTECAGAGCCCAGGTACCTCE

'CAGGGCCA

CAGAGCCAGCCACC

CCGEETCTGAGACACCCGGGACTTCCGAGAGTGCCACCCCTGAG

GSPAGSPTSTEEGTSE

ESGPGTSTEPSEGSAY

GTSTEPSEGSAPGSPA

STERSE

GPARCLSQSRNLLE

DDMVETAREKLKHYSC
TAEDIDHEDITRDQTS
TLRKTCLPLELHKNESC

LATRETSSTTRGSCLE

PORKTSLMM I

EDLEMYQTEFQAINAA

LONHNHQOQI T LDKGML

VAIDELMOSLNHNGET

LRQKFPEVGEADFYRVK

2

AKLC T L]

HARSTRVVT

INRVMGYLSS

SASGVLQSPGTS

SGPGSEPATSG

EPATSE

SSETPG

SGPGTSTEPSEGS

P40
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XP Ne.

DNA Sequence

Protein Sequence

Pomain

CCCGGGTCCGAG

e

CACAAGCGEA ACCCCAGAG

GCCCTCTGAAL

PAGCACCGAGGAGGGAACCTC

TCAGGGCCAGGCGTCTGAGCCTGCTACCAG
CTGAGTCCGCCACACCAGAGTC

GCCCCA

CTACTGAG

COGGCACT

t

GGAACTTCCGAAAGTGCC

GTCCGEGT

‘CAGCAACACCCGA CCTGG

TAGTGA

CCCGGATC

CCAGCACAGAAL

AGGGCT

ACTGAACCCAGTGAGGEG]

ACTAGTACCGAGCCT

AGTGGECCCAGGCE

CGETCCTGACCTAATCCCCC

GGCGAGCETGCCACTTTGAGCTGTC

TCCTCATTICCTGGCTTGETAC

‘CAGCAZ

AGACTTTTGATTTACTATGCTITCCAG

GATAGATTTTCT

GACTCGAACCAGAAGACTT]

GAGATCAAGGGTGCAAC

TCCCCGGGCGAGACGALT

CGAAGGCGAG

GCCGGGECGETTCACTTCGTCTCAG

IO T

AGCTCATTCTCE

CTGAAAGCG

CAGAGTCGGCAAC

CACCAGAGTCCGGETCCCGGGAC

TCAGAACCTGCTACCTCA

\CC

~CAGTGAGACACCCEGCACTTCAGAGAGTG

CTGAAGGCAGT

GTGCATCACAGAGTGTGAL

CTGGTACCGATTTCACTC

SCAL

TCCCTCCAACTTTCCCGACAGGGTACCAAG

CCGGETGECTCTED

CCAGCTGETTGCAGAGCGGCEETGEACT

VIGAGTTGCGGTGAGACAGGCGC

CCCGCCACTTCCGGEOTCCGARACTCCT

GACCAGEA

~CCCAG
AAGCGCCACACCOGAA
GGACCCGGATCTCCT
NPCTCCTGE

CATCCG

e
i

CCGEAGTCT

~

GTCTGAACCCGCTACA

CCACTGA

CGCACCCGGAACAAGT

CAGCACCCGGCT I GAGCCGGCCACA

CCACCCCCGAG

\CCCTCAGCCTGAGTCCA

GCCCGGTCAGGCCCCG

GCGCTACCGGGATCCCA

\CC

\TTACTGCCAA

GCCTCCGGAGACTGETIGCTGAAACTGAG

TGARTCCGAACCACCG

VNN
[RCRNC

0

g

GCCTCAGGCTTC

[alelele

SAGGECCTTGAGTGEETTAGTTCCATTTCCGGECTCCAGCGECACT

TGCCGACTCAGTCAAA

CG

GCC
SGTCAG

ACAGCCGAGGCCGCTAGCGET

CCCCCGECCE

GAG]

\GTGGCCCT

CUGACCGGCCCTEE

CCACCTCAACAGAAGAGGGGACAAG

ACCATCTCCCGEC

A

ACTATTGCGCGAAGCCCTTCCCATAC
SGGECACCCTGETCACTETCAGTTCCGED

CAGCGGCGAGGCCGGCCGGAGCGCT

TCCTGCTE

SAAAGCGCTACGE

PGAGCCAGCCACCTCCGGCTCTGAAACC

APGSFAGSFTSTEEGT

SESATPESG

el

S TSRSA

GPGIPAGSPTSTEEGS

TEPSEGSARPGTSTER

ASS

GIFPDRESGSGSET

DS UIAT
PGEGEV Gl

LEWVSSETISGSSG

ADSVEKGR

NTLYLOMNSLRAED

VYYCAKPFRPYEFDYWGEO

TLVTVSSGTAEAASA

AGRSANHT

7
ate

PP STREGT

GPE3PAGS

oW STl EnEsY

EPSEGSAPGTSTER

SEGSAPGTST

EGS

1=

PSEGSAY
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XFP No. DNA Sequence

Protein Sequemc

Pomain

GAGCCCT

GGGAGCG

e ey
CACCG

AGGAAG AGCACA

PGCTCCCE

ARCCTCTACCGAAC

G
CCCGGTACGAGCACCCAACCCAGCGAAGH
T

TCAACAGAGCCCTCGE

ACTTCCA

NN N T

CCGCACCAGGT

CAGCGAAT

CCGARCE

\CCTCCGGC

(N

TCCGAATCTGCCACACCCGAGAGCGGCC

ACATCTGGCAGCGAGACACCTGGCACCT

COMGCT

"AGCACCGAGC

GAGAGCGES
A

FCAGCCACAC

AGTACCGAGG,

AGTCCAACAAGCACTGAGGAAGGGTCCCT
AGTACCGAAGAGGGCACAAGTGAGAGCG

OO
Aol Ll

[CCGAL

GCACCAGCACAGA

ID NO: 831)

CTAGTGAGTCTGCCACGCCTGA

ilalarel
(CH RG]

CACGA

ACCGAGCC

TEAAGGGTCT

GGTCAGCGCCTGGGACT

CTGGECTCCGAGCCCGCA

lalale
CCGAG!

AGCGUAACACCT

CATCCGAGGGAT

AGCGGACCAGGATCA

N eTeTele
AGGEE

cecce

CTGCCGGCTCCCCCACA
CCACTCCCGAGTCCGEGEGE

CCGCACCA {5

PGSPAGS

STEPSEGS

SATPE

ATEGS

ETPGTSESA

SGEPGES

SEPATSGSE

EEG3SPAGSPTSTEREG
PAGSPTSTEEGTSESA
TPESGEGTLSTERSE

G

:?

P (SEQ ID NO:

849)

K02 ATGTGGGAGCT GGAGAAGGAT

GTGTACG

ACACCAGATGCCCCCE

CCTGGACATT

TGCATGCCGGECCAGTAC

ACATGTCACAZ

TCCACAGAGAT CCTGAAGE

TGECGAGGCCCCTAATTATAGCGGCCGETT

GTGCAGAGAAACATGGACCTGAAGTTTAA
AGCTCCCCAGRTAGCCGGGCAGTGACAT

TCCGCCGAGAAGGTGACCT

TEGEA

TCTGETGAGCTGCCA

GAGGACGTGACATC

ACACTGCCTATCGAGCTGGECCCTGGAGG

)

TACGAGAATTATTCCACCTCTTTCTTTA

CCTAAGAAC

CCAGATCCC

GAGTACCCT

‘CGAGG

ATTTCA

CTGAAGTTCT

GAAGATGCAAGGAGACCGAGGAGGG

CTGGTGGAGAAGACATCCACCG

GAAARCGTGTGCGETGCAGGCACAGGATC

CCCTGACAATCA

C
TCCCACTCTCACCTGLTGCTGCACAAGARAGGAG

ACTTCAAGAATAZL

CCAGAGA

o

WCCGTGAAGGAGTTC

AGGGCGGCGAGACCCTG

TOACCT

ATATCAAGAG
GCGGAATGGCCAGCCTG

GATTACGAGAA

FCCCACCGCOGAGE

CCAGGCAGCAGAACAAG

TCCGCGACATCATCAAG

CTGCAGATGAAGCCCCTGAAGAATTCC

Heler:

SCTGCAATCAGAAGGEC

AGGTGCAGTGCAAGGGA

GTACTATY

AATTCTAGC

MWELERKDVYVVEVDWT

TIVNLTCDTERE

CYTCHKGGETLSHSHL

LLHKKENGIWSTEILK

NERKNKTFLKCEAPNYS

COMASLSAEKY

"TLDOR

'U

DYERKYSVSCOREDVTCE

TABEETLPIELALEARD

EXKMKE

ACVPCRVRSGTARAAS

P40
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Protein Sequence

Pomain

CAAGTGGGCCTGCETGCCTTGTCGGETGAGATCTGGCACA

AGGCCGC

CCGGEAG

sCCAGCGGCGAG

T'CCAG

CACACCCCCGCT

CCGGCCCT

SACCTCCCGAGTCAGCTACCCCGE

CGACCGAGGAAGET

ACCGAACCATCGGAGS

TCCGETCCTEECACCTCC

GGGAGCCOTGCCGGEAGCCCTACAAGCACCGAAG

GCCC

TAGTACT

AGCCAAG

N N g gms gms e e

TCCGAGGGGET FCCGCTACCCCOGA

iatals

A

CAGC

CGAGT

AGTGA

CGACCGGGCTCAGAGCCCGCCACGA AMACT

AGARCCCGCCACTAGTGGGTCAGAGACTTCCAGGCAGCCCT

STCCACCGAGGAGGE

LAl

CATCTGAGTCCGCH

TCCCCTAC

N

'CCAGGCACCTCCATG

GAACCTAG]

ACACCCGAATCC

e

CCAGGTACAAGCACCGAAC

CCCAACCTCAACTGAGEAG

GCACCTGGCA

CCAGCACCGAACC

ACTGAGCCCAGCGAGGGATCA

GGAGCGCCCCTGEEACTAGCGAGTCAGCTACACCAGAG

ATCCECT

AACTTCTACCGAACCCAGTGAGC

AGCEEaOOT
AGCGEGECCT

CGCAACCCCCGAATCCGGAC

CCTGGCTCAGAG

CACCTCCGAATC

3

-
CACA

SAGCGAAACCCCT GG TCCACCGAGCH

CACCAGCG
GAAGGGTCCGCACCCGGCACCAGTACAGAGCCTAGCGAGGGA

CTGGCACCAGTGAATCTGCTACACCA

r\

sAGAGCGG

GGAACTTCCGA

NN g

ACCCCCGAGAGTGEGECCAGETTCTCC

GCTGGEOTCCCCCACCTCAAL

CAGAA

ACCGCCTCAGAGTGGCCCTGGECTCTGAG

CAMAACCCCTGGCACTAGTGAGTCTGCCACGC T GAGTCCGGA

GGGACCTTCTACTGAGCCCTCGGAGGEEAGCEITC

CCTGGCACGAGT

ACAGAACCTTCCGAA GCACCGGGCACAAGCACCGAGCCT

CCCEEAACCTCTACCEH

ACCCTCTGAAG

TCTGCACCCGG

leletout

CACGAGCACCGAACCCAGCGAAGGGTCAG
T

GGGACCTCAACAGAGCCCTC

GGAAGGA

CAGCGCCTGEAAGCCCT

Ny
ACGE

TACAGAGCCA

AGTCCAL

TCAGAGGGGETCCGCACCAGGTACCAGCGAATCCGCTACTCCOGAA

ACCTGCCACCTCCGGCICTGAAACT

R
A

GCCACACCCGAGAGCGECCCTGGCTCOGAS

GAGACACCTGGCACCTCCGAGAGCGCA

ACACCCGAGAGCGGCCUTGGCACCA

GAGC e

AGCCATCCGAG

CCCCAGGCACTTCTGAGTCAGCCACACCCEAAAGCGGATCA

GGATCACCCGCT

CCCCACCAGTACCGAGGAGGG

ASGEAGRSANHTPAGL

SPA

TSRESA

DA

PEEGEAPGSPAL

STEPSEGSAPG

SPAGSPTSTE

PSEGSAPGTST

APGTSESATRPE
TSTEPSEGSAPGTSES

TPESGFGSERPATSGS

TSESATFESGPGSERA

PSEGSAPGTSTEPSEG

SAPGTSTEFSEGSAR
P

ISAPG

SPAG

S TSTEPSEG

ATPESGRG

SAPGTSRES

T T
LGTSES

SGPETST

SAPGTSESATPES(
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GCTGGAAGTCCAACAAGCACTGAGGAAGGETCCCCTGCCGGCTCT | SEPATSGEETRPGTSES

~ SN

GGCACAAG

CACAAGTAC

TCCEGGCCTGE

CACAGAGCCTTC

CCCCa

ACCTCCGGETCTGAGACACCCGGGAT T T CCGAGAGTGCC
ACCCCTGAGTCCGGATCTTL CACTTCCGGCTCC

(CCCGGTAL, GAGTC,

CTACAGAG FTCCAGGGTCCCCA

GTCCCACTA \CCCGAGGAG

ACACCCGAATCAGGGCCAGGETCTGAGCCTGCTACCAGCGGCAGT

CACCAGGCACCTCTGAGTCCGCCACACCAGAGTCCGGACCT

S~

I
A

FCTCCCGECT

GCCCCACCTCCACTGAGGEAGGGAT

S TCTCCARCATCTAL AACCGR

TCCCGAGGEATCA CGGCACCTCAGAGTCGECAAC

TCTGGACCCGGAACTTCCGAAAGTGCCACACCAGAGTCCGGTCCC | SARPGTSTEPSEGSA
GGGACTTCAGAAT CAGCAACACCCGAGTCCGGCCCTGGGTCTGAA | SEFATSGSETFGTSRES

CCCECCACAAG

STEPSEG

TGAGACACCAGGATCAGAACCTGC

CACCAACCTCC SAP (SEQ ID NO:

sTCAGAGACACCCGGATCTCCGGCAGETY

ACTGAGCAGGGCACCAGCACAGAACCAAGCCAGGEGCTCCGCACCT 850)
GGAACAAGCACTCGAACCCAGTGAGGGTTCAGCACCCGGCTCTGAG

CCGGCCACAAGTGGCAGT GAGACACCCGGCACTT

ACCCCCGAGAGT

CCCAGGCACTAGTACCGAGCCCTC

AGTGCGCCA{SEQ ID NO: 832}

Hrp03 GGETTCTCCAGCCGGETCCCCAACTTCGACCGAGGAAGGGACTTCC =S PAGSETSTEEGTSE P40

GAGTCAGC TACCONGEAL

FCCGGTCCTGECACCT CCARCGARCCA SGPGTSTEPSE

TOGOAGES

GAGGGCAGCGCCCCTEEEAGCCOTGUCGHEEAGCCCTACAAGT

GAAGAGGGCACCAGTACAGAGCCAAGTCGAGGGGAGCGCCCCT

(D’b
()

TCAGCTCCAGGCACGA

SGTACTAGTACTGAACCA
GAGTCCGCTACCCOCEAGAGCGGACCEEGCTCAGAGCCCGCCATE

o~

GCAGTGAAACTCCAGGCTCAGAACCCGLCACTAG CA

CTCCAGGCAGCCCTECCGEATCCCOTACGTCCACCCAGGAG
GGAACATCTGAGTCCGCAACACCCGAATCCGETCCAGGCACCTCC | ESGFGTETEFSEGSAR

ACGCAACCTAGTGAAGGCTCGGCACCAGETACAAGCACCGAACCT | GTSTEPSEGSAPGSPEA

DA

GGGCAG CGGCAGCCCTGCCGECAGCCCAAL

ACTGAGCCCAGCGAGGGATCAGCACCT | G GUSTEPRS

-

CTAGCGAGGGGAGCGCCCCTGGGACTAGS | GTSESATPEAGRSANH

GAGTCAGCTACACCAGAGGCCGGCCEGAGCGCCAACCACACCCCT | TPAGLTGEGTARAASA

‘,

CCTGACCGECCCTGGCACAGCCGAGGET ERKDVYVVEVD

CGCTAGCGCCAGC | SGMWE
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GGCATGTGGGAGCTGGAGAAGGACGTGTACCTGGETGGAGGTGGAL

NS
CCCCCGGCGAGA

CCAGA

TCACC

ARGACCC

ACACATGTCAC!

CTGTCCCACTCTCACCTGCTGCTGCACAAGAR

PCCACAGAL,

AGAACTT

GCCCCTAAT

TAGCGE

e

AGAGAAACATY

GACCTGAAG

TCTAG

GCTCCCCAGATAGC

CCGLCGAGAAGGTGACCCTGGACCAGA
~

bk

TATTCTET G

AGC

STGCCTATCGAGCTGEGCCC

CTG

AAGTACCAGAATTATTCCACCTCTTTCT
AAGCCAGATCCCCCTAAGAACCTGCAGATGA
STCGAGGTGTCTTGGEGEA

TCCCAGE
LCUUAGE

CCACACTCTTATTTCAGCCTGAAGTT

sGAGAAGATGAAGGAGACCG

TCTGGT

GTGTGCGTG
AGCTGTTCCAAGTGG

N aTarary

CGCCAGCGGUGA

ACAGCCGAGGCCGCTY

CCCH

CCCCCECCEECCTEACC

CCGAGAGT

TOTGAGACACCCGS

CCCGEGETCCGAGCCCECCACTTCCGGCTCCGARA

AGCCGAGAGCGCTACCCCAG]

AAGGCTCCGCTCCAGGGTCCCO

CCGAGGAGGGAACCTCTGARAGCGCCA

TCTGAGCCTG

GTCCGCCACACCAGAGTCCG

CACCTCCACTS

GGAGGGATCTCCT

TCTACTGAGGAAGGTALCK

i

GCACCTCAGAGTCGGCAACCCCGGAG

TCCEGAAPAGTGCCACAC

ACCCGAGTCCG

CCCTGEEETCTGAA

CACCAGGATCAGAACCTGCTAC

SATCTCCGGCA

ACAA

GAAGACATCCACCGA

CAGGCACAGGATC

AGTCAGGACCAGE

lalalele
\CCCGEG

CAGAGTCCGGTCTCE

WACCTT

[Tl
RELE]

TATCAAGA

CCGGGCAGTGACATGCG

[GCGGAATGGCCAGT

ACCTGTTCCT

GACH

TCAGA

TCACCGTGAAGGAG

GCGGCCGAGACC

AGGAGAACGGCATC

G

GAGATTACGAGAAG

AGCCCCTGAAGAA

sGCCTGCGETGCCTTETCG

e

CCAGGATCAGAGCCAGCCACCTCC

~ o~

CAGCCG
CACCCGAATC?

sCTACCAGCGGCAGCGAGACACCAGET

CAACCGAGCCATCC!

e
A\CCCG

CRCACCAACCTOCACTOAGGA

CAGGAGGACGTGACATGTCCCAC

GG

GGETACTATAATTCT

GGCC

A

SAGGGATCAGC

T

TGGACCCGGAACT

CCAGGCAGCAGAAL

GTACCCTGACAGCTGGTCCACA
AGGATCCAGCEC

sCTGCAATCAGAAG

TGCAGTGCAAG

sGTGAGATCTGEGEE

I lelalal
=l

e

ACCTCAGAGTCT

sCCACCCCTGAGTCCGGA

CTCCCGGCACA

GAACATCTACAGAG

GCAGTCCCACT

CACC

TCCCGCT

CTGGCTCTCCAACA

GGACTTCAGAATCA

rpr

CCACAAGTG

CAGGGTCAGAGACA

ITED,
£

DAFPGETVNLTCDT

PEE

DITWTSDQRHGVY

Toan

Lias

LT ITVKE

AGOYT

HLLLEKKENG

LENTK

vao I‘(.,

o

CRDYEKYSVSCQEDVT

ROONKYENYSTSEY

KEDEEEN
KNBQVEVSWEYE
TPHSYPSLKFEVRIQOR
KEEEMK

<ETEEGCNCKGS

AFLVERKTSTEVQCKGG
NVCVQAQURYYNSSTS

KWACVPCRVRSGTAEA
ASASGEAGRSANHTPA

GLTGFGTSESATFESG

PGSERPATSGSRETPRC

a
2

ESATPESGFGSEPATS

G3ETPGISESATPESG
CTSTEPS

EGSAPGSY

STEEGTSESAT

PRSGPRGS

AGSPTSTEEGSPAGSE
TSTEEGTSTEPSEGSA

SATPRESC

<
I3
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AGCACAGAACCAAGCGAGGGCTCCGCACCCEGAACAAGCACTGAA

\

ACCCGGCTCTGAGCCGGUCCACAAG'

oo

SCACCC

I TCAGAGAL

CAGTGCGCCACAT (38

GSAP (SEQ ID NO:

/\YJ

35

b

PP

CCCAACTTCGACTE

\GGAAGGGACCTCC

GAGTCAGCTACCCCGGAGTCCGGETCCTCECACCTCCACCGAACCA

e e

GGGECAGCGCCCCTEGEGAGCCCTGT

CGGEGEAGCCCTA

AGGGCACCAGTACAGAGCCAAGTGAGGGGAGCGCTICT

GGTACTAGTACTGAACC

FCCGAGGGGTCAGCTCC

CCGCTACCCCCEACGAGCGEACCGGEUTCAGAGCCCGCCACGE

AGTGGCAGTGAAACTCCAGGUTCAGAACCCGCCACTAGTGGGTCA

GAGACTCCAG GCCCTGCCGGATCCCCTACGTCCACCGAGGAG

GCAG

e
ACCTCC

CTGAGTCCGCAACACCCGAATCCGGETCCAGGT.

GEGAACCTAGTGAAGGCTCGGCACCAGETACAAGCACCGAACCT

o] e

CAGCGCTY

n

£

GCAGCCCAACCTC

ACTGAGGAGGGCACCAGTACTGAGCCCAGCGAGGGATCAGCACCT

CAGCACCGAACCTAGCGAGGGGAGCGLCCCTGGCGACTAGT

GAGTCAGCTACACCAG

AGAGCGGGCCTGEGAALT

CTACCGAACCC

AGTGAGGGATCCGCTCCAGGCACCTCCGAATCCGCAACCCCCGE

TCCGGACCTGGCTCAGAGCCCGCCACCAGT

GGGAGCGAAACLCC

GGCACATCCACCGAGCCTAGCGAAGGGETCCECACCCGGCACCAGT

ACAGAGCCTAGCGAGGCATCAGCACCTGGCACCAGTGAATCTGCT

N

ACACCAGAGAGCGGCCCTGEARACCTCCGAGTCCGCTACCCCCE

b
3]

GGGECCAGGTTCTCCTGCTGGCTCCCLCACCTCAACAGAAGAG

CSACAALC

GCGAAAGCGECTACGCCT GAGH GGCCCTGGCTCT

CCAGCCACCTCCGGCTCTGARACCCCTGGCACTAGTGAGTCTGCT

GCCTGAGTCCGGACCCEGGACCTCTACTGAGCCCTCGCGAGGEE

CTGGCACGAGTACAGAACCTTCCGAAGGAAGTGCACCG

GGCACAAGCACCGAGCCTTCCGAAGGCTCTECTCCCGEAACCTCT

alale] N e

CGAGGCCGGCCECAGCECCAACCACACCCCCGCCGGCCTEACT

GGCCCTGGECACAGCCEGAGGCCGCTAGCGCCAGCGGCATGTGEGGAG

CTGGAGAAGGACGTETACGTGGETGCGAGGTGEGACTGGACACCAGAT
GCCCCCGGECGAGACCE ACCT ACCCCCGAL

\CATCTGATCAG CACGGCETGATCH

AGCGGTAAGACCCTCACAATCACCGTGAAGGAGTTCCTGGATGCT
GGCCAGTACACATGTCACAAGGGCGGCGAGACCOTGTCCCACTCT

CACCTGCTGCTGCACAAGAAGGAGAACGECATCTGGTCCACAGAG

GSPAGSPTSTERGTSE P40

SATPESGEGTSTEESE

EPSEGS

o o

EPATSGS

ESGPGS

~
=

'U}
?-g
o
.__1
w
3
"1
B

0]

7

SANH
TPACGLTGPGTAEAASA

SGMWE

(DVYVVEVD

WTPDAFPGETVNLTCDT

PEEDDITWTSDQRHGY

136




WO 2021/262985

PCT/US2021/038909

XP Ne.

DNA Sequence

Protein Sequence

Pomain

ATCCTGAAGAACTTCAAGAATAAGACCT TGAAGTGCGAGGC

CCTGAAC / TCA TA

GCCGGEGECAGTGACATGCGGAA

CAGCCTETCCGCCGA

AAGGTGACCCTGCGACCACGAGAGATTACGAGAAGTATTCTGTGAGC

AGGACGTGACATGETCCCACCGCCGAGGAGACACTGECT

AGOTGEOD

EADRY

ACAAGTA

GGCCAGGCAGCA

CCACCTCTTTCTTTATCCGCE

GCCAGATCCC

\GCCCCTGAAGAA

CCTAAGAACCTGCAGAT

ACAGCTGGTCCACACCACACTC

CTGA

GTGTCTITTGGGAGTACC

CCTGAAGTTCTTTG

GTGAGGATCCAGCGCAAGAAGGAGAAG

ATCEAL

SAAGGAGACT

GGGECTGCAATCAGAAGGGCGCCTTTCTG

GAGGTGC,

GACATCCACCT \GGGAGGAAAT

"GCAGGCACAGGATCOGTACTATAATTCTAGCTGTTCCAAG

TEEECOTECGTGCCTTETOGE

sGTGAGATCTGGCACAGCCGAGGCT

GCTAGCGCCAGCGGCGAGGCCGGCCEEAGCGCCAACCACACCCCT

SGTACCTCAGAGTCTGCTACCCCC

GCCAGGATCAGAGCCAGCCACCTCCGEET

TGAGACACCC

ey Vala

CCGAGAG CCACCCCTGAGTCCGEACCCGEGETCUGAG

ACTTCCGGCTCCGAAACTCCCGGCATAAGCGAGAGCGCT

ACCCCAGAGTCAGGACCAGGAACATCTACAGAGCCCTCTGAAGGET

TCCECTCCAGGE

SO e ey

CCCAGCCGGCAGTCCCACTAGCACT

£ NN

AACCTCTGAAAGCGCCACACCC

m

CAGGGTCTGAG

AT A LS
\ATCAGGGC

CCTCTGAG

CGAGACACCAGGCAC COGCe

AGAGTCCGCACCCGGATCTCCCG AGCCCCACCTCC

\GGAGGGATCTCCTGCTGGCTCTCCAAL

CATCTACTGAGGAA

FPACCTCAACCGAGCCATCCGAGGCGAT CAGCTCCCGGECACCTCA

N
(P

TOTE

GACCC

5GCAACCCCGGAL CCGAAAGT

CAGAGTCCGGTCCCEEGACTTCAGAATCAGCAACACCCGAG

ACAC

GCCCTGGETCTGAACCCGCCACAAGTGETAGTGAGACACCA

CTC CCCGGATCTCCG

AGAACCTGCTAC

GCAGGCITCACCAACCT

AGCGAGGGCTCCECACCCEEAACAAGT

GCCEGCCACAAGTGGL!

TCAGCACCCGGCTCTG!

sGCACTTCAGAGAGTGCCACCCCCGAGAGTC

AGCCCTCTGAAGGCAGTGCGC

LEENIKSSSSSEDSRA

AFLVEKTSTEVQCKGG
NVCVOAQDRYYNSSCS

KWACVPCRVRS

SGEAGRSANHTPA

SESATPESG

GSETPGTS

PETSTHE

SF ST

SPTSTEEGTSESAT

PESGPGSEPATSG

=SET

PESGFGSEFATSGSET

PGESEPATSGSETPGSE

PGSEPATSGSRETPGTS

PRSGEFGTSTERS

(SEQ ID NO:

GGTTCTCCAGCCGGETCCCCAACTTCGACCGAGGAAGGGACCTCC

p=

GAGTCAGCTACCCCGGAGTCOGGETCCTGE CTCCACCG

AT
AACCA

GSPAGSFTSTEEGTSE

GPGTSTERPSE

P40
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AGGGCAGCGCCCT

AAGAG

AGCACCH

GTACTGAAC

CGCTACCCCCGABAGCGGACCE

GTGAAACTCCAGGCTCAGAACT

AGTGGCAL

CCAGGCAG

CCCTGCCGEEATCCCC

TCTGA

ACCTAGTGAA

CGAGGGECAGCGC

CTGAGGAGGGCACCA

A

GTACTGAGCCCAG
GGCACCAGCACCGAACCTAGCGAGGGGAGT
GAGTCAGCTACAC

AGGGATCCGCTCCAGGCACCT

TCCEEACCTG

SCCCGCCACCAG
GGCACATCCACCCGAGCCTAGCGAAGGGTC

AGCCTAGCGAGGGATCAGCACCTGG

B
0
=l
m

5
QD

¢ Pl o~
e

ACACCAGAGAGC

fv

GCCAGAGGCCGELCEEAGT

e lalal

SACAGCCGAGGC]

CTGACCGEGECCCTGE

GGGAGT T GGAGAAGGA!

O O
(—) Cv

CGTGTACGTG
CCAGATGCCCCCGGUGAGACTETGAACCT

AOCS

GAGGAGGACGATATCA

GCGGCAAGACCCTGACAATCACC

TCACAAGGGE

CACTCT

~CACAAGAAG

CACCTGCTGCTG

GATCCTGAAGAACTTCALAGAATAA

CCCCTA

ATTATAGCGGCCGGTTCAL

ACATGGACCTGAAGTTTAATAT

TCCCCAGATAGCCGGGCAGTGACATGCGGA

GCCGAGAAGGTGACCCTGGAC

CCAGAGAGA

TGCCAGGAGGALC

CGAGCTGGCCCIGGAGGCCAG

GAGAATTATTCCAC

TATCCG

CTGCAGATGAAGCC

TGETCTTGG

GAG

CAGCCTGAAGTTCTTTG

GAAGGAGACCGAGG,

TTTCTGETGGAGAAGACA

WGCGGGCCTGEAACTTCTAC

\CCTGGACATCTGATCAGAGGCAC

ACCCTGACAGTT!

GGGAGCCCTACAAG!

k')

AGAG

CCAG

CAGAGCCCGCCACS

ACTAGTGGGTCA

TACGTCCACCGA

GCACCGAALC

AGGGATCAGCACCT

GCCCCTGGGACTAGT

FCCGCAACCCCTGAA
CGEEAGCGAAAC
CCGCACCCGGCAC

CACCAGTGAATCTGCT

GGAACCTCCCAGTCCGCTACCCCCE

GACATGCGACACCCICC

o~

AAGGAGTTCCTG

GCGECCAGACCOTETCC

GAACGGCATCTGGETCC
GACCTTTCTGAA c

CTETTCCTEREC

CAAGAGCTCCTCTAGC

WATGGCCAGCCTGETCT
TTACGAGAAGTATTC

3

ACCGCCGAGGAGACH

GCAGCAGAACAAGTAC

(

CGACATCATCAAGCCY

CTGAAGAATTCCCAG
GGTCCACAC

CCAGCGCAAGAAG

EZ

DVY W

TVNLTCDTPEEDDITW

TSDQREGVIGSGKTLT

V3

KNLOMKPLENSQVEVS

A E

KFFVRIQRKKEKMKET
EEGCNOKGAFLVE
TEVQCKGGNVCVEA
RYYNSSCSKWACVECR

VRSGTAEAASASGEAG

SAPGSFAGSFPTSTER

SGEFGTSESATEESG?

GRSANHTPRA

ERVTLDORDYEKYS

COEDVTCRTAEETL
PIBELALEARDONKYEN

LGSAPGTSESATE

AASASGMWE

VEVDWT PDAPGE

FFIRDII

Pomain
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Pomain

AACGTGETGCGETGCAGGCACAGGATCGGTAC

sGCCGCTAG SCG

CCELCEECCTGACCGGCCCT

CCCCAGTCAGGGCCAGGAT

~

o
CAG

ACACCCGGGACTTCCGAGAGTGCCACCCCTGAGTC

AGCCCGECCA

CCCCAGAGTCA

e

CAAGGCTCCGCTCCA

[CCGGCTCCGAAATTCCCG

~

e

5CG

SCGGAG

CA

CAACCAC

AGTCTGCTACC

CAGAGCCAGCCACCTCCGGGETCTGAG

CGGACCCT

CACAAG

CGAG

AGAGCCCT

m

o4

CACTAGEACE

GAGGAGGGAACCTCTGAAAGCGCCACACCCGANTCAGGGCCAGGE

TCTGAGCCTGCTACCAGCGGCAGCGAGACAC

&

\TCTCCT

CTGAGGAG

GCCATCCGAGGE

GGCACCTCTGA

CCACACCAG [CCGGACCCGGATCTCCCEC

AT

uJ

TG

FTCCAACATCTACT

AGCT

ACCTCAGAGTCGGCAACCCCGEGAGTCTGGACCCGGAACTTCCGAA

AGTGCCACACCAGAGTCCGETCCCGEEACTT

ACCTGCTACCTCA

TCTCCGECAGGCTCACCAACCTCCACTGAGGEA!

CA

CAG

GAJ

CCCGCCACAAGTG

ATCAGCAACA

SAGACACCCGGA

GGGCACCAGCACA

GAACCAAGCGAGGGCTCCGCACCCGGAACAAGTCACTGAACCCAGT

GAGGGETTCAGCACCCEECTCTGAGCCGEGCCA

ACACCCGGCACTTCA

i
'l

CCGAGCCCTCTGAAGGCA

8335}

CAAGTGGCAGTG

RSANHTPAGLTGPGTS

ESATPE

PGSEPATSGSRT

STSESAT

PESGPGSPAC

.'J_[
/-f

SGRPGTSESATRPESG

ALK

PGTSESATPES

SGSETPG

GSETPGSPAGSPTSTR

EGTSTEFSEGSAPGTS

GETTCTCCAGCCGGETCCCCAACTTCGACCGAGGAAGGGACCTCC

GAGTCAGCTACCCCGCGAG

PCCGETCCTGGCACCIC

CACCGAACC

TCGGAGGGCAGCGCCCOTGGEAGCCCTGCCGEEAGCCCTACAAGT

ACCGAAGAGGGCACCAGTACAGAGCCAAGTGAGEGGAGCGCCCCT

GGTACTAGTACTGAACCATCCGAGGGGETCAGT

JA

NS

el

SCAGTGAAACTCCAGECTCAGAACTCCGCL

GAGACTCCAGGCAGCCCTGCCGGATCCCCTACG

CC

AGCGGACCGGECTCAGAGCCCG

AC

> 1C

GCAACATCTGAGTCCGCAACACCCGAATCCGETCC

CCGGCAGCCCTG

AGGCACGAGT

TAGTG
CACCGAGGAG

AGGCACCTCC

SAGAGCGGGCCTGEGAACTTCTACCGAACCT

STEE

GSAPGTSTEPSEGSAP
GTSESATFESGRGTST

m

PSEGSAPGTSESATE

TJ

i35

9
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AGTGAGGGATCCGCTCCAG

ACAGAGCCTAGCGAC

ACACCAGAGAGCGGECCCT

SOSISS

o3

ACCEGAACCCTCT

TCAGCGCCTGEGAAL
GGAACGTCTACACAGCCAS

CGGAGCGCCAACCACACCCCCGCCGECCTGACCGGCCCTGGCACA | DVYVVEVIWTFDARPGE

GCCCAGGECCECTA

ACCET G

TGGACATCTGATCAGA

CTGACA!

TGTCACAAGGGCG

e n

GGCCGGITCACCTGT

Sl sial

BAGTTTA

ACATGECGGAAT

GACCAGA

FPACGT

L

SAGTCC

GCGAAA

foull

CCAGGTTCTCTTY

CCACCTCCGGCTCT

AGCGCTCCTGGCACGAGTA

AGCACCGAGCCT

CAACGAATAAG

AA

16

L

GGGTCAGCGCCT

~

'GGTGCAGETGEACTGGACACCAL

ACCTGACATSE

TCACCGTGAAGGAGTTCCTGGATGCCGGCCAGTACACA

AVTATCAAGAGT

Ielole:

STGACATGETCCCACCGCCS

CTGGAGGCCAGGCAGCAGAA

TCCACCE

Al

TGAGGATCCAGCGCAAGAAGCGAGAA

AGGTGCAGTC

e

GCTGCAATCAG

ACTATAATT

STA

CCGCGACATCAT

e
Tt

lolelel
[

GC

P Talat]
Gid

ACE

ATCAGCACCTGGCACCAGTGAATCY ESGPGTSESATRPESGE
GGAACCTCCGAGTCCGCTACCCCCCGAG | GSPAGSPTSTEEGT
GGCTCCCCCACCTCAACAGAAGAG | SATPRSGEFGESEPATSG
CCTGAG CCCTG

Cia

¢
<

oNoNeN

Sioiois

lalal

GG

GCAGGGAGTCCAAC

AGC

o
GA

\GGCACGGCGTGATCGGAAGCGGCAAGACT

Nore

NI

e

GGAGAACGGCATC

COTTTOTCARGTGCGA

CTEG
fele

eLilalal
LU

e
TAGC

GAGATTACCGAGAAGTATTCT

TC

CTGGTCCACACCACACTCTTA

AAGGGCGCCTTTCTGETGGAGAAGACA | VREGTAERAASASGEAG

idout

R 1€

SGCACAGCCGAGGCCGCTAGCG

AACCC

CAGAGGGGTCCGCACCAGAGGCCGGEL STAEAASASGMWELEK

CAAGTACGAGAATTATTCCACCTCT | WEYRDSWSTPHSYESL

AAGGGAGEA

ACCTCCGAATCCGCAACCCCCGAA | ESGPGSEFATSGSETR

GCCACCA GAGCGAAACCC

Yalels

lalelets
Ll

ACCCG EPSEG

CGAA

GAGTCT

ACCTCTA SAGCCCTC
AGAACCTTCCGAAGGAAGTGCACCG SAPGTSTEPSEGSAE
GAAGGCTCTGCTCCCGGAACCTCT | GTITEPSEGSARGTST

GCACCCGGECACGAGCEH

EPSEGSAPGSRA

FEEGTST

GACCT

EAGRSANHTPAL

CGGCATG

GCCCTCGGLGAG

~ o~

\CACCCCCGAGGAGGACGATATCACC

CTGTCCCACTCTCACCT

FLECEAPNY

v
w2
o

SGRETCS

TGGTCCACAL ATCCTGAAGAAL | WLVQENMDLKENIKSS

WGGCCCCTAATTATA
sCTGGTGCAGAGARAACATGGACCTG | SAERKVILDORDYEKYS

TCTAGCTCCCCAGATAGCCGGGECA | VECQEDVTCETARERETL

CTGTCCCCCCAGAAGGTEGACCCTG | P ARGONEYEN

AGCTGCCAGGAGEY

YSTSFFIRDIIKPD

GGAGACACTGCCTATCGAGCTGGCC | KNLOMKPLENSQVEVS

EFVRIQRKKEKMK!

AAGCCAGA CCTAAGAACCTG | K

EEGCNOQRKGAFLVERTS

TEYO

GCGTGCAG

TAGCT AGTGGGCOTGUETE

P
CAGC

166
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GGCCAGGCCGGCCGGAGCGICAACCACACCCCCGECCGGCCTGAC PGSEFATSGSETE

"J
\.11

GTACCAGCS 'CCGCTACTCCCGAATCTCG

AMNCTCCAGGGACCTCCG

ACCTGCCACCTCC rer

EGSAPGTSESAT

N Tare]

GGCCCTGGCTCCGAGCCCECAACA!

CCACACCCGAGASG

-2

PGIPAGEPTSTREREGSE

GGCAGCGAGACACCTGGCACCTCCGAGAGCGCAACACCCGAGA

DP

GGCCCTGEGCACCAGCACCGAGCCATCC

FCCGCCCCAL

ACTTCTGAGTCA

SCACACCCGAAAGCGGACCAGGATCACCC

CTCCCCCACCAGTACCG AG [CCCCCGCTGGAAGTCCA PESGEGSEPATS
ACAAGCACTGAGGAAGGGTCCCCTGCCGECTCCCCCACAAGTACC | GIETPGETSESATPESG
GAAGAGGGCACAAGTGAGAGCGCCACTCCCGAGTCCGGEGCCTEEL | PGSEPATSGSETPGTS

ACCAGCACAGAGCCTTCCGAGGGETCCGCACCAGGTACCTCAGAG

ol

TCTECT

AGGGCCAGGATCAGAGCCAGCCACCTCC | EGSARPGSPA

CTTCC GCCACCCCTGA!

EGTSESATPRESC

GGACCCGGGETCCGAGCCCGCCACTTCCEECT

g

ATSGSETPGTSES

ACAAGCGAGAGCGCTACCCCAGAGTCAGGACCA

GAGCCCTCTGAAGGCTCCGCTCCAGGGETCCCCAG

WCCTCTGAAAGCGUCACAC

CAGCGAGACACCAGGT

GAGTCCC CCCEGATCTCCC

GGGAGCCCCACCTCCACTGAGGAGGGATCTCCTGCTGGCTCTCCA

ACATCTACTGAGGAAGGTACCTCAACCGAGCCATCCGAGGGATCA

1N

S CGGCAACCT

Gl LU A

ACC

GUCTGGACCC

‘CCCGGGACTTCAGAA TS

L

TCCGAAAGTGCCACACCAGAGTCC

TCAGCAACACCCGAGTCCGGCCCTGGETCTCGAACCCGCCACAA

;.4

G3ETPGISESATPESG

GGTAGTGAGACACCAGGATCAGAACCTGCTACCTICAGGGTCAGAG PETSTEPSEGSAR

ACACCCGGATCTCCGGECAGGCTCACCAACCTCCACTGAGGAGGEE | {SEQ ID NC: 854

ACCAGCACAGAACCAAGCGAGGGCTC CACCCGEAACAAGT

TC

PCAGCACCC

GCCGGCCACAA

GAGACACCCGGCACTTCAGAGAGTGCCACCCCCGAGAGT

[

GGCCCAGGCACTAGTACCGAGCCCTCTGAAGGCAGTGCGTCA

\GCTCCGCCACCCCCGAGTCTGGACT

-GCACCAGCACAGAG | ASSATEFESGEGTS P40

~
C1e:

CCTTCTGAGGGAAGCGCCCCAGGCACAAGCGAGTCCGCCACCCCT | SEGSAPGTSESATPES

'CCGGACCAGGATCTGGACCAGCCACCTCTGAGAGCGCCACA | GPGSGPATSESAT

7
D#

CCTGGECACCTCCGAGTCT GCCACACCTCGAGAGCEGACCAGGATCTC ESATPESGPGS

GAGCCAGCCACCAGCGGCTCCGAGACACCAGGTACCTCTGAAAGC | SGSETPGTSESATPE

GCCACTCCOTGAGTCCGGACCAGGCACCTCTACAGAGCCTTCCGAG | GPGTSTEESEGSAFR(

o
)
st
e
=

TCTGCCCCAGGAAGCTCAGCAGGCAGCCCAACCTCCACHA

PAGSPTSTE

161
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ACATCCGAGTCTGCCACTCC

CAGCCACAL CACCTC

GCCACGCCTGAG AGCCGGCT

-
{

ACAGGAGGGATS

e

TACCTCTACAGAG

GAGGGCTACCAGCACAGAG TCCGCCCCTGGCACA

CCAAGCGAGGE!

TCCGAATCTGCCACCCCAGAGTCCGGACCTGGCACAAGCGAATCC

NCCCCTGAGAL ACCAGGCAL AGAGCGCCACCCCA

NN

ACCTGGATCCE

TCTG

CCAGGATCCGAGCC

ACAAGCGGA

CGAGACCCCAGGAALT

CCTGCAGGATCTCCCACCAGCACCGAAGAAGGCACCAGCACCGAG

AAGGATCTGCCCCTGGCACCAGCACTGAGCCTAGUGAG

GGATC FCCGRGCCAGCCACCTCTEEAAG]

CCTCCCAATCTGCCACAC

AACCACACCCCAG

DO -

SACTGACAGGACCAGGCA

GCCACTCCAGAGAGCATGTGEGAGCTGCGAGAAGGACGTGTACETG
TG

GAGGTGGACTGGACACCAGATGCCCCCEGELG

SAGACCG

GCGACACCCCCGAGG

SAGGACGATATCACCT

CTGACAT

CGGCGETGATCGGCTCT

AGACCCTGACAATC

AAGGAGTTCCTGGATGCCGGCCA

ACACATGTCACAAG

GAGACCCTGTCTCACAGCCACCTGCTGCTGCACAACGAAG

S atalel

GGCATCTGGTCCACAGAGATCCTGAAGAACTTCAAGAAT

B ———
AAGACCTTTCT

GAGGCCCCAAATTATAGCG

COGGTTC

CCTGGCTGETGCAGAGAAACA CCTGAAGTTTAAT

TCCTCTAGCCCACGATAGCAGGEGECAGTGACAT

GGAATGGCATCCCTGTCTGCCGAGAAGGTGACCCTGGACC

CGAGAAGTATAGCGTGTCCTGCCAGGAGGACGTGACATET

CCCTGCCAATCGAGCTGGECCCTG

CCTACCGCCGAGEA GAGGCC

AGGCAGCAGAACAAGTACGAGAATTATTCTACCAGCTTCTTTATL

CGCGACATCATCAAGCCAGATCCCCCTAAGAACCTGCAGATGAAG

CCCCTGAAGAATAGCCAGGETCGAGGTGTCCTGGGAGTACCCTGAT

TATT SAAGTTCT

TACCCCACACT]

AGCGCAAGAAGGAGAAGATGAAGCAGACCGAG

GGTGGAGAAGACATCCACCGA

CGTGTGCGTGCAGGCACAGGAT

TACTATAATTCCTC]

'AGCAAGTGGGCCTECETGCCCTETCGEG

CTGGCACAGUTACTCCAGAAAGCGGACCAGGAGAG

GCAGCGCCAATCATACTCCTGCCGEACTCACAGGACCT

GTCTGGACCCEECAGCCCTGTAGS

CCCCCACA

TPFRSGFGS

SEFATSGSE

ATPESGPGET

'PGSEPATSGS

PAGSPTESTEEL

SEGSAPGTSTEPSEGS
APGSEFATSGSETEG
SESATPEAGRSANHTE

PGTSESAT

EDDITWTSDQRHGVIG

LLHKKENGIWSTEL LK

NEKNKTFLKCEAPNYS

WLVORNMELK
KSSSSSPLSRAVY

SLSARKVTLDOR

DYERKYSVSCQEDVTCE

TAEBETLPIELALEARD

KYENYSTSEFLIRDI

ja sy
[©}

YESLEFEVRIQRKK

SANHTPAGL

GSPAGSPTST

EREGSPAGSPTSTEEGT

162




WO 2021/262985 PCT/US2021/038909
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AGAAGGATCCCCAGCAGGAAG EGSAPGTSESA

TOTCCCACAR

GCCCAGCE TCCCE

“CGCCACG

GGEATCTGCCCCTGGCACATCTGAAAGCGCCACTCCOGAA | SGIRETPGETSESAT

AGCGGACCTGGATCTGAGCCAGCCACCTCCGBATCTGAGACACCA | GPE

H

I'STEPSEGSAPGS

GGCACCAGCGAGTCCGCCACACCCGAATCCGGUCCAGGCAGTGAA

COTOT

AGACCCT,

COTCCG

TCCGGA!

CCTTCCGAA

CGCCCCTGGCAG CAGCAGCGATCTCCTACAAGCACTGAATGAG | PAGSPTSTEER

GGCACAAGCGAGTCCGCCACTCCAGAGTCTGGACCAGGAAGCCGAG | PISTEEGTSTEPSEGS
CCTGCCACCTCTGGCAGCGAGACCCCCGGCACCTCCGAGTCTGLT | APGTRESATPESGEGT

ACCCCTGAATCT

TCTCCAGCCGGETCCC

~p~

-~
O

GGCTCCCCAGCAGGAA

GCACTGAAC

[CCGAAGGCAGCGECCCCTG

GAGTCCGCCACACCAGAGTCAGGCCCTGGCACATCTGAGAGCGECT

ACGCCAGAGAGCGGACCTGGCACATCCCCATCTGCCACTCCTGAG | SEGSAPGTSTEESEGS

FTRGT

GCAGCGAAACTCCT

ACCAGCCACAAGCGE

GT
[CCGAGCCTGCCACATCTGGETCC ACTCCTGGCTTCCTCCA SESAGEFPEA {SEQ

GCCGGELCAGCCCCACATCTACTGAGCGAGGECACAAGCACTGAACCC iD NO: 855)

TCCGAGGGATCCGCCCCAGGCACATCTACCGAGCCCTCCGAAGGA

AGCGCCCCAGGAAGCGAACCTGCCACCTCCEEOTCCGAAACTICT

NN

SCGGAGAGCCTGA

ol

GGCACCAGCGAATC CCO(SEQ ID RNO:

IR

s /‘O
\I

)

Hr08 GGETTCTCCAGCCGGETCCCCAACTTCGACCGAGGAAGGGACCTCC | EFEAGTAEAASASGET P35

GAGTCAGCTACCCCGGAGTCCGGETCCTGECACCTCCACCGAACCA | ARAASASG

\GRSANH

TOGOAGES

SGAGGGCAGCGCCCCTEEEAGCCOTGUCGHEEAGCCCTACAAGC | TPAGLTGPEAGRSANH

GAAGAGGGCACCAGTACAGAGCCAAGTCAGGGGAGCGCCCCT | TPAGLTGPRVIEVSGE

(D’b
()

TCAGCTCCAGGCACGA

sGTACTAGTACTGAACCA

GAGTCCGCTACCCCCGAGAGCGGACCEEGCTCAGAGCCCGCCACG | MVKTAREKLKHYSCTA

o~

GCAGTGAAACTCCAGGCTCAGAACCCGLCACTAG CA

ITRDG

CTCCAGGCAGCCCTECCGEATCCCOTACGTCCACCCAGEGAG | RICLPLELHKNESCLA

GGAACATCTGAGTCCGCAACACCCGAATCCGGETCCAGGCACCTCC | TRETSSTTRGS

ACGCAACCTAGTGAAGGCTCGGCACCAGETACAAGCACCGAACTT | KTSLMMTLCLGS I YR

"GATNAALD

CGGCAGCCCTGCCGECAGCCCAAL DA

GGGCAG

YOTE

ACTGAGCCCAG

SAGGGATCA

-

SCACCT | NHNHOQOQITLDKSG
CTAGCGAGGGGAGCGCCCCTGGCACTAGC | I DELMOSLNHNGETLR

GAGTCAGCTACACCAGAGAGCGGGCCTGGAACTTCTACCGAACCT | QKPPVGEADFYRVEKMK

GATCCGCTCCAGGCACCTCCGAATCCGCAACCCCCGARA | LCILLHAEFSTRVY

N
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GACCTGGCTCAGAGCCCGCCACCAGCGGEEAGCGAAACCCCT | RVMGYLSSAGTSESAT

o~
2l

CACATCCAC GCGAA

TAG

ACACCAGAGAGCGGCCCTGGAACCTCCGA AG
AGCGGGICAGAGGCCEGECCGEAGCGCCAACCACACCCCCGCCEET
CTGACCGGCCCTGGCACA CTAGCGCCAGCGGTAGA

o~

CCGGE

CCCCETGAG ACCAGCAAG

gley ACCGCCCGE

AAGACCACAGACGATAT

GTACAGCCCGAGCACATCGAT CATGAL

CAGACCTCTACACTGAAGACATGCCTGCCC | AGSPTSTEER

TSTEPS

CTGGAGCTGCACAAGAACGAGAGCTGTCTGGCCACCCGGGAGATA

?1

SGSAFGTSESATERSG

AGCTCCACCACAAL

AGCTGCCTGCCCCCTCAGAAL,

PCTSESATP

ACCCTGT CGGECT

WCGAGGACCT ESGEGS

GE3PAGSPTSTE

STTCCAGGCCATCAATGCCECCCTG

CACAATCACCAGCAGATCATCCTGCGACAAGGGTATGCTGGTGECC | ESATPESGPGTSTEE

S
[}

ATCGATGAGCTGATGCAGAGCCTGAACCACAATGEGCGAGACCCTG | EGSAFGSEAGSETSTE

GGGAGAGGCAGATCCTTACAG GTS

ils

CCACCAGGGTGETG

AGCTGTGCATCCTGCTGCACGCCTT TEESEGSAPGT

ATCGCCTGATGGGCTATCTETCTAGCECCEGGCACAGCC | PRESGPGEEPA

GAGGCCGCTAGCGCCAGCGGCGAGGCCGGLCGEAGCGCCAACCAC | PGSEPATSGSETRG

S5
ACCCCCGLCGGCCTGACCEELCCTEGETACCTCAGAGTCTGCTACT | AGSPTSTEEGTSESAT

CCCGAGTCAGGROOE

AGAGCCAGCCACCTCCG

PRESGRPGTSTERSE

T Valelaloalare 3 s o

ACACCCGGGACTTCCGAGALT

FSEGSAPGSE?

CCGGACCCE PGETETE]

TCCCAGCCCGCCACTTCCGGETCCCAAACTCCCEGCACAAMG

AGSPTSTEEGTSTEPS

AGCGCTACCCCAGAGTCAGGACCAGGAACAT CTACAGAGCCC EGSAPGTSTEPSEGSA

CAAGGTTCCGCTCCAGCETCCCCAGCCGECAGTCCCACTAGCACT | PGTSESATEESGREGTS

<7

GAGGAGGGAACCTC AAGCGCCACACCCGAATCAGGGCCAGESG | TEPSE

A\CACCAGGCACCTCT.

72

AGCCTGCTACCAGCGGCAGCH,

e >
SR PESC

TCCGCCACACCAGAGTCCGGACCCGGATCTCCCGCTGGGAGCCCT | PGTSTE

ACCTCCACTGAGGAGGGATCTCCTGCTGECTCTCCAACATCTACT | TERPSEGSAPGTSESAT

GTACCTCAACCGAGCCATCCGAGET

PESGFGTSESAT

CAGCTCCCG

CAGAGTCGGCAACCCCGCAGTCTGGACCCEGAACTTCUGAA

SCCACACCAGAGTCCEETCCCGGEA

CITCAGAATCAGCAACA 856)
CCCCGAGTCCGGCCCTGGETCTGAACCCGCCACAAGTGGTGAACCT

GAGGCC (SEQ ID NC: 838}

TCCAGCCGGCTCCCCAACTTCCGACCCAGGAAGGGACCTCC | GSPAGSPTSTEEGT P3

>
o
<
o
o
i}
E]
@]
-4
(&3]

.

SE

GAGTCAGCTACCCCGGAGTCCGGTCCTGGCACCTCCACCGAACCA | SATPESGEGTSTE

GCAGCGCCCCTGGEGAGCCCTGCCGEEAGCCCTACAAGT | GSAPGSPAGSPTSTRR

164
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TAGTA CCGAG

CCGCTACCT

GAGCGGAC

GCAGTGAAACTC

CTCCAGGCAGCCCT

GCCGGATCCCCT!

GGAACATCTGAGTCCGCAACACCCGAATCCGEE

CGGCACT

TNelere Py

AGGGCAGCGC

ACTGAGCCCAG

CAGGGCACCA

GGCACCAGCACCGAACCTAGC

AGCTACACCAGAGAGT

CGGGCCTRE

T\ R, Ty N N
AGTCGAGGGATCC

STCCAGROE -t s

CAGGCACCTCCGAAT

e i

GCCCGECCA

are)
it

GRAGGE

o~ ~

ACAGAGCCTAGCGAGGGA

TCAGCACCTGGC!

ACACCAGAGAGCGG

CCCTGGAACCTCCGAGT

A

ey S
AGCGGEGECCAG

ACCGGCCCTGGCACAGCLGAG

CGTGAG

AACCTGCTGA 5T G

AGACCACAGAC

‘GATATG

T Ty
FRUN R RE s

AAGCTGAAGCACTA! ACAGCC

nes

TCE

GACATCACCCG

ACCTCTACACTE

ACAAGAACGAGAGCT

CTGGAGCTGC

AGCTCCACCACAAC

TGATGATGACCCTGTGC

CTGGGCTCTATCT

el

. Sraaatel
GTATCY ’

s s

AGACCGA

CACAATCACCAGCAGE

FGAGCTGATGCAGAGCCTGAACCACAL

AAGCCACCAGTGGGAGAGGCAGATC
ATCGAAGCTGTGCATCCTG

GGCTATC C

TCGCGTGATGE

N N I (L
MEeIe

ACCCCCGCCGECCTCACCEECCCTGAGAGTGE

ACCGAGCCATCCGAGGGATCCGCCCCAGGCA

ACACCCGAPRGCGGEAC ATCACCCGCTTC

AT
CAGGA

GAGGAGGGGETCCCCCGCTGEAA

CCAAC

CGGCTCCCCCACAAGTAC

GAGAGCGCCACTCCCEAGTCCGGECOTGHETA

CGCTA

AGGGCACCAGTACAGAGCCAAGTGA

SCCACTAGTG

PCCAGH

GGGGAGCGCCCCT

CGTCCACCGAGGAG

e
TALC

CCAGTGAATCTGC

AAGCACCGAACC

CGAGGGATCAGC,

CGAGGGGAGCGIIT

CAATCCGCAAC

CGCACCC

TCCAGGCA!

aayalel
oLl

CGGCAGCCCAACTTCA

CTGGGACTAGS

CTTCTACCGAACCT

sGGAGCGAAACTCCOT

CCGCTACCCCCGAG

GCCGGAGCGCCAACCACACCCCCGCC

e

GCGCCAGCGGTAGA

AGACCGCCCGGGAG

WAGACATGCC

CGAGGACATCGATCACGAG

Nelelal
N

CCACCCGGGAGACA

CAGCTGCCTGCCCCCTCAGAAGACTTCT

ACGAGGACCTCGAAG

o

~
o

o~

il

GGCCATCAATGCC

CATCCTGGACAAGGECATGCTG

GAGGCCGGLCEGA!

GCCCTGCAG

GGCGAGACCCTG

ACAGGGTGAAG

CTGCACGCCTTTTCCACCAGGETGETG

AGCGCCGGTCACAGCT

AGCGCCAACTAC

GCCCTGGCACCAGT

GCTCCCCCACCAG

SAAGAGGGCACAA

CTGAGTCAGCT

AGCACTGAG

0

AGCACAG

TSTEPSEGSAPGTST

ESGEG

ESGPGTSTEES

EGSAR

A

PVS

GTARAASASGRVI]

RCLSQSRY

DDMV

/KTAREKLEKAYSC
TAEDIDHEDITRDOTS
TLETCLFLELHKNESC

LATRETS

STTRC

PQK

SLMMT
EDLEKMYQTEFQAINAA
LONENEQQI T LDKGML

VAIDELMQSLNHNGET

LRORKPPVGEADPYRVE

CILLHAFSTRVVY

INRVMGY LSSAGTAEA

ASASGEAGRSANHTPA

STEPS

GFESGEGT

EGSAPGTSESATPESG

TEPSEGSAE

N
D
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XP Ne. BNA Sequmce Protein Sequence PBomain

TCCCGAGGGGETCCGCACCAGGTACC GCTACCCCCGAG | PGSEPATSGSETRPGTS

GCCAGG

\T CCAGCCA

rPCTGE

ESATPE

CACCCCT G

CCGAGA CCCG

CCACTTCCG CGAAACTCCCGECACAAGCGAGA

ACCCCAGAGTCAGCACCAGGAACATCTACAGAGCCCTCTG,

CCAGGGTCCCCAGCCGGCAGTCCCALT

CTGAMN

CCACACCCGAAT

CCAGCGGC

GTSESAT

ACACCAGCAGTCC SGGATCTCCCG

PESGPGTSESATPESG

ACTGAGGAGGGATCTCCTGCTGGCTCTCCAACATCTACTGAGGAS

PEISESATPESGPGSE

I3
’

CTCAACCGAGCCATCCGAGGGATCAGCTCCCGGCACCTCL PATSGEETEGSEFATS

GACCCGGAACTTCCGAAA

GESETPGSPA

WGCAACACCCGAG | BEGTSTEFPSEG

FEPSEGSAPG

GGATCAGAACCTCGCTACCTCAGGGTCAGAGACACCCGGATCTCCG | GSETPGTSESATPESG
E

GCAGGCTCACCAACCTCCACT GAGGAGGGCACCAGCACAGAACCA | PGTSTEFSEGSARPERE
AGCGAGGGCTCCGC CAAGCACTGAACCCAGT A (SEQ ID NG:
CACCCGGUTCTGAGCCGGECCACAA sGCAGTGAGACACCCT 857)
CAGAGAG TGECCCAGGCAC!
ACCGAGCCCTCTGAAGGCAGTGCGCCAGAAZCTGAGGCC | SEQ
ID NO: 839)
XP10 GGTTCTCCAGCCGGETCCCCAACTTCCGACCCGAGGAAGGGACCTCT | GOPAGSPTETEEGTSE P35

GAGTCAGCTACCCCGGAGTCCGGETCCTGGCACTCCACCCGAACCA | SATPESGPGTSTEPSE

TCGGAGGGCAGCGCCCCTGGEEAGCCCTGCCEEGAGCCCTACAAGT | GRAPGSFAGSPTSTER

GGTACTAGTACTGAACC

GAGTCCGCTACCCCCGAGAGTGGACCGGGECTCAGA

AGTGGCAGTGAAACTCCAGGCTCAGAACCCGCCACTAGTGGGETCA
GAGACTCCAGGCAGCCCTGCCGGATCCCCTACGTCCACCGAGGA

GGAACATCTGAL GCAACACCCGAAT CCGETCCAGGCACCTCC

GTSTEPSEGSAPGSPA

ACGGAACCTAGTGAAGGCTCGGCACCAGCGTACAAGCACCGAACC

AGCGAGGGCAGCGCTCCCGECAGCCCTECCEECAGCCCAACCTTCY GSPTSTEEGTSTERSE

GAGGGCACCAGTACTGAGCCCAGCGAGGGATCAGCACCT

CGCCCCTGGGA

SAGCGGGCCTGGE
AGGCACCTCCGAATCCGCAA

GCCCGCCACCAGCGGGAGCGAAACCCCT | GTSTEPFSEGSARGTST

TAGCGAAG

STCCGCACCCGGCACCAG

‘-]
.'.\.
n
&
i
R
o
[

=
0
el
¥}
ol
-]
el
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CCAGAGAG

GGCCAGA

CCEECCCTGEE

GTCGATCCCCGETCGAGCGE

AGCACT.

ACCCGGGAT

AGCTCCACCACAAGAGE

ATCTATCAGACC

ACCAGCAGA

ACAATCAATCGC

CCCCAGTCAGGGCCAGG!

ACACCCGGGACTTCCEGAGAGTGCCACCCCTGA

TCCGAGCCCGCCA

CGOTOCA

GAGGAGGGAACCTCTGA

AGCCTAGCGAGGGATCAGCACCTGGECA

\GCTGCACAAGAACGAGAGCTGTCY

FCATCCTG

CCGCTAGCGCCAG

CGCCGGECCTGACCGGCCCTGGETALCCTC

CCGGCTCCGAAACTCCCG

CCCCAGAGTCAGGEACCY

CGOTACCCCC

GACCAGCAAGGTGCCTGETICCCAGAGT

GAAGACCACAGACGATATGGTGAAGA

ACAG

ACCTCTACA

R

CAGCTGCCTGCCCCITCAG

ATGATGACCCTGTGCCTGGECTCTATCTACG

AGGCCATCAATG

AGCCTGAACCACAATG

GGEAGAGGCAGATCCT TACAGGGTGAA

TGECTGCACGCCTTTTCC

GGGCTATCTG

GGCGAGGCC

ATCAGAGCCAGCCACCTCCGGGETC

it
ERR O

AGCGCCACACCCGARNTCAGGGC

TCTGAGCCTGCTACCAGCGGCAGCGAGACACCAGG

FPCCACTGAGGAGGEC

ACCTCAGAGTCGGCAACCTCGGAGTCTGEGACCCEGAACTTCC

=CCA

AT

WCACCAGAGTCCGL

AGTCCGGACCCGGATCTCCCGUTGGEAG

TCTCCTGCT

AAGGTACCTCAACCGAGCCATCCGAGGGATCA

CCAGTGAATCTGCT

GOGCCA
WGCGCC,

ACATCG,

ACATGCCTGECCT

SO

SAGGACC

e

CACCAGGGT GG
CTAGCGCCGGCACAGCC
sCCGGAGCGTCCAATTALC

AGAGTCTG

GTCCGGACCTGEGEE

n
L

SCTCTCCAACATCT

ESGEGTSESATERESG?

EAGRSAN

AASASG

PARCLEQSRN

DDOMVKTAREKLKHYSC

-3
d
:J

ARDIDHEDITRDOTS

TCLPL

1ENESC

TSSTT

POKTSLMMTL

EDLEMYQTEFQAINAA

LONHD 2L T LDKGML

MEKLCILLHAAFSTRVVY

INRVMGYLSSAGTARA
ASASGEAGRSANHT PA

o
L

PGSEPATSGSET

ESATPESGPG

GSETPGTSESATPESG

PGTSTEFSEGS!

AGSETST
PESGPGSEFPATSGESET

PETSESATPESGR!

AGSPTSTEEGSPAGSY

FPSTEEGTSTEFSEGSA

PESGPGSEPATSGERE

>
o
o
O

TCCAGCC

AGCTACCCCG

TCGGAGGGCAGCGCCCC

ACCGAAGAGGGCACCAGTACAGAGCCAAGTGAGEG

CTAGTACTGAACC

CATCCGAGG

'CCGGTCCTG

PGGGAGCCCTGCCGEEAGCCCTA

5T C

GCTCCAG
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DNA Sequence

Protein Sequence

Pomain

GAGTCCGL

"TACCCCCGAGAGCGGACCGG

CAGTGAAACTCCAGGCTCAGAAL

'CCAGG

GCCGEAT

PCTGAGTCCGCARCACCCGAA

ACGGAACCTAGTGAAGGCTCGGCACCAGSE

GGGCAGCGCTCCCGGECAGCCCTGEC

AGC

£

AGGGCA

P P

AGCACCGAACCTAGCGAG

TCAGCTACACCE AGCGGGECC
AGGCACCTCCG

talalel

NGCCCGCCACCA

CTGGCTCAGA

AGCGAAGGGTC

TCAGCAC

CTGGAACCTCCGA

AGCGGGTCAGAGGCCGECCEGAGCGCCAALT

CCGGCCCTGGCACAG

ACCAGCAAGG

CGATA

AACCTGCTGAAGACCACAGA

3
@]
0
I
(%]
Q
Q
Q
0]
Q

£
&
2
b3

fele
(Gl

CTACAAGK

PaTalerar
SCCGGLA

WGCCCAACCTTCY

NN NN AR

SCCCCTGGGACTA

ACCGAALC

ANTCCGCAACCCCCGAA

GCGGGAGCGAAALCCCT

CCGCACCCG

GTGAATCT.

o~
.\4\4,A

Nautle
(CHN

CCGCTAC

~ GC

ACACCCCCGCC

AAGCTCAAGCACTACTCTTIGTACAGCCGAGCACATCGATCACGAG
GACATCACCCGGCGATCAGACCTCTACACTGAAGACATGCCTGCCC

CTGGAGCTGCACAAGAACGAGAGCTGTC

AGCTCCACCACAAL CAGCTGCCTGC

SACCCTETECCTEEECTOTA

TATCAGACCGA

s
GITC

CAC:

TCACCAGCAGATCATC

TGAGCTGATGCAGAGCCTGAACCA

GGCCATCAATGECCECCCT

CTGGACAAGGGCATGCTGGTGECC

TGEGGAGAGGCACATCCTTACAGS

TGGCCACCCGGGAGACA

elele)

(URL T

CCCCTCAGAA
o~

TCTACGAGGACCTGAAG

CAGAAND

ACAATGGCGAGACCCTG

ESGEGSE

CATSGSET?

ESGPGTSTERS

PSEG

GLIST APGSPA

GSPTETREGTSTE

EPSEG

fe3al}

ESGEGTSESAT

EAGRSANHTPAL

GTAEAASA,

GFPARCLS

AT

VAL

TLKTCLPLELHRNESC

DATRETSSTTRGSCLE

ROKPPVGEADPYRVK

!:

VT
VoV L

MEKLCILLHAFST

INRVMGYLSSA (SEQ

AGCTGTGCATCCTGECTECACGCCT ‘CCACCAGGG ID NOs £59)
ACAANTCAATCGCCTCATGEECTATCTGTICTAGCGCCTAA  (SED
ID NO: 841}
XP12 GETTCTCCAGCCGEE GAGGAAGGGACT GSPAGSPTSTEEGTSE P35

CTACCCC

GAGCCCTG

GGCAGCGCCCCOTGEE

CAGAGCCA

D‘

CCATCCGAG

GAGTCCGCTACCCCCCACAGCGGACCGGE
AGTGGCAGTGAARACTCCAL

GCTCAGAACC

GAGACTCCAGGCAGCCCTGCCGGATCCCT

sCAGTCCGGETCCTGE

CACCTCCACCGAACCE

CCGGEGAGCCCTACAAGT

CTCAGAGCCCGCCACG
CGCCACTAGTGGGTCA
CTACGTCCACCGAGGAG

GSPTSTREGTSESATE

168
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GGAACATCTGAGTCCGCAACACCCGAATCCEETCCAGGCACCTCO

AACCTEA

Ialale

GGGCAG GCAGCCCTGCCGGECAGCCTAAT

GAGGAGGGC AGTACTGAGCCCA SAGGGATCAG

CTGGGACTAGC

GGCACCAGCACCCGAACCTAGCGAGGGGAGCGICT

GAGTCAGCTACACCAGAGAGCGGGCCTGGAACTTCTACCGAACCT

"s

roe

ATCC

AGGCACCT

GGGAGCGAAACCCCT

CCTGGCTC

COCGOCAL

GGCACATCCACCGA GCACCCGGCACTA

AGCACCTGGCACCAGTGAATCTGCT

ACACCAGAGAGCGGCCCTGEGAACCTCCGAGTCCGCTACCCCTGAG

AGCEEECCAGA CCGGAGCGCCAACCACACCCC =C

\CCGGCCCTGGCACAGCCEAG AGCGCCAGCGGTAGA

SACCAGCAAGG CCCAGS

CCTGCTGAAGACCACAGA!

b
5>
9]

AAGCTGAAGCACTACTCTTGTACAGCCGAGGACATCGATCACGAG

CCACCCG

ACCTCTACACTGAAGACATGCCTGCCC

(]
&
5
s
O
a

~ e~

CCACCCGGGAGACA

AGCTGCACAAGAACGAGAGCT

T el uale]

CAGCTGCCTGCCCCCTCAGAAGA cC

CTGATGCATGACCCTGTGCCTGGGCTCTATCTACGAGGACCTCGAAG

ATGTATCAGACCGAGTTCCAGGCCATCAATGCCGCCCTGCAGAALD

CACAATCACCA TCCTGGACAA CATGCT

GCGAGACCCTG

SAGCTGATGCAGAGCCTGAACCAC

SGAGAGGCAGATCCTTACA

AGGCAGAAGCCACCAL

6

ATGAAGTTGTGCATCCTGCTGCACGCCTTTTCCACCAGGGTGETG
ACAATCAATCGCGTGATGGGCTATCTETCTAGCGCCGGCACAGCT

GAGGCCGCTAGCGCCAGCGGEGTGCTGCAGAGCCCAGGCACALGT

GAGGCCGCTAGCGCCAGCGELGAG CCGGAGCGCCAACCAC
ACCCCCGCCGGECCTGACCGGCCCTGETACCTCAGAGTCTGCTACT

CCCGAGTCAGGGCCAGGATCAGAGCCAGCCACCTCCGEETCTGAG

ACACCCGGGACTT

SCCACCCCT CCGGACCCE

TCCCGAGCCCGCCACTTCCGGCTCCCAAACTUCCEGGCACAAGTGAG

TACCCCAGAGTCAGCACCAGGAL

GAAGGCTCCGCTCCAGGGTCCCCAGCCGGCAGTCCCACTAGCACT

GAACCTCTGAAAGCGCCACACCCGANTCAGGGCCAGGEG

TCTGAGCCTGCTACCAL SCAGCGA

sACACCAGGCACCTCTLGAG

CCACACCAGAGTCCGGACCCGGATCTCCCECTGEGGAGCCCT

GATC

i

TCCTGCTGGOTCICCAACATCTA

GTSTEFSEGSAP

BEGSAPG

ESGPGTSESATPESGE

EAGRSANHTEAG

CLSQSRM
WVKTAREKLRKHYSC
EDIDHEDITRDOTS
KTCLEFLELHRKNESC
TSSTTR
SLMMT GSIN
EDLEMYQTEFQAINAA
LONENEQQI T LDKGML
DLMOSLNHNGET

LROKPRVG

LCILLHAFSTRVVYT
INRVMGY LSSAGTAEA

SGVLOSPGTAEAA

EAGRSANHTE

r

ASASGRVIPVS

GSCLE

DPYRVE

169
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GAGGAAGGTACCTCAACCGAGCCAT ESGPGEEPATSGSETP

\CCCCGGAGT

CAGAGTC

GCCACACCAGACG

G

lolclelotalol

(..
(*\

ACACCAGGATCAGAA
TCTCCGGCAGGCTCACCAACC TCCACTGAGGAGGGCACCAGTACA

[CCGCACCCGGAAL

CACTGAACC

e e

GGCAGTG

CAGCACCC

ACACCCGGECACTTCA CAGTGGCCCA

ACTAGTACCGAGCCCTCTGAAGGCAGTGCGCCA (SEQ ID NO:

842)

Xpl3 GGTTCTCCAGCCGGETCCCCAACTTCCGACCCAGGAAGGGACCTCT | GSPAGSPTSTEEG P35

(x
,.4
L“

GAGTCAGCTACCCCGGAGTCCGGETCCTGGCACTTICCACCCGAACCA | SATPESGPGTSTEPSE

I

TCGGAGGGCAGCGCCCCTGEEAGCCCTGCCEGEGAGCCCTACAAGT

o~
A

ACCEGAAGAGGGCACCAGTACAGAGCCAAGTGAGGGGAGC

TCCGAG

AGCTCCAGGCACGAGT

SAGTCCGCTACCCCCGAGAGCGGACCGEECTCAGAGCCCGCCACS

AGTGGCAGTGAAACTCCAGGCTCAGAACCCGLCACTAGTGGGETCA

GAGACTCCAGGCAGCCCTGCCGGATCCCCTACETCCACCGAL

CACCCGAAT

AACCTAGTCAAGGCTCEGECACCAG

AGCGAGGGCAGCGCTCCCGGECAGCCCT

ACTGAGGAGGGCACCAGTACTGAGCCCA

GGCACCAGCACCGAACCTAGCGAGGGECAGCGCCCCTGGEACTAGT | GT

ESATEESGPGT ST

w0

GAGTCAGCTACACCAGAGAGCGGGCCTGEGAACTTCTACCGAACCT | EPSEGSAPGTSESATE

AGTGAGGGATCCGCTCCAGGCACCTCCGAATCCGCAACCCCCGAA | ESGPGSEPATSGSET?

TCCGGACCTGGCTCAGAGTZCIG GTSTEPSEGSAPGT ST

GGCACATCCACCGAGCCTAGC
ACAGAGCCTAGCGAGGGATCAGCACCTGGCACCAGTGAATCTECT

ACACCAGAGAGCGGCCCTGGAACCTCCGAGT CCGCTACCCCCGAG

AGCGGGCCAGAGGCCEGCLEEAGCGCCAACCACACCCCCGCLGET

CTGACCGGCCCTGECACAGCLGAGGCCGCTAGCGCCAGCGGTAGA

GTGATCCCCGTGAGCGGACCAGCAAGCGTGCCTEICCCAGAGTCGE

GAAGACCACAGACGATA ACCGT

SAAGCACTACT GTACAGCCGA CATCGATCAC TLKTCLPLELARKNESC
GACATCACCCGGGATCACACCTCTACACTGAAGACATGCCTGCCC | LATRETSSTTRGSCLY
CTGGAGCTGCACAAGAACGAGAGCTGTCTGGCCACCCGGGAGACA QRTSLMMTLCLGS I

INAA

AGCTCCACCACAAGAGGCAGCTGCCTGCCCCOTCAGAAGACCTCC | EDLEKMYQTEREQA

176
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Protein Sequence

VTG

CCTGAACCACAS

GAGCTGATGCAGAG GGCGAGACCCTS

(]

AGAAGCCACCAGTCGGAGAGGCAGATCCT

r‘

GCTGTGCATCITG

CAGAGTCTGCTACT
AGAGCCAGCCACCTCCGGETCTGAG

CGGGACTTCCGA

SAGAGTGCCACCCCT

WCCCCAGAGTCAGE

COACTAGOACDS

CGCTCCAGEGS

CGCCACACCCGAAT

-
VAL

ACTGAGGAGGGATCTCCT CTCTCCAACATCTACT
\GCCATCCCAGGEA

CCCCGGAGTCTGEG

GAATCAGCAACA

CACCAGAGTCC

CAGGATCAGAACCTGC

TCCACTGAGGAGGEGCACCAI

-4

LONHNHEQQT I LDKGML

VATLL

e

Fed

MEKLCILLHAFSTRVVY

INRVMGYLSSAGTAEA

N

SAS

WS GEAGRSANHT RA

TGPGTSESATRESG

/-.
&

PGSEPATSGSRETEC

AT

£

SATPESGPGSE

-

GSETPGTSESATPESG

PGTSTEESEGSARGS?

AGSRTST

SESAT

PESGFGSEPATSGESE

PESGPGSEPA

APGT S

PGSEFPATSGSETPGT

AACTTCCACCGAGGAAGGEGACCTCC

TCCACCGAACTC!

CGGGAGCCCTACAAGE

[GGEAGCCCTEC

AGAGCCAAGTCGAGGGGEA

GCTCCAGGCACGAGT

‘CCGCTACCCOCGA

WGCGGACCGGET

AGTGAAACTCCAGGCTCAGAACCCG

z’)

GGAACATCTGA

GSPAGSPTSTEE

ESGPGTSTERPSE

sl

SAT

O

SAPGSFAGSFTST

GTSTEPSEGSAPGTST

EPSEGSAPGTSESAT
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Protein Sequence

Pomain

ACGGAACCTAGTGAAGGCTCGGCACCA

CAG

CTCCCGGCAGCT

GGAGGG ACTGAGCCCA

CAGCACCGAACCTAGCGAGS

A

»
0
[
=2

ole

AGCACCGAACCT

CCCCTGEGGACTAGT

GAGTCAGCTACACCAGAGAGCGGGCCTGGAACTTCTACCGAACCT
AGTGAGGGATCCGCTCCAGGCACCTCCGAATCCGCAACCCCTGAA

ACCTGEGEC GCCCGCCA

CCACCTGAG

ACAGAGCCTAGCGA

5C
AGCGEGCCAGGTTCTCCTGCTGGCTCCCCC

GGGACAAGCGAN

ACGCCTGAGAL

CCTCCGGCTCTGAAACC

>
G
&
[0}
(@]
r-3
(@}
(@}
HZ
@
(]
&
o
O
G
]>
I =
-3
5

GGCACAAGCACCGAGCCTTCCGAAGGCTC

TCAGCGCCTGEAAGCCCTGCAGGGAGTCCAAL

CGGGACCTCTACTGS

CAGAACCTTCO

CCTGGAACCTCCGAGTC

\GTEECCOTE

SAGCCCTC

TGCTCCCGGAACCTCT

CTGCACCCGGCACGAGCACCE

ACCCGGCACTA

ACCAGTGAATCT

AAGGAAGTGCACC

AGCGAAACCC

CTACCCCCGAG

\GTGAGTCT

]

.

AGGGTCAGCGCCTGGEACCTCAACAGAGCCCTCGGAAGEA

GGAACGTCTACAGAGCCATCAGAGGGGTCCGTACCAGAGGCCGGELD

CGGAGCGCCAACCACACCCCCGCCGGCCTGACCGGCCCTGGTACA

GCCCGAGGUCGCTAG

GGTGCCTGTCCCAGAGCT

TGTACAGCCGAGGACATCGATCACGA

GAGAGCTGETCTGGCCACCCGGEGAGACAATC

AGCTGCCTGCCCCCTCAGAAGACCTCCC

CTGGGCTCTATCTACGAGGACCTGAAGATG

CCAGCGGCAGAGTX

ACCT

M

o~
L

CGCCCGGCAGAAGCTCAAGCACTACT

SGACATY

WTCCCCE]

CTGAAGACCACA

TCACCCGGCGATCAG

ACCTCTACACTGAAGACATGCCTGCCCCTGGAGCTGCACAAG

CTCCACCACAAG

s

GTAT

CAGGCCATCAATGCCGCCOTGCAGAACCACANT CACCAGCAGATC

o

CTGGACAAGGGCATC

"GAACCACAATGGCGAGACCCTGAGI

Ct CAGGGETGAAGATY

SAGGCAGATCCT

CTGCACGCCTTTTCCACCAGGGTGGTCACAS

GGCTATCTGTCTAGCGCCGGCACAGCCGAL

SOSOOIR s e e o

GAGGCCGGUCGGALG

GGTACCAGCGAATCCGCTACTCC

TCCGAACCTGCCACT

AL
LAt

GAAGCTGTGCA

AATCA

CEECTCTGAAACTCCA

“n AT
A

GAGCTGATGCAG

SAAGCCACCAL

AATCGCGTGATS

CCGCTAGCGCCAGT

CGCCARACCACACCCCCGCCGGCUTGALT

TGGCCCT

AGGGACCTC

TSTEFSEGSAPGSPA

ESGPGETSESATE

GEGSEFATSG

SETPGTSESATPESGE

GSAPGTSTEPSEGSAP

GTSTEFSEGSAFPGTST

SEGSAY

EAGRSANHTPAL

GTAEAASASGRVIPVS

o)
td
T4
iU

CLSQSRN

MVKTAREKLEHYSC

DITRDCTS

TLKTCLPLELARNESC

VHOQI L LDKGML

VAIDELMQSLNHNGET

LROKPPVGEADPYRVE

CILLHAFSTRVVT
INRVMGY LSSAGTAEA

ASASGEAGRSANH

GLTGPGTSESATFES

Lx)

PATSGSETPGTS

GPGSEPATS

GE3ETPGTSESAT

PGTSTEPSEGSAPC

172
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TCTGCCACACCCGAGAGCGGCCCTGGCTCCCAGCCCGCAACATCT

VITPESGEGSFAGS?

GGCAGTGAGACACC CACCTCCGAGAGCGCAACACCCH,

CCATCC EGSPAGSFETS

sGCACCAGCACT

CAGTCAGCCACACCCCAAAGCGCACCAGGATCACCCG 3
GGCTCCCCCACCAGTACCCGAGGAGGGGETCCCCCGCTGGAAGTCCA G

CTGAGGAAGGEE

\.11

TCCCCTGCCGGCTCCCCCACAAGTACT | PGSEER

GCACANGTC

AGCGCCACTCCCCAGTCCGE

T e

CACAGAGCCTTCCG

sCACCAGGTACCTCAGAG

ACCCCCGAGTCAGGGCCAGCGATCAGAGCCAGCCACCTCC

GGGTCTGAGACACCCGGEGACTTCCGAGAGTGCCACCCCTGAGTCC

GGACCCGGGETCCGAGCCCGCCACTTCCGECTCCGAAACTCCOGET

ACAAGCCAGAGCGCTACCCCAGAGT CAGGACCAGGAACATCTACA

'CCCCAGCCGGTCAGTCCT

CCCTCTGAAGGCTCCGCTCCA

AGGGAACCTCTGCAAAGCGCCACACCCGAATCA

GGGCCAGGGTCTGAGC ACCAGCGGCAGCGAGACACCAGGL | PGTSESATPESGP

ACCTCTGAGTCCGCCACACCAGAGTCCGGACCCGGATCTCCCGOT | ESATFESGEGTSESAT

CCCCAC

SGAGGGATCTCCT

e
[

SCT

I
(¢

WCTGAGGAAGETACC CCGAGGGATCA | PGSEPATSGSE

'CGGCAACCCCEEAGT

SAG

CTGGACCE

AGSPTSTEEG

CCAGAGTCCGGTCCCGGGACTTCAGAA

CCCTGEGEETCTGAACCCGCCACAAGT

ACCTGUTACCTCAG

ACACCCGGATCTCCGECAGGECTCACCAACCTCCACTGAGGAGEET EGSAP (SEQ ID
ACCAGCACAGAACCANGCGAGGGCTCCGCACCCEGAATAA NO: 862)

GAACCCAGTGAGGGTTCAGCACCCGGCTCTGAGTCGGCCA

GGCAGTGAGACACCCGGCACTTCAGAGAGTGCCACCCCCGAGAGT

GTACCGAGCCCTCTGAAGGCAGTGC

P15 GCAAGTTCCGCCACCCCTGAGTCTGGACCAGGCACCAGCACAGAG | ASSATEESGEGTSTER P35

CCTTCCCAGGGATCTGCCCCAGGCACCAGCCGAGTCCGCCACACCA | SEGSAPGTS

GAGTCCGGACCTGGATC

SGPGTSES

AT T GAGAGCGCCACC

CCAGGCACATCCGAGTCTGCCACCCCAGAGAGCGGACCTGGATCT | SESATEFESGEFGSERAT
GAGCCAGCCACAAGCGGATCOGAGACCCCAGGCACATCTGAAAGT | SGSETPGTSESATPES

GCCACTCCAGAGTCC AGCCTAGCGAG | (] EPSEGSAPG

GGATCCGCCCCTE

AAGCCCAGCCGGCT

GAGGGCACCTCCCAGTCTGCCACACCAGAGT CTGGACCAGGAAGT

GAGCCTGCCACCAGCGGCAGT

GAAACTCCAGGCACATCTGA

GCCACCCCTGAGTCCGGACCAGGATCTCCTGCAGGATCCCC
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TCTACAGAGGAGGGAAGCCCAGCAGGAAGCCC

~ o

L1010

CACCTCCA TCTGAG

NAG

CTGCTACA

COCCGAGTOT

GAGAGCGGACCAGGATC

CGAGCCTGCCACTTCH

Jeleier:
Llas

~

CCCCGEGECAC AC

GAGCCAGCCAC

Q

AACCACACACCAGCAGGACTGACCGGACCAGGET

\C

GCTGAAGCACTA

GAGGACATCGATCACGAGGACATCACCAGAGAT

a
It

CATGCCTGCCCCTGGEAGCTGCACAA
CTGECCACCCG
CCCCCTCAGAAGACCAGCCTGEATGA]
ACGAGGACCTGAAGATGTATCAGACCGA
AANTGCCGCCCTGCAGAACCACAATCACCAGCAG
AAGGGECATGCTGGTGECCATCGATGAGCTGAT

Dy

\CCCH

CACAATGGCGA

ACCGCGTGAAGATGAAGC

TTTTCCACCA

\CAATCAACCGECGET

TCCTCIGCCGGCACTGCTACACCAGAGTCCGGAL

GGCCGETCTGCCAAT CACACCCCTGCCGGACT

ACACCAGAGTCTGGACCTGGCTCTGAGCCAGT

\CCCCTGGCACAAGCGAATCCG
GGCTCCCCAGCCGGCAGCCOTACCTCTACCE,

GCAGGAAGCCCTACCTCCACCGAGGAAGGCALD

A

AL

GGACCAGGCACCTCCGAGTCTGCCATECT

Tce

GGCACCAGCGCCTCCECCACACCCGAGAL
GCCACCTCTGGAAGCGAAACCCCTGGCAG
TCCEECTCTGAGACACCAGGATCCCCAGTCCGE

GCACTG

e

GGCACCA

GCETGATCCCCGTETCC

GGCAGAAGCCACCAGTGG

CACCTCCACCGAA

GCGECCCC

AAAGCGCCACACCA

CGGATCTGAGACA

GAGACACCAGGCTCT

CACCAG

CGAGCCTTCCGAA

PEGAAGTGAAAT

CTGGCACATCCGAATCTGCCACCCCAGAGGCAGGCAGGTCCGECC

ACAAGCGAGTCC

GGACC

CCACAGACGATATG
CAGCTGTACE

N Ty

CAGACCAGCACA

GAACGAGTCCTGET

{GCCTGGGCAGT

GUTCCAG

CCATC

ATCATCCTGGAC

GCAGAGCCTGAALC

SCTGCTGCACECT

GATG

CCAGGAGAGGCA
GACCGGACCTGCA

=y
L.

AGAAGGCAGCCCA

CTCCACAGAGCCT

\GCGCCACGCCAGAA

CTGAGTCCG

TGAACCAGCCACT
CTCACCTACCTC

AGGGATCCGCTCCA

CCCCTGGCTCAGAG

APGSEFPATSGS

A

RVIEPVEGEARCLEQSR
NLLKTTDDMVKTAREK

HENESCLATRETSSS

RGSC

CLGS IYEDLKMY

LDF

NHEHNGETLROKPPVGEA

DEY

STRVVTTNRVE

O LRVY

ANHTPAGLT

ERPATSGSETPGTSESA

TEEGTSTEPSEGS

ESGPGSEPATSGSE

SETSTEEGTSTER

SARPGTST

SATPEAGRSANH'

GLTGPGTSESATPES

KEGMLVAIDELMOSL

(RVEMKLCI

ATFESGEGSPAGS

E
SESATPESGPGTSESA
TE

TS GPGTSASATPES

GSEFPATSGSE

PATSGSETPGS

¢SCTAREDIDHE

CLEFQRKTSIMMTL

NAALGNHNHQCIT

TPESGPGEAGRS

SGSETPG

(n

GTSTEPSEGS

17

4

Pomain
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CCAGCCACCAGCGGCAGCGAGA

GGC {SEQ ID NO: 845)

ATCTGGGAGCTGGAGAAGGACGTGTACCTEETGGAGGTGGACTGG

CCEECGEAGACCETGAACCTGACATGCGACACT

FCACCTGGACATCTC

TCAGAC
GTGATCGGAAGCGGCAAGACCCTGACAAT CACCGTGAAGGAGTTC

CTGGATGCCGGCCAGTACACATGTCACAAGGGCGGCGAGACCCT

(]

TCCCACTCTCACCTGCTCCTGCACAAGAAGGAGAACGGCATCTGG

TCCACAGAGAT CCTGAAGAACTTCAAGAATAAGACCTTTCTGAAG

CCCCTAATTATAGCGGCCGETTCACCTG

SGOTE

GTGCAGAGAAACATGCACCTEGAAGTTTAATATCAAGAGCTCC

GCTCCCCAGATAGCCGGGCAGTGACATGCGEAATGGCCAGCCTG

TCCGCCGAGAAGGTCACCUTGGACCAGAGAGATTACGAGAAG

TCTGTGAGCTGCCAGGAGGACGTGACATGETCCCACCGCCGAGGAG
ACACTGCCTATCGAGCTGGECCCTGGAGGCCAGGCAGCAGAACAAG

CGCGACATCAL

TTATTCCACCTCTTTCTTTAT

CCCCCTAAGAACCTGCAGATGAAGCCCCTGAAGAATTCT

AGCGTCGAGGTGTCTTGGGAGTACCCTGACAGTTGGTCCACACCA

ATTTCAGCCTGAAGTTCTTTGTGAGGATCCAGCGTAAG

Ie

GAAGATGAAGE

GCAATCAGAAGGGT

ACCGAGGAGGGECT

GCCTTICTGGTGCAGAAGACATCCACCGAGGTGCAGTGCAAGEEA

GGAAACGTGTGCGTGCAGGLACAGCATCGETACTATAATTCTAGT
TGTTCCARGTGGGCCTGCETGCCTTGTCGGETGAGATCTGGCGEL

GGCGGECTOTGGCGGECEECGEEITCCEECEECEECEGCTCCAGAGTG

%

CAAGGTGCCTGETCCCAGAL

ATCCCCETGEAGC

TGAACGACCACACGACGATATGGTGAAGACCGECCCG

CTGAAGCACTACTCTTGTACAGCCGAGCGACATCGATCACGAGGAT
ATCACCCGGGATCACGACCTCTACACTGAAGACATGCCTGCCCCTG

GAGCTGCACAAGAACGAGAGCTGTCTGGCCACCTGGGAGACAAG

CTaG
ATGATGACCCTGTGCCTGEECTCTATCTACGAGGACCTGAAGATG
TATCAGACCGAGTTCCAGGCCATCAATGCCGLCOTGCAGAACCALD

AATCACCAGCAGATCATCTTGGACAAGGECATGCTGGTGGCCATC

GCTGATGCAGAGT GCGAGACCCTGAGG

GTGAAGS

GTGCATCCTCGCTGCACGCCTTTTCCACCAGGETGGET G,

ATCAATCGCGTGATGEECTATCTGTCTAGCGCCGGCACAGCTGAG

CGGCGAGGCCGGCTEE

SCGCCAACCACACT

[0}]
&
{
¢
(0]
&
¢
o
>
s
‘L
‘Z
9]
O
&
D

DVYVVEVDW

iriz

PDAPGETVNLTCDTE

EDDITWITSDQRHGVIG
SGRILTITVKREELDAG
OYTCHKGGETLSHSHL

NGIWSTELLK

TFLKCEAPNYS

FNIKSSSSSPDSRAV
CGMASLEAERVTLLOR
DYEKYSVSCQEDVTECE

ARETLFLIELALEARD

,.

CNRKYENYSTSEFEL

IKPDPPENLOMKPLKN

SQVEVSWEYPDSWSTE
HSYEFSLKE

'RIQRKK

EXMKETEEGCNQRGAY

TGPGSFAGSETSTERG

TSRSATP

SPAGSPTSTEEGTSES

—.7

SAPGTSTEPSEGSAFG

PESGEFGTSTERFSEG

SETST

SAPGTSESATPESGPG
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CCCGCLOGGCCTGACCGECLOTGETTCTCCAGCCGGGETCCCCAALT
TCCGACCGAGGANG CTCCGAGTCAGCTACCCC GTCC
CCT CCTCCACCCAACCATCGEA CAGCGCCCTTGGGEA

SCCEEEAGCCCTACAAGCACCGAAGAGEECACCAGTACAGAG

C
CCAAGTGAGGGCAGCGCCCCTGETACTAGTACTGAACCATCC
G

'CAGCTCCAGGCACGAGTGAGTCC

()

CCCGAGAGTGGA

CCACGAGTGGCAGTGAAACTCCA

GAACCCGCCACTAGTGEETCAGAGACTCCAGGCAGCCTTGCCG

e
LB1eY.

ACGTCCACCEA GGGAACAS CGAGTCCGCAACACCC

GAATCCGGETCCAGGCACCTCCACGGAACT
]

ACAAGCACCGAACCTAGCGAG

GCAGCGCTCCCGGTAGT

elelely

GGCACCAGTA

COTECOGECAGCTTA

\ACTGAGGAG

el o]
CACCTG

O

ACCGAACCTAGCGAG

ACCAGAGAGTGEE

G
CCTGGAACTTCTACCGAACCCAGT GAGGGAT CCGCTCCAGGCACT
T

TCCGAATCCGC!

AACCCCCGAATCCGGACCTGGET

TCAGAGCCCGCC

CACCGAG

GGCACA]]

TACAG,

[CCGCACCTGGCACTAG SCTAGCGAGGGATCAGCA

sloul ~

CTACACCAGAGA

GCACCAG

GGCCCT

AGTCCGCTAC

GAGAGCGGGCCAGGETTCTCCTGCTGGEL

TCCCCCACCTCAACAGAAGAL

GGGACAAGCGAAAGCGCTACGTCT

TCTGA

S

CGGCTC

sCCAGCC

Tarlartars

CCGGACCCGGGACTT

ACGOOT

SISO (T P
CACTAGTGAGTCTGCCA

CTCAGCCCTCE GGAGCGCTCCTGECACCGAGTACAGAA

CCGAAGGAAGTGCACCGEGGCACAA CCGAGCCTTCCGAA

CTEC
Llsur

C
GGCTCTGECTCCCGEAACCTCTACCGAACCCTOTG

SAAGGG

SO

sl

CEAGCACK ACCCAGCGAA

TCAGCG

ATCA

GCCCTGCA

AGCCCTCGGAAG

ACTTCCACGGAAGA

GAG

AGGAACCTCTACAGAGCCATCY

GGGTCCGCACCAGGETACCA -GC

GCGAATCCGCTACTCCCGAATCTG

GCCACCTCCGGOTCY

STCCGAACC ACTCCAGGGAC

TCTGCCACACCCGAGAGCGGECC GCTCCGAG

GGCAGCGAGACACCTGGCAS

AGCGCAA
G

CAAC
SAGAGCGGECCCTGGCACCAGCACCCAGCCATCCGAGGGATCCGCE
C,

CACTTCTGAGTC CACACCCGAAAGCGGACCAGGATCA

Do
Al

GGCTCCCCCATTAL

(o g e mer o

CLGL LG

CACCGA

SGAGGEETCCCC

CAACAAGCACTGAGGAAGGGTC

ACCGAAGA

G
£

e e
PEEGS PA

ETE

v o
SETS

CGTSTEPSE

EGTS

IPESPA

SGSETPGTSESATE

PSE

PRSGFGSPAGSEY

AGSPTSTEEGTSE

3]

T

RSGPGTSESAT

ATPESGPGSEPA

STERPSE

TEESEGSARG

SRayey

2 s

GEPTSTERG

WGSAPGTS

o
TF

PGETSTE

GSPTSTEEG

wET

STEES
TEPSEG
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CCTGGCACCAGCACAGAGCCTTCCGAGGGETCCGCACCAGGTACT

GAGTCTGCTACCCCC

CCGGGTCTCGAGACACICG

CGGACCCG

CACAAGCGAGAGCGEL

ACAGAGCCCTCTGAAL

FCCCACTAGCA

GGGCCAGGGT

CCAGGCACCTCTGA

)

CCGCTGGGAGCCCCACCTCCACTGAGGAGGGATCTCCTG

c
TCTCCAACATCTACTGAGGAAGGTACCTCA

SGATCAGCTCCC

CTTCCCGAAAGT

TCAGAATCAGCAACAL

ACAAGTGGTAGTGACACACCAGGATCAGAACCTGCTACCTCAGGE

CGAGCCCGCCAL

GCTCCGCTCCAGGGETCCCCAGCT
GGGAAL
£ \:'(N "'11

CGCCACACCAGA!

CAGAGTCGECAACCCCGEA
GCCACAC

CGAGTCCGGCCCTGEEE

CCEGCTCC

ACCCCAGAGTCAGGACCAGGAACA

AAGCGCCACACCC

N e

AGCGGCAGCG

PCCGGACCCGE

cT
CGAGCCATCCGAG

()

LY

CCGGTCCCGEGALT

TGAA

TCAGAGACACCCGGATCTCCGGCAGGCTCACCAACCTCCACTGA

GAGGGCACCAGCACA

AGCACTGAACCCAGTGAGGET

ACAAGTGGECAGTGAGACACCCG

GAGAGTGGCCCAGGCACTAGTA

CCA{SEDQ

ACCAAGCGAGGGCTCCGCACCT

TCA

CTGAGCCGEEET

\CCCGET

GCACTTCAGAGAGTGCCACCCCC
CCGAGCCCTCTGAAGGCAGTGECG

ID NO: B46}

m

PESGPGTETERPSEG

SAP (SEQ ID NO:

8364

¥El7

GGTTCTCCAGCCGGGTCCCCARCTTCCACCGAGGAAGGGACCTCT

~ AGTCC

GAGTCAGCTACCCCGGAGTC

CGGTCCTGGCACCTCCACCGAACCA

TCGGAGGGCAGCGCCCCTGGEEAGCCCTGCCEEGAGCCCTACAAGT

GGTACTAGTACTGAACC

SAGTCCGCTACCCCCGAGAGT

AGTCGECAGTGAAACTCCAGGL
GAGACTCCAGGCAGCCCTEEC

[COGCARCA

GGAACATCTGAL

ACGGAACCTAGTGAAGGCTC

GGCACCAGGTACAAGCACCGAACC

CTCAGAACCCGCCACTAGTGGGETCA
TCCACCGAGGA

GGATCCCCTACG

CCCCAATCCEETCCAGGCACCTCC

AGCGAGGGCAGCGCTCCCGECAGCCCTECCEECAGCCCAACCTTCY

GAGGGCACCAGTACT

SAGC

e
AGGC

NYele
AGEL

TAGCGAG

GAGCCCAGCGAGGGATCAGCACCT

CGCCCCTGGGA
GGGCCTGE

ACCTCCGAATCCGCAA

ST

CGCCACCAGCGGGAGCGAAACCCCT

ICLA L)

3

GAAG

STCCGCACCCGGCACCAG

oo

AG

EPSEGS

SPTS

ST

mE

it

I
=
-

177
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AGCCTAGCGAGGGATCAGCACCTGGECA

CCAGAGAG CCCTGGAACCT

sGGCCAGGT

AGCT

CAAGCGAAAGCGCTACGCCTG

GCCACCTCCGG "TGAAACCCCTGGCAL

ACGCCTGAGTCCGGATCTTL

COTGGECA

GCACCTGAG

CGAACCCTCTGAASG

AGCGAAGGGTCAGCGCCTGGEGACCTCAACAGAGICCTCCGGAAGG!
GT

TCAGCGCCTGGAAGCCCTGCAGGGA

qoter:

GGAACGTCTACAL

'CCGCTACTCCCEAATCTGGEC

AGCGGCCCTGGCTCCGAGCCCGCAACATCTG

GGCACCTCCGAGAGCGCAACACCCCGAGAGCGEGEL

ACCGAGCAGGGGETCCCCCGCIGCAAGTCCAACA

GAGAGCGCCACTCCCGAGTCCGGGECCTGGECA

<

R
TCCCAGE

r

Iolalalk:

oy Nere)

CCCGCCACTTCCGGCTCCGAAACTCCCGGT

TCCGCTCCAGGETCCCCAGCCGGCAGTCCCACT.

CCTGCTACCAGCGGCAGCGAGACACCAGGCA

ACACCAGAGTCCGEACCCGGATCTCCCGCTGGGEAGCT

N PaTals
Aol

AGGAGGGAT

CCTCAACCGA

GAGTCGGCAACCCCGTRA

(ol

ACACCAGAGTCCGGTCCCEEGACTTCAGAATC

CCTGGETCTGAACCCGCCACAAG

CUCAGGGETCA

enenen
'}A A% AN A

CCAGTGAATCTGCT

GTSESATERESG?

iY

GACCTCTACTGAGC

GEAFGTSTEESE

GECACG

AGCACCGARS

CTTCCACGGAAG!

CAGAGGGGTCCGCAC

SAACCTGCCACC

CAGGGACCTCCGAAT

GCAGCGAGACAC

PGSEAGSPTSTER

aSPTSTREE

\T'CCGCCCCAGGCACTT

ATCACCCGCTG CCCCCACCAGT

AGGTACCTCAGAGTCTGCTACCCCC

GCCAGGATCAGAGCCAGCCACCTCCGEET

ACCCCTCGAGTCCGEACCC
CAAGCGAGAGCGC EGTSESATPESGE
ACCCCAGAGTCAGGACCAGGAACATCTACAGAGCCCT CTGAAS
AGCACCGAGGAG

ACCTCTGAAAGCGUCACACCCGAATCAGGGCCA

GGCTCTCCAA

SAC

e
ACCA

GCACAGAACCA

SPGTETERS
RSANHTPA

GTSESATE
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CCCGGCTCTGAGCCGGCCACAAGTCGECAGTGAGACACCT

ACCCCCGAGA CCCAGE

GCCCTCTGAAL zGCCGGCCGEAG

GCGCCA

CACACCCCCGCC SGCACAGCCGE

e v

CGCCAGCGGCA

GGGAGCTGGAGAAGGACGTGCTACGTG

GTGGAGGETGGACTGGACACCAGATGCCC

AGGAGGA)

AGAGGCACGGCC

ATCGGAMG

ACCCTGACAATC

GCCGGCCA

ACACATGTCACTAAG

GGCGGTGAGACCCTGTCCCACTCTCACCTGCTGUTGCACAAGAAG

GAGAACGGCATCTGGTCCACAGAGATCCTGAAGAACT TCAAGAAT

AAGACCTTTCT GCGAGGCCCCTAATTATAGCG

SCAGAGAAAC,

WCCTGAAGTTTAAT

GEAATGECCAGCCTGEC

CGAGAAGTA!

[TCTGETGAGCTGCCAG

-GAGGACGTGACATG

SGA

CCCACTCECCG

SACACTGCCTATCCAGCTGGECCCT

CAGCAGAACAAGTACGAGAATTATTCCACCTCTTTCTTTATC

CCAGATCCCCCTAAGAACCTGCAGATGAAG

CCAGGETCGAGGTGTCTTGGGAGTACCCTGAC
AGCTGGETCCACACCACACTCTITATTTCAGCCTGAAGTTCTTTGET

iy

CAGCGT

SAAGATGAAGGAGACCG,

CAGAAGGGCECCTTTCTG SACATCCACCGAG

CAGTGCAA AT

AAACGTGTGCGT

"GCAGGCACA

TACTATAATTCTAG

CCAAGTG

COTGOGTECCTTGTCGE

Sued
GUTE ISR CINC) 2 1CGE

CTGGCGGLEELGECTCTEECEGCEEEEGCTCCGGEIGEET

CAGAGT CCCGTGAGCGEACCAGCAAGGTGCCTG
TCCCAGAGCCGGAACCTGCTGAAGACCACAGACGATATGGTCGAAG
ACCGCCCGGGAGAAGCTGAAGCACTAC P ACAGCCCAGHS

ATCCGATCACGAGGACATCACCCGGGATCAGACCT CTACACTGAAG

GCCCCTGGAGT

SAGCTGTC

CTGCACA

ACCACAAGAGGCAGCTGCCTGCCCCOT

GATGACCCTGTGCCIGGGCTCTA

GAAGATGTATCAGACCGAGT

'CCAGGCCATCAATGCT

"CACCAGCAGATCATCCTGGACAAGEET

AGCCTGAACCATCAAT

GGCCATCGATGAGCTGA!

e

CGAGACCCTGAGGCAGAAGCCACCA

SCAGAGGCAGAT

TACAGGGTCAACGATCAAGCTETGCATCCTGCTGCACGCCTT

ALAASASGMWEL

fal
(&

DVYVVEVDWTPRL

SSSPDSRAVICGMASL

SAEBKVTLDGRDYEKYS

E

RLALEARQOUNKYEN

SEEFIRDIIKE

KNLOMKPLKNSQVEVS

WEYPDSWSTEFHSYESL

EEGCNQKGAE

TEVOCKGGNVIVQAQD

RYYNSSCSKWA!

SENLLETTDDMVKT.

AT
EXLKHYSCTAEDIDRE

ELHENESCLATRETSS

TTRGSCLPPQK

TLCLGSIYEDL

EFQAINAALONHNHQQ

T ILDKGMLVAIDELMO

VG

SLNHNGETLRG

EADPYRVEMRLCILLH
VIINRVMGYL

SSA (SEQ ID

NO:
865)

179
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ACCAGGGETGGETGACAATCAATCGCGTGATCGGECTA

i)

3CCISEQ ID NC: 847)

TCTGTCTAGT

GCAAGCTCCGCCACCC

CAGTCTGGACCA

GGAAGCGCCCCAGGAAGCCITGCAG

ACATCCGA

;T CTGCCACCCCTGAGAGCC

ararel

GAGCCAGCCACAAGCG

\GCGGACCTGCCACCTCTEA

GAGTCCGGACCTGGCACCTCTACAGAG

CCECCCCAGGCACAAGCGAGTCCGCCACCCTH

sATCCCCAACCTCTACAGAG

SACCA

sGATCC

CGATCCGAGACACCAGGCACCTCTGAGAGT

GCCACGCCTGAATCCGGACCAGGAAGCCCAGCAGGAAGCCCCAC

TCCACAGAGGAGGGATCCCCTGCAGGATCTCCARCCAGCACAGAG
GAGGGCACCAGCACAGAGCCTTCCGAGGGCTOTGCCCCAGGTACA

o~

TCCEAATCTGCCACTCCTGAGTCTGGACCTEGGCACAAGCGAATCT

CACCCCCGAAAGCGCACCAGGCACATL

M
ATCTGA

AAGCGGCA

CCAGCAGGCTCCCCCACCTCCACCGAAGAAGGCA

GCCACTCCAGAGAGCATGTGEGAGCTGGAGA,

\

NN

GTGGAGETGGACT ACCCGATGCCCOTEE

AGACACGGCGT G

VTCGGCTCTGGCAAGS

ACCCETGRAAGGAGTTCCTGEATGCCGGCCAGTACA

GGCGGECGAGACCCTGTCTCACAGCCACCTGCTGEC

GAGAACGGCATCTGGTCCA

AAGACCTTTCTGAAGTGCGA!

~ g~

GGCATCCCTC CCC

'GTCCTGCCAL

CCTACCGCCGAGGAGACC
CAGAACAAGTAC

GAGA

CGCG

WGAGCGCCACC

GCGAGACCCCTGGA

TGGCACCAGCACCGAACCATC

ACAGGACCTGGCAC

GGACGTGTA

SCGAGAC

'CAGGAGGACGATATCACCT

CAGAGATCCTGAAGAACT TCAAL
AGGCCCCCAATTATAGCG

CCTGGCTGETGCAGCGCAACATGGACCTGAAGTTTA

GAGCACGTGACAT!

ACATCATCAAGCCAGATCCCCCTAAGAACCTGCAGATG

A

AGCCAGCCACATCCGGCTCTGAGACT

¥ etel
AL

ACCAGCACAGAG

COTCTGGCAGTGAAACT

GCAGGCCGGTCCGCT

CAGCGAATCC

J

0
I}
I}
=
Il
Q
ﬁ
+3
(@]

CATGTCACAAG

CTGCACAAGAAG

~7

GCAGGTTC

m
AAT

TCAAGTCTAGCTCCTCTAGCCCTGATAGCAGEGCAGTGACATES

I'GGACCAGAGA

it

CTGCCAATCGAGCTGGCCCTGGAGECC

AT TATTCTACCAGCTTCTTTATC

ARG

ASSATPESGPGTSTEPR

SEGSAFGTSESATRES

sGPATSE

ETPGTS

CSATPRES
GPGTSTEPSEGSAPGS

PAGSETSTEEGTSESA

TPESGPGSE

TPGTSESATPESGPGS

ATSGSETEGS

GSETRET

SESATPEAGRSANHTP

AGLTGPGTSESATEES

MWELE

DVYVVEVDWT

DAPGETVNLTCDTERERE

EDDITWITSDQRH

OYTCHKGGETLSHSHL

LLBRKENGIWSTELILK

CEWLVQRNMD

SPDSRAVT

SLEAEKVTLDOR

DYERYSVSCQEDVTCE

L RD

¥

ot

IKPDPPENLOMKPLKN

SQVEVSH

VEYFDSWSTR

HSYFSLKEFEVRIQRKK

iriz

180
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EEL

'GCAGGTGAGCTGGEG

PCTACCCOOCACAGCTATT

AGAAGHA

CCAGCGCL

ALGAAL

TGCAACCAGAAGG CTGG

GTGCAGTGCAAGGCGAGGAAACGTGTGCGTGCAGS

TACTATAATTCCTCTTGTAGCAL

CCTGAAT

AC

TCCGGECA

ACCCCT 2

AGCGCTAAL

AGAGAGCG TGGATCCCCAG TCTCCAACAAGC | SESATPESGE
ACCGAAGAAGGATCTCCAGCAGGATCCCCAACATCTACCGAGGAG | SEGSAPGTSESATPES
GGCTCCCCAGCAGGAAGCCCTACATCCACCGAGGAGGGCACAAGT | GFGIEPATSGSETEGT
CAGTCCGCCAC FCCGGACCAGGTACATCTAC SESATPESG

o~

GGAAGCGCCCCTGGCACAT

AGCGGACCAGGAACG

SCCAGCCACCTCCGEAL

GGCACCAGCGAGTCCGCCACACCTGAGTCTGGGT

CCAGCCACCTCTGGAAGT GAAACCCCCGGCACOT

\CCAGGCACATCCACCGAGT

ACGCCTGAGAGC

TCTGECCCCTGECAGCCCTGLCGGECTCCCCTACA

AL
AC
me

GCGAGTCCGCCACICCTGAAAGCGEAL

-

G
CCTGCCALC GACCCCTGGCACZCT

CCTCTGGAAGTGA!

ACCCCCGAATCTGGCCCTGGECTCCCCAGCAGGCT

ACCGAGGAGGGATCCCCAGCAGGATCCCUTACAT

Nelslole

[EloIoe;

GAG

\TCC

GCACCGAACCTAGC

GAGTCCCCCACACE ANTCTGGCCCCGECACATC

AGGCACA

GAACCTGCCACAAGCGGGA

Ll

GGCAGCGAGCCAGCCACH GGATCCCAAACTC

OAG

CCCCTACAAGT,

sGTCTGCCCCTGGECACATCTACCGAGE

ACCA e
AGCGAGGG

TCCECCCCAGGAAGCGAGCUTGCCACCTCCEELT

CAGCGAGTC

OO

CGCCGEAGCCTCCT

CACTGAACCTTCCGAA

AGAGCGCCAC

GGCACCTCCGAGTCTGCCACZTC

CCTGAGTCCGGECCCTGEEEAGCGAACCCGTTACCT

AGGCACCTCCGAATCTGCCA

ACTGAACCTAGCGAAGGGTCTGC

AGAAGGCA

A ,\AAALAA a3 \u

CAGAA

AGCCCCACATCCA

GAAGT

ACCGA!

AGTGGGCATGCGTGCCA

AGCGCCACTCCTGAA

[CCGAGTCTGCC
A\

TCCCCATCTGCCACCC
AGCACCGAGCC

CCGCCACTCCTGAATCC

1c
CCGGCACCAGCGAATC
&}

CCTCTGGEAAGCGAA

PGGGAGCCOT

GAGTACCCAGAT | ERMKETEEGCNQKGAY

TCT LVEKTS

TEVQCKGGENV

CA

\CAGGACCA RGSFAGSFTSTEE

SGESETPGTSESAT

DT
GPETS

TEPSES

~

CIGGCTCTGAG | PAG

CCGAGTCTGCC | TPESGPGSEFATSGSE

CTAGCGA

GUSESATPESGRPGS

CCACTGAGGAG

CTGGATCCGAA

CTCCCACAAGT | SESATFRSGEGTSESA

CTAC

TPESGPGSE

CTGGCACAAG PGSEPATSGSETPGES

PAGSPTSTEEL

CTGARAG

CTGAG | SEGSAPGTSTEPSEGS

GCGAGACTCC GSEFATSGSETPGT

3

CAGGCTCCCCA

[elele

CCTCCGAS

CTGAGACACCT

'GGCCCAG

SGPGSPAGSPTISTERG

SPAGSPTSTERGTSTE

GAATCCG
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XFP No. DNA Sequence

Protein Sequemc

CCGGACCTGGATCCGAG

CACCTC

TGCCAC

e
L

sCCGGAT CACAAGCACA

AGAAGAGGGCA

CACAAGCGAGT!

GCGCCACACC
GAGTCT CACGCCAGAGT

& GCGGCTC WGACTCCT
TCCCAGACTCC \AGCCCAGCAG
GAGGAGGGCACATCCACCGAGCCCAGCGA

ACATCCACAGAACCTTCCGAAGGATCCET
GCCACTTCCGG AACCCCAGGCAL
AGGCAGGCCGGAGCGCTAACC,

T

AGAACGAGAL CTGGCCALC

T

\GAGGCAGCTGCCTGCCACCCC!

CAGACCGAGTTCCA

ACCAGCA

AGATCATCCTC

GAGCTGATGCA

Telelad!

AACCACAATG

CAGTGGGAGA

CTGEGEA
[N RCICT,

ACCTGGAGAGGCAGGCAG

AGCGGCAGCGAAACTCH

GAGCCAGCCACC,

TGAGTC GCCAGGAT

Lt

3T

CCCGCCGGCAG

GAAL

\AGGCACAAGCACTGAAC

CTGCCACTCCTGA

CTGAAAGTGGACT

g
\AAGCGG

CCCTGGAAL AACCTGCCAC

TR RO B

CTGAACCA

Iorey.

\GCAGGATCTCCCACAAGCACT GAAGH

AATCTGEE

CCCGCCACCTCTGGCTCCGAA

GGGA

CAAGCACTGAGCCCTCC

GCCACGCCGGAA

GG

AGG

T

cCC

()

CACCCCCG

AGAAG

Fies

GCGA!

GGCCGATCCCTACAGAGTGAAGATGAA

(9%,

Ch

AGGCACATCTGCCAGCG

CA

INelele

CACCCACAAGCA

GATCTGCCCC

CAGCGAATC

GG

SOGOCE

alered
Cilia

SAAACT

SGCACAAGCAC

AAC

cC

GCCTGCCACAT

e
ENE

co
(E

GGCTCCGAACCT

CTGGACT

AGCGCCACCCCAGA TAGA
AGGTGCCTGTCCCAGTICTAGAAATCTG
CTGAAGACCACAGACGATATGGETGAAGACAGCCAGGGAGAAGCTG
AAGCACTACAGCT CCGCCGAGGACATCGATCACGA
sCGATCAGACATCCACCCTGAAGACCTGCCTGCCCTTEGEAG

AGACCTCTAGC
de

ACATCCCTGATG

GTAT

TGGCCATCGAT

~ gy e
LA

CACCCTGA

~
¢

CTGTGCATCCTGCTGCACGCCTTTAGCACAAGGGTGGTGACCATC
SATGGEGCTATCTGTCCTCTGCCGEAACAGCAACCCCT

ATCACACCCCA

GCCGGGEUTGACCGGCCCAGCAACCCCTGAGTCCGGCCCAGGETCT

AGGCACCTCTGAGAGC

WGGATCTCCT

GCTCCGAGACT

COGGAAGDS

Al

SGFPG
TSRS

4 Hn

TSGES

PG

TSTE

QW
PSEG

DHED

LMMT

YO

I

HOOI TLDKGMLVALDE
LMOSLNHNGE

T
€

SPAGSPTSTEEGSPAG
SETSTEEGTSTERSEG
SAPGTSESATRPESGPG
TSESATPESG

s SAFGSEPATSGS

QT
Lo

TSE

ATE

ESGE

'U

ATPE

EG

SPAGSPTSTE!

PSE

1Y 5

TAEDI

()

ITRDQTS

LCLGSIYEDLKM

BFQATNAALONHN

St
PATSGS

[SESATPESC

PATSGS

SGPGSER
GSEPATSGSET

D
X

[

e
&

MG RO R o

SEFTSTEE

e

PRQEG
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XFP No. DNA Sequence

Protein Sequence

Pomain

TAGCGAAGGATCTGCCCCCGGCACAL

(@]
@]
b

GCACCTCCGAL

GAGE

GAAGCGAGACT

SCCTGA

(SEQ
{(SEQ

Example 11: In Vivo Effects of IL12-XPAC-4X Test Compound on Mouse Maodel
{3347] Touxicity of HL-12-XPAC-4X was monitored in C27/Blk6 mouse model bearing MC38 tumors. This

murine model was used to compare the toxicity effects of the test compound with muell 12, The test article

was admimstered every 3 days in non~tumor bearing mice (D03, D13, D16, and DI9). No significant toxieity

{as measured by body weight loss) was seen in this model at the doses admimstered. These data are shown in

Fig. 15B, which shows that in these non-tumor bearing mice, there was no sign of toxicity in the nuce treated

with XPAC as measured by changes inbody weight. In the mice treated with IL12, however, there was a dose-

dependent toxicity as evidenced by a percentage loss of body weight.

{63348] The following Table shows the in vivo study design for testing riL-12 and 1L-12 XPAC ctficacy:

Group Mo, Group Bose Freguency | Dadly Molar | Molar Dose | No. of Mice
Tdentity Pose over 4 Days
t Control Dnluent Every 4 0 s 8
day

2 mutl-12 30ug Daily 5i6pmol 2064pmol 5

3 mufl-12 S0ug Daily 860pmol 3440pmot 5

4 mul-12 50ug Every 4 860pmol 3s0pmol 5
Days

5 IL-12- 300ug Every 4 1720pmal 1720pmol 5
XPAC Days

) IL-12- 450ug Every 4 2580pmol 2580pmol 5
XPAC Days

{0349] Figuwre 14 shows the tumor regrossion data generated from the above-outlined study. There was a

significant decrease in tumor volume in the mice treated with IL-12 XPAC {Groups 5 and 6) as compared to

mice in the Conirol group (Group 1), Comparatively, there was little o no tumor regression in mice treated

with r1l-12 (Groups 2, 3, and 4). Figure 15A shows the toxicity/body weight data for the aforementioned

groups and showed there were no changes in body weight as a result of admunistration of the fest atticle.
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Example 12: Xtenylated IL12 constructs comprising a tumor targeting domain.

{6356] Figwe 13 shows an additional excmplary embodiment of the present disclosure in which an XPAC
further comprises a tumor targeting domain.  While this figure shows the fumor targeting domain on one chaim,
it should be understood that the tumor targeting domain may be present on more than ovne chain and may be
present on one of the other XTEN chamms. The position of the tumor targeting domain should be such that it
docs pot interfere with the masking of the eytokine and also such that it 1s able to recognize the antigen against
which the tumor targeting domain is targeted.

{#353] The tumor targeting domain may in exemplary embodiments also be Xtenvlated. Ideally, the tomor
targeting doman is one that is expressed on tumor cells but is absent in healthy tissue. For example, in fumors
and in chronic inflammatory conditions, tissuc remodeling and neovascularization processes expose antigens,
which arc otherwise virtually undetectable i healthy organs. One example is represented by sphice varianis
of fibronectin, a glycoprotein a glycoprotein of the extracellnlar matrix (ECM). The extra-domains A and B
(EDA and EDB;) of {ibronectin are sirongly expressed in tumors, at sites of tissue remodeling and during fetal
development, but are otherwise not found n normal tissues, exception made for the female reproductive system.
Similarly, splice varianis of tenascin-C are specifically found in tissues and tomors undergoing neo-
angiogenesis, in a process which is regulated by intracellular pH. Therefore, EDA) EDB and splice variants of
tenascin-C represent suitable targets for the delivery of bicactive payloads like eytokines.

In oncological malignancies molecular targets may mclude fibroblast activation protein (FAP), cellular
aotigens {e.g., CEA and PSMA) or proteins, which become accessible in necrotic lesions, such as bistones.
Antibodies which have been extensively characterized in the context of cytokine fusions include F3B (targeting
EDA-fibronectin; See US Publication 20210163579 for exemplary EDA targeting antibodies), L19 {targeting
EDB-fibronectin, US Publication 20200397915), F16 (targeting the Al domain of tenascin-C), scFv36
{(targeting FAP), hui14.18 (targeting the GD2 ganglioside), chCLL-| (targeting CD20) and anti-HER2/neu.
{6352] Suuply by way of example, those of skill in the art are referred to US Publication 202003979135 which
provides a detailed description of IL-12 constructs designed io target fibronectin EDB.  US Publication
20210163579 shows excrmplary constructs that target ED-A of fibronectin. The ED-A of fibroneciin has been
shown to be a marker of tumor angiogenesis, and the T8 antibody has been used for tumor targeting alone
(WQO2008/12001, WO2009/0136619, WO2011/015333) or fused to TNF or IL2 or both (Villa et al. (2008) Int.
J. Cancer 122, 2405-2413; Heromerle et al. (2013) Br. 1. Cancer 109, 1206-1213; Frey ¢t al. (2008} J. Urol.
184, 2540-2548, WQO2010/78945, WO2008/120101, WO2016/180715), to 114 (WQ2014/173570), or to FL12
(WQO2013/014149).

{8383] A particalarly preferred tumor targeting domain for use in the XPACs of the invention is the L19
antibody or functional variants thereof described in US Publication 20200397915, The following Table 23
shows the sequences of the variable heavy and lght chains of L19 as well as the CDR sequences from those

chains.
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TABLE 23: Exemplary L19 Antibody Sequences for Use as Tumor Binding Bomain in XPACs

LIOVH EVQOLLESGGGLVOPGGELRLSCAASGFTFSSFSMEWVRCAPGKGLEWVES
ISGSSGTTYYADSVRGRETISRDNSKNTLY LOMNSLRAEDTAVY YCAKEF
PY FDYWGQE (SEQ ID NO: 159)

LI9VL EIVLTCSPGTLSLSPGERATLSCRASOSVSSSFLAWY QORKPGQAPRLLIY
YASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCOOTGRIPRTEG
QGTKVEIK {(SEQC ID NO: 160)

L19 CDRI VH

SEFSMS  (SEQ

{SEQC ID NO: lel)

L9 CDR2 VH

SISGISGTTY

YYADSVEG

LIS CDR3 VH PEP ISEQ ID NO: 163}

LIS CDR1 VL BASQSVSSSFLA (SEQ ID NO: 164)
LIS CDR2 VL YASSRAT (SEQ ID NO: 165

LI9 CDR3 VL QQTGRIPPT (SEQ ID NO: 166)

{8354] While preferred embodiments of the present invention have been shown and described herein, it will

be obvious to those skilled in the art that such embodiments are provided by way of example only. It is not

intended that the mvention be linuted by the specific examples provided within the specification. While the

wvention has been described with reference to the aforementioned specification, the descriptions and

iHustrations of the embodiments herein are not meant to be construed in a imiting sense. Numerous variations,

changes, and substitutions will now occur fo those skilled 1n the art without departing from the invention.

Furthermore, it shall be understood that all aspects of the tnvention are not limited to the specific depictions,

configurations o refative proportions set forth herein which depend upon a variety of conditions and variables.

1t should be understood that various alternatives to the embodiments of the invention described hercin may be

employed in practicing the invention. It is therefore contemplated that the invention shall also cover any such

alternatives, modifications, vanations or equivalents. Tt 13 intended that the following claims define the scope

of the invention and that methods and structures within the scope of these claims and thetr cquivalents be

covered thereby .
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CLAIMS
WHAT IS CLAIMED IS;
1. A fusion protein comprising:
{a) an extended recombinant polypeptide (XTEN) characterized in that:
L. it comprises at least 12 amino acids;
i at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% of the

amino acid residues of the XTEN sequence are selected from glveine (G), alanine
{A), sering (5), threomine (T, ghitamate (£} and proline (P); and
1, 1t has 4-6 different amino acids selected from G, A, S, T, E and P; and

(b} a cytokine Hnked to at least one XTEN.

2. The tusion protein of claim 1, wherein said fusion proten comprises 1, 2, 3, 4 or more XTENs,
3. The fuston protein of claim 1 wherein said fusion protein further comprises a tumor targeting
domain.

4. The fusion protein of claim 1, further comprising a release segment, wherein the release segment

(RS) has at icast 88%, at least 94%, or 100% sequence identity to a sequence selected from the sequences set

forth in Tables 6-7.

5. The fusion protein of claim 3, wherein said tumor targeting domain is linked one of the XTENS that

are linked to the cytokine.

6. The fusion protein of claim 5, wherein the C-terminus of the tamor targeting domain is linked to a
further XTEN,
7. The fusion protein of claim 6, further comprising a release site between the C-terminus of the tumor

targeting domain and the N-ferminus of said further XTEN.

8. The fuston protem of claim 4, wherein the fusion protein has a structural arrangement, from N-to C-

terminus of XTEN-RS-cytokine or cytokine-RS-XTEN.
9. The fusion protein of any one of claims 1-8, wherein the cytokine s selected from a group consisting

of interlenkins, chemokines, mterferons, tumor necrosis factors, colony-stumulating factors, or TGF-Beta

superfamily members.
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10. The fusion protein of claim 9, wherein the cytokine s an interdeukin sclected from the group
consisting of TL1, 1L2 TL3, 104, 115, 116, 1L7, 1L8, 1LO ILI0, TL11, IL12, TL13, 1014, IL15, 1116, and
L17.

1L The fusion protein of claim 9, wherein the cytokine has at least 90% sequence identity to a sequence

selected from Table 3 or Table AL

12. The fuston protein of claim 9, wherein the cytokine 1s IL~12 or an 1L-12 variant.

o

3 The fusion protemn of claim 12, wherein the cytokine comprises a first cytokine fragment {Cv 1) and a

second cyvtokine fragment (Cv2).

14. The fuston protein of claim 13, wheremn one of the Cy1 and the Cy2 comprises an amino acid
sequence having at least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 9%, or

1060% sequence identity to an mierleukin-12 subunit beta.

15, The fusion protein of claim 14, wherein the other one of the Cv1 and the Cy2 comprises an anmino
2 o o
acid sequence having at least 70%, 75%, 80%, 83%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 9&%,

99%, or 100% sequence identity to an interlenkin-12 subuntt alpba.

16, The fusion protein of claim 13, wherein the first cytokine fragment (Cy ) comprises an aming acid
sequence having at least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%0, 9%, or
100% sequence 1dentity to a sequence of SEQ ID NG. S,

17. The fuston protein of claim 13, wherein the second eytokine fragment {Cy2) comprises an aguno
acid sequence having at least 70%, 75%, 80%, 83%, 50%, 91%, 92%. 93%. 94%, 93%, 96%, 97%, 9&%,

99%, or 100% sequence identity to a sequence of SE ID NG, 6.

18, The fusion protein of any one of claims 13-17, wherein the cytokine comprises a linker posttioned

between the first cvtokine fragment (Cy 1) and the second cvtokine fragment (Cyv2).

19. The fusion protein of claim 18 wherein said fusion protein comprises a Cy1 fragment that comprises

a XTEN at the N terounus and an XTEN at the C-termunus.
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20, The fusion protein of claim 18 wherein sawd fusion protein comprises a Cy?2 fragment that comprises
a XTEN at the N terminus and an XTEN at the C-terminus.

21, The fuston protein of claim 18, wherein the cvickine is an IL-12 variant comprising an amino acid
sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% scquence
wlentity to SEQ ID NO. 7.

22, The fuston protein of any one of claims 1-21, wherein the XTEN sequence consists of multiple non-
overlapping sequence motifs, wherein the sequence motifs are selected from the sequence motifs of Tables

Za-2b.

23. The fusion protein of any one of claims 1-22, wherein the XTEN has from 40 to 3000 amino acids,

or from 100 to 3000 anuno acids.

24. The fusion protein of any one of claims 1-23, wherein the XTEN has at least 90%, at least 91%, at
least 92%. at least 93%. at least 94%. at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%,

or 100% sequence identity o a sequence set forth in Tables Za-2b.

23, The fusion protein of any one of claims 1-24, wherein a binding activity of the evtokine, when linked
to the XTEN in the fusion protein, to a corresponding cytokine receptor is characterized by a half maximal
cffective concentration (ECs) at least 1.2 fold greater, at least 1.4 fold greater, at least 1.6 fold greater, at
fcast 1.8 fold greater, at least 2.0 fold greater, at loast 3.0 fold greater, at least 4.0 fold greater, at least 5.0
fold greater, at least 6.0 fold greater, at least 7.0 fold greater, at least 8.0 fold greater, at least 9.0 fold greater,
or at least 10.0 fold greater than an ECso characterizing a corresponding binding activity of the cytokine

when not linked to the XTEN as determined 1w an iz vifro binding assay.

26. The fusion protem of claim 25, wherein said cytokine is interleokin 12 (I1L-12) and said

corresponding cytokine receptor ts an interleukin 12 receptor (IL-12R}).

27. The fusion protein of claim 25 or claim 26, wherein the #» virro bmding assay utilizes a genetically
engineered reporter gene cell line configured to respond to binding of the cytokine to the corresponding
cytokine receptor with a proportional expression of a reporter protein,

28, A pharmaceutical compasition, conprising the fusion protein of sy one of the claims 1-27 and at

least one pharmaceutically acceptable carrier.
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29, Use of a composition of clamm 28 in the preparation of a medicament for treating a discase or
condition in a subject in need thereof.

340, The use of claim 29, wherein the disease or condition 18 selected from cancer, rheumatoid arthritis,
multiple sclerosis, myasthenia gravis, systenuc lupus erythematosus, Alzheimer’s disecase, Schizophrenia,
viral infections, allergic asthima, retinal neurodegenerative processes, metabolic disorder, insulin resistance,

and diabetic cardionwopathy.

3L A method of treating or preventing a disease or condition in a subject, the method comprising
adnunistermg to a subject a therapeutically effective amount of the fusion protein of any one of claims 1-27

or the composition of claim 28.

32. The method of claim 31, wherein the disease or condition is a cancer or a cancer-related disease or
condition.
33 The method of claim 31 or claim 32, further comprising administering to the subject a

therapeutically effective amount of at least one imumune checkpoint inhibitor.

34, The method of any one of claims 31-33, wherein the fusion protein s delivered intravenously,

subcutancously, or orally.
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