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This application is a Continuation-In-Part
of United States Application Serial No. 08/048,164,
filed April 14, 1993.:

1. INTRODUCTION

7The'present invention relates to a cellulose
binding domain (CBD) that binds to water-insoluble
forms of cellulose and chitin, including crystalline
forms, with a remarkably high affinity and in a
reversible manner. The CBD of the present invention,
which has been isolated and which is substantially
free of other proteins with which the CBD is naturally
associated, finds use, for example, in the bio-
immobilization of a wide variety of substances,
especially biologically active molecules, to
cellulose. Fusion products comprising the CBD and a
second protein of interest are also disclosed,
including applications in methods for their
preparation. Such fusion proteins enjoy a wide range
of useful applications, including applications in
separation, purification and diagnostic methods.

;;g 2. BACKGROUND OF THE INVENTION

2 . ;mmob;lzzatxon of Proteins
: y Immoblllzatlon of chemical substances,
including’blologlcally aCtlve protelns,-;s of great
1mportance to 1ndustry., Various:methods.of
1mmoblllzatlon have been developed in recent years.
However, most, of these methods requlre chenical
modification "of a solid matrlx. Typlcally, these
modifications’'require the covalent attachment of a
ligand to the matrix resulting, in many cases, in loss
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filed April 14, 1993. 1. I NTRODUCTI ON 10

The present |nvent|0nsrehates to a gell yl ose bi ndi ng donmain (CBD) that

bi nds” t o wat ®wz4isssol dbl e * forns of cellulose and chitin, %5%4?91

crystalline forns, with a remarkably high affinity and In

rever, bl e manner. The CBD of the present2i nvention, 15 which has been

i sol ated and which is substantially free of other proteins with which

the CBD is naturally associ ated, finds use, for exanple, in the bio-

i mobi | i zation of a w de varlg#§ f. _sulst ances, espeC|aIIy bi ol ogical |y
S

active nol ecul ®5,2¢b1¥8TYcef igapgspsnvelddde: $heodiGlisiePn RE CBD and
a second pt@&Ecnoﬁﬁahﬂteceﬁnoandsathatdm&ehoﬁedremovdd“ﬁéﬁbﬁ&)

aPPL At LOnS Shgeeedsy! 8ho! BE Lagg, o RASEW orotthd SSIORBELE S,
s A typlcal example of a widely used product is Protein
A-Sepharose. This highly expensive product is used

for the purification of IgG by affinity
chromatography, as well as for many diagnostic

_ protocols.

10 The use of chimeric proteins, i.e., those
that contain a functional domain (catalytic or
otherwise) together with a binding domain, is
relatively new but has already proven to be very
useful, especially in protein pufification methods.

35 For example, the glutathione S-transferase gene fusion
system is designed to express a gene of interest fused
to the C-terminal of glutathione S-transferase. The
recombinant protein is purified by affinity
chromatography using glutathione-Sepharose column.

20 Another example of a chimeric protein having
a functional domain and a binding domain is the
Protein~A gene fusion vector which has been designed
to permit & high level of expression of fusion
proteins in both E. coli and Staphylococcus aureus

25 cells. B. Nilsson, et al. (1985) EMBO J. 4(4):1075-
1080. The IgG binding domain of Protein A provides a
rapid purification method of the fusion protein using
IgG-Sepharose columns. Similar systems have been
developed based on beta-galactosidase fusion proteins

30 Ppurified on IPTG-Sepharose or metal chelate
chromatography or histidine hexamer fusion proteins
using Ni-resin columns. 2All these methods use
expensive matrices such as Sepharose, acrylic beads,
or glass beads that require costly chemical

35 modifications and in many cases, the use of highly
toxié compounds. Cellulose, on the other hand, has
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25 separation, purification and diagnostic nethods. 2.
BACKGROUND_OF THE_| NVENTI &N : - » 2.1. Inmmobilization of Proteins
| mobi | i zal W% hehi cal® substances, 30 i ncl udi ng bi ol ogiPEATYSI4/B4382 ve
proteins, is of great | nportance tod Rdustry. Various nethods of

| mobiFky zati on have been devel oped in recent years. However, nost of

t hese Q%thods require chem cal nodi fication of a solid matri x.
Typically, these 35 nodifications require the coval ent attachnent of a

ligand to the ngkébX1eAgUbhiyBdcallN pFoperddiseds and) 19Sthexpensive, thus
providing an attractive solid matrix for protein
immobilization.

" 2.2. Cellulose
Cellulose has been very useful for

immobilization of endo~-beta-glucosidase, an enzyme
that is used for wine and fruit juice treatments

10 (Shoseyov et al. J. Agric. Food Chem. 38:1387-1390
{1990].). However, immobilization requires the
chemical modification of the cellulose and results in
a fluffy compressible material that is not suitable
for applications involving packed colunmns.

1% A cellulose substrate, to which a ligand
could be bound without resort to chemical modification

 (e.g., "bioimmobilized"), would possess the advantage

that the resulting solid matrix is natural and non-
toxic (having required no “dirty chenmical

20 modifications"). It would be further advantageous if
the resulting solid matrix retained its physical
properties, as well as its relatively low price. At
present, cellulose prices are 100-500 fold lower than
those of glutathione-Sepharose and IPTG~Sepharose,

2s making cellulose an attractive, inexpensive matrix
that can be used safely in food and pharmaceutical
industries. Recently, Greenwood et. al. (EFEBS Lett.
224(3): 127-131 [1989).) fused the cellulose binding
region of Cellulomonas fimi endoglucanase to the

30 enzyme alkaline phosphatase. The recombinant fusion
protein retained both its phosphatase activity and the
ability to bind to cellulose. See, also U.S. Patent
Ne. 5,137,819 granted to Kilburn et al., incorporated
by reference herein.

35 ' Unfortunately, the Cellulomonas fimi
cellulose binding region exhibits a relatively low
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- 2- of activity of the ligand as well as the inclusion of toxic

organJc conpounds that myst be renoyed hefore the matrix can be used in

nedi ¢i ne dVOf%OdlSproéessmg S5 A typical exanple of a w delpcressdnriraduct

is Protein A- Sepharose. This highly expensive product is used for the
purifsgcation of 1gG by affinity chronatﬁgraphy, as well as for many

di agnostic protocols. 10 The use of chineric proteins, i.e.

t hose :

affinity to cellulose. For instance, more than 30% of
the fusion protein is washed off by 50 mﬁ Tris-HCl1l (pH
7.5) in 0.5 M NaCl. A second disadvantage of the C.

s fimi cellulose binding region is that the cellulose
fibers are disrupted upon binding to the C. fimi
binding region (Din et al., Bio/Technology 9:1096-1098
{1991)). Therefore, even though the C. fimi cellulose
binding region may not exhibit direct cellulase

30 activity, this disruption of the fibers of the
cellulose substrate, which is tantamount to a physical
change in the morphology of the solid matrix, is
equally preblematic and undesirable. (see, further,
the discussion in Section 7.3, below.)

is

2.3. Cellulase
Many cellulases and other hydrolytic
enzymes, such as chitinases, have high affinities for
their substrates (Shoseyov, et al., PNAS USA 87:2192-

20 2195 {1990]; Cabib, Methods Enzymol. 161, pp. 460-462
[1988]). It has previously been shown that strong
binding between crystalliné cellulose and the
cellulase is directly related to that cellulase's
ability to degrade crystalline cellulose (Klyosov,

25 Biochemistry 29:10577-10585 [1990]), whereas strong

. binding is not necessary for that cellulase's ability
to degrade amorphous cellulose.
Shoseyov, et al., (PNAS USA 87:2192-2195
{1990]) report purification of the cellulase "complex™
3p from Clostridium cellulovorans. This cellulase
“complex" exhibits cellulase activity against
crystalline cellulose, as well as
carboxymethylcellulose, and is a large protein complex
consisting of several different polypeptides. It has

35 been found that a large {ca. 200 kD) major cellulose

binding protein (CbpA), with no apparent enzyme
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that contain a functional domain (catalytic or ot herw se) together with
a binging QP is~ relatively gew but has already proven to be very
useful, especl f‘? irf protein purification methods. 15 For eRahysgdo4nn:
gl utathi one S-transferase gene fusion . §ystemis designed to express a

gene of interest fused to the c-termnal of glutathione S-transferase.
The . reconbi nant protein is purified by affinity chr omat ogr aphy
usi ng gl ut at hi one- Sepharose colum. 20 Anot her exanple of a
chimeric pr oteian:ttwim, mus€ uﬂaicmpatedamrxntﬁadcatlau@@ﬂlrw ddpid) i s the
Protei n-A gene fusio tor s _been desi g ermt a high

| evel of expresdt SFEF g;oﬁhe cab?@Y&%ﬁsePﬁYBstﬁ°Eb§§ﬁ¥d &P

Staphylococcuscnysnslrﬁneceblkuloﬁe.hhHeweneretnalsu@hg&arﬂﬂuigatlon
4(4):1075- a opRLN+ Ak %ggﬁ
rapi d purlflcatlon rnc:t.':ﬁrg%A ?Q ﬁé gﬁ%iggg gragt glﬁn Es?kﬁla%lé q% E arose
cel ums. Sinm | £ ARPEPRORE/Gepiupose. FhOSRYHNd B&séd°on(
bet a- gal act osi ¢gse3 {85+ 948Pr p1962§) report the cloning and DNA
sequencing of the gene for CbpA, including a
description of four separate "putative" cellulose

jo binding domains within the Cbpa.

2.4, neai Shock Protein (HSP)

Heat shock proteins (HSP) are induced in

prokaryotic and Eukaryotic species under various

15 conditions of stress. The HSP's are grouped into
families of homologous proteins based on their
molecular masses.

The 60 kD HSP (hsp 60) family, which
retained a uniquely high level of sequence

20 ©Cconservation during evaluation is a focus of interest
as a potential antigen in autoimmune diseases. W. Van
Eden (1991) Immunol. Rewv. 1231:1; W. Van Eden, Thble R.
Van der Zee, A. Noordzij, J.D.A. Van Einbden, E.J. '
Hensen, and I.R. Cohen (1988) Nature 331:171; M.B.J.

25 Billingham S. Carney, R. Bulter, and M.J. Colston
(1990) J. Exp. Med. 171:339.

. There is experimental evidence that response
to hsp 60 is subject to regulatory T cell control. It
has been suggested that T cell reactivity is ‘directed,

30 2at least partly, against the mammalian endogencus HSP.
B. Herman et al. {1991) Eur. J. Immunol. 21:2139.

The genes coding for hsp 60 protein family
have been cloned and sequenced from a number of
different species including Mycobacterium

3s tuberculosis, Microbacterium leprae, Mycobacteérium
bovis BCG, E. colli, chinese hamster rat mouse and
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30 purified on I PTG Sepharose or netal chel ate chr omat ogr aphy or
hi stigdi ne hexaner fu;ion'proteins » using Ni-resin colums. Al these
net hods e 9and1s8expensi ve matrices such as Sepharose, acr \pdguéRad:
or glass beads that require costly chem cal 35 nodifications and in nmany

cases; the use of highly t oxi ¢ conpoénds. Cel lul ose, on the other
hand, has

human cells. V., Mera et al. (1986) Proc. Nat. Acad.
Sci. USA 83:7013; S. Jindal et al. (1989) Mol. Cell.
Biol. 9:2279; 0.J. Picketts et al. (198%9) J. Biol.

s Chem. 264:12001; T.M. Shinnick (1987) J. Bacterijol.

169:1080; T.M. Shinnick et al. (1988) Infect. Immun.
56:446; T.J. Venner and R.S. Gupta (1990) Nucl. Acids.
Res. 18:5309.

As described infra, according to the present

30 invention, the heat shock protein (HSP), portions
thereof, anti-HSP antibodies or portions thereof, can
be used in CBD~-fusion products.

Immune response to Mycobacterial and human
hsp 60 has been implicated in the development of

15 autoimmune diabetes in human and animal models.

Besides being an immunodominant antigen, the
hsp 60 family of proteins in various systems has been
shown to perform a "molecular chaperone" role in the
proper folding of newly synthesized polypeptide chains

20 and, in some cases, their assembly into oligomeric
protein complexes. S.M. Hemmingsen et al. Nature
333:330; R.J. Ellis (1990) Sem. Cell Biol. 1:1-9.

In a model system in mice for insulin
dependent diabetes mellitus (IDDM) - T lymphocytes

25 responding to the hsp 60 antigen are detectable at the
onset of insulitis and it is likely that these T
lymphocytes can also recognize the Beta cell hsp 65
cross reactive antigen. D. Elias et al. (1990) Proc.
Nat. Acad. Sci. USA 87:1576-1580.

30 Thus, there remains an unfulfilled need to
discover a cellulose binding protein that exhibits a
high but reversible affinity for cellulose,
particularly crystalline cellulose, but which
manifests neither cellulase activity nor an ability to

35 dis%upt the fibers of the crystalline cellulose
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- 3- excel-l ent physical properties and i.s inexpensive, thus

prOV|d|ng qn,g&iﬁgpLJve SO|Id matrigx for protein I mobi |

2.2.7Cel I ul ose *  Cellulose has been very useful féﬁﬁhﬂﬁmmusz

i rmobi |'i zati on of endo-bet a- gl ucosi dase, an?7enzyne that is used for w ne
and fruit juice treatnents 10 (Shoseyov et al. J. Agric. Food Chem
38:1387-1390 [ 1990].). However, immobilization requires the

chemi cal nodification of the cellulose and results in a fluffy

conpressi bl e naﬁ@hsﬂrﬁﬁﬁu(ieeﬂotd%%$t%§FeEXhlb#§ra&pbﬁﬂ&ﬂﬂhﬂﬁ?ﬂ#ﬁmﬂV|ng
packed colunns effect).

5 3. SUMMARY OF THE INVENTION
The inventors describe herein the
identification, molecular cloning and cellulose
binding characteristics of a novel cellulose binding
domain (CBD) protein. Also, disclosed is the

i0 construction of an expression system for the
production of a fusion product comprising the CBD and
a second protein of interest. '

The invention relates to the discovery that
the CBD is able to function independently of the other

35 proteins or polypeptides with which it is naturally
associated. Moreover, it has been discovered
unexpectedly that the CBD has a high affinity for
crystalline cellulose and chitin, having a K, ranging
from about 1.5pM to about 0.5uM, preferably ranging

20 from about 1.4uM to about 0.8uM. In particular, with
various samples of crystalline cellulose, the CBD
exhibits a K, of about 1.2uM or less. The CBD can be
further characterized in that it possesses virtually
nc cellulase activity and, guite surprisingly, the CBD

25 exhibits no morphology-altering characteristics (i.e.,
no amorphogenic effects). It has also been discovered
that CBD-fusion products comprising CBD and a second
protein retain the avid binding capacity of the CBD to
cellulose. ' )

30 The invention is also related to the
discovery that the CBD demonstrates absolute binding
to cellulose over a wide range of pH and under
different buffering conditions, that large quantities
of CBD bind to crystalline cellulose, and that

35 exposure to water fails to release CBD from cellulose.
In}stark contrast, the major CbpA protein, as well as
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15 A cel lul ose substrate, to which a Iigand coul d be bound -
mﬁthout resort to chem cal nodification. (e.g., "bioimobilized"), would
posséss WRPG#M8ntade * that the resulting soI i d matrix PGI/HSMMAEIZ and
non- - toxic (having required no "dirty chemical 20 nodifications"). It
woul d be further advantageous if the resulting solid matrix retained
its physical properties, as well as its relatively |low price. At
present, cellulose prices are 100-500 fold | ower than t hose of

gl ut at h one- Sepbapana R BRGSO Qoe. 245, KL Nrege 1yl 0se an

attractive, inexpensive matrix can be used safelg in food and

phar maceut i caflissociades firam Cf%lc’éﬂt‘?%ﬁ W KRR 210 HALREEBS Lett.
224(1): 127- 13&d£a&889]ex)pd‘sﬂﬁ@l ﬂ&eaaai&m}mga BNt igns, sucyias 6fM

econbi nan 1 guRpASIne I E h hdd"or, Mo PAITE Sfid aé’%"Z%??tv?fi and
t he abi | reguiveld e melasse the CBRLrom small\slosm erffhus,
5,137,819 gra&ﬁﬁdpEQt@ﬂﬂnfﬂhé%iéﬂs’aﬁdKEEﬁKWéﬁ‘ﬁhite independently

of the rest of the other proteins with which it is

naturally associated in its binding to cellulose.

10 Thus, the present invention provides an

isolated CBD protein capable of binding celluloée with

high affinity and which is substantially free of other

proteins with which it is naturally associated.

In one embodiment of the present invention,
15 @a CBD protein comprises the amino acid seqguence shown
in Figure 1. In another embodiment of the present
invention, the CBD proteir comprises an amino acid
sequence having at least 70% homology, preferably 80%
homology, to the amino acid sequence disclosed in
29 Figure 1. 1In another aspect of the present invention,
a nucleic acid is contemplated having at least 60%
homology, preferably 70-80% homology, to the nucleic
acid sequence depicted in Figure 1.
In yet another embodiment of the present
25 invention, the CBD protein has a high binding affinity
to cellulose. More preferably, the CBD of the present
invention has a K, of about 1.5u4M or less, most
preferably 1.0uM or less.'
In yet another embodiment, the present
30 invention provides a CBD fusion protein comprised of a
CBD protein capable of binding cellulose with high
affinity and a second protein wherein, when said CBD
protein is one which occurs in nature, said CBD
protein is substantially free of other proteins with
35 which it is naturally associated. 1In a particular '
embodiment of the present invention, the second
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by reference herein. 35 Unfortunately, the Cellul onbnas fim
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protein is Protein A. In another embodiment of the
present invention, the second protein is-an HSP
protein. 1In yet another embodiment of the present
invention, the second protein fused to the CBD may be
comprised of two or more polypeptide regions. For
example, the CBD may be fused to the variable light
chain {V_.) and the variable heavy chain (Vy) of an
antibody or functional portions thereof.
A further embodiment of the present

invention provides a method for the production of a
CBD or a CBD fusion product. An exemplary procedure,
which can be applied either to CBD alone or to a CBD
fusion product, but which is recited herein for a CBD
fusion product, may comprise the following steps:
providing nucleic acid encoding the CBD fusion product
wherein said CBD fusion product is comprised of a CBD
and a second protein, said CBD being capable of
binding celliulose or chitin with high affinity and
being substantially free of other proteins with which
it is naturally associated; transfecting a host cell
with the nucleic acid or using an equivalent means for
introducing the nucleic acid into the host cell; and
(2) culturing the transformed host cell under
conditions suitable for expression.of the CBD fusion
protein. 1In the above method, the second protein may
be further comprised of an N-terminal amino acid and a
Cc-terminal amino acid. Transfection of the host cell
can be effected in a number of ways well known to
those of ordinary skill in the art, including, but not
limited to, electroporation, injection, calcium
chloride precipitation and retroviral introduction.
Furthermore, the nucleic acid can be either integrated
with the genome of the host cell or not.

; ' In a further aspect of the present
invention, a method of the purification of a CBD
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affinity to cellulose. For instance, nore than 30% of t he fusion
protein is 3@Shed g;fﬁby S0 MM Tri s-HA  (-pH 7.5) in 0.5 MNaC . A second
di sadvant ag Badati 5 Tim cellulose bindi ng regi on i s t hPCTUYH4/04132

cel lul ose fibers are disrupted upon bindiypg_to the C. fim bi ndi ng
regiorr (Din et al., Bio/Technol ogy .9: 1096-1098 [ 1991] ). Therefore, even
though the C. fim cellul ose bi ndi ng region may not exhibit direct

cellul ose 10 activity, this disruption of the fibers of the cel | ul ose

substrate, “h'Chf&%iéﬁnﬁﬁﬁaﬁEttfb P@V§&Eé'comp£ﬂ§ﬂﬂ§ anEQ%tE%prQ|09y of
the solid matrix, Jjs uallgﬁ | emati ¢, and undesirabl e. see further,

t he dlscu55|on||W¥§§H§?WF9“EF gwp)rigombxnant CBD fusion produsts
Cel | ul ase with an l\bme@eiwl anesntndf ot8klullygeouyiee conddrArss,

T 2 oL S tEe O AL Pl EsLBor  un! PRLEITATE (33
Enzynol . 161, ppconﬁlexupomprzslng cellulose and the recombinant
fusion product; isolating the insoluble cellulose~CBD
fusion product bindihg complex from the mixtures; and
recovering the CBD fusion protein from the cellulose-
10 CBD fusion product binding complex.

In a particular embodiment of the present
invention, the method of purifying a CBD fusion
protein of the present invention further comprises
providing nucleic acid encoding a cleavage site

35 upstream of the N~-terminal amino acid of the second
protein of the CBD fusion product.

In another embodiment of the present
invention, the method for purifying a CBD fusion
protein further comprises providing nucleic acid |

20 encoding a cleavage site downstream of the C-terminal
anmino acid of the second protein of the CBD fusion
protein.

In yet another embodiment of the present
invention the method for purifying a CBD fusion

25 protein of the present invention further comprises
providing nucleic acid encoding a first cleavage site
upstream of the N-terminpal amino acid of the second
protein and a second cleavage site downstream of the
C-terminal amino acid of the second protein of the CBD

-3p fusion protein.

Similarly, CBD is purified by contacting a
mixture comprising CBD with an effective amount of
cellulose. Isolation of the resulting insoluble CBD-
cellulose binding complex feollowed by treatment of the

35 binding complex with a releasing reagent prov1des the
pﬁrlfied CBD.,
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[1988]). It has previously been shown that strong binding bet ween
crystall W,ﬁﬂlgyl ose and the cellulase is directly re !gé.ﬁg at
yosov%4§§

cellul ase's ablllty to degrade crystalline cellul ose (

Bi ochem stry 29:10577-10585 [1990]), wher2as-strong bi nding i s not
necessary for that cellulase's ability t o degrade anor phous cel |l ul ose.
Shoseyov, et al., (PNAS USA 87:2192-2195 [1990]) report purification
of the cellulose "conplex” 30 from dostridiumcellulovorans. This

cel l ul ose "conpl ex" Asetihsn @quful%eﬂaﬂ:tpmé&;qn‘ag'ahwsntion

crystal line C%kub@a‘as 2% WdiaA%ea nucXé{ QG IF! %M&&ihﬁ 85€pD and is a

| arge protein conple consistin sever er ent peptldes
has 35 been fBHR eﬂ-ﬁat“’h&clhar‘g% qapab g“ﬁ)o"ﬁ(mlﬁﬁ}%g %%11\&1956 with bi ndi ng

protel n (CbpA) hight Bffdndppaised wHiZeHEis substantially free of other
nucleic acid with which it is naturally associated.
An isoclated nucleic acid encoding a protein of the
present invention may be useful as a probe in
screening cDNA or genomic libraries for sequences

10 having homology to the cbd gene.

In further embodiments, the present
invention provides for a host cell comprised of
nucleic acid encoding a CBD of the present invention.

An additional aspect of the present

15 invention relates to a diagnostic kit for the’

L 4

detection of a substance of interest comprising: (a) a
CBD fusion product'comprising (i) a CBD éapable of
binding to cellulose with high affinity and
substantially free of other proteins with which it is

20 naturally associated, and (ii) a second protein
capable of binding a substance of interest; (b) a
detectable label; and (é) cellulose. 1In such a
diagnostic kit, the cellulose can be replaced by
chitin. 1In specific embodiments of the present

25 invention, the second protein of the CBD fusion
product can be Protein A, HSP protéin, HSP antibody,
HSP-related protein, peptide or antigenic portion
thereof. The term "peptide" is meant to include
molecules comprising 2-20 amino acids. The CBD fusion ..

30 bProduct of the disclosed diagnostic kit may further

. comprise a ligand affinity bound to the second
protein, such ligand capable of binding a substance of
interest. By "ligand®" is meant any molecule that is
able to bind a second molecule by any non-covalent

3s means. For example, a primary IgG can be affinity
bound to Protein A fused to CBD. The I1gG may then
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- 5- activity, nust participate with the catalytic enzyne i n order

for the catalytic enzyne to breakdown .crystalline cellul ose. However,
such partWags@sisn 5 by the CbpA is necessary for the enzyggi-mgwmn:

degradati on

of anorphous cel | ul ose. Shgseyov, et al., (PNAS U

89: 3483- 3487 [1992]) report the cloning

10

15

20

25

30

38

serve as a ligand for a particular protein, peptide or
hormone. ’

In another aspect of the present invention,
an immuncassay method of detecting the presence of a
substance of interest in a test sample is disclosed
comprising: (a) incubating a test sample, which may
contain a substance of interest, with a sufficient
amount of a CBD fusion product comprising (i) a CBD
capable of binding to cellulose with high affinity and
substantially free of other proteins with which it is
naturally associated, and (ii) a second protein
capable of binding the substance of interest, under
conditions that allow for the binding of the substance
of interest to the second protein of the CBD fusion
product; {b} adding an amount of cellulose effective
to bind the amount of the CBD fusion product used in
step (a) to provide an insoluble cellulose-CBD fusion
product binding complex; (c) separating the insoluble
cellulose~CBD . fusion product binding complex from
unbound components; {(d) incubating the insoluble
cellulose-CBD fusion product binding complex with a
sufficient amount of a detectable label, the label
capable of binding to the substance of interest; and
(e) separating the insoluble cellulose-CBD fusion
product binding complex of step (d) from unbound
components and determining the presence or absence of
the label, to provide an indication of the presence or
absence of the substance of interest in the test
sample. _ .

Another method is also disclosed for the
detection of a substance of interest in a test sample
comprising: (a) contacting a test sample, which may
contain a substance of interest, with an insoluble
matrix capable of immobilizing the substance of
inéerest; (b) incubating the insoluble matrix with a

is Sheet Has Been Rzﬁaced

Hllllil \||I|l Al

no



sequenci ng of the gene for CbpA, including a description of four

separate " cellul ose 10 binding domains within the

2. 4. "Heat gﬁg?& érotéln (*HSP) Heat shock protelﬁg¥€¥ﬁﬁg“§ﬁe
i nduced in prokaryotic and Eukaryotic-specikes under various 15
condi.tions of stress. The HSP's are grouped into famlies of

honol ogous proteins based on their - nol ecul ar nmasses. The
60 kD HSP (hsp 60) famly, which retai ned a uniquely high |level of

sequence 20 consaffwnxnnthamoqptanﬁLﬁu¢8m|fusaoﬁopneduét|nbm96351ng as a
Rev 121t 1 W VAR Eas P S@f‘%@ﬁd%@ Se)ERERe VI pugH O,
Einbden, E J. affidmd&y ans Su Y obeee Naf up‘éhsalpnielmss*'}th%
Bi||i”9ha”13-scaﬁﬁﬁbh Rtlﬁﬁtﬂ%tufﬁ!tf”ébs&@&éﬁéﬂ, and (ii) a second
: protein capable of binding the immobilized substance

of interest, under conditions that allow for the

binding of the immobilized substance of interest to

the second protein of the CBD fusion product; (c)

30 Separating the insoluble matrix of step (b) from
unbound components; (d) incubating the insoluble
matrix of step {c) with a detectable label capable of
binding the substance of interest or the CBD fusion
product under conditions that allow for the binding of

15 the label to the substance of interest or the CBD
fusion product; and (e) separating the insoluble
matrix of step (d) from unbound components and
determining the presence or absence of the label, to
provide an indication of the presence or absence of

20 the substance of interest in the test sample.

' This method may further comprise (i)
contacting the insoluble matrix of step (c) with a
sufficient amount of cellulose under conditions that
allow for the binding of the cellulose to the CBD

25 fusion product to form a cellulose-CBD fusion product
binding complex, and (ii) separating the insoluble
matrix of step (i) from unbound components, including
unbound cellulose. This method can use'a label that
is capable of binding the substance of interest or the

30 cellulose-CBD fusion protein binding complex, in
particular, the cellulose of the cellulose-CBD fusion
protein binding complex. The test sample may be a
bodily £1luid, including, but not limited to, blood,
urine, semen, saliva, mucus, tears, vaginal

3s sgcretions, and the like. As usual, the cellulose can

4
4
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(1990) J. Exp. Med. 171:339. There is experinental evidence

t hat response’ to hsp 60 is subject ,to regulatory T cell control . It

has ‘been™¥H46ed That T cel|l reactivity is directed, 30 P&FUYS4BIPart)y,
agai nst the mammal i an endogenous HSP. _ ;4B Herman et al. (1991) Eur. J.

| munol . 21:2139. The genes coding for hsp 60 protein famly

havé been cloned and sequenced froma nunber of di fferent species
i ncl udi ng Mycobacterium 35 tuberculosis, Mcrobacteriuml eprae,

Mycobacteri umpe rePPYLEaBER cRitidli . adidleshamddiuyad WatSEx atdly
: be an electrophoresis gel blot. )
" In a specific embodiment of the present
§ invention, the method is designed for the detection of
a protein or peptide; thus, the second protein of the
CBD fusion product may be an antibody against the
protein or peptide. The antibody may be a monoclonal
antibody or a polyclonal antibody. Alternatively, the

10 CBD of the present invention may be conjugated to the
antibody of interest either directly or through a
linker moiety.

The substance of interest may also comprise
a biotinylated probe bound to a protein, peptide,

35 hormone, nucleic acid or other probe-targetable
molecule. 1In this case, the preferred second protein
is streptavidin. Where the label includes an enzyme,
the method further comprises adding a sufficient
amount of a substrate for the enzyme, which substrate

20 1is converted'by the enzyme to a detectable compound.

The assay may also be carried out in a
competitive mode. Hence, the above-described method
may be modified such that step (d) is performed by
incubating the insoluble cellulose-CBD fusion product

25 binding complex with a sufficient amount of a
detectable label comprising a labeled substance of
interest, the label capable of binding to any second
protein of the CBD fusion product which remains
unbound to the substance of interest, and in which

30 Step (e} is performed by separating the insoluble
cellulose-CBD fusion product binding complex of step
(d) from unbound components and comparing the signal
observed from the test sample relative to the signal
observed from a control sample.

35 . In a preferred embodiment of the present
invention, the CBD fusion product is included in a dip
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- 6- human cells. V. Mera et al. (1986) Proc. Nat. Acad. Sci . USA
83:7013; S._ Jindal et al. (1989) Mol. Cell. Biol. 9:2279; O J. Picketts
et al. (1989942418 o', 5 *Chem 264:12001; T.M Shinnick (1¥€TRUS9404132
Bacteri ol . 169:1080; T.M Shinnick et gl. (1988) Infect. |nmmun.

56:446; T.J. Venner and R S. Gupta (1990) Nucl. Acids. ReS. 18: 5309.

As described infra, according to the present 10 invention, the heat shock
protein (HSP), portions t hereof ; anti-HSP anti bodi es or portions

thereof, can gtjck. Hence, it is also an object of the present
invention to provide a dip stick useful in detecting a

substance of interest in a test sample comprising a
s CBD fusion product, the CBD fusion product comprising

. (i) a CBD capable of binding to cellulose with high
affinity and substantially free of other proteins with

which it is naturally associated, and (ii) a second

protein capable of binding a substance of interest.

10 Preferably, the second protein is selected from the
group consisting of Protein A, HSP prbtein, HSP
antibody, cross-reactive HSP-related protein or _
peptide or an antigenic portion thereof, an enzyme, .
hormone, antigen, and antibody.

15 Likewise, it is also an object of the
present invention to provide a signal amplification
system comprising: {(a) a first CBD fusion product
comprising {i) a CBD capable of binding to cellulose
with high affinity and substantially free of other

20 DProteins with which it is naturally associated, and
(ii) a second protein capable of binding a chimeric
probe, the probe further capable of binding a
substance of interest; and (b) a second CBD fusion
product comprising (i) a CBD capable of binding to

25 cellulose with high affinity and substantially free of
other proteins with which it is naturally associated,
and (ii) an enzyme capable of acting on a substrate to
produce a detectable compound.

In another embodiment, a signal

30 anmplification system is provided which comprises: (a)
a CBD fusion product comprising (i) a CBD capable of
binding to cellulose with high affinity and
substantially free of other proteins with which it is
naturally associated, and (ii) a second protein

35 capable of binding a chimeric probe, the probe further
capable of binding a substance of interest; and (b)
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be used in CBD- fusion products. | mune response to

Nycobacterlal and hunan . . hsp 60 has been. i nplicated in the devel opnent
of 15 auf?MRH8E8 di abetes in human and ani mal nodel s. PCT/US94/04132

Besi des being an i munodom nant antigen,_the _ hsp 60 fam |y of proteins
I n vaki ous systens has been shown to performa "nol ecul ar chaperone”
role in the proper folding of newy synthesized pol ypeptide chains 20
and, in sone cases, their assenbly into oligoneric protei n conpl exes.

S.M Henmi ngsenlsbealed E@tnurﬁcne cxfb??ré@aqm%g] it 'éé;?é&?@?)t§eﬁin@e]tb

Biol. 1:1-9. systen1|n m ce hsul in

dependent di abeFR3IHBPEE; ¥ty BHHP %ﬁﬁﬁuﬁﬂﬂeﬁPQEFQQ%b%%HWnSr?B Phe hsp

60 antigen are geheet phlotedins kA th whikgetitofid nedtitdFlpndssbciatkiakel y

that these T Iynphocy S _can rec ze the Beta cell_hsp 65
cross reacti®e antigen. %S gna% Cah T\ﬁ? ma¥ad. Sci.
USA 87: 1576- 158@nclg8ae the chlmefmnngrQHauaadenayrﬁuz&hquumélhﬁedaneed to

cellulose matrix, preferably a pebble-mzlled
cellulose. ,
These signal amplification systems may

10 include systems designed to identify nucleic acid from
cells or tissue and systems designed to extend the
length of identified nucleic acid in either direction
which employ oligonucleotide~directed thermocyclic DNA
amplification of the missing sequences, wherein a

15 combination of a DNA~-specific primer and a degenerate,
vector-specific, or oligo-dT-binding second
oligonucleotide can be used to prime specific
synthesis.

Finally, it is a further object of the

20 bPresent invention to provide. a drug delivery system
comprising CBD associated with a drug, the CBD
retaining its capacity to bind to cellulose with high
affinity and substantially free of other proteins with
which it is naturally associated. 1In such a drug

25 delivery system, the drug is conjugated to the CBD
either directly or through a linker moiety. Many
methods of conjugation exist and are known in the art.
For example, acyl activation agents exist, such as
cyclohexylcarbodiimide, which can be used to form

30 amide or ester bonds. Thus, a drug having a
nucleophilic group, such as amino or hydroxy may be
attached to the carboxy terminal end of CBD. 1In one
embodiment such a drug delivery system can be a slow
or sustained drug.delivery system wherein the drug of

35 interest is slowly released from the CBD bound to
cedlulose. '
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discbver a cellulose binding protein that exhibits a hi gh but

rever si bl fLinLty for cellulose, . .particularly crystalline cellul ose,
but whi ch‘eog'"gh%ni ffests neither cellulase activity nor an %‘5’""’?*“{?‘?3 35
di srupt the fibers of the crystalline celiul ese :

-7- .

In one embodiment, the drug to be delivered
is an antifungal agent. Preferred agents, include,
but are not limited to, Amphotericin B, Nystatin, and

s Undecylenic Acid. The drug may generally be an
imidazole, such as Clotrimazole. It is contemplated
that such a drug delivery system can be incorporafed
into a composition that can be administered
parenterally, orally, topically or by inhalation. 1In

10 Particular, routes of administration include, but are
not limited to, intranasal, opthalmic or intravaginal.
Furthermore, the composition may be in the form of a
solid, gel, ligquid or aerosol.

The drug delivery system described herein

15 are useful for the delivery of a drug to an infectious
or disease-causing agent, such as a yeast or fungal
agent whose cellular membrane ‘contains a cellulosic or
chitinic substance. Examples of such agents, include,
but are not limited to, Aspergillus fumigatus, a

20 member of the genus Candida or Monilia, or an
epidermatocyte. By employing the drug delivery system
of the present invention, it is anticipated that the
dosages required for effective treatment of the
disease or infection will be much reduced; thus,

25 improving the effectiveness of the antifungal or
antimycosal drugs, which are typically also quite
toxic. It is hoped that side effects are, thus, also
minimized or, even better, eliminated.

_ Yet another aspect of the present invention

3p relates to the ability of CBD to modify the growth of

plant tissues. Such ability finds application in the
agricuitural industry, for example, where it may be
desirable to promote pollen tube growth and/or root

growth. In addition, since CBD in high concentration

35 has the ability to inhibit root growth it is useful to
preyvent the devlopment of undesirable plants, for
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substrate (i.e., does not exhibit an "anorphogenic" effect). 5

3. SUWARY OF THE INVENTICN . . The inventors describe herein the
i denti fi cVPEW24188| eCul ar* cl oni ng and cel | ul ose bi ndi ng RACIERIBAIRt | CcS
of a novel cellul ose binding domain (CBQY protein. Also, disclosed is
the 10 construction of an expression systemfor the production of a
fusion product conprising the CBD and a second protein of interest.

The invention relates to the discovery that the CBD is able to function
| ndependent |y O xhRg1@l h%eaﬁ-- earlcatr?déﬂs Un ROOHEY | desnpid h ¥k Clpht 1S

natural ly assocr at ed.. Moreover, it has been di scovered unexgectedly
t hat the CBD haglgdﬁlagpéﬂppﬁgpp-ﬂa-enhanc1ng growth of fungi, suc

as mushrooms, wherein the CBD binds chitin and
s stimulates the growth and/or development of developing
basidiocarps or fruiting bodies.

Yet another aspect of the present invention
relates to the ability of CBD to bind to chitin of
insect exoskeletons and other insect parts, including

10 the mid-gut. Such ability finds application in the
use of CBD as a bio-pesticide wherein the CBD is
linked to a miéroorganism useful for controlling
insect pests, such as Bacillus thuringiensis (BT) or
other microorganism expfessing the BT toxin gene, or

35 such as a chitinase secreting microorganism or fungus.
The CBD functions to bind the microorganism to the
chitinous portions of the insect where the microbially
produced toxin or enzyme leads to death of the insect
pest. Microorganisms which display chitinase activity

20 include bacterial strains from the genera Enterobacter
and Streptomyces, and fungal strains from the genera
Aspergillus, Penicillium and Trichoderma, etc. In one
mode of this embodiment of the invention, the CBD-
microorganism complex can be applied directly to plant

25 parts suspected or at risk of infestation by insect
pests or, alternatively, the CBD-microorganism complex
can be immobilized on bait stations which are set out
in the infested fields or on plants infested with
insect pests. In another alternative mode of this-

ap embodiment of the invention, a CBD-microorganism
complex is applied to wood or cellulose-based products
to prevent or control infestation by wood destroying
insect pests. For. example, a CBD-microorganism
complex is applied to telephone poles or wood or

35 cellulose-based construction components where the CBD
cohponent kinds tightly to invading insects and the

Sheet Has Been Tlaced

HIl\IlI \I||\| I



crystalline cellulose and chitin, having a Klerr] ranging f rom about
1. 5[err]Mv;,§f QP’]?’ 0 5[err]M preferably ranging 20 fromabout 1.4[err]M
err

t o about “In particular, wth various sanpl eFGHU IR 1ine
cellul ose, the CBD exhibits a K[err]-oﬁgabout 1.2[err]Mor |less. The
CBD gan be further characterized in that it possesses virtually no
cellulose activity and, quite surprisingly, the CBD 25 exhibits no

nmor phol ogy-altering characteristics (i.e., no anor phogenic effects). It
has al so been dinse@wmmsm tdttiBleémslean D ogficEstE08PtDS contEd] and a
second prot %h@ aécpc#% @g/l d binding capacity of the CBD to

cel | ul ose. € rnvention is also related to the

di scovery that the CBD derfiftist ¥ saanethex cispechi ofli the preseotcel | ul ose over
a w de rangeof jp 'de%'%‘ldiﬂcif‘élates b TEiee eé‘ﬁ:ri)i;'éﬂ}e&fnéaﬁ()e@' b‘zﬂ othat

| arge quantiCies bind to, crystalline cellulose 35
‘exposure to wat ERifdn §Q"B‘q' St AP ERD fnchadeng fyegl wluch| ﬂrﬁ ar k

contrast, the nmasefulbForm Hictemedbatbdh 65 degradation of toxic

environmental pollutants. Aécording to one mode of
this embodiment, a CBD fusion protein is used in which

j0 the second component is an enzyme which degrades the
environmental pollutant. The CBD~enzyme fusion
protein can be immobilized on a cellulose substrate
and the device used to remove the pollutant from the
environment by enzymatic degradation, for example, by

15 placing the device in a stream of surface or
underground water. According to an alternative mode
of this embodiment of the invention, the CBD is bound
to a fungus which secretes an enzyme which is useful
for biomediation, i.e., which degrades an

20 environmental pollutant such as a pesticide. The CBD-
fungus complex is then immobilized on a cellulose
substrate and provides a useful device to
enzymatically degrade an environmental pollutant such
as a pesticide including DDT or such as wood

25 containing products left over from logging or saw
milling operations. In one illustrative example, CBD
is complexed with a white rot fungus, for example
Phanerochaete chrysosporium, which produces lignin
peroxidase, manganese peroxidase and degrades the

3o Pesticide DDT. The CBD-fungus complex is useful for
bioremediation, for example, to remove a pesticide
such as DDT from the environment.

4. DESCRIPTION OF THE FIGURES
35

b
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the binding region fromC. fim, are readily di ssoci ated from cel | ul ose
on exposure to water | ndeed, exposure to denaturing solutions, such as
6 M5 guan™R MY 6 M Urea or nonionic surfactants, is PCT/US94/04132

- 20 -

&

Figure 1. Nucleotide (top, orig.; second
line, complement) and deduced amino acid sequence of
CBD.

5 Figure 2. Preparation and'cloning of the
gene fragment encoding for CBD.

A. Analysis of the primary structure of
CbpA, which contains an N-terminus signal peptide,
unique CBD region, 4 hydrophilic repeats (white

30 arrows), and 9 hydrophobic repeats (black arrows).

B. PCR primer placement along the cbpA gene.
Included for clarity are the primer sequences and the
cbpA DNA sequence of the CBD flanking regions. The
PCR product contains N¢ol and BamHl sites, underlined.

15 Alsc note that the ATG start codon for the gene
fragment is located within the Ncol site, and the TAG
stop codon is adjacent to the BamHI site.

C. Schematic of pET-CBD, containing the CBD
gene fragment cloned into the pET-8c vector. The

20 Vector contains the necessary transcriptional and
translational signals for inducible CBD production.

Figure 3. Expression and purification of
the CBD protein.

Whole cell proteins from cells harboring

| »s PET-8c (lane 2), whole cell proteins from cells

harbofing PET-CBD (lane 3), cytosolic fraction from
lysed pET-CBD cells (lame 4), Guanidine HCl-
solubilized membrane/ inclusion body fraction from
lysed pET-CBD cells (lane 5), final PC buffer wash of

3p Avicel® pellet (lane 6), and purified CBD protein
(lane 7) were loaded on a 15% acrylamide gel. Each
lane was loaded with 0.005% of the total protein of
each fraction, except lane 6 which is a 10-fold
concentrate. Prestained molecular mass markers (lanes

35 18) have mobilities of approx1mately 2.6, 5, 12.7,
18‘ 1, 22, and 44 KkDa.
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required to rel ease the CBD fromcellul ose. Thus, the CBD protein
functions and behaves quite independently of the rest of the other
proteins WWaMBIKE it is natural ly associated in its bi ndPOpUsSs04132
cellul ose. 10 Thus, the present F vention provides an

| sol at ed CBD protein capable of binding cell"dlose with high affinity
and which is substantially free of other proteins with which it is
natural ly associ at ed. I n one enbodi nent of the present

i nvention, 15 a CBD protei rj se ' agld .segues hown in
Figure 1. In another 'errbodilzll of‘! t hzril?%sgﬁpge S#rﬁégt #gg,ggflﬁe CBD :
protein conpri sebindimg-no G&R (2.0 ckreahapratein) | andt Avdeed®ndilogy,

preferably 80% mg/RATOhRGE é@ﬂmﬁu@ 261 desedysBacidi sekedenh N 20
Figure 1. In another aspect of the present invention a nucleic acid

i's contenpl at&d REIPHy SX9eRfsthRRed 1a¥Reh| BYhal pYeiupsnkasTySsdoto

honmol ogy, to thepidtlidiec sampland ctaicsn caE evalepoasetdime pbgree.l. Each

I yet anot her egg%g g%yhéﬁséﬂgié”§§§”$ashed and aésayed as described
in Section 7. see, also, Table I of Figure 9, below.

Figure 5. Double reciprocal plot of CBD

10 binding to Avicel.® 0.5 mg Avicel® is represented by
closed squares (B), 1 mg Avicel® by closed circles
{(J), and 2 mg by closed triangles (H). Inset: PC,,
versus the amount of Avicel® used. The assay volume
was 1.0 ml.

1s -Figure 6. Scatchard Plot CBD binding to
Avicel®, The [PC]/[P] vs. PC for 3 amounts of Avicel®
are shewn. The (PC)/[P] is expressed as a
dimensionless ratio, and the [PC) is shown in uM. 1
mg Avicel® is represented by closed circles, 2 mg

20 Avicel® by open circles, and 3 mg by closed squares.

Figure 7. Double reciprocal plot CBD binding
to Cellulon®. The incubation mixture contained 0.5 mg
Cellulon® per ml.

Figure 8. CBD-ProtA fusion protein binds

25 both Cellulose and IgG. 1M Acetic acid selectively
releases CBD-ProtA:IgG "bond", but not the CBD~
ProtA:cellulose "bong".

Figure 9. Adsorption of CBD protein to
insocluble substrates.

30 Figure 10. Overexpression and purification
of CBD. _ '

Figure 11. Schematic of a signal
amplification system in which labeled CBD detects
cellulose or chitin to which is bound a CBD fusion

3s Product. The substance of interest is bound, in turn,
té a chimeric probe.
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25 invention, the CBD protein has a high binding affinity. to

cellulose. Mre preferably, the CBD.of the present invention has a
K[err] of ﬁ’ﬂﬁﬂz‘%‘%[ err]Mor |ess, nost preferably 1.0[ ePET/NSMHO4NISS.
In yet another embodiment, the present 30,Lnyention provides a CBD fusion
protei n conprised of a CBD protein capable of binding cellulose with
hi gh affinity and a second protein wherein, when said CBD protein
is one which occurs in nature, said CBD protein is substantially free
of other proteins with 35ulied 13,1 SsOdmd@itYoRS508ighed- In a
particul ar enquLnent,o t he gresent | nvention, the second
amplification system in which the substance of

interest is bound to a ternary CBD fusion product:
s CBD-ProteinA(IgG). '
Figure 13. IgG purification by CBD-ProtaA-
Cellulose as demonstrated by detection of samples on
gel electrophoresis. Lane a is human serum. Lane b
are human serum proteins that did not bind to CBD-

40 ProtA-Cellulose. Lane ¢ is the first PBS wash of
samples, after binding of the IgG to the ProtA has
taken place, showing unbound protein. Lane d is the
I1gG fraction recovered by acetic acid wash.

Figures 14A and 14B. Demonstration that

15 CBD-treated cellulose fibers remain intact, i.e., CBD
has no cellulose disruption amorphogenesis activities.
Figure 14 A shows a cotton fiber treated with CBD.
Figure 14 B shows untreated cotton fibers (control).

Figure 15. Demonstration of the effect of

20 PH and NaCl concentrations on the binding capacity of
CBD-ProtA to cellulose.

Figure 16. Demonstration of CBD binding to
Aspergillus niger. Lane a is Aspergillus niger with
CBD. Lane b is Aspergillus niger without CBD

25 (control). Lane c is CBD alone.

Figﬁre 17. Demonstration of CBD binding to
Spodoptera littoralis. .Lane a is the mid-gut membrane
of Spodoptera littoralis without CBD (control). Lane
b is the mid~gut membrane of Spodoptera littoralis

30 Wwith CBD.

Figure 18. Demonstration of CBD binding to
Heliothis armigera. Lane a is mid-gut membrane of
Heliothis armigera without CBD (control). Lane b is
mid-gut membrane of Heliothis armigera with CBD.

35 3 Figure-19. Demonstration of the effect of
CBD and BSA (as a control) on pellen tube growth.
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protein is Protein A In another enbodi nent of the present invention,
the second protein ig an HSP protein., Inyet another enbodi nent of the
present 5WOAMRIBE on, the second protein fused to the CBD nRCHfESI4/04132
conprised of two or nore pol ypeptide regieis.. For exanpl e, the CBD may
be fused to the variable |ight chain (V[ err]) and the variabl e heavy
chain (V[err]) of an anti body or functional portions thereof. 10

A further enbodi mret of the present i nvention provides a nmethod for the

production of a CBD origueBP busi aRapLOBUCt DefdrdteEt iy &f ogesur e,
effect of CBD on crystalline cell wall components of
pollen tubes that were stained with white fluorescent

s brightener (calcofluor). Figure 202 shows that CBD
treated pollen tubes produced non-crystalline pollen
tube tip as indicated by the absence of the bright
color at the tip zone. Figure 20B shows that a
control pollen tube tip contains more crystalline cell

10 Wwall components as indicated by the bright color.

Figures 21A and 21B. Demonstration of gold~
immunolabeling of CBD treated pollen tubes. Figure
21A demonstrates that in pollen treated with CED,
gold-labeling is along the pollen tube but preferably

15 at the tip zone, as indicated by the intensive dark
dots at the tip zone. Figure 21B shows the control,
i.e., pollen without the CBD treatment.

Figure 22. Demonstration of the effect of
CBD on root growth of Arabidopsis thaliana seedlings.

20 Different letters indicate statistically significant
differences between the root length values (p < 0.05}).

Figure 23. Demonstration of gold-
immunolabeling of CBD treated Arabidopsis thaliana
seedlings. This figure shows that the gold-labeling

25 1is restricted to the root and no labeling is shown on
the shoot.

Figure 24. Demonstration of Arabidopsis
thaliana seedling staining with white fluorescent
brightener ({calcofluor). This figure demonstrates

39 that only the root is stained indicating accessible
cellulose.

5. DETAILED DESCRIPTION OF THE INVENTION AND
DEFINITIONS

The present invention is directed to the
1dent1f1catlon of cellulose binding domain (CBD)
protein that is capable of binding cellulose with high

3as

Sheet Has Been Re‘laced

T



whi ch can be applied either to CBD alone or to a CBD fusi on product,
but which is recited herein for a CBD 15 fusion product, may conprise the
fol | owi ng swepsar24158° provi di ng nucl ei ¢ acid encodi ng the CBD pepiugsagieauct

wherein said CBD fusion product is conprised of a CBD - and a second
protein, said CBD being capabl e of blnd?ﬁg cellulose or chitin with
high affinity and 20 being substantially free of other proteins with which
it is naturally associated; transfecting a host cell with the nucleic

acid or using an ent t roduci ng t n idinto
t he host ceI? ﬁ%%%“fgﬁna r?rﬁfY?ﬁ?%?g.§?%?ﬂ%ﬁgho€$ecgﬁb %dg%

condi tions suitabMasﬁmte@nyanﬁmqn1mﬁytbnauiiﬁfuﬁonnexampheoténnthbn the
above net hod, th%:.%g\ rﬁtfdﬁéﬁ‘yof buf’f‘o%ﬂ%%fg% %8@%5& 18kndRs to

N-term nal amnm no aci t erm na ransfection of the
host cell scaﬁeﬂé‘-@f‘-‘r%t edhe %Pmmﬁae#hefpnmnnemvenemnt Bay3bet hose

of ordinary skillguged R & tseddiid YshrdeibUto NPbrm a cBbNELEEohO,

el ect roporat hon, J ryte%t | on, thealpgzzl'esnénce of a CBD protein in a CBD
fu51on protein allows for easy and selective _
purification of the CBD fusion protein by incubation

10 With cellulose. Examples of second proteins include:
Protein A, protein G, streptavidin, avidin, Taq
polymerase and other polymerases, alkaline '
phosphatase, RNase, DNase, various restriction
enzymes, peroxidases, glucanases such as endo-1,4-beta'

35 Jlucanase, endo-l,3-beta-glucanase, chitinases, and
others, beta and alfa glucosidases, beta and alpha
glucoronidases, amylase, transferases such as
glucosyl-transferases, phospho-transferases,
chloramphenicol~-acetyl-transferase, beta-lactamase and

20 ©Other antibiotic modifying and degrading enzymes,
luciferase, esterases, lipases, proteases,
bacteriocines, antibiotics, enzyme inhibitors,
different growth factors, horﬁones, receptors,
membranal proteins, nuclear proteins, transcriptional

25 and translational factbfe and nmucleic acid modifying
enzymes. Specifically, the CBD broteih may be fused
to an antibody or an antigenic determinant to form a
CBD fusion product that is useful in diagnostic kits
and in immunoassays.

30 Thus, for example, bodily fluids can be
tested for the presence of particular antibodies
(e.g., heat shock protein (HSP) antibody) by making
use of ‘a CBD and an HSP epitope. Conversely, an HSP
protein, a cross-reactive HSP-related protein, or

35 antigenic portions thereof can be detected using-a
CED-HSP antibody fusion protein.
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chloride precipitation and retroviral introduction. Furt her nore,

or

not .

35

nucl ei c awodsgazsbe either integrated . with the genone ﬂf_-r,hgf‘,&?

In a further aspect of t he present I nven

met hod of the purification of a CBD - 25

10 .-

10

is

20

25

30

35

The term "CBD" or "CBD, protein" or
"cellulose binding domain protein" refers to a protein
comprising the amino acid sequence shown in Figure 1
and includes functional homologs and functional
derivatives thereof, provided that the functional
homolog or functional derivative possesses the
capability of binding to cellulose with high affinity
and in a reversible manner. The. CBD of the present
invention is provided substantially free of other
proteins with which it is naturally associated, for
instance, the balance of the major CbpA protein,
discussed above. 1In addition, one or more
predetermined amino acid residues in the polypeptide
may be substituted, inserted, or deleted, for example,
to produce a CBD having improved biological
properties, or to vary binding and expression levels.
Some of the desired CBD proteins falling within the
scope of the present invention may optionally possess
covalent or non-covalent modifications of the
naturally occurring molecule, including, but not
limited to, giycosylation modifications. Through the
use of recombinant DNA technology, the CBD proteins of
the present invention having residue deletions,
substitutions and/or insertions may be prepared by
altering the underlying nucleic acid. The
modifications or mutations that may be made in the DNA
encoding the CBD of the present invention must not
alter the reading frame and preferably will not create
complementary regions that could produce secondary
mRNA structure (see, European Patent Publication No.
EP 75,444)

The CBD protein of the present invention is
one having at least 70% homology to the amino acid
sequence shown in Figure 1, preferably, at least 80%
homplogy, more preferably, at least 90% homology, and
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fusion product is provided conprising contacting a m xture conprising a
recornbi nant CBD f usi on product with an effective anmount of cellul ose
under condVPi9@41s8 ‘suitable for the formation of an insol ubPET/ B934 0Di4 182
conpl ex conprising cellulose and the recondi nant fusi on product;

I sol ating the insoluble cellul ose-CBD usi on product bi ndi ng conpl ex
fromthe m xtures; and recovering the CBD fusion protein fromthe

cel lul ose- 10 CBD fusion product binding conplex. In a

particul ar e”botﬁjéé'@r%réfei'gﬁl eaeNheast ig2dCRonlod)e MRidI0terh Pxgi fying

a CBD fusion ein of resent invention further conprises
pr ovi di ng nucl e‘P‘?}“%‘P@Y éﬁd?‘ﬂé} n@F@Mgé%%lf@l%ttr%eﬁ’ﬁ engRs
N-term nal anm ngaving &f xthRometegy overPrdiecidhtdird Mwerdiih foiSi€ime product .

LEr?PS?ESra%gBOdlﬁgg%ﬂOf &Re 95@85 Rologf Q%?g|§§11§égidn§rgmiiﬁglude
X% homology occurring in identified functional areas
within the CBD protein of Figure 1. An example of a
functional area would be a defined set of amino acids
having the ability to bind cellulose with high

10 affinity and in a reversible manner. Such protein
homologs may also be referred to herein as "CBD
functional homologs." 1In one embodiment of the
present invention, such a functional area may have
about 100 amino acids. In another embodiment of the

15 Dbresent invention, such a functional area may have
about 50 amino acids. The most desirable CBD protein
of the present invention is one comprised of the amino
acid sequence shown in Figure 1. '

The term *CBD functional derivative" as used

20 herein refers to any "fragment", "“variant", "analogue"

" or "chemical derivative" of the CBD protein amino acid
sequence shown in Figure 1 which retains the
capability of.bindihg to cellulose with high affinity
and in a reversible manner and is preferably between

25 about 2 and about 160 amino acids in length, more
preferably between about 25 and about 125 amino acids
in length and most preferably between about 50 and
about 100 amino acids in length.

The term “"fragment" is used to indicate a

30 CBD protein which is derived from the CBD protein
shown in Figure 1, and has a naturally occurring
sequence. Such a fragment may be produced by
proteolytic cleavage of the full-length protein.
Alternatively, the fragment is obtained recombinantly

as Dby/appropriately modifying the DNA sequence encoding
th¢ CBD protein to delete one or more amino acids at.
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protein further conprises providing nucleic acid 20 encoding a cl eavage
site downsgtreamof the C-termnal , .amno acid of the second protein of

t he" CBD f u¥Po24158 « protei n. In yet anot her eREHYSHAOI3IDS
t he present i nvention the nethod forL pyrifying a CBD fusion 25
protein of the present invention further conprises provi di ng nucleic
acid encoding a first cleavage site upstream of the N-term nal am no
acid of the second protein and a second cl eavage site downstream of

the  GCternmppal cdMiptred@ited dheibecOldeProhgl RLLbPRIRBD, 3Rl usion
pr ot ei n. Simlarl CBD is purified bzecon actin

a
m xture conprisVﬁ&hé§D§ﬂ%I?%ﬁ??ﬁ#%%ﬂ??&? i Sgguence. ;o FBBB?BFS of
| sol ati on of theheeOBD ipX@teiynlcetn coCBereened cebt uthaeabindicggteonpl ex

ol oued by Lr eBiiRCethdiine Atk NG EPIRIEY MhNIR hoLE0RERYp R 0CN
manner to determine the identity or utility of a
functional derivative. _

The term “variant" as used herein is defined
as a molecule in which the amino acid sequence,

10 9glycosylation pattern, or other feature of a naturally
occurring molecule has been modified covalently or
noncovalently and is intended to.include mutants.

Some of the variants'falling within this invention
possess anmino acid substitutions deletions, and/or

15 insertions provided that the final construct possesses
the desired ability of binding cellulose with high
affinity and in a reversible manner. Amino acid
substitutions in the CBD protein may be made on the
basis of similarity in polarity, charge, solubility,_

20 -hydrophobicity, hydrophilicity and/or the amphipathic
nature of the residues involved. For example,
negatively charged amino acids include éspartic acid
and glutamic acid; positively charged amino acids
include lysine and arginine; amino acids with

25 uncharged polar head groups or nonpolar head groups
having similar hydrophilicity wvalues include the
following: leucine, isoleucine, valine; glycine,
alanine; asparagine, glutamine; serine, threonine;
phenylalanine, tyrosine. Also included within the

30 definition of variant are those proteins having
additional amino acids at one or more sites of the C-
terminal, N-terminal, and within the naturally

&

occurring CBD sequence as long as the variant retains
the capability of binding cellulose with high affinity
35 and in a reversible manner.

d
#
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Anot her aspect of the present invention provi des an isolated nucleic
acid encoding a CBD _ protein which is.capable of binding cellulose with 5
hi gh af fi nVAPAE8whi ch i's substantially free of other NURCEUSI4maist Wi t h
which it is naturally associ ated. - 28 -

The term “chemical derivative" as used
herein refers to a CBD protein produced by chemical
modification of naturally occurring or variant CBD

5 protein. Illustrative of an example of a chemical
" modification would be replacement of H by an alkyl,
acyl, or amino group.

The phrase "binding cellulose with high
affinity" as used herein refers to the ability of the

10 CBD protein to bind to cellulose with a K, in uM
ranging from about 1.5 to about 0.5, preferably from
about 1.4 to about 0.8. More preferably, the high
affinity binding refers to the ability of the instant
CBD to bind to crystalline cellulose with a K; of about

15 1.1 or less, most preferably about 1.0 or less.

The phrase "binding cellulose in a
reversible manner" as used herein refers to the
ability of the CBD protein to be released from the
cellulose~CBD protein binding complex by releasing

20 agents or solutions, such as 6M urea, 6M guanidine-HCl
and other denaturing feagents, including nonionic
surfactants. Preferably, however, those denaturing
reagents-are used which allow the released CBD or

- fusion product to be reconstituted. For example, the

25 CBD may be reconstituted from the treatment with 6éM
urea or 6M guanidine-Hcl by subjecting the denatured
protein to renaturing conditions described in
Sections 6.1.4, 7.1.1, 7.2.1, and 8.1.4, below.

The term "CBD fusion protein® as used herein

3¢9 refers to the joining together of at least two
proteins, a CBD protein and a second protein. In some
embodiments of the present invention, the second
protein may be fused or joined to a third protein. 1In
the présent invention, examples of second proteins

as include enzymes, such as nucleic acid modification
enzymes, proteases, hormones or hormone precursors,
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An isol ated nucleic acid encoding a protein of the present invention may

be useful @® gyRigbe in screening cDNA or genomic |ibrari
sequences 10 havi ng *honotogy to the cbd gene. Fén@g‘¥%%?z

enbodi nents, the present i nvention prowaes for a host cell conprised
of nucl ei ¢ acid encoding a CBD of the present invention.

An addi ti onal aspect of the present 15 invention relates to a diagnostic
kit for the detection of a substance of interest conprising: (a) a

CBD fusion pr odmlm¥¥@¢$\g peptidesp anpibbdies, antdigedishng to cel | ul ose

wi th high affinidm agehic e?i'@éﬁé@téﬁhuiai'iﬁﬁtgf tRleo M 0G| Nsoni Lh whi ch
It is 20 naturally_asso second protein ., capable of

ii) a
bi ndi ng a subst ?ﬁr?gt%Wﬁgélme§é ot &n thg.presghte inysationyy the
cel lul ose. |rg suwmdcand prdteinodsi Brétéint he dal bthese prafdraredpl aced by

chitin |n speclddColiROtsegt sehl bPEsBhESEHVeT o) B Yheddf Second
P protein is an HSP protein. One preferred embodiment
of the present invention is a fusion protein comprised
of CBD protein, Protein A or anti-HSP recombinant IgG.
10 The CBD fusion protein of the present invention may
comprise an enzymatic or chemical cleavage site
upstream and preferably adjacent to the N-terminus of
the second protein and/or an enzymatic or chemical
cleavage site downstream and preferably adjacent the
15 C-terminus of the second protein thereby providing a
means for recovering the second protein from the CBD
fusion protein through use of a cleaving agent.
The term “"CBD fusion protein-cellulose
binding complex" as used herein refers to the complex
29 formed when cellulose binds the CBD protein of a CBD
fusion protein.
"Nucleic acid® refers to a nucleotide
seguence comprising a series of nucleic acids in a 5!
to 3' phosphodiester linkage that may be either an RNA
25 ©Or a DNA sequence. If the nucleic acid is DNA, the
nucleotidé seguence is either single or double
stranded. CBD protein encoding nucleic acid is RNA or
DNA that encodes a GBD protein capable of binding
cellulose with high affinity, is complementary to
39 hucleic acid sequence encoding such CBD protein, or
hybridizes to nucleic acid sequence encoding such CBD
protein and remains stably bound to it under stringent
conditions.
The phrase "nucleic acid encoding the CBD
3s DProtein cf the present invention" includes nucleic
acf? of genonic, cDNA, synthetic, and semi-synthetic
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product can be Protein A, HSP protein, HSP anti body, HSP—reIated

protein, Re@bikgfser antigenic portion . thereof. The term’ tlde" I S
meant to include mol ecul es conprising 2-20 ami no acids. %si on
30 product of the disclosed diagnostic «ki30may further conprlse a
ligand affinity bound to the second protein, such |igand capabl e of

bi ndi ng a substance of Interest. By "ligand"” is neant any nol ecul e
that is able to bind a second nol ecul e by any non-coval ent 35 neans.

For exanpl e, aopigidryhigh.chkl Nariue @iftyits origdmden gremipelatienused to
CBD. The 19G npy hBe€Nassociated with any portion of the

polynucleotide to which it is associated in nature,

s and may be linked to a polynucleotide other than that
to which it is linked in nature, and includes single
or double stranded polymers of ribonucleotides,
deoxyribonucleotides, nucleotide an&logs, or
combinations thereof, as long as the CBD being encoded

10 retains its ability to bind cellulose with high
affinity. The phrase also includes various
modifications known in the art, including but not.
limited to radioactive and chemical labels,
methylation, caps, internucleotide modifications such

35 those with charged linkages (e.g., phosphorothioates,
phosphorodithioates, etc.) and uncharged linkages
(e.g., methyl phosphonates, phosphotriesters,
phosphoramidites, carbamites, etc.), as well as those
containing pendant moieties, intercalators, chelators,

20 etc. as long as the CBD encoded by the nucleic acid
retains the ability to bind cellulose with high
affinity and in a reversible manner.

CBD encoding nucleic acid may be used to
construct recombinant expression vectors capable of

25 expressing the CBD protein or the CBD fusion protein
of the present invention. A nucleic acid construct is
capable of expressing a protein if it contains
hucleotide sequences containing transcriptional and
translational regulatory information and such

30 Sequences are "operably linked" to nucleotide coding
sequences. "Operably linked" refers to a linkage in
which the regulatory DNA sequences and the DNA
seguence to be expressed are connected in such a way
as to permit transcription and ultimately translation.

35 ; In constructing the CBD fusion protein expression
vec}or, the nucleic acid encoding the CBD protein will
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- 12 - serve as a ligand for a particular protein, peptide or

horrmme. wo 9424158 | n another aspect of the present invemrb?ﬂ*sg ‘gp
i munoassay net hod of detécting the presence of a subst ance O VRHE? est

in a test sanple is disclosed conpri st a) incubating a test sanple,
whi ch- may contain a substance of interest, wth a sufficient anmount
of a CBD fusion product conprising (i) a CBD 10 capable of binding to

cellulose with high affinity and substantially free of other gﬁoteins

with which it ike linkgdupa fpinedotcatde nucdgiq aqid rFRd bRt ERA
second protein such that the open reading frame of the
CBD protein and the second protein is intact, allowing
g translation of the CBD fusion protein to occur. CBD
nucleic acid may be obtained from a variety of cell
sources that produce cellulose binding domains that
bind with high affinity and in a reversible manner or
that produce CBD encoding mRNA. The preferred source
10 ©Of CBD encoding nucleic acid is Clostridium
cellulovorans. The CBD encoding nucleic acid may be
obtained as described in Section 6.1.
The nucleic acid encoding the CBD protein of
the present invention may be obtained from isolated
35 and purified DNA from cell sources or by genomic
cloning. Either cDNA or genomic libraries of clones
may be prepared using techniques well known in the art
and may be screened for particular CBD encoding
nucleic acid with nucleotide probes that are
20 substantially complementary to any porﬁion of the
gene. If detection of CBD protein encoding conserved '
nucleotide regions is desired, nucleotide probes
should be based on CBD nucleotide seguences conserved
from species to species. If detection of CBD protein
25 encoding unique nucleotide regions is desiredq,
nucleotide probes should be based on unique CBD
nucleotide sequences. Alternatively, cDNA or genomic
DNA may be used as templates for PCR cloning with
suitable oligonucleotide primers. Full length clones,
3¢ l.e., those containing the entire coding region of the
desired CBD protein may be selected for constructing
expression vectors, or overlapping cDNAs can be
ligated together to form a complete coding sequence.
Alternatively, CBD-encoding DNAs may be synthesized in
35 Wwhole or in part by chemical synthesis using '
techniques deemed to be standard in the art.
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capabl e of bind!ng t he substance of interest, under condi tions that

Aofush

al |l ow_ for
protein o
effective

di ng of the substance 15 of interest to the second

to bind the amount of the GBD fusion product used in

(a) to provide an insoluble cellul ose-CBD fusion product bi ndi ng
(c) separating the insoluble 20 cellul ose-CBD fusion product

bi ndi ng conpl ex from unbound conponents; (d) incubating the insoluble

cel{ ul ose- CBD f usi gn| pr Oﬁuﬁi bebdbrg o@Paailabled ana SHfdStfdH ssount
e t he

t he substance of

conpl ex;

of a detectabl

fhye “Bprobiars, FRE PR “aldoremee L0 S Qe SHPSI S

pr oduct b|nd|ngocbephegdofostapc@é)cfac&ﬂuan@du¢1catlcmomponknts ahd

i nterest; and

deternm nin

i ndi cation

t he test

t he
10
15
20
25
30
3s

f

:Pi§§8”5818re§9§‘égg‘iog&é 22 th%ht%h ‘&Lstance%’gf an

e presenc

fu5| on* product; (b) addi ng an anount RETT/GSIRO4I32se

step

?erest in

30 s%msgfﬂeto be inserted inggother vestiedd and(3o thedesed for

cell to be transformed with the vector. Each vector
contains various components depending on its -function
(amplificatioh of nucleic acid or expression of
nucleic acid) and the host cell for which it is
compatible.

. The term “host cell" refers to those cells
capable of growth in culture and capable of expressing
a CBD protein or CBD fusion protein. The host cells
of the present invention encompass cells in in vitro
culture and include procaryotic, eucaryotic, and
insect cells. A host cell strain may be chosen which
modulates the expression of the inserted seguences, or
modifies and processes the gene product in the
specific fashion desired. Expression from certain
promoters can be elevated in the presence of certain
inducers (e.g., zinc and cadmium ions for
metallothionine promoters. Therefore expression of
the CBD protein or CBD fusion protein may be
controlled. The ability to control expression will be
important if the CBD protein or CBD fusion protein is
lethal to a host cell. Modifications (e.g.,
phosphorylation) and processing {(e.g., cleavage) of
protein products are important for the .function of the

protein. Different host cells have characteristic and

specific mechanisms for the post-translational
processing and modification of protein. Appropriate
cell lines or host systems can be chosen to ensure the
correct modification and proéessing of the CBD protein

or CBD fusion protein expressed. Preferabiy, ;he host
2

i



detection of a substance of interest in a test sanple conprising: (a)
,contactinggg t est sanple whi ch may. . contain a substance of interest,
with an inSoPaff¥58 35 matrix capabie of i nmobi | i zi ng the subRGHEY4H132

interest; (b) incubating the insoluble matyax-with a
- 13 -

cell should secrete minimal amounts of proteolytic
enzymes. '

In the present invention, a host cell is

s Drovided comprised of nucleic acid encoding the CBD
protein or CBD fusion protein of the present invention
that is capable of binding to cellulose with high
affinity. The preferred host cell for cloning and
expression of the CBD proteins of the present

10 invention is a prokaryotic cell. Procaryotes are
particularly useful for rapid production of large
amounts of nucleic acid, for production of single-
stranded nucleic acid templates used for site?directed
mutagenesis, for screening many mutants

15 simultaneously, and for nucleic acid sequencing of the
mutants generated. An example of a prokaryotic cell
useful for cloning and expression of the CBD protein
of the present invention is E. coli strain XLl-blue
from Stratagene. Another example of a prokaryotic

20 ¢cell useful for cloning and expression of the CBED
fusion protein is Staphylococcus aureus. Yet another
example of a system useful for cloning and expression
of the CBD protein or CBD fusion proteins is a Pichia
expresion kit from Invitrogen Corporation (San Diego,

25 CA).

Various expression vector/host systems may
be utilized equally well by those skilled in the art
for the recombinant expression of CBD proteins and CBD
fusion proteins. Such systems include but are not

30 limited to microorganisms such as bacteria transformed
with recombinant bacteriophage DNA, plasmid DNA or
cosmid DNA expression vectors containing the desired
CBD coding sequence; yeast transformed with
recombinant yeast expression vectors containing the

35 degired CBD coding sequencé; insect cell systems
infected with recombinant virus expression vectors
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sufficient anobunt of a CBD fusion product conprising (1) a CBD capabl e

of Di ndi 9 §4%44d | ul 0se with high . affinity and substant 'Pg'lr 4852 Of

other proteins with'5 which it is naturally associated, an b#?* a second
of

protei n capabl e of binding the i mobild Z&d -subst ance i nterest, under

condjtions that allow for the bi ndi ng of the immobilized substance of
interest to the second protein of the CBD fusion product; (c) 10
separating the insoluble matrix of step (b) from unbound conponents;

(d) incubati rig tthe iPRSRIQYErUS) faptpindndstbe desixedh BDI&AND| e | abel

capabl e of  gefidkleld pleneUBEL 2NEgsebmsNAFRTiedl Wilth ERRdnkimint
product under conditions that allgm/for t he bindi,ng.of 15 the | abel to the
subst ance of Y¥f4F XPLPSTHRN CBBFTOr St d?i'gn'pFS&}#}"é{'ﬁ&' F8Sa&&Harating the

i nsol ubl e g vimig icaMV; stepa¢dp hosmicnyirns,cAMY)nert Lrarsformed

detern]nlng1&¥%ﬁ”§2§%ﬁ§iﬁ£n@bﬁfQgﬁiafe&B@eE@q%k’Jﬁﬁtors (e.g., Ti
plasmid) containing the desired CBD coding sequence;
or animal cell systems infected with recombinant virus
expression vectors (e.g., adenovirus, vaccinia virus)

30 including cell lines engineered to contain multiple
copies of the CBD nucleic acid either stably amplified
(e.g., CHO/dhfr, CHO/glutamine synthetase) or unstably
amplified in double-minute chromosomes (e.g., murine
cell lines).

15 Vector components generally include, but are
not limited to, one or more of the following: a signal
sequence, an origin of replication, one or more marker
genes, an enhancer element, a promoter, and a
transcription termination sequence. The expression

20 ¢©lements of these vectors vary_in their strength and
specificities. Depending on the host/vector system
utilized, any one of a number of suitable
transcription and translation elements may be used.
For example, when cloning in procaryotic cell systems,

25 promoters isolated from the genome of procaryotic
cells, (e.g., the bacterial tryptophane promoter) may
be used. Promoters produced by recombinant DNA or
synthetic techniques may.also be used to provide for
transcription of the inserted sequences.

10 ' A signal sequence may be a component of the
vector, or it may be a part of the CBD nucleic acid
that is inserted into the vector. The signal sequence
may be the naturally occurring one preceding the CBD
sequence or a non-naturally occurring sequence. The

35 signal sequence should be one that 'is recognized and
procéssed by the host cell. An origin of replication

[
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provi de an indication of the presence or absence of 20 the substance of

i nterest | WaNR4sst sanpl e.

. This nethod may f petrhso4/648Pr1 se

(1) contacting the insoluble matrix ogsstep (c) with a sufficient
amount of cellul ose under conditions that all ow for the binding of the
cellulfose to the CBD 25 fusion product to forma cellul ose-CBD fusion

pr oduct
of step

(1) fromunbo onpongnt s,
met hod can use §fl§ﬁb%'

bi ndi ng conplex and (ii) separating the insoluble mat ri x

d c
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i nterest or thef 30hqaﬁlqﬁgzn&iﬁ{)fntlnﬂ @gesirahlbi fidrnglooipbgeand n

particul ar,

conpl ex. The tes

exbidal 050 et s ceb! &é@ﬁﬁ%@[’? Ugh@Beion qRQ! Cady nding

i nc but not

limted to, sbIG@Gmed a %ﬁ%#ﬁ?a%%ﬁéﬂargﬁfrva hhﬁcﬁ§netG§F§de§aglnal 35

secretions,
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20

25

30
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angridte il kfecdSsaryator t Re CELEVL 088 62Ngrowth of
transformed host cells grown in a selective culture
medium. Host cells not transformed with the vector
containing the selection gene will not survive in the
culture medium. Typical selection genes encode
proteins that confer resistance to antibiotics or
other toxins, e.g. ampicillin; complement auxotrophic
deficiencies; or supply critical nutrients not
available from complex media. One example of a
selection scheme utilizes a drug to arrest growth of a
host cell. Those cells that are successfully
transformed with a heterologous gene express a protein
conferring drug resistance and thus survive the
selection regimen.

Expression and cloning vectors usually
contain a promoter that is récognized by the host
organism and is operably linked to the nucleic acid
encoding the polypeptide of interest. Promoters are
untranslated seguences located upstream (5') to the
‘'start codon of a structural gene (generally within
about 100 to 1000 bp) that control the transcription
and translation of a particular nucleic acid segquence,
such as that encoding a CBD protein or CBD fusion
protein, to which they are operably linked. Such
promoters typically fall into two classes, inducible
and constitutive. Inducible promoters are promoters
that initiate increased levels of transcription from
nucleic acid under their control in response to some
change in culture conditions, e.g., the presence or
absence of a nutrient or a change in temperature. At
tﬁ}s time, a large number of promoters recognized by a
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- 14 - be replaced by chitin. Also, the insoluble matrix may be an

eIectropho&ES|s ?e bl ot . . In a specific .enbodi nent of the
present 5 %on, “the nethod i s desi gned for the detecti BaTUS94/04132
protein or peptlde thus t he second protggn-of the

variety of potential host cells are well known. These
promoters are operably linked to nucleic acid encoding
the polypeptide of interest by remdving the promoter
¢ from the source nucleic acid by restriction enzyme
digestion and inserting the isclated promoter sequence
into the vector. Both the naturally occurring
promoter sequence and many heterologous promoters may
be used to direct amplification and/or expression of
30 the polypeptide of interest. However, heterologous
promoters are preferred, as they generally permit
greater transcription and higher yields of expressed
polypeptidé of interest as compared to the naturally
occurring promoter. In general, plasmid vectors
15 containing promoters and control sequences which are
derived from species compatible with the host cell are
used with these hosts. The vector ordinarily carries
a replication site as well as marker segquences which
are capable of providing phenotypic selection in
20 transformed cells. For example, E. coli is typically
transformed using pBR322, a plasmid derived from an E.
coli species (Bolivar, et al., Gene 2:95 [1977}). Tﬁe
pBR322 plasmid contains genes for ampicillin and
tetracycline resistance and thus provides easy means
25 for identifying transformed cells. The pBR322
plasmid, or other microbial plasmid, must also contain
or be modified to contain promoters and other control
. elements commonly used in recombinant DNA
construction.
30 . Promoters suitable for use with prokaryotic
hosts illustratively include the f-lactamase and
_lactose promoter systems (Chang et al., Nature,
275:615 {1978); and Goeddel et al., Nature 281:544
(1979]), alkaline phosphatase, the tryptophan (trp)
35 promoter system (Goeddel Nucleic Acids Res. 8:4057
{1$80) and EPO Appln. Publ. No. 36,776) and hybrid
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CBD fusion product may be an anti body agai nst the protein or peptide.

The anti bodyoyapsizg a nonoclonal |, antibody or a polyclonal
‘Alternatively, the 10 CBD of the present invention may be co ’gg‘?‘%‘%

t he anti body of interest either direct3y or through a Ilnker

noi ety. The substance of interest may al so conprise a

bi oti nyl at ed probe bound to a protein, peptide, 15 hornone, nucleic acid
or ot her probe-targetable nol ecule. In this case, the preferred second
protein i s Breuptavisdsichagr &heh&aq RIONAtedEE. ode ePogrieet al.yhe

net hod further BRI fae1addicag .a seuf.fivd fﬁo 21-25“%&%891)@ sHBebyate for
the enzyne, whlc su %t onverted @éﬁhe en%%ne to a.detectfable

conpound. ;‘aﬁ[’?e é’?gafaﬁ%f riad, T2 ALTtSHHtable.
gagﬁethgivgte dfhe&bnnac1bb&iabo@eqmannedxxrengénmkallymnyohn modi fi ed
cell ul ose- CBDPfég%SﬁBBP a%%qgg %% ]ﬁﬁﬂggnﬁﬁgﬁgﬁﬁgﬁrégigfg ?éﬂ?tgnnunt
of a them to nucleic aczd encoding prorelaxln (Siebenlist
et al., Cell 20:269 {1980}) using linkers or adapters
to supply any reguired restriction sites. Promoters
3¢ for use in bacterial systems also will contain a
Shine-Dalgarno {(S.D.) sequence operably linked to the
nucleic acid encoding prorelaxin.
_ Expression vectors used in prokaryotic host
cells will also contain sequences necessary for the
45 termination of transcription and for stabilizing the
nRNA. _

Construction of suitable vectors containing
one or more of the above listed components and
including the desired coding and control sequences

20 employs standard ligation technigues. 1Isolated

plasmids or nucleic acid fragments are cleaved,

" tailored, and religated in the form desired to
generate the plasmids required.

Particularly useful in the practice of this

25 invention are expression vectors that provide for the
expression of prokaryotic cells of nucleic acid
encoding the CBD protein. In general, expression
involves-the use of an expression vector that is able
to replicate efficiently in a host cell, such that the

3p host cell accumulates many copies of the expression
vector and, in turn, synthesizes high levels of a
desired polypeptide encoded by the expression vector.

Host cells are transfected and preferably
transformed with the above~described expression or

a5 clgning vectors of this invention and cultured in
cdqyentional nutrient media modified as appropriate
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detectabl e | abel conprising a | abel ed substance of I nterest, the |abel

capabl e of Q&ﬂﬂ gkt O any second protein of the CBD fusion product

whi ch remains unbound to the substance of interest, and if 1

step (e) is perfornmed by separating the + ms®lubl e cel | ul ose-CBD fusion
product binding conpl ex of step (d) from unbound conponents and
conparing the signal observed fromthe test sanple relative to the

si gnal observed froma control sanple. 35 In a preferred

enbodi nent of tferpisdesing promotemisi,ose lieht idhD thrarisformatis! ¢35
included in a déﬂplifying the genes encoding the desired sequences.

“Transformation" means introducing nucleic

g acid into an organism so that the nucleic acid is
replicable, either as an extrachromosomal element or
by chromosomal integration. Unless indicated
otherwise, the method used herein for transformation
of the host cells is the method of calcium treatment

30 Uusing calcium chloride as described by Cohen, F.N. et
al., Proc. Natl. Acad. Sci. (USA),69:2110 (1972).

' For analysis to confirm correct sequences in
plasmids constructed, the ligation mixtures are used
to transform E. coli K12 strain 294 (ATCC 31446) and

45 Successful transformants selected by ampicillin or
tetracycline resistance where appropriate. Plasmids
from the transformants are prepared, analyzed by
restriction and/or sequenced by the method of Messing
et al., Nucleic Acids Res. 9:309 (1981) or by the

209 method of Maxam et al., Methods in Enzymology 65:499
(1980).

Host cells may be transformed with the
expression vectors of this invention and cultured in
conventicngl nutrient media modified as is appropriate

25 for inducing promoters, selecting transformants or
amplifying genes. The culture conditions, such as
temperature, pH and the like, are those previously
used with the host cell selected for expressibn, and
will be apparent to the ordinarily skilled artisan.

30 Prokaryotic cells used to produce the
polypeptide of this invention are cultured in suitable
media as described generally in Sambrook, et al.
(1989) Electrophoresis buffers in Molecular Cloning
(Nolan, .C. ed.), Cold Spring Harbor Laboratory Press,

35 NYQ pp. B.23-24; Sambrook et al. (1989) Bacterial

‘1
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stick. Hence, it is also an object of the present I nvention

to providev%B 8 stick useful in detecting a substance of interest in a

test sanpl €
conpri si ng

38iAg a 5 CBD fusion product, the CBD fusi RCHPSWAI2
(i) a CBD capable of bindinggto cellul ose with high

affinity and substantially free of other proteins with which it is
natural ly associated, and (ii) a second protein capable of binding a

subst ance of

interest. 10 Preferably, the second protein is selected from

t he group coméashi 18 BblEBcelelrd Aonivy MK, d¢iSRed.) antobady,
cross-reactive HSP:r

10

is

20

25

30

35

Sprlnglﬁ gogr%%%ogé%ory Press, NY, pp. A.1l-4.

The selection of host cells producing a CBD
protein or CBD fusion protein of the present invention
may be identified by at least four general approaches:

(a) DNA-DNA, DNA-RNA or RNA antisense RNA
hybridization: the presence of nucleic acid coding for
CBD proteins of the present invention can be detected
by nucleic acid hybridization using hybridization
probes and/or primers for PCR reactions comprising
nucleotides that are homologous to the CBD coding
segquence; |

(b} the presence or absence of “marker"
gene functions: the selection of host cells having
nucleic acid encoding CBD protein of the present
invention can be identified and selected based upon
the presence or absence or certain marker gene
functions, e.g., resistance to antibiotics. For
example, if the CBD coding sequence is inserted within
a marker gene sequence of the cloning or expression
vector, recombinants containing that coding sequence
can be identified by the absence of the marker gene
function. Alternatively, a marker gene can be placed
in tandem with the CBD nucleic acid sequence under the
control of the same or different promoter used to
control the expression of the CBD coding sequence.
Expression of the marker in response to induction or
selection indicates expression of the CBD coding of
the CBD coding sequence.

{c) assessing the level of transcription as
measured by the expression of CBD protein or CBD |
fusion protein mRNA transcripts in the host cell:
transcriptional activity of the TBD coding region can
be assessed by hybridization assays. For example,
polyadenylated RNA can be isolated and analyzed by
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pepti de or an antigenic portion thereof, an enzyne, hor none, anti gen,

and antlbqgé . Li kew se, |t,|s al so an object of the

pr esent rﬁ‘f’dh"st o] prOV| de a signal anplification SysSt POT/USMN4II2 NQ:
(a) a first CBD fusion product conprisijgg.(i) a CBD capable of binding
to cel’l ul ose with high affinity and substantially free of other 20
proteins with which it is naturally associ ated, and (ii) a second
protei n capabl e of binding a-chinmeric probe t he probe further capabl e
of binding a NoR¢hErdNe & dﬁcﬁ &5 iprébél Hdho Pod&iaoNeo E8HON

pr oduct conprlsbg%&%g) a CBD capabl e of blndlng to; 25 cellu ose mnth hi gh

affinity and su A9P ek W Part%ﬁq%ﬂrrﬁ?ﬁ%&?&swﬁ¥ﬁrﬁﬁfch it is
natural |y assocaatetnativelly (Hofabmurzyie soipdd| 6f othechosy eala

mbodi ment, & sPENaP Hrdainet AN SFETRINS Branidbetieen BoRBirocs:
(a) a CBD pwsb&ﬁ.pﬂuuhct conprising (i) a CBD capabl e of .

(@) detection of the CBD protein or CBD
fusion protein as measured by immunoassay and, by the
ability of the protein to bind cellulose with high

10 affinity and in a reversible manner. The expressioh of
CBD proteins can be assessed immunologically, for
example by Western blots or by immunoassays such as
RIAs. The expression of CBD protein can be assayed by
the ability of the expressed protein to bind cellulose

35 with high affinity and in a reversible manner.

The expressions "cell" and "“cell culture"
are used interchangeably and all such designations
include progeny and ancestors. It is also understood
that all progeny may not be precisely identical in DNA

20 content, due to deliberate or inadvertent mutations.
Mutant progeny that have the same function or
biological activity as screened for in the cell are
included. _

The phrase "stringent conditions" as used

25 herein refers to those hybridizing conditions that (1)
employ low ionic strength and high temperature for
washing, for example, 0.015 M NaCl/0.0015 M sodium
citrate/0.1% SDS at 50 °C.; (2) employ during
hybridization a denaturing agent such as formamide,

309 for example, 50% (vol/vol) formamide with 0.1% bovine
serum albumin/0.1% Ficoll/0.1% polyvinylpyrrolidone/50
mM sodium phosphate buffer at pH 6.5 with 750 mM NacCl,
75 mM sodium citrate at 42 °C; or (3) employ 50%
formamide, 5 x SSC (0.75 M NaCl, 0.075 M Sodium

35 pyrophosphate, 5 x Denhardt's solution, sonicated
salmon sperm DNA (50 g/ml), 0.1% SDS, and 10% dextran
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binding to cellulose with high affinity and substantially free of

ot her. promeo fgd4ks h which it is . natural ly associated, gitdnisddelosisa
second protein 35 capabl’e of binding a chimeric probe, t he probe further
capabl e of binding a substance of interé&st4l and (b)

- 16 .-

sulfate at 42 °C, with washes at 42 °C in 0.2 X SSC
and 0.1% SDS.
The term “recovery" as used herein refers to
s the ability of the cellulose CBD protein complex to
release the CBD protein from the cellulose~CBD protein
binding complex under certain conditions, which
conditions include the use of releasing agents, for
example, denaturing reagents, such as 6M urea or -6M
10 guanidine-HCl. Any releasing agent that has the
ability of releasing the CBD protein from the
cellulose~CBD protein binding complex .can be used to
recover the CBD protein. Preferably, the CBD is only
temporarily denatured and not irreversibly degraded by
15 treatment with the releasing agent.' Thus, the CBD is
recovered by reconstituting the eluted protein, as
described in Section 7.1.1, 7.2.1, or 8.1.4.
The use of the phrase "cleaving agents" as
used herein refers to a reagent used to cleave the CBD
20 Protein or CBD fusion protein specifically so as to
release or excise certain coﬁponents, such as the
second protein of a CBD fusion protein, as desired.
Suitable cleaving agents herein include enzymes, such
as endoproteases, prohormone convertases, e.g.; PC1,
2s PC2, furin, Kex2, subtilisin, or its mutants; and
chemical agents, such as organic and inorganic acids,
hydroxylamine, N~bromosuccinimide, and cyanogen
bromide. Hydrolyéis of peptide bonds catalyzed by a
variety of proteolytic enzymes is taught in The
so Enzymes, 3rd Editien, Boyer, Ed., Academic Press, Vol.
III {1971]; Meth. Enzymology., Vel. XIX, Perlman and
Lorand, Ed., New York: Academic Press {1970]}; Meth.
Enzymol., Vol. XLV, Lorand, Ed. New York: Academic
Press {1976); Drapeau, J. Biol.Chem., 253:5899-5901
3s {1%78] and Drapeau, Meth. Enzymology., 47:89-91[1977].
Foq an extensive listing of chemical agents, see
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| abel ed CBD, the CBD retaining its capacity to bind to cellulose with

hi gh af fi ny ubstantially free of , other proteins with which it is
natural | y ggZ%@?g?id. 5 ' These signal anplificati oRCTFSIM#EIZmy

i nclude the chinmeric probe and may further 42nel ude a cel lul ose matri x,
preferably a pebble-ml|ed cel | ul ose. These signa
anplification systens may 10 include systens designed to identify nucleic
acid from cells or tissue and systens designed to extend the | engt h
of identified ntwdteiap do Advanced el Prevéionchemigbrel Anpliogen et

| . | t . d _ . d t - . . . - . . . .
cequonces. wher Sir oG * DA TEL T ok of SOppe SPBekEy CRBD RoPk (186T15S1 1O

degenerat e, insdiusting Ralle IBE Qmigo-ﬁ?ﬁbin@thgrs§gggggge agents
ol i gonucl eot igde s4AR A1) &1 9fékd th K EBAELEEA T£6 be uAYBEEESHA: by those
' skilled in the art keeping in mind the desired
junction for cleavage and whether the reagent can act
on reduced or oxidized forms of CBD fusion proteins.
Conditions used for cleavage of the CBD fusion protein
30 Will depend on the cleavage agent employed, and the
conditions will be readily apparent to one skilled in
the art given the cleavage agent employed.
The CBD fusion protein of the present
invention is designed and constructed to comprise the
15 codon(s) necessary to achieve cleavage by the desired
cleaving agent at desired positions, i.e. upstrean,
preferably adjacent the N-terminus of the second
protein of the CBD fusion protein or downstream, and
preferably adjacent the C-terminus of the second
20 Pprotein or both if the second protein of the fusion
protein is an internal amino acid of the fusion
protein.

The term "glycosylation®™ and grammatical
derivatives as used herein refers to the post-

25 translational wmodification process of adding a series
of sugar residues to proteins to produce
glycoproteins. Glycosylation can occur in the
cytosol, the éndoplasmié reticulum, or the Glogi
apparatus of mammalian ceils.- Alternatively,

30 Jlycosylation can be accomplished by synthetic
methods, for example by providing an appropriate
glycosyl donor. See, é.g., Kahne, et al. J. Am. Chenm.
Soc., 111:6881~2 [1989].

This invention also relates to diagnostic
a5 detection of proteins of interest in test samples,
especially in biological samples, such as tissue
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Finally, it is a further object of the 20 present invention to provide a
drug del i vevo/ogaggssem conprising CBD associated with a dr ﬂhggmggp
retaining its capacity to bind to cellulose with high affinity an
substantially free of other proteins withr 43 =which it is naturally
associ-ated. In such a drug 25 delivery system the drug is conjugated to
t he CBD either directly or through a |inker noiety. Many nmet hods
of conjugation exist and are known in_the art. For exanpl e, acyl
activation agent&xt5acts QuchigicgicalcfdndAsxy Seahhdd iSHR QhiWHR%Nn be
used to form 3Gratgh Olis€Sberthendsp flesonapotei\dMaEhe present

nucleob L1 . 9" HbonSUEDe 25 AR 8o NLT BB are BB L0 e
system can bg amdmmalian origist ahdesogtugreferadly ofstamarhaneiginhe
drug of 35 1N o PledarolebYoteifa82] ihtelebte (PBL WHLdtRa in a
mammalian biological sample is an HSP protein, an HSP
antibody, cross-reactive HSP-related proteins, or
antigenic portions thereof. The presence of the HSP
10 antibody in a mammalian biological sample, for
example, may be predictive or indicative of insulin-
dependent diabetes mellitus (IDDM). 1In one embodiment
of the present invention, the CBD Protein A fusion
protein is comprised of a third protein, an IgG
15 antibody, for example, IgG anti-HSP, which is used to
detect the presence of an antigen, for example HSP, in
biological samples using a variety of immunoassay
formats well known in the art. Alternatively, the
second protein of the CBD fusion protein is comprised
20 ©f an antigenic determinant, an epitope, useful in the
detection of antibodies that recognize the antigenic
determinant. A preferred epitope is the HSP protein.
' Protein A is a protein found in the cell
wall of Staphylococcus aureus that binds to the Fc
25 portion of IgG molecules and thus precipitates the
antibodies. Protein A has utility in immunoassays,
such as an RIA or ELISA, where it is used to isolate
antibodies or antigen-antibody complexes. _
In the present invention, Protein A is a
30 Dpreferred second protein of a CBD fusion protein. A
CBD~-Protein A fusion protein has utility in diagnostic
immunoassays that detect the presence of or measure
the quantity or concentration of an antibody or an
antibody-antigen complex.
as : A CBD-Protein A fusion protein of the
present invention also has utility in a diagnostic kit
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be an

.

10

1s

20

25

30

35

I n one enbodi nent, the drug to be delivered s an

anti f ungal ﬂ@?}l 4149 €f erred agents, , incl.ude, but are not |jim t
Amphot ericin B, lstatin,'-and 5 Undecyl enic Acid. The drug %§§b§§W%%&||y

- 44 -~

comprised of cellulose and a CBD-fusion protein
wherein the CBD fusion protein component retains its
ability to bind both cellulose and IgG of a second
component, for example, an antibody-antigen complex or
an antibody. The CBD fusion protein of the present
invention also has utility as a means for affinity
purification of antibodies or antigénic determinants,
i.e. epitopes. A preferred antigenic determinant of
the present invention is the HSP protein,'related
protein or antigenic portion thereof. Preferred
second proteins of a CBD fusion protein include HSP
protein or anti-HSP IgG. In the present invention,
CBD-HSP epitope fusion proteins find utility in
immunoassays designed to measure guantities of HSP
antibody found in the serum of human mammals.

In another embodiment of the present
invention the CBD-fusion protein comprises a CBD
component which retains its ability to bind cellulose
or chitin and a second component which is an enzyme
which retains its catalytic activity. The CBD-fusion
proteins of this embodiment have utility as a means to
permit enzyme catalyzed reactions on a solid substrate
of cellulose or chitin. As described above, the CBD-
enzyme fusion proteins can be prepared either by
conjugating purified CBD to a purified enzyme
preparation by standard chemical methods or by
expression of CBD and enzyme encoding nucleic acids by
recombinant methods. 1In one example of this
embodiment of the invention, the second component of
the CBD-fusion protein is a heparinase enzyme. The
CBD-heparinase can be immobilized on a cellulose
substrate and catalyzes conversion of heparin to
component saccharide moieties.

, Yet another aspect of the present invention
r%lates to the ability of CBD to modify the growth of

This Sheet Has Been Replaced

AL




I m dazol e, such as Clotrimazole. It is contenplated that such a drug

delivery s be i ncorporated into a conposition that can be
adninisteréﬁagﬂ&ﬁggenferal1y, orally, topically or by inhal atRCUSH{§4133
particular, routes of adm nistration inclaudg Dbut are not limted to,

I ntranasal, opthal mc or intravaginal. Furthernore, the conposition may
be in the formof a solid, gel, liquid or aerosol. . The

drug delivery system described herein 15 are useful for the delivery of a
drug to an infecpiont tisseésdi Ssash- abiling Fdeds aPpIlict foryebattRe .
f ungal - agent_ whose, cel | Iardnegﬁrang containi a cg{lulosic or

chitinic substaﬂ?@?lﬁ§£ﬁﬁra o] b=t} Yag ﬁFstFma Sdey'eretﬁﬁ n3¥ ﬂ%t
limted to, Aspelgsitrabléutvgpronote 201lepnitabeogridwtlyand/ @amdodt or
Monilia, or an | der gpt : 2. JBY Vi she yar. | em

of the preser i%ﬁ%ﬁﬂ‘bn,ﬂ?t%&g&gﬁ?ﬁc’i %gﬂa:% tb%gt E&éﬁdw,%‘tls%yg&y?gﬁﬁ%red
far effective trkagnehe B8pilhky to dpbikit FPOthGXEWth i# |3s besefieh to

reduced, thus, prevent the devliopment of undesirable plants, for
exanmple, "weed" plants. In another example, the CBD
finds application in enhancing growth of fungi, such
10 as mushrooms, wherein the.CBD binds chitin and
stimulates the growth and/or development of developing
basidiocarps or fruiting bodies.
Yet another aspect of the present invention
relates to the ability of CBD to bind to chitin of
1s insect exoskeletons and other insect parts, including
the mid-gut. Such ability finds application in the
use of CBD as a bio-pesticide ‘wherein the CBD is
linked to a microorganism useful for control insect
pests, such as Bacillus thuringiensis (BT) or other
20 Rricroorganism expressing the BT toxin gene, or such as
a chitinase secreting fungus. The CBD functions to
bind the microorganism to the chitinous portions of
the insect where the microbially produced toxin or
enzyme leads to death of the insect pest. In one mode
25 ©of this embodiment of the invention, the CBD-
microorganism complex can be applied directly to plant
parts suspected or at risk of infestation by insect
pests or, alternatively, the CBD-microorganism complex
can be immobilized on bait stations which are set out
3p in the infested fields or on plants infested with
insect pests. 1In another alternative mode of this
embodiment of the invention a CBD-microorganism
complex is applied to wood or cellulose-based products
to prevent or control infestation by wood destroying
35 insect @ests. For example, a CBD-microorganism
cdmplex is applied to telephone poles or wood or
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25 inproving the effectiveness of the antifungal or anti nycosal drugs,

which are t ically also quite toxic, It is hoped that side effects
are, thus, N&Y24158 3ininized or, even better, elininated. PCT/US94/04132

Yet anot her aspect of the present inventian 480~ relates to the ability of
CBD t-0 nodify the growth of pl ant tissues. Such ability finds
application i'n the agricultural industry, for exanple, where it nmay be
desirable to pronote pollen tube growth and/or root growh. In

addition, since CBR1141Bkghbagesetionditirdittidh smpditerabt |veré othehchbt

ro r hit i ful . I he .devl o] = esi
p|g;tg Orgr t chggogen Oblnds f%ﬁ%yyIiéaf%%éé%ggﬁgnégcggdggérggge

microorganism of the complex is effective to control
s the insect pests.

S§till another aspect of the present
invention relates to the ability of CBD to bind to
chitin found in fungi, including fungi which are
useful for bioremediation or degradation of toxic

10 environmental pollutants. According to one mode of
this embodiment, a CBD fusion protein is used in which
the second component is an enzyme which degrades the
environmental pollutant. The CBD-enzyme fusion
protein can be immobilized or a cellulose substrate

15 and the device used to remove the pollutant from the
environment by enzymatic degradation, for example, by
placing the device in a stream of surface or
underground water. According to any alternative mode
of this embodiment of the invention, the CBD is bound

20 to a fungus which secretes an enzyme which is useful
for biomediation i.e., which degrades an environmental
pollutant such as a pesticide. The CBD-fungus complex
is then immobilized on a cellulose substrate and
provides a useful device to enzymatically degrade an

25 environmental pollutant such as a pesticide including
DDT or such as wood containing products left over from
logging or saw milling operations. In one
illustrative example, CBD is complexed with a white
rot fungus, for example Phanerochaete chrysosporium,

3¢ which produces lignin peroxidase, manganese peroxidase
and degrades the pesticide DDT. The CBD-fungus
complex is useful for bioremediation, for example, to
remove a pesticide such as DDT from the environment.

The *"antibody" as used herein is meant to

35 Jinclude polyclonal antibodies, monoclonal antibodies
(MAbs), humanized or chimeric antibodies, single chain
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exanpl e, "weed" plants. |In another exanple, the CBD finds application I n

enhanci ng g fungi, such as nushroons, wherein the CBD bi n
chitin and E “%‘%ﬁ dtes the growth and/or devel opnent of dev® ﬁsﬁﬁ"‘ln

basi di ocarps or fruiting bodies. - 47 Yet another aspect of the
present invention relates to the ability of CBD to bind to chitin of
I nsect exoskel etons and ot her insect parts, including 10 the md-gut.

Such ability finds application in the use of CBD as a bi o-pesticide

wherein the CBDIahtlbodles, anti~-idiotypic (anti-Id) antibodies, and
epitope-binding fragments of any of the above. An
epitope refers to an antigenic determinant of an
s antigenic molecule. '

The term IgG refers to a class of
antibodies. IgG is a tetramer containing two light
chains and two heavy chains that represents 80% of all
immunoglobulins.

10 The term "detectable label" as used herein
refers to any label which provides directly or
indirectly a detectable signal and includes, for
example, enzymes, radiolabelled molecules, fluoresors,
particles, chemiluminesors, enzyme substrates or co-

315 factors, enzyme inhibitors, magnetic particles.
Examples of enzymes useful as detectable labels in the
present invention include alkaline phosphatase and
horse radish peroxxdase. A variety of methods are
available for linking the detectable labels to

20 Proteins of interest and include for example the use
of a bifunctional agent, such as 4,4'~difluoro-~3,3'-
dinitro-phenylsulfone, for attaching an enzyme, for
example, horse radish peroxidase, to a protein of
interest. The attached enzyme is then allowed to

25 react with a substrate yielding a reaction product
which is detectable.

Falling within the scope of the present
invention is a signal amplification method wherein the
use of a detectable label comprised of a CBD protein

30 allows for detection of femtogram quantities of the
substance of interest. In this method, a first CBD
protein is part of a CBD fusion product that is
incubated with a cellulose fiber under conditions
suitable for formation of a cellulose-CBD fusion

35 pyoduct binding complex. Excess labeled CBD, for
example, CBD fused or bound to an enzyme, such as
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| i nked to a m croorgani smuseful for controlling I nsect pests, such as
Baci | I us thurlnglenshs (BT) or Qt her, mi croorgani sm expressi ng the BT

t oxin ge such as a chitinase secreting m croor galCIHS§sO413hgus.
The CBD functions to bind the m croorganignto the chitinous portions
of the insect where the mcrobially produced toxin or enzyne |eads to
death of the insect pest. M croorgani sns which display chitinase
activity 20 include bacterial strains fromthe genera Enterobacter and

Streptonyces, padsbupgalsht pairbkillad® idie s diiftdd USo
Pen|C|II|un1ang Tflc odersmab@etc1 fn one d%%%if%e EP hlst%#%odlnent of the

i nvention, thettgpresor HFCFB&F@&?#SﬁF@&ﬁpIéf &&FQR?QﬁﬂﬂW¥ﬁP(ﬁh%ctly to
pl ant 25 partceSNspeséedBOrfaslbmsbrnﬁudmfQﬂh@Mny1dumpl§uﬁﬁnder pests

or, aIternativ§#¥d%£§8ng89%qu?8grQ%p aqkh k@éﬁ%ﬂ?% tg%#é@?bl|lzed on

bait statiohs are set oh plants
i nfested with labelpds€BD.pefhe. bindimgt lodr emqeamdtahaiad)(ﬂﬁlmt@ Mtlke 30

enbodi ment of £8e1L7¥EBLCRD £AsEER ProR¥tIYIndIng complex in effect

allows for detection of very low quantities of
substances of interest. 1In the signal amplification

10 method of the present invention, the preferred
cellulose fiber is a pebble-milled cellulose fiber.
The pebble-milled cellulose fiber can be stained with
a variety of chemical dyes or mixed with calcofluor
that bind the cellulose and produce an intense bright

15 blue fluorescence upon uv illumination.

Included within the scope of the present
invention is a solid-phase polymerase chain reaction
(PCR) wherein a first CBD protein is part of a CBD
fusion product that is incubated with a cellulose

20 fiber under conditions suitable for formation of a
cellulose-CBD fusion product binding complex and
wherein the thermocyclic amplification reactions take
place on the binding complex.

Also falling within the scope of the present

25 invention is the use of the Streptavidin/biotin
detection syster. BRiotin is capable of forming a
tight and, essentially, irreversible complex with
Streptavidin. 1In this aspect of the present
invention, a CBD fusion product comprised of a CBD

30 Protein fused to Streptavidin is provided. A )
nucleotide or protein is biotinylated through
technigues deemed to be routine to those skillied in
the art in order to form a biotinylated chimeric probe
capable of binding a substance of interest. The

3g biotinylated probe is incubated with a substance of
intdrest, the CBD-Streptavidin is incubated with the

i
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complex is applied to wood or cellul ose-based products to prevent or

control infg ' by wood destroyi ng I nsect pests. For_exanple, a
CBD—ﬁicroorgé%?é%&g * conplex is applied to tel ephone pol es ’Rggﬂ“&ﬁ 35
cel | ul ose-based constructi on conponents wief¢ the CBD conmponent bi nds
tightly to invading insects and the

-19-

biotinylated probe and a detectable label is used to
measure the biotinylated probe and conééquently the
substance of interest. The detectable label may be as
s described above in the signal amplification method, or
any label, such as a fluoresor or chemical stain.
Also falling within the scope of the present
invention is the therapeutic or diagnostic use of a
CBD fusion product wherein the CBD fusion partner is a
30 monoclonal antibody. For example, a CBD fusion
product comprising (i) a CBD capable of binding to
cellulose with high affinity and substantially free of
other proteins with which it is naturally associated,
and (ii) a monoclonal antibody capable of binding
15 antigen can be used in a method to target a
drug/cellulose complex or imaging agent/cellulose
complex to a cancer cell producing the antigen. 1In
this embodiment, a CBD-monoclonal antibody (or
analogous antibody fragment, scFv fragment or antigen-
20 binding region thereof) fusion product is administered
to a mammal. Either concurrently with or following
the administration of the CBD fusion product, a
drug/cellulose or an imaging agent/cellulose complex
is administered. Binding ¢of the drug/cellulose or
25 imaging agent/cellulose complex to the CBD-fusion
product localized at the site of the antigen targets
the drug or imaging agent to the relevant site for the
desired therapeutic or diagnostic activity.

30 6. EXAMPLE: EXPERIMENTAL PROCEDURE FOR CLONING
OF THE PUTATIVE CELLULOSE BINDING DOMAIN

6.1. Materials and Methods
6.1.1. Bacterial Strains and Plasmids
E. coli X1 1 Blue strain was from StrateGene
35 (ILa Jolla, CA), and was used for all cloning
experiments. E. coli BL21 (DE3) and pET-8c were as
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m cr oor gani sm of the conplex is effective to control the insect pests.

Still, another 5Eect of the present.,5 invention relates to the ability of
CBD to biN@%84158 chitin tound in fungi, including fungi WRQMUSMS4132
useful -for biorenediation or degradathn toxic envi ronnent al

pol l utants. According to one node of thi s enbodi nent, a CBD fusion
protein is used in which 10 the second conponent is an enzyne which
degrades the envi ronnmental pollutant. The CED- enzyne fusion protein
can be | mobi| 42edy oBed ¢8thiikeseetulal (abe yoy AAING LI to
renove the poll utant ron1 envi r dnfren y e egradation, for
exanpl e, by 15Ib?§€3hg t he devrce in a stream of surface or underground
wat er. According to an alternative node of this enbodi nent of the

i nvention, the CBD is bound t ungys . whi.chh _secretes an enzyne which
is useful 5 8.8.5¢ gﬁs&g;;;&g Y

PC buffer, pH 7, contained 50 mM KH,PO,, 10

mM Na;3CH,0, (sodium citrate), and 1.-mM NaN,. TEDG
buffer (Chang et al., J. Bacterjol. 172:3257-3263
[1990]) contained 10 mM Tris, pH 7, 0.1 mM EDTA, 0.1

10 mM dithiothreitol, and 5% v/v glycerol. Although Tris
has a low buffer capacity at pH 7, the buffer was
suitable because hydrogen ions were neither produced.
nor used. Restriction endonucleases were from BRL
(Bethesda, MD}. All other chemicals used were of the

15 highest purity commercially available. Avicel® PH101
(lot #1117) was from FMC Corp. (Philadelphia, PA).
Absorbant cotton was from the Seamless Rubber Co. (New
Haven, CT). Cellulon® fiber was from Weyerhaeuser
(Tacoma, WA). Granular chitin from crab shells is

20 available from Sigma. All other binding substrates
were purchased from Sigma Chemical Co., St. Louis, MC.
Each of the polysaccharides was washed twice with PC
buffer béfore use. Masses of the polysaccharides
refer to their dry weights as supplied from the

25 manufacturer, except for nigeran, Cellulon®, and
cotton. These three binding substrates had large
particle sizes which interfered with the assay.
Nigeran was recrystallized by dissolving the solid in
hot water, filtering, and cooling on ice. The sizes

30 'of the Cellulon® and cotton fibers were reduced by
processing with a Gifford-Wood mini-mill for five
minutes.

bt
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for bionediation, i.e., which degrades an 20 environnental pollutant such
as a pesticide. The CBD fungus conplex is then imobilized on a

cel I'ul osewo 94ns188st rat e and provides a useful device to peENUSSIdasAl | Y
degrade an environnental pollutant such as a pesticide including DDT or
such as wood 25 containing products |eftT ®Ver fromlogging or saw

mlling operations. In one illustrative exanple, CBD I's conpl exed with
a white rot fungus, for exanple Phaner ochaet e .chrysosporium which
produces lignin per oxi dase, manganese peroxi dase and degrades the 30
pesticide DDT. The CBD-fungus conplex is useful for bi or enedi ati on,

for exanple, to renpve aspasti.ci de Clonimyidt cBuEddiveooelbelesnei r onnent.
4. DESCRI PTION OF THE FIGURES 35 Binding Domains

DNA primers complementary to the regions of
cbpA (Shoseyov et al., PNAS USA 89:3483-3487 (1992})
flanking the putative CBD (CbpA residues 28-189) were
synthesized by a Gene Assembler Plus (Pharmacia). The
forward primer contained an NcoI restriction site
(recognition sequence: CCATGG) with the ATG in-frame
with the gene fragment, to act as a translational
start codon when cloned into the pET-8c vector cloning
site. The reverse primer contained a stop codon and a
BamHI site. Polymerase Chain Reaction (PCR) was
performed using 20 pmol each primer, 200 pM dNTPs, and
1 ng cbpA DNA [cloned into vector pGEMEX-1 (Promega)
as in (Shoseyov et al., 1992, supra)] as a template,
in a total volume of 100 pl. Tag polymerase was from
Amersham, using buffer conditions recommended by the
manufacturer. PCR was carried out for 40 cycles as
described (Innis et al., Optimization of PCRs In: PCR
Protocols Ed. Innis et al., Pub. Academic Press, San
Diego, pp. 3-12 {1990]). The PCR product was purified
by phenol/chloroform extraction followed by ethanol
precipitation and a wash with 70% ethanol, then drled
by vacuum and resuspended in 27 pl distilled water.
The DNA was then cleaved by Ncol and BamHI, and run on
a 2.5% low melting point agarose (Nuseieg; GTG, FMC)
gel in TBE buffer (Sambrock et al. (1989)
Electrophoresis buffers in Molecular Cloning {(Nolan,
C. ed.), Cold Spring Harbor Laboratory Press, NY, pp.
B.23-24. DNA bands stained by ethidium bromide were
visualized by long-wave ultraviolet light and cut from
the gel. The vector, plasmid pETJec, was prepared by
cleaving 1 pg of pET-8c DNA with Ncol/BamHI and
cutting the linearized DNA band from the gel. Vector
and insert DNAs were ligated by using 100 ng of vector

5
10
15
20
25
30

35

is Sheet Has Been Reﬂlaced

i




- 20 - Flgure 1. Nucleotide (top, orig.; second line,.
conpl enent) and deduced amino acid sequence of CBD. 5 Fi gure
2.  PrepaPQ9#41%8nd cloning of the ° PCT/US94/04132

- 52 =

DNA and 300 ng of insert with a Takara Ligation kit.
The ligated plasmids were used to transfdrm competent
E. coli XLi~-Blue strain, which were then plated on LB
s plates (Sambrook et al. (1989) Bacterial Media in

Molecular Cloning (Nolan, C. ed.), Cold Spring Harbor
Laboratory Press, NY, pp. A.1-4.) containing 100 ug/ml
Ampicillin and 12.5 pg/ml tetracycline. After
overnight incubation at 37 °C, colonies were selected

30 and grown in liquid LB media with ampicillin and
tetracycline. Plasmid DNA from each culture was
rescued as described (Sambrook et al. (1989) in _
Molecular Cloning (Nolan, C. ed.), Cold Spring Harbor
Laboratory Press, NY) and cleaved with restriction

15 enzymes to verify the insertion of the gene fragment.
The insert sequence was confirmed by DNA sequencing
using the same procedures as those reported in
Shoseyov et al. (1992) PNAS USA 89:3483-3487.

20 6.1.4. Expression of CBD
The overexpression vector (pET-CBD) enables

us to overproduce the 17 kDa CBD in E. coli strain
BL21(DE3). CBD was accumulated to at least 70
mg/liter in inclusion bodies. However, additional

25 quantity of about 20 mg/liter of water-soluble CBD
could be recovered from the water-soluble sonic
extract of the E. coli. The cleared extract was mixed
with (Sigmacell 20) cellulose; then the CBD-cellulose
complex was washed by 1 M NacCl solution as well as

39 distilled water to remove non-specific proteins, and
then pure CBD was eluted by 6M guanidine-HCl. CBD was
fully renatured by slow dialysis at room temperature
and regained its ability to bind to cellulose (Figure
10. lane 2).

3s ¢
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gene fragnment encodi ng for CBD. A. Analysis of the primary
struqluredgb CbpA, which containg an N-termnus signal peptide,
Eroikae

uni que CB 18" 4 'hydrophilic repeats (white 10 arrows), BEHUS404132
hydr ophobi ¢ repeats (bl ack arrows). 53 - B. PCR priner placenent
al ong the cbpA gene. | ncl uded for clarlty are the prinmer sequences and
t he cbpA DNA sequence of the CBD flanking regions. The PCR pr oduct
contains Ncol and BanH sites, underlined. 15 Also note that the ATG start
codon for the gene fragnent is located within the Ncol site, and the
TAG stop codon is adjacent to the BanHl _site. . C.
Schematic of pET-CBD, cbht F5ANELER-PEREFICATION, e ¥ed into the
PET-8c vector. The 20 vection.c @Exeparativn nef OO gbteﬂacrl ptional and
translational signals for indug ) Fi gure 3.
Expression afd purification of 116111 dat Brot ol e

cell proteins fromcells RlasmichPNA containing the insert was used
to transform E. coli BL21 (DE3). Plasmid-containing
cultures were grown at 37 °C in NZCYM (Sambrook et al.
(1989) in Molecular Cloning (Nolan, C. ed.), Cold
10 Spring Harbor Laboratory Press, NY) medium containing
ampicillin (100 ug/ml) with shaking to Klett reading
160 (green filter). At this point, IPTG was added to
a final concentration 1 mM. After 4 h, the cells were
harvested by centrifugation, resuspended in 50 mM
15 Phosphate/12 mM citrate pH 7 (PC) buffer containing
RNAse A at 10 pg/ml and DNAse I at 1 ug/ml, and lysed
by sonication on ice with a Biosonic II sonicator at
maximum power for 45 s followed by a 15 s cooling
period, repeated a total of 4 times. The insoluble
20 fraction of a 1 L cell culture was collected by
centrifugation (30 min at 12,000 g, 4 °C) and
resuspended in 20 ml of 6M guanidine HCl. This was
kept on ice for 30 min with occasional vortexing to
disperse the pellet. Insoluble debris was removed by
25 centrifugation (30 min at 12,000 g, 4 °C). The
soluble guanidine HC1l extract was gradually diluted to
400 ml total volume with TEDG renaturation buffer over
a two h period at 4 °C. Ammonium sulfate was added to
80% saturation. After four h at 4 °C, precipitated
30 Proteins were collected by centrifugation (30 min at
12,000 g, 4 °C), resuspended in 40 ml PC buffer, and
dialyzed against PC buffer.
Further purification of the CBD protein
fragment of CbpA was carried out by affinity '
35 chromatography on cellulose: Three additions of 1.0 g
Avicel® PH101 microcrystalline cellulose were used to

"M




25 pET-8c (lane 2), whole cell proteins fromcells har bori ng pET- CBD
(lane, 3), cytosolic fraction from , |ysed pET-CBD cells (lane 4),

Guani di ne 4124158 50| ubi [ i zed menbrane/ inclusion body fra®CTosss#nes

|l ysed pET-CBD cells (lane 5), final PC buffer. wash of 30 Avicel[err]

pellet (lane 6), and purified CBD protein (lane 7) were | oaded on a
15% acryl ani de gel. Each | ane was | oaded with 0.005% of the total.
protein of each fraction, except lane 6 which is a 10-fold

R Tl ot v Sl e e
. pension was allowed to come to
equilibrium (1 h at room temperature with slow
s rotation). The cellulose was then collected by
centrifugation and removed before the next addition.
The three grams of cellulose were washed once by 1 M
NaCl/PC buffer and twice by PC buffer. Purified CBD
was eluted from the cellulose by three washes with 10
30 Ml 6M urea. The urea fractions were pooled and
dialyzed against PC buffer (4 °C to about ambient
temperature}. Protein concentration in the final
purified fraction was analyzed by colorimetric methods
using the MicroBCA protein assay kit (Pierce,
35 Rockford, IL), using bovine serum albumin (BSA)
standards.

7.1.2. Determination of the CBD-Cellulose
Dissociation Constant and the

Cellulose Binding Capacity

Samples of CBD protein (typically 0 to 100
ug) were added to 1.5 ml capacity microfuge tubes
containing PC buffer supplemented with 1 mg/ml BSA and
the desired amount of cellulose (typically 1 mg added
from a stock slurry containing 10 mg/ml cellulose and
1 mg/ml BSA in PC buffer). Potential competitors,
e.g. cellobiose (4 mg/m%j or carboxymethylcellulose
(CMC, 4 mg/ml) were included by adding 200 ul of a 20
mg/ml stock solution in PC/BSA buffer. The final
volume was always 1 ml. The pH of the buffer was 7.0
unless otherwise noted. For experiments at other pH
values, the PC/BSA buffer was adjusted by the addition
of concentrated HCl1l or NaOH.

25

3¢

Asséy tubes were mixed by slow vertical
rotation (30 RPM) at 37 °C for one h. The samples
weré then spun in a microfuge for one min to sediment
the‘cellulose and cellulose-protein complexes. After

35
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- 21 - -Figuré 4. Tinme course of CBD Avicel[err]
bi ndi ng.  GRB [err]nol total protein) and Avicel[err] (1 . /m)
were'equilibraté4 gs*described in Section 7, 5 bel ow, exceptPFﬁgggﬂﬂﬂakger

total volune was used to provi de sanpl-esds aken at various tire points.
Each _ time point sanple was washed and assayed as descri bed I n Section-
7. see, also, Table |I of Figure 9, bel ow Figure 5. Doubl e

reci procal plot of CBD 10 binding to Avicel.[err]. 0.5 ng Avicel[err] is
represented by rematiospdtiseubutserB)thé pgllekcellsewalshad dysed circl es

resuspension in 1 ml of PC buffer. The wash was
separated out by centrifugation and discarded.

s Pellets were then resuspended in a final 1 ml PC
buffer. (The centrifugation step would not be
expected to perturb the equilibrium because the [C)
and {PC] were concentrated to the same extent.)

Of the original BSA in the assay tubes -

j0 (ca. 1 mg/ml), only about 0.1 ug would remain after
the washing steps assuming no non-specific adsorption
and a liguid volume of 10 ul in the pellet. Any color
development due to this residual BSA was accounted for
by the 0 CBD control tubes. Aligquots (150 gul) of this

15 well-mixed suspension were taken for protein
determinations with the MicroBCA kit. The
manufacturer's instructions were followed, except that
the sample volume was brought to 0.5 ml with PC
buffer, to which 0.5 ml of BCA working reagent was

20 added. Assay mixtures were incubated at 60 °C for 30
min. The protein concentration was determined
colorimetrically from the cleared supernatants at 562
nm in a Shimadzu 160 U spectrophotometer. Assay tubes
to which no CBD protein was added were used to correct

25 for a small amount of color development caused by the
cellulose and residual BSA. The data were compared to
BSA standards and adjusted to accommodate the
dilutions that were made to determine the amount of
protein beund to the cellulose in each sample. The

30 Practical detection limit of this assay was about 0.2
ug/ml. After correction.for dilutions, this
corresponds to about 0.034 nmol of CBD bound to the
cellulose in the assay tube. The free CBD protein
concentration, (P], was determined by'subtracting the

3s bound protein concentration, [PC], from the total CBD
added to the tube, [P}
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(J), and 2 ng by closed triangles (H). Inset: P(err] versus the anount

of Avicel[err] used. The assay volune ., was 1.0 m. 15 Fi gure
6. Scat clwodsi@s CBD bihding to Avicel [err]. The [ PC| /Hdtussamsfde for 3
anounts of Avicel[err] - are showmn. The [PC]/[P] is expressed as a

di rensionless ratio, and the [PC] is sho I [err]M 1 ng Avicel[err]
is represented by closed circles, 2 ng 20 Avicel[err] by open circles, and
3 ng by cl osed squares. Figure 7. Double reciprocal plot CBD
bi ndi ng to Cellulon[err]. The incubation m xture contained 0.5 ng
Cellulon[err] per m. [P} F:gupE, 8.PEBD- ProtA fusion prgein

bi nds 25 both Cellulose and |gG 1M Acetic acid sel ectively rel eases
CBD- Prot A: 1 gG "bond", but not the CBD Prot A: cel |l ul ose "bond".

Figure 9. Adsorption of CBD protein to i nsol ubl e substrates. 30

Fi gure 10. 5CNQhexsysSemowaandnpﬁvzﬁdcaﬁsmmlng a simple equilibrium
interaction (Segel, 1975):

k].
P+C T—"PC (2)
k—l
10
where the dissociation constant, K,;, is defined as:
k. _ [PILc] '
.= = = 3
Ka = %7 = ~Tec (3)
15
The data were analyzed by double reciprocal
plots of 1/[PC] versus 1/[P] at different fixed levels
of cellulose (equation 4) and . W:
20

1 . __ X4 1,1 (4)
(PC] (PCI ., [Pl [PC] g

2s and by Scatchard plots of [PC]/(P] versus [PC]:

7] X, ,
30 It must be noted that the cellulose is not a

soluble component, and that [C] represents the
concentration of binding sites on the cellulose
surface exposed to the buffer, per unit volume. |
Similarly, the [PC] represents the concentration of
35 bin&}ng'site-protein complexes per unit volume.
Stréight lines were fitted to the data points by the
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of CBD. Figure 11. Schematic of a signal anplification
systemin which | abel ed CBD detects cellulose or chitin to which is
bound a CBD fusion 35 product. The substance of interest is bound, in
turn, Wi9sm4tsd Neri c - probe. PCT/USS4/04132 = 22

- 57 -

least-squares method using DeltaGraphProfessional
plotting application (Deltapoint, Iné., Monterey, CA).
Each point was the average of three independent

s protein assays from the same binding assay tube.

. Experiments were performed in duplicate. At least two
different amounts of cellulose were used to determine
the K; and PC_,, /g cellulose. These values were
averaged to provide the listed values in Table I,

10 Figure 9.

Experiments were performed to determine the

effect of temperature on CBD binding to cellulose.
200 pl of CBD (40 ug) were added to 300 ul of 50 mM PC
buffer pH 6, 1 M NaCl (final concentrations) and 1 mg

15 of cellulose. Several mixtures of the CBD/cellulose
mixtures were incubated at dlfferent temperatures (16
to 60 °C) for 1 hour with occasional mixing and were
then centrifuged for 5 min at 10,000 g. The pellets
were washed twice with PC buffer pH 6 containing 1 M

20 NaCl. 40 pul of 6 M guanidine-HCl were added to the
pellet that was suspended and further incubated for 30
minutes at room temperature. After centrifugation, 20
ul samples were diluted in 780 gl ddH,0 and protein
concentration was determined using a Bio Rad kit.

25 ’

7.1.3, Determination of Binding to Other
Polysaccharides

Xylan, nigeran, Sephadex® G-75, and chitin
were used in assays to determine whether they were
substrates for CBD protein. 1In all cases, the methods

30 used were the same as those used in determining the
binding to cellulose. Chitin exhibited a very high
background in the MicroBCA assay, which increased '
proportionally tc the 60 °C incubation time, so the

as colér development time was reduced to 15 min. Because

of chitin's high background, only two widely different
protein concentrations were used.
his Sheet Has Been Re laced

IIIIIIII llIIIl i




Figure 12. Schematic of a signal | anplification systemin which the

subst ance of

CBD-'Protei nA(1gg. - ' Figure 13. 1gG purification by CBD Prot A

interest is bound to a ternary CBD fusion product: 5

Cel | ul ose Wo drasastr at ed by detection of sanples on gel PCTrUS94/04132
el ectrophoresis. Lane a is human serum Lsge_b are human serum protei ns

that did not bind to CBD- 10 ProtA-Cellu
wash of sanples, after binding of the IgGto the ProtA has t aken

Lane ¢ is the first PBS

pl ace, show ng unbound protein. Lane d is the | gG fraction recovered by

acetic acid wash.

Fi gures 14A and 14B. Denonstration that 15

CBD-treated cellul ose fibers renalnjlyzun éu CBD has no cel |l ul ose

di sruption anor phogenesis activities.

treated with CBD. 7.2.1. Purification of the CBD for

5

10

is

20

25

30

35

Binding Analyses
In order to selectively produce the putative

CBD region of CbpA {residues 28-189), oligonucleotide
primers were designed complementary to bases 67 to 86
and 558 to 579 of cbpA (Figure 1). As shown in Figure
2, these primers were designed with mismatches to
create an Ncol site and an ATG start codon on one end
of the PCR product and a TAG stop codon followed by a
BamHI site at the other end. This gene fragment was
then cloned into the T7 RNA polymerase expression
plasmid pET-8c, resulting in plasmid pET-CBD. See,
Studier, F., and B.A. Moffatt {(1986) J. Mol. Biol.
189:113-130. The cloned gene fragment codes for a
methionine at the N-terminus of the CBD, but the rest
of the CBD aa seguence corresponds to residues 28 to
189 of CbpA. The protein fragment has a molecular
weight of 17634. The insertion was verified by DNA
sequencing. CBD protein was produced by E. coli BL21
(DE3) cells harboring pET-CBD. After the addition of
IPTG, this host strain produces T7 RNA polymerase,
which recognizes the T7 promotor in the pET vector.
The cbd gene -fragment was under the control of this
inducible promotor, and CBD protein was synthesized in
large amounts after induction (Figure 3). After a
four h production period, the soluble extract from the
lysed cells contained only small amounts of CBD
protein, while most was found in the insoluble

fraction. This protein was readily soluble in
concentrated guanidine hydrochloride, and was
renatured by slow dilution into TEDG buffer. It was
fourid that protein prepared in this fashion binds to
Avidel®, verifying the putative CBD. Although this
fraction is mostly CBD protein, the assays described
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Figure 14 B shows untreated cotton fibers (control). Fi gure
15. Denonstration of the effect of 20 pH and NaC concentrations on the

bi ndi'ng capacity of -~ CBD-Prot A to cel’l ul ose. Fi gure 16.
Denonst r atW@84/2415S€BD bi nding to Aspergi |l us niger. Lane BCI/tS94/04132
Aspergillus niger with CBD. Lane b Lssésgprgillus ni ger without CBD 25
(control). Lane c is CBD al one. Figure 17. Denonstration of
CBD binding to Spodoptera littoralis. Lane a is the md-gut nenbrane

. of Spodoptera littoralis without CBD (control). Lane b is the md-gut

menbrane of Sp fs s . Qqure 18.
Denonstr at i on %%Q%é%regl %ér%{‘?ééfn égl—é%l of‘%ﬁ apﬁrﬁéraw’l}gnguﬁtg}]rﬁs gut
menbr ane of prowidesd hy arsinzle oelleleseraffinatyobinding steam,

m d- gut menbrang qeéﬂiw@%aﬁm%éét%ﬁhvcﬁ% 3Bhe affinitysigure 19.
Denonstration of the effect of and BSA gas a Qontroﬁ) on poIIen
tube growths purified CBD protein appears on acrylamide gels as

. single band when stained with Coomasie brilliant blue.
Approximately 70 mg of CBD protein can be recovered
from the cells harvested from a 1 L culture.

10 7.2.2. Time course of the Binding of the

CBD to Cellulose and Effect of
Temperature

The time course of the interaction of
Avicel® with CBD (Figure 4) discloses several features

of the process:
1s

{a) At initial concentrations of 1.0 mg/ml
Avicel® and 2.0 gM CBD (i.e., [P],), @ plateau value of
1.2 uM complex (i.e., {PC]) is attained by 60 minutes.
A separate experiment established that the maximum CBD
binding capacity of the cellulose sample was 2.1
umoles x g!, corresponding to an effective
concentration of 2.1 uM total cellulose sites (i.e.,
(C],) . Assuming that an equilibrium was established
(verified below), K, defined as [P}[{C}/{PC} is about
0.6 uM.

20

25
(b} The second-order rate constant for

association (k,) calculated from the integrated rate
equation for a reversible Bi Uni reaction (Capellos &
Bielski, 1980; Wilkinson, 1980) - is about 2.7 x 10°

30 M! x min' (average value for points from 5-60 min).
The rate constant for the dissociation of the complex
(k,) calculated as k'K, was'l.s x 10?7 x min? (t,;, = 43
mih) The relatively long t,. for complex dissociation
permltted the C+PC pellet to be washed once without

3s s1gq1f1cant loss of bound CBD. (Resuspension and
recentrlfugatlon of the initial pellet was completed
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- 23 - _ Fi gures 20A and 20B. Denonstration of the ef f ect
of CBD on crystall |1|gg39&h|1as\méanTlmﬂ)onents of pol |l en tubes that were

stained with white f ml\ﬂmmm\ “‘
PCT/US94/04132

WO 94724158
- 60 -~

in less than 1 min. During this period, less than 3%
of the bound CBD would be lost.) It was also observed
that after prolonged incubation, the méasured [PC]

s declined, dropping to a level of about 50% of the
maximum value after 18 hours. This decline may be
caused by gradual denaturation of the protein. To
reduce artifacts resulting from these effects, we used
the shortest incubation time for which equilibration

10 'appeared to be "complete". (Any further increase in
binding beyond 60 min would be obscured by the
experimental error.) CBD binding to cellulose was 4.5
+/-0.5 mg/gr cellulose and was not affected by a
temperature range of about 16 to about 60 °C.

15

7.2.3. Analysis of the CBD-Cellulose
Binding Affinity and Binding

. Capacity

- Figure 5 shows a typical diagnostic plot of
the binding of pure CBD to Avicel® microcrystalline
cellulose. Within experimental error, the plots were
linear yielding a K‘,' of about 0.6 uM and a [PC]g, of

20

2.1 pmoles CBD bound per gram Avicel®. The latter
value corresponds to approximately 37 mg of CBD
protein per gram of Avicel¢. The linearity of the
diagnostic plots suggests that only one type of CBD-
cellulose interaction is occurring.

The ability of CBD to bind cellulose types
other than AviceiG was also investigated. Table 1,
Figure 9, shows the values for the K, and PC,, found
for each of the substrates. Sigmacell 20 and 50 are
describéd_as microcrystalline forms of cellulose;
these materials were also found to bind to CBD.
Highl& crystalline forms of cellulose such as
absgrbant cotton and Cellulon¢ fiber (crystalline
cellulose from Acetobacter xylinum) were able to bind
substantially more of the CBD (up to 6.4 umol CBD per

25

30

35



5 brightener (calcofluor). Figure 20A shows that CBD treated pollen

t ubes produced non-crystalline pollen tube tip as indicated by the
abserice of the bright ctolor at the ti'p zone. Figure 20B shows that a
control pd¥PE¥2413Be tip contains nore crystalline cell 10 waPCT/AUSMNERENT S
as indicated by the bright color. 1 = Figures 21A and 21B.
Denonstration of gol d- |nnunolabellng of CBD treated pollen tubes.

Fi gure 21A denonstrates that in pollen treated with CBD,

gol d-labeling is along the pollen tube but preferably 15 at the tip zone,
as indicated by |5§eg§$g@fgﬁ% F1 gbasa%nh ﬂgdygyﬁlgﬁlgure 21B
en wt

shows the contr treatnent
Fi gure 22. Denor?seclrléﬂ%ﬁofh?%é"ﬁﬁ cWhigh are mgpe,prasassahand dhus

Ar abi dopsi 5L ha'do?ft?aﬁeeﬂésélgéf efﬁe Daf:ieég&i'yhehtlﬂﬁ%d I‘ﬂﬂ:&z&ﬁ,t Vere (
statistica y signi fj cant erences_bet e .ot ues (p
< 0. 05) £8ind G pina A SpElIRE AmbRoE B e . W Aber g
of CBD treated Areddiulopse sdissbciation constant was about the same for
all forms of cellulose, while the PCou varied over a
30-fold range.

10 7.2.4. Binding Site Competition
To determine if soluble carbohydrates

competed with Avicel® for the CBD protein, cellobiose
(a B-1,4 1linked glucose dimer) and CMC (a soluble
derivative of cellulose) were included in some assays

15 at 4 times thé weight/volume of Avicel® (1 mg Avicel®,
4 mg cellcbiose or CMC per ml assay). As Table 1,
Figure §, shows, no significant differences in the K,
or PC,,, were observed, indicating these soluble
carbohydrates did not affect the binding of the CBD to

20 Avicele, '

7.2.5. Effect of pH on the Dissociation
Constant

C. cellulovorans is a neutrophilic qrganism,
25 thriving only around pH 7 (Sleat et al., 1984), so
this pH was used for most of the binding assays.
However, other experiments established that the K, and
. @id not vary significantly with changes in pH
over the range 5.0 to 8.0. In addition, it was noted
30 that PC buffers as acidic as pH 3.5 or as basic as 9.5
would not remove the CBD from Avicel® during 1-min
washes.
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seedlings. This figure shows that the gold-labeling 25 is restricted to the

root and no | abeling is shown on t he shoot. Fi gure 24.
Denonstration of Arabidopsis - t hal i afa seedling staining with white
fl uorescer®o94/24188ri ght ener (cal cofluor). This figure denonspepussiiosssd t hat
only the root is stained indicating accessible cel | ul ose.
5. DETAI LED DESCRI PTI ON OF THE | NVENTI ONPAND DEFI NI TI ONS*
The present invention is directed to the i dentification of cellulose
bi ndi ng donai n ( CBD) protein that is capable of binding cellulose with
hi gh
7.2.6. Binding of the CBD to Other
Polysaccharides
s Xylan, Sephadex® G-75, nigeran, and chitin

were used to explore the binding specificity of the

CBD. Of these, only chitin showed measurable binding

of the CBD peptide Table 1, Figure 9. The chitin-CBD

K, and binding capacity were similar to the Avicel®-CBD
10 Values.

7.3. Results
Our results show that CbpA contains a domain
responsible for cellulose binding, and that this
15 domain could function independently from the rest of
CbpA. Because the purification protocol employeé
denaturation and renaturation steps, the fact that the
purified protein was functional indicates that the CBD
protein sequence was sufficient for proper folding of
20 the protein fragment.
We have found non~specific binding of the
CBD to the assay tubes to be a problem in performing
egquilibrium binding experiments, and have developed an
assay in which the CBD and cellulose are equilibrated
25 in the presence of excess BSA. The BSA effectively
eliminates non-specific CBD interactions with the
tube. After eguilibrium is reached, the cellulose and
cellulose-protein complexes are collected and washed,
then assayed for bound proteins. As described
30 earlier, the dissociation of the CBD-cellulose is slow
so that no detectable amount is removed during a rapid
wash step. '
The bound CBD was measured directly by the
prptein assay, and the free CBD was calculated by
35 suptracting the bound CBD from the total CBD, as shown
in equation 1, Section 7.1.2. This method has the
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- 24 - affinity and in a reversible manner. The CBD of the

present invention may be used, for exanple, in the bi o-i mmobi | i zati on of
bi ol ogi cally active nolecules to 5 cellulose. The CBD of the present

i nvention ‘Hé)?‘“ﬁé‘ss fused to a second protein to forma CBD POBUSIH04132
protein. The presence of a CBD protein ip g3Q5D

advantage that any CBD molecules adsorbed non-
specifically with low affinity to the cellulose would
"be removed by the wash step, resulting in data that
s more accurately reflect the specific, high affinity
interaction between the CBD and the cellulose surface.
As shown in Figure 5, data gathered using this type of
assay yields (within experimental error) linear
diagnostic plots. Double reciprocal plots are a
10 convenient and conventional way of determining binding
affinities and capacities for reversible Bi uni
systems. The validity of the assay is supported by
the observation that PC,, increases linearly with the
amount of cellulose used, while K; is independent of
35 the cellulose quantity. Table 1, Figure 9, shows the
results obtained with several forms of cellulose and'
other carbohydrates. The results indicate that
cellulose types described as Ycrystalline" have a
higher CBD binding capacity than highly processed
20 <celluloses that have lost much of their crystallinity.
The fact that the PC,,, of cellulose samples vary
widely with different cellulose types while the X,
remains constant indicates that we have measured one
type of strong protein-cellulose interaction occurring
2s between the CBD and the cellulose. The lower PC,, of
highly processed celluloses reflects a smaller number
of potential protein interaction sites in the sample,
and seems to correlate with the crystallinity of the
sample. This result would indicate, although not
30 wishing to be limited by theory, that there is some
special feature present in crystalline cellulose that
makes it acceptable as a binding substrate, whereas
amorphous cellulose is found lacking.
; ~ To further characterize the substrate
35 spegcificity of the CBD, we measured the effect of
added soluble substrates (cellobiose or CMC) on
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fusion protein allows for easy and sel ective

fusign protein by incubation 10 with cel|lulose. Exanples of second

purification of the CBD

protelns i ncl ude: " Protein A proteln G streptavidin, avidin, Taq

pol ynmer aswoaad4sgher pol ynerases, al kal i ne phosphat ase,pdiosansiddlase,
variQus restriction enzynmes, peroxidases, glucanases such as

endo-1, 4-beta 15 gl ucanase, endo-1, 3- Fett4- gl ucanase, chitinases, and

ot hers, beta and alfa gl ucosi dases, beta and al pha gl ucor oni dases,
anyl ase, transferases such as gl ucosyl -transf er ases,

Dot ar | act anmsd S BtPe PHETLERL | DERPPErGAL LT FAG BT ACHEaRy ey mes.

| uci f erase,

esftfesteon | thaseBD-pricedsek, or PQact @s cahiowss, imMalpleti cs,

enzyme { N bItOr Spsgurech ! OERIL ROK B! BGhAES:LORNTUNERRT PRI S

menbr anal proté’ns nuclear

factors ang nwél%ﬂ%ctﬂcm%f—yﬁ?ﬂgSlte éﬁz§H§§1f$§e€PF' esmerhinge CBD

protein may bgdpsesomplex than a simple repeating glucose or

10

15

20

25

30

35

cellobiose moiety, and further suggests that, perhaps,
a particular three-dimensional arrangement of
cellulose chains is needed.

The specificity of the CBD for crystalline
cellulose prompts a consideration of chitinases, which
are known to bind tightly to chitin, a polymer of N-
acetylglucosamine in f§-1,4 linkage. Like cellﬁlose,
chitin comes in a variety of forms, depending on the
source and purification method used in its isolation
{Cabib (1988) Methods Enzymol. 161:460-462; Blackwell
(1988) Methods Enzymol. 161:435-442). The chitin used
for affinity purification of chitinases is a-chitin,
in which the chains are arranged in an antiparallel

' fashion. This form of chitin is crystalline with a

structure similar to that of native crystalline
cellulose (often referred to as cellulose I).
Cellulose I is the form in which the cellulose chains
are arranged in parallel bundles, as opposed to
cellulose II, in which the chains are in an
antiparallel configuration. Processing of cellulose I
under harsh conditions causes its disruption resulting
in cellulose II. Both forms are crystalline, due to
extensive hydrogen bond formation. Since our isolated
CBD binds to less processed forms of cellulose, i.e.,
largely cellulose I, we were interested to see if the
CBD would bind to a-chitin, which has a similar
crystal structure, although of opposite strand
origntation. Surprisingly, we found that the CBD did
accept chitin as a binding substrate with a K, very
similar to that for cellulose. Xylan (f-1,4 xylose),
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to an anti body or an antigenic determnant to forma CBD fusi on product
that is useful in diagnostic kits _ and in i munoassays. 30

Thus, for exanple, bodily fluids can be tested for the presence of
parti cul ar W44 es (e.g., heat shock protein (HSP) aRCTSS4/94152/
maki ng use of a CBD and an HSP epinggs _Conversely, an HSP

protein, a cross-reactive HSP-related protein, or 35 antigenic portions

t hereof can be detected using a CBD- HSP anti body fusion protein

nigeran (alternating ao-1l,4 and ¢-1,3 glucose), and
Sephadex® G~75 (a-1,6 glucose with a-1,3 branches)

(Coutinho et al. (1992) Mol. Microbiol. 6:1243-1252)
s Wwere also examined, but the CBD did not show

measurable binding to any of them under the conditions
of the assay. Since chitin is the only one of these
substrates that is crystalline, we feel that this
demonstrates the importance of crystallinity in the

10 Substrate.

‘Although this is certainly a part of the
benefit of tight substrate binding, recent studies
(Din et al. (1991) Bio/Technol. 8:1096-1099) have
shown that binding to cellulose by isolated, non-

15 enzymatic CBDs causes disruption of the cellulose
fibers in a non-hydrolytic fashion. It is thought
that the protein-cellulose binding lowers the degree
of inter-chain hydrogen bonding near the surface of
the crystal, which is followed by extensive hydration

20 ©f these cellulose chains. The end result is a
decrease in crystallinity. This process, termed
“"amorphogenesis," renders more of the cellulose fiber
accessible to the endo-f8-1,4-glucanases. As we have
discovered, the CBD exhibits no such amorphogenic

28 effect.

7.4. CBD Binding to Aspergillus niger,
Spodoptera littoralis, and Heliothis
armigera

Aspergillus niger mycelia (approximately 20
30 mg) were incubated for 1 hour at room temperature with
400 pl CBD (120 ug) in 20 mM Tris-HCl pH 7. The
mycelia were washed twice with the same buffer and
then the pellet was resuspended with SDS~PAGE saméle
appaication'buffer containing S—mercaptoetﬁanol and
35 3sps! The mixture was boiled for 5 min and the
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- 25 - : The term " CBD" or "CBD protein" or "cel | ul ose
bi ndi.ng domai n protein” refers to a protein conprising the am no acid
sequence shown in Figure 1 5 and i ncl udes functi onal honol ogs and
functlon lmg i vatives thereof, provided that the functional honol og
or functi ona'f ggl’l vative possesses the capability of bi REAHFo#R#I32
cellulose with high affinity and i n-aggexersi ble nmanner. The CBD of the
present 10 invention is provided substantially free of other pr ot ei ns
with which it is naturally associated, for I nstance, the bal ance of the
maj or CbpA protein, di scussed above. In addition, one or nore

proteins were analyzed by SDS-PAGE. Figure 16 shows

that CBD binds to the mycelia of Aspergilius niger.
Mid-gut membranes of Spodoptera littoralis
s and Heliothis armigera (major insect pathogens in
agriculture) were isolated under a microscope.
Approximately 20 mg were incubated for 1 hour at room
temperature with 400 ul CBD {120 pg) in 20 mM Tris-HC1
pH 7. The chitin containing membranes were washed
10 once with 1 M NaCl in the same buffer then washed
twice with the same buffer without NaCl and then the
pellets were resuspended with SDS~PAGE sample
application buffer containing B-mercaptoethanol and
SDS. The mixtures were boiled for 4 minutes and the
15 Pproteins were analyzed by SDS-PAGE. The results are
shown in Figures 17 and 18. The results indicate that
the CBD binds to the mid-gut membrane of Spodoptera
littoralis and Heliothis armigera.

20 - 8. CONSTRUCTION OF CBD-ProtA GENE AND
ITS EXPRESSION IN E. COLT

8.1. Material and Methods

8.1.1. Enzymes and Chemicals .
Chemicals were purchased from Sigma
25 chemicals Inc. unless stated otherwise. Restriction
enzymes were purchased from New England Biolabs, Inc.
Taq polymerase was purchased from Promega, Inc.

' 8.1.2. Plasmids and Bacteria
30 The plasmid pCB1 carrying cbpA (Shoseyov et
al. 1992) was used to amplify cbd by PCR methods. The
expression vector pRIT2 (Nilsson, et al (1985) EMBO J.
4(4): 1075 1080) was used for the construction of the
fu51gn genes. Initial transformations were conducted

35 yusing E. coli strain XLi-blue (Strategene).

Expression of CBD-ProtA was conducted in the



predeterm ned am no acid residues in the polypeptide 15 may be
substituted, inserted, or deleted, for exanple, to produce a CBD having
i nproved bi ol ogi cal - properties,*or to vary binding and expression .

| evel s.  woSanmissf the desired CBD proteins falling wthin p8fusesnsgsOre
of the present invention may optionally possess 20 coval ent or

non-coval ent nodifications of the nat &‘al1y occurring nol ecul e,
i ncl udi ng, but not limted to, glycosylation nodifications. Through the
use of reconbi nant DNA technol ogy, the CBD proteins of t he present

I nvention having residue deletions, 25 substitutions gnd/or insertions may
be prepared bytemp%ﬂ?%ﬁ?ﬁgs?ﬂﬁlﬁﬁﬁgrF?PF&SﬁBEIEP@?%%Q&"QTﬁ§raln'

nodi fications @ogmut atADss, thatcoby beraideNusioka Kddbries amoding the CBD

of 4 he present ,nve n_oust. n [ the I fr me and
preferably wll éhﬁégéégfﬁ §§659%6X§|5%é%? §d%§§ & at%EouId pr oduce
secondary s ed%@VaientttmeE(seellEstvpeanzpaﬂentTﬁubmdunnknlstraln, EP
75, 444) N4830-1 is available from Pharmacia, Inc.

8.1.3. oni -Pro
CBD was PCR amplified using cbpA gene as a

10 template. Primers A (N-terminal primer; ‘'S-
GGGGGAATTCCATGGCAGCGACAT-'3) contain EcoRl site,
primer B (C-terminal primer; !'5-GGGGGGATCCTATGGTGCT-
*3) contain a stop codon followed by a BamHI site. The
primers were designed and synthesized in a way that

15 enable force cloning of EcoRI/BamHI 500 bp DNA
fragment into the plasmid pRIT2 "in frame" fused to
the C-terminal part of Protein A gene. PCR conditions
were as described by Innis and Gelfand (1990) with the
following modifications: 2 ng template DNA (cbpA) and

20 1mM MgCl., were used in the reaction mixture. The
reaction was conducted using a programmable thermal
controller {(M&J Research Inc.). Standard DNA
manipulations were conducted according to Sambrook et
al (1989) in Molecular Cloning (Nolan, C. ed.), Cold

25 Spring Harbor Laboratory Press, NY. The PCR amplified
product was digested with EcoRI and BamHI, and the
expected 500 bp DNA fragment (Figure 1) was isclated
from 1.5% agarose gel using QIAEX gel extraction kit
(Qiagen Inc.). The EcoRI/BamHI fragment was ligated

30 into EcoRI/BamHI linearized pRIT2 using T4 Ligase.
The ligation mixture was used to transform XLl-Blue
comﬁetent cells and transformed colonies were selected
on LB agar plates containing 100 mg/L ampicillin.
Successful construct containing the DNA insert was

3s designated pCBD-ProtAl.
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" The CBD protein of the present 7invention is one having at |east 70%

homgl ogy to the am no.aci.d gdRregmeence, shown in Figure 1, preferably, at
| east 80% hoghﬁ lmﬁ*gs rably, at |east 90% honvol ogy, and
- 26 - woO94n41s8 ““‘“ “‘)ﬂ PCT/US94/04132
- 68 =
8.1.4. Expression and purification of
CBD=-Prota :
s . Expression of the fusion protein was

conducted as described elsewhere (Nilsson, et al
(1985) EMBO J. 4{4):1075-1080) .40 ml LB containing 50
mg/L ampicillin inoculated with 400 ul of overnight
culture of E. coli strain 2097 containing pCBD-ProtAl.

10 The culture was grown to 100 Klett (green filter) at
30 °C and then shifted to 42 °C for 45 minutes and
then grown for additional 2 hours at 40 °C. The cells
were harvested by centrifugation at 2,000 g for 10
min. and résuspended in 10 ml of 20 mM Tris-HCl buffer

15 PH 7. The cells were lysed using W-385 sonicator
{Heat Systems-Ultrasonic, Inc.) at maximum power for 1
minute followed by a 30-second cooling period,
repeated 3 times. The lysate was cleared by
centrifugation (4,000 g for 10 min) and 500 mg of

20 ¢Cellulose particles (Sigmacell 20, 20 microns average
particle size) were added. The suspension'was
incubated for ten minhteé at RT and centrifuged (2,000
g for 10 minutes). The supernatant was removed and
the pellet"was washed once with 5 ml of 1 M NaCl to

25 remove non-specific binding proteins and twice with 10
ml of deionized water. CBD-ProtA was remove from the
cellulose by 5 ml 6M guanidine-HCl. After
centrifugation (2,000g, 10 min) the solution was then
dialysed against 20 mM Tris-Hcl buffer (pH 7).

30 Proteins were analyzed on 12.5% SDS-PAGE according to
Laemmli (1%970).

8.1.5. Binding Analysis of CBD-Prota
¢ The binding of CBD-ProtA to IgG was
35 detefmined as follows: A 100 pl suspension of rabbit
IgG (H+L)~-Sepharose (8 mg/ml, Bio-Makor Inc.) that was



nost preferably, at |east 95% honol ogy. The term " X% honol ogy" is not
intended to be limted to sequences havi ng a X% honol ogy over the entire
| ength of the 5 profeln The 70% honology is also intended to include

X% honol ogyo®easrssi ng in identified functional areas W t hpBTARS4/d4Ps

protein of Figure 1. An exanple of a functional area would be a defined
set of am no acids having the ability £8 Bind cel lul ose with hi gh 10
affinity and in a reversible manner. Such protein honol ogs nmay al so be
referred to herein as "CBD functional honmologs.” |In one enbodi nent of

t he present |nvent| uch a functional ar may _have bqut 100
ani no aci ds. ﬁsﬁ‘@rdoéﬁt%dlmt ospRate §B$g§€n¥£‘ ﬁuoﬂa uch a
functional ar earalgaynzbmﬂe with abanl & bsobhatedi dBD-Piretan i50desy/mall.e CBD

DOl oo THE AROASEY A N d 8 0BGy ORIRELECUL G Hee AE Wher 21 ¢

sequence shown'in D functiona
der|Vat|ve"5ascgg§;1fuged (2,000g, 5 minutes). The supernatant was

removed and the pellet was washed twice with 500 ul of
PBS. Then, the CBD~ProtA was eluted with 200 gl of 1M
acetic acid. The pellet was mixed with 15 pl of
sample application buffer (SAB; 125 mM Tris-HCl pH
jo 6.8, 4% SDS, 20% glycerol and 0.002% bromophenol
blue), 15 gl samples of the different fractions were
mixed with 15 gl of SAB, then boiled for 5 minutes and
analyzed on SDS-PAGE.
The binding of CBD-ProtA to cellulose was
15 determined as follows: 20 mg of cellulose (Sigmacell
20) were mixed with 200 pl of isolated CBD-Prota
(50 pg/ml). The mixture was incubated for 15 min at
RT and centrifuged at 2,000g for 5 min. The pellet
was washed with 200 ul 1 M acetic acid and the pellet
29 Wwas resuspended with 40 pl of SAB. The cellulose
' suspension was boiled along with the 15 pgl of the
acetic acid wash (mixed with 15 pl SAB) and analyzed
on SDS~PAGE.

2s 8.1.6. Results
It was shown that CBD~ProtA can be expressed
in E. coli, and purified using cellulose in a one-step
purification. The fusion protein has the expected
size, 45 kDa {(Figure 8). CBD-protA retained its
30 @affinity to cellulose as well as to IgG. It was shown
that 1 M acetic acid releases the CBD~ProtA:IgG bond
but not the CBD-ProtA:cellulose bond. .
Using this expression vector, we produ#ed_G
mg ;of CBD~ProtA per 1 liter of culture. Our
35 expkrience with the T7 overexpression system enabled
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20 herein refers to any "fragnent", "variant", "anal ogue” or "chem cal
derivative" of the CBD protein am no acid sequence shown in Figure 1
whi cH retains the * capability of*binding to cellulose with high affinity
and in a neyeoi/sdeg e manner and is preferably between 25 aboga%sggla‘ﬁgout
160 am no acids in length, nore preferably between about 25 and about
125 am no aci ds in length and nost préPerably between about 50 and
about 100 ami no acids in |ength. The term "fragnment” is used
to indicate a 30 CBD protein which is derived fromthe CBD protein

shown in Figure 1, and has a naturally occurring - equence. Such

fragnent may bESptEdREF&RUSL morerﬁ%ﬁ%o??t?%m%$eﬁyéﬁeagPuPﬁe(FBIFgVéﬁgth

pr ot ei n. Aktguygicgﬁ;mﬁiigtérﬁ@ﬁpnt i s obtained reconbinantly 35 by
appropriately nodifying the sequence encodi ng - the CBD protein to
del ete one or nore am no aci ds at '

[ 9. LONING OF CBD~HSP FUSION PROTEIN
An example for the cloning of CBD-HSP fusion
protein: PCR primers for- the amplification of HSP gene
are prepared using the plasmide SJ60 as a template.
The vector was described by Jindal et al. (1989) Mol.
10 Sell. Biol. 9:2279. The primers will contain KpnIl
site at the N terminal of HSP and stop codon followed
by a BamHI site at the C terminal.
Forward primer: 5'-ACGGTACCACTTCGGTTACCCACAGTC-3'
Reverse primer: 5'-GGGGATCCTACATGCCACCTCCCATTAG-

15 3
In order to enable translational fusion of
the C terminal part of CBD to the N terminal part of
HSP, we introduce a Kpnl site at the 3' end of cbd
gene. This introduction achieves PCR amplification of
20 ¢Cbd using pET-CBD as a template and the following
primers: _
Forward primer: 5!'-GTATACCAGCCATGGCAGCG-3'
Reverse primer: 5!'-GTACATCTGGATCCTATGGTACCGT-3!
The amplified DNA is digested with NcoI and
25 BamHI and is then ligated into NcoI/BamHI predigested
PET8c vector. The ligation mixture is then used to
transform XL1Blue and the new plasmid designated as
pET-CBDK. This plasmid is digested with Kpnl and
BamHI and the KpnI/BamHI restricted HSP-PCR amplified
‘39 fragment is ligated; transformed into XL1Blue and
after confirmation of the construct will be used to
transform BL21(DE3) for overproduction of CBD-HSP.

bt

3s
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- 27 - one or nore sites of the Ctermnal, N-termnal, and W t hin
the naturally occurring sequence. Fragnents of the CBD protein can be
screenhed for the ability to 5 bind cellulFose with high affinity and in a
reversi bl eWOM4i¥er to deternine the identity or utility of PEI/US94/04132

- 71 -

10. CONSTRUCTION OF NH.-V,=V,~-CBD-CO,
CBD fused to recombinant antibody is carried
s out by cloning any desired V,-V, using the “Recombinant
Phase Antibody System" (Pharmacia Inc.). The
resulting pCANTABS plasnmid carrying the Vy~-V, is used
as a template for PCR amplification using the
following primers:
10 Forward primer: 5'-AGCCATGGCGGCCCAGC-3'
Reverse primer: 5‘'-GGGGTACCAACAGTTTGTGCGGCC-3!
These primers introduce the Ncol site at the
5" of the V,~V, and Kpnl site at the 3' end. The
amplified fragment is digested (partially if

15 necessary) with NcoI and KpnI and is used in the
expression vector of C-terminal fusion of CBD, below.

To enable translational fusion of the N
terminal part of CBD to the C terminal part of V,~V,
we introduce a Kpnl site at the 3' end of cbd gene.

20 This introduction is achieved by PCR amplification of
cbd using pET-CBD as a template and the following
primers:

Forward primer: 5°* —GGGCCATGGCAGGTACCTCATCI&-3 '
Reverse primer: 5'-GTACATCTGGATCCTATGGTGCTGT-3'

28 These primers introduce Kpnl sit at the 5!
end of cbd gene after the Ncol site, and maintain the
stop codon followed by BamHI site at the 3' end. The
amplified DNA is digested with Ncol and BamHI and then
is ligated into Ncol/BamHI predigested pETSc vector.

30 The ligation mixture is used to transform XL1Blue and
the new plasmid is designated as pPET-KCBD. This
plasmid is digested with NcoI and KpnI and the
NcoI/KpnI restricted V, -V, amplified fragment is then
ligated; transformed into SL1Blue and after

as conformation of the construct is used to transform
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functi onal derivative. The term"variant" as used herein is

defi ned as a nmol ecule in which the amno acid sequence, 10

gl ycosyl agj dattern, or other feature of a naturally occurrin
nnleculeahg’ &? modi fi ed covalently or noncoval ent |y Eﬁﬁaﬁg“?&?%nded
to include nutants. Sone of the vardgys-falling wthin this invention
possess am no acid substitutions deletions, and/or 15 insertions provided
that the final construct possesses the desired ability of binding
cellul ose with high affinity and in a reversi ble manner. Am no acid

substitutions Bp21(PESBDEPEObYetpodulet ivmd@ OV, Hop-cBD -Pasionof sinilarity
in polarity, chargei solubility, 20 hydrophob|C|ty hydr ophilicity and/ or
t he anphlpathl Rature of the residues invol ved. For exanpl e,
negatively charged anlnoIachgwinﬁla@s above-disxdicsure andl what absc aci d;
positively Ox: thbn%&%de kyﬁ; St no aC|ds
wth 25 n%hzaﬁ réﬂ"?.g ﬁ a'Poups or nonpol a ;%airiga& &

one o ordlnary skill that a wide varlety of CBD

fusion products can be prepared which comprise the CBD

and second proteins of known sequence.

10 11. G_PURIF TION BY CBD-ProtA CELLULOSE
This example demonstrates the use of CBD for

purification of IgG. Human serum (500 g1, 1:10
diluted in Phosphate Buffered Saline (PBS), pH 7.4 was
added to 20 mg suspension of CBD-ProtA-Cellulose (4

15 #g/mg). The mixture was incubated for 1 hour at 8 °C
and then the unbound protein was removed by a quick
centrifugaﬁion and two 500 ul PBS washes. 1IgG was
recovered by 200 ul 1 M acetic acid wash (15 minutes
at room temperature) while CBD-ProtA remained bound to

20 the cellulose.

12. CHARACTERIZATION OF CBD
This example demonstrates that CBD does not
disrupt cellulose. CBD has no cellulose
25 disruption/amorphogenesis activities. Approximately 1
mg of CBD was incubated overnight at 37 °C with 10 mg
portions of two different types of cellulose (cotton
and Cellulon®) in 20 mM Tris-HCl buffer pH 7. The
cellulose samples were gold-coated and observed under
39 Scanning electron microscope. Figures 14A and 14B
demonstrate clearly that CBD-treated cellulose fibers
remained intact compared to the control, untreated
cotton.
' _ The effect of pH and NaCl concentrations on
3s theubinding capacity of CBD-ProtA to cellulose was
exaﬁined. 450 pl of CBD-ProtA (100 ug) were added to
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havi ng sim |l ar hydrophilicity values include the foll owi ng: | eucine,

i sol euci ne, valine; gltycine, al ani ne; asparagi ne, glutam ne; serine,

t hr eoni ne; henyl al ani ne, tyrosine. Also included within the 30
definition 5?*@%? ant are those proteins having addi t i oR&TUSHAH3AC ds
at one or nore sites of the G termngd ,_N-termnal, and within the
natural |y occurring CBD sequence as long as the variant retains

the capability of binding cellulose with high affinity 35 and in a
reversi bl e manner.

a tube containing 550 ul of different buffers (50 mM
citrate phosphate containing different NaCl
concentrations i.e., 0, 0.25, 0.5, 1 M NacCl, 1 mg of
s cellulose (Sigmacel 20), and 1 mg BSA. The tubes were
. incubated for 1 hour at 37 °C with occasional mixing
and were centrifuged for 5 minutes at 10,000 g. The
pellets were washed twice with their corresponding
buffers. 40 ul of 6 M guanidine-HCl were added to the
10 Pellet that was suspended and further incubated for 30
minutes at room temperature. After centrifugation, 20
gl samples were diluted in 780 gl ddH,0 and protein
concentration was determined by a BioRad kit. Figure
15 shows that at low pH values, increasing
15 concentrations of NaCl increased the binding of CBD-
ProtA to cellulose up to 70 mg/gr cellulose.

13. CBD MODIFIES THE GROWTH OF PLANT TISSUES

13.1. aterial and ds
20 13.1.1. pPlant Material

Flowers of peach (Prunus persica cv. Texas)
were obtained from a plot near Rehovot. 'Anthers
collectéd from flowers at the first day of anthesis
were excised from the filaments and dehydrated at 30

25 °C for at least 24 hours. The pollen released was
used fresh or stored at -20 °C. Seeds of Arabidopsis
thaliana were obtained from the Univérsity stock.

.

13.1.2. Pollen Germination In vitro

30 Pollen grains were germinated in liquid
cultures of 100 ul growth medium in each Eppendorf
tube. The growth media were made as follows: Peach
pollen grains were germinated in growth medium
containing 15% (w/v) sucrose, 100 pg/ml H,B0O;, 200 12

35 pg/,ml MgS0,.7H,0 and 200 pg/ml Ca(NO,;),.4H20. Different
concentratlons of CBD or BSA were added to the tubes.
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- 28 - The term "chem cal derivative" as used her ei n
refers to a CBD protein produced by chem,cal nodi fi cation of naturally

occurring nt CBD5 protein. [Illustrative of an ex

chemi cal wng%“fsgcatlon woul d be repl acenent of H by an al %}ﬁlﬁsﬁkg@h or
am no- gr oup. The phrase "bindi rg cellul ose with high
affinity" as used herein refers to the ability of the 10 CBD protein to
bind to cellulose with a Klerr] in [err]M rangi ng fromabout 1.5 to
about 0.5, preferably from about 1.4 to about 0.8. More preferably, the
hi gh The amounts of pollen grains in each tube. were

approximately 1000. For each treatment, three
repetitions were made. After incubation overnight at

§ 25 °C in a dark chamber, the pollen was examined in
populations of a least 100 pollen grains in each
specimen (300 per treatment).

13.1.3. BSeed Germination

10 Seeds of Arabidopsis taliana were washed in
distilled water. About 100 seeds per treatment were
soaked in 1 ml of distilled water in glass culture
tubes of 2 cm diameter and 10 cm long. The tubes were
placed in a growth chamber in which the temperature

15 Wwas constant at 25 °C and photoperiod of 16/8 hours of
light/dark respectively. After four days, the length
of the seedlings, shoots, roots and root hairs (the
longest in each seedling) were measured to examine the
effect of the different treatments on the plant

20 oOrgans. '

13.1.4. Histochemical Observation
Peach pollen tubes that were grown with or
without CBD were washed from the growth media by
2s Ppelleting for 1 minute at 10,0009 fixed overnight
using 4% glutaraldehyde in 0.1M phosphate buffer pH
7.4. The pollen tubes were washed with the same
buffer, then carefully resuspended in the same volume
of 4% glut&raldehyde in the same buffer and kept
30 ©Overnight at 4 °C. The pollen tubes were pelleted
again, washed with the same buffer, with distilled
water and then stained with white fluorescent
brightener (calcofluor, 0.1% in 0.1M K;P0;), to
indjicate crystalline cell wall components.
35 Mié;oscopic observations were made by fluorescent
lig%t microscope (RA Zeiss Oberkochen). Arabidopsis
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affinity bindi

ng refers to the ability of the instant CBD to bind to

crystalline cellulose with a K[err] of about 15 1.1 or |ess, nost

preferablxwagg 44 .0"or |ess. ' The phrase "bi ndi ng_cel | ul ose
reversi bl e manner" as used herein refers to the t he
CBD protein to be released fromthe -Cc®bl 4l ose- CBD protein binding

conpl ex by rel
guani di ne- HC

surfactants. Preferably, however, those denaturing reagents are used

easing 20 agents or solutions, such as 6M urea, 6M
and ot her denaturing reagents, including nonionic

whi ch allom/thseéeueagedweea @reated Ut thredinetwap, browevepsthieut ed. For

i ea or | 6M quaRPAPRSSRE) By <L nr o o e TFeblAg: o 8 o

renaturing conditions de§@ﬁﬂBEQQMien tQRﬁﬁlQné-Erébﬂdopsis1se¢d21nqsand

8.1.4, belog
30 refers to t
protein and a

i0

were examlned biNa nrRinBadRIL S LB OR PEQLRI PTca8sysed herein

he 10|n|ng oggther of at | east. two roteins, a CBD

ingifrats to cellulose. The plant
material was. first fixed overnight 4% glutaraldehyde

in PBST (Phosphate buffered saline TWEEN 2™). The
specinens were washed with PBST for one hour, soaked
for one hour in 1% skim milk, and then incubated for 1

. hour with polyclonal rabbit anti-CBD antibodies

15

20

25

30

35

diluted by 1:500 in PBST. The specimens were washed
3X10 minutes in PBST and then incubated for an hour
with goat anti rabbit IgG conjugated with 5nm gold
particles diluted by 1:100 in PBST. The specimens
were washed 2x10 minutes with PBST and once in water.
A silver stain kit (BioCell Research Laboratories) was
used for final development of the reaction. The
specimens were soaked in the combined solutions of the
kit for about 10 minutes and then washed with plenty
of distilled water. The specimens were observed under
light microscope.

13.2. Results

13.2.1. The Effect of CBD on Pollen Tube
Growth

Figure 19 shows the effect of CBD compared
to BSA (control protein) on pollen tube length.
Different letters indicate statistically significant
differences between the pollen tube length values (p <
0.05). It was evident that CBD promoted pollen tube
growth. BSA inhibited pollen tube growth probably by
osmotic effect. 1In that respect, the results at 50
pg/ml are the most significant where CBD treated

¢

pollen grains produced pollen tubes almost double the
[

Ml

il
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enbodi nents of .the present invention, the second protein may be fused

or jained to a third, protein. In . the present invention, exanples of
second p (ig%QF 35 include enzynmes, such as nucleic acid nodification
enzynes,%g 4¥%s, hornones or hornone precursors, PCT/US94/04132

- 29 - - 76 -

size of that of pollen grains treated with 50 ug/ml
BSA. . _
In an attempt to determine the mode of
s action of CBD, pollen tubes (CBD treated and control)
were stained with white fluorescent brightener
(calcofluor) to indicate crystalline cell wall
components. Figures 20A and 20B demonstrate that CBD
treated pollen tubes produced non-crystalline pollen
10 tube tips as indicated by the absence of the bright
color at the tip zone. The absence of rigid
crystalline cell wall at the tip zone has the
potential to facilitate elongation. Gold-
immunolabeling of CBD treated pollen tubes (see
15 Figures 21A and 21B) demonstrated that CBD was bound
along the pollen tube but preferably at the tip zone
as indicated by the intensive dark dots at the tip
" zone. Again a strong indication that the absence of
rigid crystalline cell wall at the tip zone was the
20 result of CBD. A possible mechanism could be that CBD
intercalated with the cellulose fibers while being
formed, thereby inhibiting the crystallization
process. .

25 13.2.2. The Effect of CBD on Root and
Root~Hair Growth

The effect of CBD on root growth of
Arabidopsis thaliana seedlings was determined, Figure
22. At IOW'éoncentrations, CBD promoted elongation of
roots. At higher concentrations, CBD dramatically

30 reduced root length whereas similar concentration (100
pg/ml} of BSA had no effect. Different letters
indicate statistically significant differences between
the root length values (<0.05). _The effect on shoot

as lengﬁh revealed a similar trend however, the

i
différences between the treatments were not dramatic
as for the roots, and not statistically significant.
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pol ypepti des, peptides, antibodies, antigens, antigeni c epitopes and
vari ants thereof. In sone preferred enbodi nents of the present
invention, the 5 second protein is Protein A, in other preferred
enbodi nent BPEHS8 present i nvention, the second prot ei n i RCEHS4499132

protein. One preferred enbodi nent of the-present invention is a fusion
protein conprised of CBD protein, Protein A or anti-HSP reconbi nant |gG
10 The CBD fusion protein of the present invention may conpri se an
enzymati c or chem cal cleavage site upstream and preferably adjacent to

the N-termnus gbla-inMenSRNeETi NG ObLi OBBNELEaALtaN ARaYTabpsier chemical
cl eavage site dq st;ean1anqafrefer?p£¥ adjggfnththe 13 %—ter I nus of the
second protein Fﬁ%&ﬁﬂ?ﬁn?ﬁﬁ HE3A WEGné3 oFPHES, Ehafkg second
protein fromthaati@dling wasivasypritted tardhghrost ahdanol dabielgrpent .
The ter”‘"CBE TURILCEHY 30 -GeL | Hh85E. Arabidopsis thaliana seedling
staining with white fluorescent brightener
(calcofluor) showed that only the root is stained
indicating accessible cellulose (Figufe 24). The
absence of the bright color at the shoot indicates
10 that the stain could not penetrate the waxy cuticle
thus explaining why CBD was effective on the roots and
not on the shoots.
The inhibitory effect on root elongation by
high concentrations (1 x 10® to 1 x 10* ug/ml) of CBD

15 could be explained by a steric hindrance of the
cellulose fibrils thus preventing access of enzymes
such as endo-glucanases or xyloglucantransferases or
other proteins that modulate cell elongation by
loosening the rigid cellulose fibrils network. At low

20 concentrations, CBD could either decrease the
crystallinity of the cell wall or alternatively
interfere with the xyloglucan cellulose interactions
thus preventing crosslinking of the cellulose network.

These results described in this application

25 clearly demonstrate the usefulness of CBD fusion
proteins for affinity purificafions of proteins and
enzymes using cellulose as the insoluble solid matrix.
Furthermore, the CBD fusion products offer a wide
range of potential applications that would be apparent

30 to one of ordinary skill in view of the above
disclosure, including, but not limited to, affinity
separation methods and use in diagnosﬁic Kits.

: 14. DEPOSIT OF MICROORGANISMS
as 1 The following were deposited with the

)

American Type Culture Collection (ATTC), 12301
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bi ndi ng conpl ex" as used herein refers to the conplex 20 formed when

cel lul ose binds the CBD protein of a CBD, fusion protein.

"Nucl eic i d" refers to a nucl eotide sequence conprising a series of
nucl ei ¢ aéﬁﬁg“? to 3' phosphodi ester |inkage that® 2H?HHQ“€P¥her
an RNA 25 or a DNA sequence. |If the nucjgic acid is DNA the

nucl eoti de sequence is either single or double stranded. CBD protein
encodi ng nucleic acid is RNA or DNA t hat encodes a CBD protein capable
of b|nd|ng cellulose with high affinity, is conplenentary to 30

nucleic acid segyRlaemepyddid)d m&vﬁ&@ MY &, A;szrn 12 hybeigli aaa to

nucl ei ¢ aci d sequence encodln ) i n_and ns _stably
bound to it un g % &l%HH qﬁﬁ?tég aceession nnah Br ase
"nucleic acid encodlng the CBD 35 protein of the present invention”

I ncl udes nuclelc nigi&k&:&&u&ﬁ&?”‘c CDNA, syntQﬁﬁ:___fﬁﬂ_ﬁ_ﬂh_iynthet|c

E. coli pCBD-Proal/2097 69283
E. coli pET-CBD/BL21 (DE3) 69282
E. coli pCBD-Protal 75443
E. coli pET-CBD 75444

10
The invention described and claimed herein

is not to be limited in scope by the specific
embodiments herein disclosed since these embodiments
are intended as illustration of several aspects of the
15 1invention. Aany equivalent embodiments are intended to .
be within the scope of this invention. Indeed,
various modifications of the invention in addition to
those shown and described herein will become apparent
to those skllled in the art from the foregoing
20 descrlptxon Such modifications are also intended to
fall within the scope of the appended claims.

It is also to be understood that all base
pair and amino acid residue numbers and sizes given
for nucleotides and peptides are approximate and are

25 used for purposes of description. |

A number of references are cited herein,-the
entire disclosures of which are incorporated herein,
in their entirety, by reference.

30

35

L
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- 30 - origin which, by virtue of - its origin or manipulation, S
not associated with any portlon of the pol ynucl eotide to which it is

associ at edwiopapaissr e, 5 and may be‘linked 't%? a pol ynucl eot i germishifdsrian
t hat -78£1~

International Application No: PCT/ !

MICROORGANISMS

Optional Shest in connection with the microorganism referred to on page BB, lines 1-12 of the description -

A. IDENTIFICATION OF DEPOSIT’

Further deposits are identihed on an additional sheet *

Name of depositary institation *
» American Type Cuiture Collection

Address of depositary institution (includiﬁg postal code and country} *

12301 Parklawn Drive
Rockvilie, MD 20852
us

Date of deposit* April 12, 1893 Accession Number * §9282

B. ADDITIONAL INDICATIONS - tieave blank 1f nox applicadle). Tis mlormation s contiened on & Separaie amtached sheet

C. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE ° &t mwcuan = st i avnprandt Sumt

D. SEPARATE FURNISHING OF INDICATIONS * fleave blark if not applicable)

The macanons Histed Delow will be 1e the | al Bureay (ater " {Specify the general nature of the ndications e.g..
"Accasmon Number of Depasit®]

E. %‘his sheet was received with the Internavional application when filed (to be checked by the receiving Office)

3 The date of receipt (from the applicant) by the International Bureau *

was

Form PCI/RO; 1 34 (Jahuary 1981)

{Authorized Officer)

.

£
I
4
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to which it is linked in nature, and includes single or doubl e stranded
pol ymers of ribonucl eqtides, deoxyri bonucl eoti des, nucl eotide anal ogs,
or comag hefag thereof, as long as t he CBD bei ng encoded retains
its ab.|FP§8?g bind cel | ul ose with hi ghe ., affinity. The phr%é§U§V@Bn”

i ncl udes vari ous nodi fications knowﬂ/( 4T the art, i ncl udi ng but not
limted to radi oactive and chem cal | abels, nethylation, caps,

i nternucl eotide nodifications such 15 those with charged |inkages (e.g.,
phosphor ot hi oat es, phosphorodit hi oates, etc.) and uncharged |inkages
(e.g., methylremprosshAepfirataedio: A§osphot i est er s, phosphor am di t es,
carbamtes, etc.), as well as those cont ai ni ng pendant noi eti es,

i nt er cal at or gorm 8¢WHOMIR(S; 20 etc. as long as the CBD encoded by the

nucl eic acid retains the ability to bind cellulose with high _

af finity andAreices TyreFatues Geflegionpnner . CBD encodi ng nucl ei c
acid my be Ysefpdiwn priveCONStruct reconbi nant expression vectors capabl e of

Rockville, MD 20852
us

Accession No. - Date of Deposit
69283 April 12, 1993
75443 ’ April 12, 1993
75444 April 12, 1893
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25 expressing the CBD protein or the CBD fusion protein of the present
invention. A nucleic acid construct is , capabl e of expressing a protein

if it cont ajgSyzqissnUC! €0t de sequénces containing transcri Pt hep 95&3
transl ational regulatory information and such 30 sequences are ope ghly

| i nked" to nucleotide coding sequence®? “Operably linked" refers to a
I i nkage in whi ch the regul atory DNA sequences and the DNA
sequence to be expressed are connected in such a maymSMwﬂkaBﬂm@£

transcription and ultimtely translation. the CBD
fusi on protein IMED or, the nuclelc a he

protein wll

1. An isolated cellulose binding domain
5 comprising the amino acid sequence depicted in Figure
1.

2. A cellulose binding domain comprising
an amino acid sequence having at least 80% amino acid
10 homology to a contiguous‘'portion of the amino acid
sequence depicted in Figure 1.

3. The cellulose binding domain of claim 1
having a binding affinity to cellulose or chitin
15 Ccharacterized by a K, ranging from about 1.5 uM to
about 0.5 uM.

4, The cellulose binding domain of claim 3
in which said cellulose or chitin is crystalline.
20 o
5. The cellulose binding domain of claim 4
having a K; of 1.2 uM or 1less.

6. The cellulose binding domain of claim 4
25 having a K; of 1.0 gM or less.

7. The cellulose binding domain of claim 2
having at least about 100 amino acids having greater
than 80% amino acid homology to a contiguous portion

30 of the amino acid sequence depicted in Figure 1.

8. The cellulose binding domain of claim 2
having at least about 50 amino acids having greater
than 80% amino acid homology to a contiguous portion

3s offfhe amino acid sequence depicted in Figure 1.

L #
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- 31 - be linked or joined to the nucleic acid encoding the second

protein such that theis8 as Bed céd ane of the CBD protein and the '

second pr%%%‘isg i nt 5 translation of the CBD fusion protein

to occur. nuc] be obtained from a vari eP§THFG412 |
ose

sources that produce cellu I ndi ng d@pi-ns t hat bind with high

affinity and in a reversi ble manner or t hat produce CBD encodi ng nRNA.
The preferred source 10 of CBD encoding nucleic acid is O ostridium
cel lul ovorans. The CBD encodi ng nucleic acid nmay be obt ai ned as

described in Section 6. 19. The cellulose binding domain of claim 7
having greater than 90% amino acid homology to a
contiguous portion of the amino acid sequence depicted

s in Figure 1.

10. A recombinant nucleic acid encoding a
cellulose binding domain comprising the nucleic acid
sequence depicted in Figure 1 or its complement.

10 -

11. A recombinant nucleic acid encoding a
cellulose binding domain comprising a nucleic acid
sequence having at least 60% homology to a contiguous
portion of the nucleic acid seguence depicted in '

15 Figure 1 or its complement.

12. The recombinant nucleic acid of claim
10 which is a DNA polynucleotide.

20 13. The recombinaht'nucleic acid of claim
10 which is a RNA polynucleotide.

14. A polymerase chain reaction kit (PCR)
- comprising a pair of primers capable of priming cDNA
25 synthesis in a PCR reaction, in which each primer is a
polynucleotide of claim 12 or its complement.
15. A recombinant nucleic acid comprising a
sequence of at least about 300 nucleotides having
3¢9 Jreater than 60% homology to a contiguous portion of
the cellulose binding domain nucleotide sequence
depicted in Figﬁre 1 or its complement.

16. A recombinant nucleic acid comprising a

3s seqﬁgnce of at least about 150 nucleotides having
greéter than 60% homology to a contiguous portion of

e



The nucleic acid encoding“fhe'CBD'pfotein of - the present invention may
be obt ai ned fron1|sq% l%éBmﬁﬂamamdlfled DNA from cell sources or by

genom ¢ 5?% genoﬁ1c l'i braries of clones may be
prepared UG ni in the art and may B@3§¥P@@ﬁ@a for
particul ar CBD encodi aC|d\uﬂrLrumleot|de probes that are 20
substantially conplenentary to any portion of the gene. |f detection of
CBD protein encodi ng conserved nucl eotide regions is desired,

nucl eoti de probes shoul d be based on CBD nucl eoti de sequences conserved
f rolm spegi es tq;r&p&eémldée dsimih@ndleﬁaﬁﬁgnnbohgﬁld%ﬁ séliz(”jtfébﬁ&élbg ugi que
nucl eoti de reg| ns. i.s T nuc tide probes . .shou e based on

uni que CBD c%ﬁéi é%ﬁ%%ﬁ%e% oﬁlggfnﬁf SONA or genom ¢ DNA
may be used as tenplates for PCR cloning with SU|tabIe ol i gonucl eoti de

primers. Full length clopes, @eboﬁbxnhﬂ‘esﬁu ‘1%&@ rﬂaﬁ?& (¥ SUid & g0ding
regi on of t Ife desi red CBD ecte constructing
. or 16 having greater than 0% homology to a contiguous
portion of the cellulose binding domain nucleotide

sequence depicted in Figure 1 or its complenment.

10 18. Plasmid pET-cellulose binding domain as
deposited with the ATCC.

19. A recombinant vector comprising a
nucleotide sequence encoding a cellulose binding
15 domain of claim 1, 2, 8, 9 or 10.

20. A host cell transfected with a
recombinant vector of claim 19.

20 21. Recombinant E. coli pET~cellulose
binding domain/BL21(DE3) as deposited with the ATCC
having accession No. 69282.

22. A cellulose binding domain fusion
25 Drotein comprising a cellulose binding domain and a
second protein; said cellulose binding domain
comprising the' amino acid seguence of Figure 1.

23, The cellulose binding domain fusion
30 Protein of claim 22 in which the second protein is
Protein A, heparinase or an enzyme capable of
degrading an environmental pollutant.

. 24. The cellulose binding domain fusion
3s protein of claim 22 in which the second protein is an

|||I|II| lHIII IIIll T



expression vectors, or overlappi ng cDNAs can be | igated together to
forma conplete COdI ng Seﬁﬁfﬁe . Al ternatively, CBD encodi ng DNAs may.
t

be synthesized in by chem cal synthesis using
t echni qu¥0g4a#ss to I the art. PCT/US94/04132
- 82 -

- 32

HSP protein, HSP antibody, cross-reactive HSP-related
protein or peptide, or an antigenic protion thereof.

s 25. The cellulose binding domain fusion
protein of claim 22 in which said second protein is a
recombinant antibody.

26. The cellulose binding domain fusion
0 Pprotein of 25 comprising cellulose binding domain-V -
Vy-

27. The cellulose binding domain fusion
protein of claim 22 in which said second protein is a
15 hormone.

28. The cellulose binding domain fusion
ﬁrotein of claim 22 in which said second protein is an
enzyme.

20 )

29. The cellulose binding domain fusion
protein of claim 22 in which said second protein is
selected from the group consisting of Protein A,
Protein G, streptavidin, avidin, Tagq polymeraée, non-

25 Tag polymerases, alkaline phosphatase, RNase, DNase,
restriction enzymes, peroxidases, glucanases,
chitinases, beta and alfa glucosidases, beta and alpha
glucoronidases, amylase, transferases, beta-lactamase,
non-beta lactamase antibiotic modifying and degrading

39 enzymes, luciferase, esterases, lipases, proteases,
bacteriocines, antibiotics, enzyme inhibitors, growth
factors, hormones, feceptors, membranal proteins,
‘nuclear proteins, transcriptional and translational
factors and nucleic acid modifying enzymes.

3s H
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Many vectors are available, and selection of t he appropriate vector wll
depend on 1) whet her ﬁhtssh&tﬁasBEanbpiaqad;ed for nucleic acid anplification or

for 5 nucwR) da3gdgd €X he size of the nucleic Ffﬁkg
inserted into the vectB“mﬁm EI host cel| to be tranSTor rrec'i&’a#)h
a

the vector. Each vecto I'ns var +o@88 eonponents depending on its

function (anplification of nucleic dcid or expression of 10 nucleic
acid) and the host cell for which it is conpat i bl e. The
term"host cell” refers to those cells capable of growth in culture and

capabl e of expressing 3&»(Iﬂlq#menFpeﬁlﬁlﬂséubxndlpgodemﬂlnThe host
cells 15 of the RS JdPSHL) FIOPPRSSafeELS in in vitro culture

and include procaryotic, eucaryotic, and I nsect cells. A host cel
strain may be chosen which nodul at es the expressi-on of the inserted
sequences, @r 31. A recombinant vector comprising a

nucleotide seguence encoding a cellulose binding
domain fusion protein of claim 22 or 23.

32. Recombinant E. coli pcellulose binding
30 domain-ProtaAl/2097 as deposited with the ATCC, having
Accession No. 75443.

33. A method for the production of a
cellulose binding domain fusion product comprising:
15 {(a} providing nucleic acid encoding
the cellulose binding domain fusion product, said
cellulose binding domain fusion product comprising a
cellulose binding domain and a second protein, said
cellulose binding domain being capable of binding
20 cellulose or chitin with a high affinity and being
substantially free of other proteins with which it is
naturally associated, and said second protein
comprising N-terminal and C-terminal ends;
(b) transfecting a host cell with said
25 nucleic acid; and
(c) culturing the transforwmed host
_cell under conditions suitable for the expression of
said cellulose binding domain fusion product.

30 34. The method of claim 33 in which said
nucleic acid further encodes for a cleavage site
upstream of the N~terminal amino acid of said second
protein of said cellulose binding domain fusion ~
product.

3s i
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nmodi fi es and processes the gene product in the 20 specific fashion
desired. ExpreSS|aﬂmSh£ﬁmBQ&%§k aced Pronoters can be elevated in the

presencevag ié? e.g., 2inc-and cadm umions for
met al | ot hi on ég% F reiexpression of t he PCEVS#84182 n or

CBD fusion protein rol Legq -The ability to control

expression will be I mportant if the CBD protein or CBD fusion protein
S |l ethal to a host cell. Modifications (e.qg., phosphoryl ati on)
and processing (e.g., cleavage) of protein products are inportant for
the function of the :ﬂbsxwcmﬁérhetﬁbaf@fealamﬁsggcghlahaéﬁesgh@racterlstlc
and speci fi.c nechaqé for the ransl ati ona processi ng and
modi fi cati on LS A%%?EEF?af%p & BF13 F 8§V8?eh5§FebystenB can be

chosen to emauwnSﬁneam of cthe eCttermihatadmdnoaadigr ofesaiidg sefcarie CBD
protein 35 Qi (RAA Y5¢ Wl OLEL TufSLE CEERE1nE" 8ERRIR! ¥uslilif NOSt

product.

36. The method of claim 33 in which said
nucleic acid further encodes for a first cleavage site
10 Uupstream of said N~terminal amino acid of said second
protein of said cellulose binding domain fusion
product and a second cleavage site downstream of said
C-terminal amino acid of said second protein of said
‘cellulose binding domain fusion product. '
15
37. A method of purifying a cellulose
binding domain fusion product comprising:
. (a) contacting a mixture comprising a
recombinant cellulose binding domain fusion product
20 Wwith an effective amount of cellulose under conditions
suitable for the formation of an insoluble binding
conplex comprising ceilqlose and said recombinant
cellulose binding domain fusion product;
(b) - isolating said insoluble
25 cellulose-cellulose binding domain fusion product
binding complex; and
' (c) recovering said cellulose binding
domain fusion product from said insoluble cellulose-
cellulose binding domain fusion product binding
39 complex.

38. The method of claim 37 in which said
cellulose is replaced by chitin. '

3s i 39. The method of claim 37 or 38 in which
said recovery comprises exposing said insoluble

A



- 33 - cel | shoul d secrete miniml anmounts of proteolytic enzynes.
In the present |nven&mpgwaahhg@ﬁ Fridm is 5 provided conprised of nucleic

acid encodiyfediifssCBD !“ll \“I‘ﬂ““l CBD fusion protein of thgcwuggent

[ nvent i on 404132
cellulose-cellulose binding domain fusion product '
binding complex to a releasing reagent and isolating
the released cellulose binding domain. fusion product

s from said cellulose or chitin.

40. The method of claim 39 in which said
releasing reagent comprises 6 M urea or 6 M guanidine-
HCl.

10 .

41. The method of claim 34, 35 or 36 which
further comprises exposing said cellulose binding
domain fusion product to a cleavage agent capable of
cleaving said first or second cleavage site or both.

15

42. - The method of claim 41 in which said

cleavage agent is an enzyme.

43. The method of claim 41 in which said
20 Cleavage agent is a chemical cleavage agent.

44. The host cell of claim 20 which is a
bacterial host cell. '

25 _ 45. The host cell of claim 20 which is a
mammalian host cell.

45. A diagnostic kit for the detection of a
substance of interest comprising: _

30 : (a} a cellulose binding domain fusion
prdduct comprising (i) a cellulose binding domain
capable of bhinding to cellulose with high affinity and
substantially free of other proteins with which it is
nayurally associated, and (ii) a second protein

3s capable binding a substance of interest;

(b} a detectable lakel; and

T



that is capable of binding to cellulose with high affinity. The
preferred host cel] .for cloning and expression of the CBD proteins of

;
the present 10 in asj agel aryotic cell. Procaryotes are

parti culV¥PP¢24i58f ul , duction of |arge ano RETEUHROMIZ | ei c
acid, for productio st rghded nucleic acid tenpl ates used

for site-directed mut agenesi s, for screening nmany nutants 15
si mul t aneously, and for nucleic acid sequencing of the mut ant s
generated. An exanple of a prokaryotic cell useful for cloning and

expression of the CBD protei i Present invention is E. col
strain XL1-bl ue frOHIStég aggﬁé. Anot her exanpl e of a prokaryotic 20
cell useful for cloning and expression of the CBD fusion proteinis

St aphyl ococcus aureus. g¥et apet @dagnostailte of SL&mtemM Ledichor
cl oni ng and ;ggressi

n Qf the D protein or CBD fusion proteins is a
Pichia 5 e ésFﬁﬁgEilf’s.ler o Fﬁ\ﬂlﬁ‘:@&&?y &t i on (San Diego, 25 CA).
48, The diagnostic kit of claim 46 or 47 in
which said second protein is Protein A, or an enzyme.

10 49. The diagnostic kit of claim 46 or 47 in
which said second protein is an HSP protein, HSP
antibody, HSP-related protein, peptide or antigenic
portion thereof.

15 ' 50. The diagnostic kit of claim 46 or 47 in
which said cellulose binding domain fusion product
further comprises a ligand affiﬁity bound to said
second protein,'spid ligand capable of binding said
substance of interest.

20

51. The diagnostic kit of claim 50 in which
said ligand is an antibody.

52. An immunoassay method of detecting the
25 presence of a substance of interest in a test sample
comprising:

(a) incubating a test sample, which
may contain a substance of interest, with a sufficient
amount of a cellulose binding domain fusion product

3¢ comprising (i) a cellulose binding domain capable of
binding to cellulose with high affinity and
substantially free of other proteins with which it is
naturally associated, and (ii) a second protein
capable of binding said substance of interest, under
35 conditions that allow for the binding of said

A



Various expression vector/host Systens may be utilized equally well by
those skilled in the afl, . penRepladel€ reCOMDI Nant expression of CBD

proteins_and CBD ins. Such systens include but are not 30
linited W&Wi%rga M‘ ﬂbact eria transforned PCF{USA4/04132
r econbi nant bacterlo

_or cosm d DNA expression
vectors containing the desired CBD codlng sequence; yeast transforned
W th _ reconbinant yeast expression vectors containing the 35 desired
CBD codi ng sequence; insect cell systens infected with reconbi nant

virus expresy Yefidd 'St interest to said second protein of said
cellulose binding domain fusion product;

(b) adding an amount of cellulose

s effective to bind the amount of said cellulose binding
domain fusion product used in step (a) to provide an
insoluble cellulose-cellulose binding domain fusion
product binding complex;

{c) separating said insoluble

30 cellulose-cellulose binding domain fusion product
binding complex from unbound components;

{d) incubating said insoluble
cellulose-cellulose binding domain fusion product
binding complex with a sufficient amount of a

15 detectable label, said label capabie of binding to
said substance of interest; and

(e} separating said insoluble
cellulose-cellulose binding domain fusion product
binding complex of step (d) from unbound components

29 and determining the presence or absence of said label,
to provide an indication of the presence or absence of
said substance of interest in said test sample.

53. A method of detecting the presence of a

25 substance of interest in a test sample comprising:

(a) contacting a test sample, which
may contain a substance of interest, with an insoluble
matrix capable of immobilizing said substance of
interest; _

30 (b} incubating said insoluble matrix
with a sufficient amount of a cellulose binding domain
fusion product comprising (i) a cellulose binding
domain capable of binding to cellulose with high
affinity and substantially free of other proteins with

35 whigh it is naturally associated, and (ii) a second
protein capable of binding said immobilized substance

[



- 34 - (e.g., baculovirus) containing the desired CBD codi ng

sequence; plant cellhis nﬁamné $eed Wi th reconbi nant Vi rus expression
vectors (e.g., caull 5 virus CaMv; tobacco nosaic virus, TW)
or transWO m2s158 WI pI asm d expressi on vect @CTH(So404132 Ti

pl asri d) containing t e5| D codin g sequence; or ani mal cel
systens infected with reconblnant Vi rus ‘expression vectors (e.qg.
adenovirus, vaccinia virus) 10 including cell lines engineered to contain
mul tiple copies of the CBD nucleic acid either stably anplified

(e.g., CHOdhig. ; GHQEELY! 20HAR S YAHARAWs Yha "YW for the

binding of said immobilized substance of interest to
said second protein of said cellulose binding domain
's fusion product;
(c) separating said insoluble matrix
of step (b) from unbound components;- '
{(d) incubating said insoluble matrix
of step (c) with a detectable label capable of binding
30 Said substance of interest or said cellulose binding
domain fusion product under conditions that allow for
the binding of said label to said substance of
interest or said cellulose binding domain fusion
product; and
1s {e) separating said insoluble matrix
of step (d) from unbound components and determining
the presence or absence of said label, to provide an
indication of the presence or absence of said
substance of interest in said test sample.
20
54. The method of claim 53 which further
comprises (i) contacting said insoluble matrix of step
(c) with a sufficient amount of cellulose under
conditions that allow for the binding of said
25 cellulose to said cellulose binding domain fusion
product to form a cellulose~-cellulose binding domain
fusion product binding complex, and (ii) separating
said insoluble matrix of step (i) from unbound
components, including unbound cellulose.
30
55. The method of claim 54 in which said
Iabel is capable of binding said substance of interest
or said cellulose-cellulose binding domain fusion
protein binding complex.

35 ¢
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anplified in doubl e-mi nute chronpsonmes (e.g., murine cell lines). 15
Vect or conponents gmsmmsmkmw but are not limted to, one or

nore of t &@thm ng: sequence, an origin of replication, one
or nore narker g er element, a pronoter, BREHU§I04132.

transcription term nation sequence. The @gr-ession 20 elenents of these

vectors vary in their strength and specificities. Depending on the
host/vect or system utilized, any one of a nunber of suitable
transcription and translation el ements may be used. For exanpl e, when

cloning in procaryotic ceéél synmetemethadd progLaéhs 55SAmweridi aaidie genone

of procaryoti 1 Cf t e s]tr ne. pr ) may
be used. Prono ers‘ﬂ.p édé%%%&bg ?£Ci§§ ?%gﬁt{-’ Sr %%rlq‘% rﬁ%e‘ﬁo ]e%hni gues
may al so be uxelk ?ﬁ%vql%lbllﬂbﬁse bindingcdppaion fusiome pnateined

sequences 55y%1ndzng compYesignal sequence may be a conponent of the
vect or, It may be a part of the CBD nucleic acid

57. The method of claim 52, 53 or 55 in

which said test sample comprises a bodily fluid.

10 _ 58. The method of claim 52 or 54 in which
said cellulose is replaced by chitin.

59, The method of claim 53 or 54 in wﬁidh
said inscoluble matrix is an electrophoresis gel blot.

1S
60. The method of claim 52, 53 or 54 in
which said substance of interest is a protein or
peptide and said second protein is an antibody against
said protein or peptide.

20

61. The method of claim 52, 53 or 54 in
which said substance of interest is an antibody and
said second protein is Protein A.

25 62. The method of claim 52 or 54 in which
said substance of interest comprises a biotinylated
probe bound to a protein, peptide, hormone, nucleic
acid or other probe-targetable molecule and said
second protein is streptavidiq.

30

63. The method of claim 52, 53 or 54 in
which said label comprises a radioisotope, a
fluorescent molecule or an enzynme.
:
35 . 64. The method of claim 56 in which said

label comprises a cellulose binding domain fusion

A



that is inserted into the vector. The si gnal sequence may be the

natural l'y occurrlngngﬂﬁeﬂngq&ai latede CBD sequence or a non-naturally
occurrln sequence shoul d be one éﬂ@bg'
recognlzed an ‘“& e host ceII An origin S@%E&Pion

- 35--

product comprising cellulose binding domain and
alkaline phosphatase.

S 65. The method of claim 56 in which said
label comprises a cellulose binding domain fusion
product comprising cellulose binding domain and horse
radish peroxidase.

10 66. The method of claim 64 or 65 which
further comprises adding a sufficient amount of a
substrate for said enzyme, which substrate is
converted by said enzyme to a detectable compound.

1s 67. The method of claim 52 in which step
| (d) is performed by incubating said insoluble
cellulose-cellulose binding domain fusion product
binding complex with a sufficient amount of a
detectable label comprising a labeled substance of
20 Iinterest, said label capable of binding to any second
protein of said cellulose binding domain fusion
product which remains unbound to said substance of
interest, and in which step (e) is performed by
separating said insoluble cellulose-cellulose binding
25 domain fusion product binding compléx of step (d) from
' unbound components and comparing the signal observed
from said test sample relative to the signal observed
.from a control sample.

30 68. The method of claim 52 in which said
cellulose binding domain fusion product is included in
a dip stick.

69. A dip stick useful in detecting a

35 substance of interest in a test sample comprising a
_cellulqse binding domain fusion product, said

g



refers to the unique site of initiation of replication of a host

organism It is desi kbR 10t &h BN and expression vectors to conprise
a sel ectiowml&al S el ectable marker. This gene encodes a
protei n necessary forjm;ﬂl lﬁr growt h of t ransf or mEGTAIS24/04132 | s

growi in a selective um ~Hest cells not transformed with the

vect or containing the selection gene will not survive in the 10 culture
medium  Typical sel ection genes encode proteins that confer resistance
to antibiotics or other toxins, e.g. anpicillin; conpl enment auxotrophic

deficiencies; amekupibse cbinding dchairnfasioh proaveit] dompriisife o) ex
growh of a ¥ deflufode nifafhy BndiioMRplble OFC K3AG W0 411 CS!
t ransf or med wi tGeldWQse Hfbgoubigenef Einisysandpsubsitantialdgnfforesd mf dr ug
resistance gnd dther Protéthd 'With which it is naturally associated,

and (ii) a second protein capable of binding a

substance of interest.

70. The dip stick of claim 69 in which said
10 Ssecond protein is selected from the group consisting
of Protein A, HSP protein, HSP'antibody, cross-
reactive HSP-related protein or peptide or an
antigenic portion thereof, an enzyme, hormone,
antigen, and antibody.
1s
71. A signal amplification system
comprising: .
(a) a first cellulose binding domain
fusion product comprising (i) a cellulose binding
20 domain capable of binding to'cellulose with high
affinity and substantially free of other proteins with
which it is naturally associated, and (ii) a second
protein capable of binding a chimeric probe, said
probe further capable of binding a substance of
25 interest; and
(b) a second cellulose binding domain
fusion product comprising (i) a cellulose binding
domain capable of binding to cellulose with high
affinity and substantially free of other proteins with
39 which it is naturally associated, and (ii) an enzyme
capable of acting on a substrate to produce a
detectable compound.

; 72. A signal amplification system

35 comprising:

L 0



sel ection reginmen. 20 . Expressi on and cl oning vectors usually
contain a pronoter that i§'recognized by .t he host organismand is

operably |inked to &B@&Q&@h@h | encodi ng the pol ypepti de of .
i nt er est . VBIYAHSE éénﬁ& dted sequences | ocat ed rRqIFUS9AMMNRS' ) to
the 25 start codon of m‘,&uuﬁﬂﬂu igene ggeneral ly within about 100 to

1000 bp) that control tion and translation of a particul ar
nucl ei ¢ aci d sequence, such as that encoding a CBD protein or CBD

fusion protein, to which they are operably |inked. Such 30 pronoters

typically fall into two clas§%§ iR Rl se bfﬂ&%ﬁélﬂmﬂéi“' ?raéHdUCIble

pronoters are t,hat initiate 1ncrease S of SCI’IptIOI’]

from nucl EEBSHEFdCGH‘QéﬂSt‘-ﬁ’& {idot CR1Lulose foinding domein  change in
cul ture condi tapableeod. bitndd gy wmeam{losﬁﬁt&? wfaffmifyeﬁﬁdm a

?2228ﬁ|;2 tenBSﬁQEQﬁ%iaﬁ&y free e Jen i%:otezg'zs with whlchrfgbigrs
naturally associated, and (ii) a second protein
capable of binding a chimeric probe, .said probe
further capable of binding a substance of interest;
and

10 {(b) 1labeled cellulose binding domain,
said cellulose binding domain retaining its capacity
to bind to cellulose with high affinity and
substantially free of other proteins with which it is
naturally associated.

15 .

73. The signal amplification system of
claim 71 or 72 which further comprises said probe.

74. The signal amplification system of
20 claim 71 or 72 which. further comprises pebble-milled
cellulose.

75. The signal ahplification system of
claim 71 or 72 in which said probe is biotinylated and
25 said second protein is streptavidin.

+76. The signal amplification system of
claim 71 or 72 in which said enzyme is selected from
the group consisting of alkaline phosphatase and horse
39 radish peroxidase.

+77. The signal amplification system of
claim 72 in which said label comprises a radioisotope,
a fluorescent molecule or an enzyme.

35 H

A OB



- 36 -

10

is

20

25

30

35

varlety f

pot
pronoters are operab R
of i nt er eWO B424188 1DV H r"
restriction enzyne

tenti al

ost cells are well known. These
$9ei ¢ acid encodi ng t he pol ypepti de
5 ‘fromthe source nuclpevusasosisly

78. A drug delivery system comprising
cellulose binding domain associated with a drug, said
cellulose binding domain retaining its capacity to '
bind to cellulose with high affinity and substantially
free of other proteins with which it is naturally

associated.

which said drug is

drug delivery system of claim 80 in
conjugated to said cellulose

binding domain either directly or through a linker

moiety.

80. The
which said drug is

81. The
which said drug is
of Amphotericin B,
Clotrimazole.

82. The
which said drug is

83. The

drug delivery system of claim 78 in
an antifungal agent.

drug delivery system of claim 78 in

selected from the group consisting
Nystatin, Undecylenic Acid, and

drug delivery system of claim 78 in
an imidazole.

drug delivery system of claim 78

which'may be administered'parenterally, orally,
topically or by inhalation.

84. The

drug delivery system of claim 78

which may be administered intranasally, opthalmically

or intravaginally.

" 85. Tﬁe

drug delivery system of claim 78

which is in the form of a solid, gel, liquid or

aerosol.

4
#
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digestion and inserting the isolated pronoter sequence into the vector.
Both the naturally occurri.ng pronpter sequence and many heterol ogous
pronot er s MBP424158e ysed to direct anplification and/ or exprReCHUSa4/0813210
the polypeptide of interest. However, hefgerol ogous pronoters are
preferred, as they generally permt greater transcription and higher

yi el ds of expressed pol ypeptide of interest as conpared to the naturally
occurring pronoter. In general, plasmd vectors 15 containing pronoters

and control sequences whiggh amfe dm%eraéiqq,éf?ﬁ;g)ig@&eéfc Rk bkejpith

the host cell are used with these hosts. e ‘vector ordinarily carries
a replication Yhiehasaid Aryg s @ffectdunagrinstene disgasecapabl e of
provi di ng phenghysteissl eauised ibar 20 ydasandormg& el dgent NOhog8¥anpl e, E
coil is typical Ilgl 1 trgs);f Qrmed USi r}%ﬁqBRBZéél allglﬁasm d der{__ved from an
E. col i SspEeFEBIRE PEPRrANG Contalgs & £ LeSH5) o 1RRITiN1gER3-)

pl asm d cont ai sabgtaasef.or anpicillin and tetracycline resistance and
t hus provi des easy neans

87. The drug delivery system of claim 86 in
which said agent is Aspergillus fumigatus, a member of
10 the genus Candida or Monilia, or an epidermatocyte.

15
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25

for identifying transforned cells. The pBR322

m crobial plasm d, nust also contain or be nodified to c gmib

pronot er s anP@?Ber cont r sorLD
construction.
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! (34) Title: CELLULOSE BINDING DOMAIN
{ (57) Abstract

: molecular cloning and recombinant production thereof. Fusion products comprising the CBD and a second protein are likewise described.

A cellulose binding domair (CBD) having a high affinity for crystalline cellulose and chitin is disclosed, along with methods for the :

" A wide range of applications are contemplated for both the CBD and the fusion products, including drug delivery, affinity separations. and
dﬂposuc techniques.
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- 37 - pronoters such as the tac pronDter (H. de Boer et al.,

Proc. Natl. Acad. Sci. USA 80:21-25 [1983]). However, ot her functlonal
bact eri alwﬁr%ﬁ!ﬂﬁ@rs are suitable. 5 Their nucleotide SequeRCEUSW3132
general |y known, t hereby enabling a skilled worker operably to ligate
thenrto nucleic acid encoding prorelaxin (Siebenlist et al., Cell 20:269
[1980]) using linkers or adapters {p2gupply any required restriction
sites. Pronoters 10 for use in bacterlal systens also will contain a

Shi ne-Dal garno (S.D.) sequence operably linked to the

10 20 30 4 50

GCA GCG ACA TCA TCA ATG TCA GTT GAA TTT TAC AAC TCT AAC AAA TCA GCA CAA

CGT CGC TGT AGT AGT TAC AGT CAA CTT AAA ATG TTG AGA TTG TTT AGT CGT GTT

Ala Ala Thr Ser Ser Mel Ser Val Glu Phe Tyr Asn Ser Asn Lys Ser Alg Gin>
10

60 70 80 90 100

ACA AAC TCA ATT ACA CCA ATA ATC AAA ATT ACT AAC ACA TCT GAC AGT GAT TTA

TGT TIG AGT TAA TGT GGT TAT TAG TTT TAA TGA TG TGT AGA CTG TCA CTA AAT

Thr Asn Ser Ite Thr Pro lle Ile Lys Ile Thr Asn Thr Ser Asp Ser Asp Leu>
20 30

120 130 140 150 160

AAT TTA AAT GAC GTA AAA GTT AGA TAT TAT TAC ACA AGT GAT CGT ACA CAA GGA

TTA AAT TTA CTG CAT TIT CAA TCT ATA ATA ATG TGT TCA CTA CCA IGT GTT CCT

Asn Leu Asn Asp Vel Lys Vol Arg Tyr Tyr Tyr Thr Ser Asp Gly Thr Gin Gly>
40 30

170 180 190 1200 210
CAA ACT TTC TGG TGT GAC CAT GCT GGT GCA TTA TTA GGA AAT AGC TAT GTT GAT
GTT TGA AAG ACC ACA CTG GTA CGA CCA CGT AAT AAT CCT TTA TCG ATA CAA CTA
Gin Thr Phe Trp Cys Asp His Ala Gly Alo Leu Leu Gly Asn Ser Tyr Val Asp>
60 70
220 230 240 250 260 270
AAC ACT AGC AAA GTG ACA GCA AAC TTC GTT AAA GAA ACA GCA AGC CCA ACA TCA
T1G TGA TCG TTT CAC TGT CGT TIG AAG CAA TTT CTT TGT COT TCG GGT TGT AGT

Asn Thr Ser Lys Val Thr Ala Asn Phe Val Lys Glu Thr Ala Ser Pro Thr Ser>
80 90
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nucl ei ¢ aci d encodi ng prorel axin. Expression vectors used in

prokaryot cells will also contain sequences necesgqfsoldizs he 15
term nation d?ﬁé?anscrlptlon and for stabilizing the ﬁi%

Construction of suitable vectors containing one or nore of the above

| i sted conponents and i ncl udi ng the desired coding and control
sequences 20 enploys standard |igatipppgechni ques. |sol ated pl asm ds
or nucleic acid fragnments are cl eave tailored, and religated in the
formdesired to generate the plasn1ds required.

Particularly useful in the practice of this 25 invention are expression
vectors that provide for the expression of prokaryotic cells of nucleic
acid encoding the CBD protein. In general, expression i nvol ves t he
use of an expression vector that is able to replicate efficiently in a

host cell, such that 23@3 30 hosgg@ell accug‘ebat es manyﬁgpi es of tm
expr essi on

ACC TAT GAT ACA TAT GTT GAA TTT GGA TTT GCA AGC GGA CGA GCT ACT CTT AAA

TGG ATA CTA TGT ATA CAA CTT AAA CCT AAA CGT TCG CCT GCT CGA TGA GAA TTT

Thr Tyr Asp Thr Tyr Val Glu Phe Gly Phe Ala Ser Gly Arg Alo Thr Leu Lys>
100

330 340 350 360 370

AAA GGA CAA TTT ATA ACT ATT CAA GGA AGA ATA ACA AAA TCA GAC TGG TCA AAC

TTT CCT GTT AAA TAT TGA TAA GTT CCT TCT TAT TGT TTT AGT CTG ACC AGT T1G

tys Gly GIn Phe lle Thr Ile Gin Gly Arg 1le Thr Lys Ser Asp Trp Ser Asn>
10 120

380 390 400 410 420 430
TAC ACT CAA ACA AAT GAC TAT TCA TTT GAT GCA AGT AGT TCA ACA CCA GTT GTA
ATG TGA GTT TGT TTA CTG ATA AGT AAA CTA'CGT TCA TCA AGT TGT GGT CAA CAT
Tyr Thr Gln Thr Asn Asp Tyr Ser Phe Asp Alo Ser Ser Ser Thr Pro Val Val>

130 140
440 450 460 470 480
AAT CCA AAA GTT ACA GGA TAT ATA GGT GGA GCT AAA GTA CTT GGT ACA GCA CCA
TTA GGT TTT CAA TGT CCT ATA TAT CCA CCT CGA TTT CAT GAA CCA TGT CGT GGT

Asn Pro Lys Vol Thr Gly Tyr Iie Giy Gly Alo Lys Val Leu Gly Thr Alo Pro>
150 160 '

FIG.1B
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vector and, in turn, synthesizes high levels of a desi red pol ypepti de

encoded bywbhgngregr essi on vector. | ) Host cel l's g&fy ected
and preferably transforned with the above-described-express%%ﬁggé 35
cloning vectors of this invention and cultured in conventi onal

nutrtent media nodified as appropri
e % o6
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for inducing pronoters, selecting transformants, or anpl i fyi ng the genes
encodi ng the desired.sequences. "Transformati on" neans

i ntroduci-wosardissc 5 acid into an organi smso that the nucPEFESE¥#U3] s
replicable, either as an extrachrormsomal eI ement or by chronosonal

i ntegration. Unless indicated t he met hod used herein for
transformation of the host cel I s he met hod of calciumtreatnent 10 -
usi ng cal cium chl oride as descri bed by Cohen, F.N. et al., Proc. Natl.
Acad. Sci. (USA), 69:2110 (1972). For analysis to confirm
correct sequences in pl asm ds constructed, the ligation mxtures are
used to transform.E. coli K12 strain 294 [ ATCC 31446) and 15 successful
transformants sel ected by ampicillin or tetracycline resistance where
appropriate. Plasm ds fromthe transfornmants are prepared, analyzed by

F16.3
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restriction and/ or sequenced by the nethod of Messing et al., Nucleic

Acids Res: 9:309 (1981) or by the 20 nethod of Maxam et alg&n%ﬁﬁ Bﬂﬁ
Enzynol og W@ 2088 (1980). ’ ¢ Host cells may ransfor nmed
with the expression vectors of this invention and cultured in

conventional nutrient nedia nodified as is appropriate 25 for inducing
pronoters, selecting transformants &/26 anplifying genes. The culture

conditions, such as tenperature, pH and the 1like, are those previously
used with the host cell selected for expression, and wi || be apparent
to the ordinarily skilled artisan. 30 Prokaryotic cells used to
produce the pol ypeptide of this invention are cultured in suitable
medi a as described generally in Sanbrook, et al. (1989)

El ectrophoresis buffers in Ml ecul ar Cloning (Nol an, C. ed.), Cold

Spring Harbor Laboratory Press, 35 NY, pp. B.23-24; Sanbrook et al. (1989)
Bacteri al
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- 39 - Media in Mol ecular Coning (Nolan, C. ed.), Cold Spring

Har bar Laborat Oié Press, NY, pp. A 1-4. The selg_g n of host
cells pro CBD 5 protein or 'CBD fusion protein of th ’;5;
i nvention 6/26
< ~
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may be identified by at |east four general approaches: (a)

RNA antisense RNA hybri di zati on: BSsaesof
nuclelc §€P34§%@?ng for CBD proteins ‘of the present |nven I on can be

detected 10 by nucleic acid hybridization using hybridization pr obes
and/ or priners for PCR reactions conprlzjfg nucl eoti des that are

honol ogous to the CBD coding sequenc (b) the presence
or absence of "marker" 15 gene functions: the selection of host cells
havi ng nucl ei ¢ acid encoding CBD protein of the present i nvention
can be identified and sel ected based upon t he presence or absence or
certain marker gene functions, e.g., resistance tp antibiotics. For 20
exanple, if the CBD coding sequence is inserted within a marker- gene
sequence of dhe—elentAg—or—expresston “VETLTOT, TECONDIFants cont aljaiung
t hat codi ng{sequence can be identified by the absencg of the marler
gene fungction. Alternatively, a marker gene gan be fl aced g

FIG.6
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25 in tandemw th the CBD nucleic acid sequence under the control of

t he sane i ent prqnmoter used to control the expr I he
CBD codi ng&%giq%éﬁdc’:e. Expression of t'he marker in respon?ﬁ‘%@flgjcfa tion
or sel ection indicates expression of the CBD coding of 30 the CBD
codi ng sequence. (c) assessing the |evel of transcription as
nmeasured by the expression of CBD pr@(gﬁn or CBD fusion protein nRNA
transcripts in the host cell; transcriptional activity of the CBD

codi ng region can 35 be assessed by hybridi zati on assays. For exanpl e,

pol yadenyl at ed RNA can be isol ated and anal yzed by

i
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- 40 - Nort hern bl ot using a probe honol ogous to the CBD codi ng

sequence ofr 8art i cul ar partions thereof. Alternatively, total nucleic
acids of tH¥O942¢#158¢|| 5 may be extracted and assayed for hybrcrdisagedign t o
such probes; and (d) detection of the CBD protein or CBD
fusien protein as neasured by imrunoa§sfaé(/§and, by the ability of the
protein to bind cellulose with high 1 finity and in a reversible
manner. The expression of CBD proteins can be assessed i munol ogically,
for
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exanpl e by Western blots or by inmunoassays such as Rl As. The

expression of CBD protein.can be asgayed‘by the ability of the
expressed R &P t 0 bind cellulose 15 With high affinity REA/USA4/BdI32
reversi bl e manner. The expressions "cell"™ and "cell culture”
are used interchangeably and all such designations I ncl ude progeny and
ancestors. It is also understood tHOY 28 | progeny may not be precisely
identical in DNA 20 content, due to deliberate or inadvertent nutations.
Mut ant progeny that have the sane function or bi ol ogi cal activity as
screened for in the cell are I ncl uded. . The phrase
"stringent cofOTtTronsy as used 2 g
conditions thqt (1) enploy low ionic strength and high tenperaure for
washi ng, for gxanmpl®®{0.015 M NaC /0.0015 M sodi um citrate/ 0. 1p6 SDS at
50 [err]C.; (3 during hybri di zati on a denaturi ng agentf such as
formani de, 3(Q f@Bekaf e, 50% (vol/vol) formanide with 0.1% bovipe
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serum al bum n/ 0. 1% Fi col | /0. 1% pol yvi nyl pyrrol i done/ 50 mM sodi um
phosphat e ff at pH 6.5 with 750 nivi NaCI 75 mM sodi e at
42 [err] C % @)‘ enpl oy "50% f'ormarfi de, 5 x SSC (0. 75 I\#%J‘mgsﬁﬁ M

Sodi um 35 pyrophosphate, 5 x Denhardt's sol ution, sonicated sal non
sperm DNA (50 g/m ), 0.1% SDS, and 10§4 gggtran :
- 41 - _ :
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sulfate at 42 [err]C, wth mashes at 42'[err]C in 0.2 x SSC and 0.1%
SDS. . The teym" recovery as used herein refer e
ability of tﬁe cgfl ul ose CBD pr ot ei h conplex to rel easeighggsa%&%got ein
fromthe cellul ose-CBD protein- bi ndi ng conpl ex under certain

condi*ti ons, which condi ti ons includﬁ?Z2§ use of releasing agents, for
exanpl e, denaturing reagents, such as 6 a or 6M 10 guanidine-HC . Any
rel easi ng agent that has the ability of releasing the CBD protein from
t he cel |l ul ose-CBD protein binding conplex can be used to recover

the CBD protein. Preferably, the CBDis only tenporarily denatured and
e |ng agent. Thus,

the GBD 15 h?%@%y@mﬁ %‘ﬁ% P(ﬁ‘ Rutedpeany

descri bed in Secti 7.2.1, or
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The use of the phrase "cl eaving agents" as used herein refers to a
reagent u eave the CBD 20 proteln or CBD fusion pr '

speci fi cawgé%l 4s to rel ease ‘or excise certain conpong’rﬁe‘]@sgéﬂéﬁzas

t he second protein of a CBD fusion protein, as desired. Sui t abl e
cl eavi ng agents herein include enzymes, such as endopr ot eases,

prohor none convertases, e.g., PCl, 25{3R@6 furin, Kex2, subtilisin, or
its nmutants; and chem cal agents, such as organic and inorganic acids,
hydr oxyl am ne, N-bronosuccini m de, and cyanogen brom de. Hydrol ysis of
pepti de bonds catal yzed by a variety of proteolytic enzynes is taught

in The 30 Enzynes, 3rd Edition, Boyer, Ed., Academ c Press, Vol. 1]
[1971]; Meth. Enzynol ogy., Vol. XX, Perlman and Lorand, Ed., New

Xg;t ﬁggggmg Press [mm]g‘%ﬁo F;IESaL@FyGBQ ﬁp/ol o Lorand, Ed. New
I

453 5899- 5901

35 [1978) and Drapeau ogy., 47:89-91[19 For an
extensive listing of chem cal agents, see
CELLULOSE
[0 T e 2o o o o oot e S o <3 2]
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- 42 Wtcop in Advances in Protein Chem stry, ,Anfinsen et al .,
ed. 16 22193 dqphsgdem ¢ Press, New Yor k [1961], i ncl udi ng Table Il on
p. 226 Q her cl eavage agents ’ PCI/US94/04132

- 14726
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5 suitable herein are deened to be understood by those skilled in the
art keepimg& B mnd the desired junction for cleavage and whet her the
reagent can 228 on reduced or oXidiz&d forms of CBD fusi GrCTOSHi@HNS.
Condi tions used for cleavage of the CBD fusion protein 10 will depend on
the tleavage agent enployed, and theygsagconditions will be readily '
apparent to one skilled in the art given the cl eavage agent enpl oyed.
The CBD fusion protein of the present i nvention is designed and
-constructed to conprise the 15 codon(s) necessary to achieve cl eavage by
t he desired cl eaving agent at desired positions, i.e. upstream
preferably adjacent the NNterm nus of the second = protein of the CBD
fusion protein or downstream and preferably adjacent the Cterm nus of
the second 20 protein or both if the second protein of the fusion
protein is an internal am no acid of the fusion protein

The term "gl ycosyl ati on” and granmati cal '

FIG.14A

A
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derivatives as used herein refers to the post- 25 translational

nmodi fication grocess,of adding a series of sugar residues to proteins
to producewo U5t oprot ei ns. @ ycdsyl af'i on can occur in thepcr/ussydsasol

t he endoplasmc reticulum or the G ogi apparatus of mammalian cells.
Al ternatively, 30 glycosylation can qg %orrpl I shed by synthetic

nmet hods, for exanple by providing an [{? priate gl ycosyl donor. See,
e.g., Kahne, et al. J. Am Chem Soc., 111:6881-2 [1989].

This invention also relates to diagnostic 35 detection of proteins of
Interest in test sanples, especially in biological-sanples, such as
tissue

FIG.14B

"o
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- 43 - extracts or biological fluids, such as serumor urine

t hrough usgo@lizkidg CBD fysion protein of the present I nvepdtB804/0k R

bi ol ogi cal sanples are preferably df 5 ffammalian origin and nost preferably
of human ori gin. A preferred protein of interest to be detected in a
manmal i an bi ol ogi cal sanple is an HSP protein, an HSP ant i body,

cross-reactive HSP-rel ated proteins, ori7/2§nigenic portions thereof. The
presence of the HSP 10 antibody in a nmanmalian biol ogical sanple, for

80 -
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exanpl e, may be predictive or indicative of insulin- dependent di abetes
melljtus (IDDM. In gne enbodi nent of the present invention, the CBD
Protein A WE4@4158 protein is corfprisé&d of a third protei nPCHHS%g’@QS
anti body, for exanple, 1gG anti-HSP, which is used to detect the
presence of an antigen, for exanple [ bi ol ogi cal sanples using a
vari ety of i mrunoassay formats meliefﬁgﬁn inthe art. Alternatively,

t he second protein of the CBD fusion protein is conprised 20 of an
antigenic determ nant, an epitope, useful in the detection of

anti bodi es that recogni ze the antigenic determ nant. A preferred
epitope is the HSP protein. Protein Ais a protein found in

t he cell wal | of Staphyl ococcus aureus that binds to the Fc 25 portion
of 1gG nol ecul es and thus precipitates the anti bodi es. Protein A has
utility in inmmunoassays, such as an RIA or ELISA, where it i$§ used to

i sol ate anti bodi es or antigen-antibody conpl exes. In the
present invention, Protein Ais a

a b ¢

R

CBD
- e

FIG.16
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30 preferred second protein of a CBD fusion protein. A CBD-Protein A

fusign protein has ufility in dlagnostlc I mmunoassays that detect the
presence owWe4/24@385Ur e the quantity or concentration of petvosswdsppdy or
an anti body-anti gen conplex. 35 A CBD-Protein A fusion
protein of the pr esent |nvent|on ?k 0 has utility in a diagnostic kit

FIG.17
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- 44 - conprised of cellulose and a CBD-fusion protein wherein the
CBD f.usi on protein coyrpongnt retains its ability to bind both cellul ose
and 1 gG of YO 5 conponent, for exafiple, an anti body- antPCRUssaDaY2EX
or an anti body. The CBD fusion protein of the present . invention also
has utility as a means for affinity pl}' ication of antibodies or
antigenic determ nants, i.e. epi topg % preferred anti geni c determ nant
of 10 the present invention is the HSP protein, related protein or
antigenic portion thereof. Preferred second proteins of.a CBD fusion
protein include HSP protein or anti-HSP 1gG In the present invention,
CBD- HSP epitope fusion proteins find utility in 15 i mrunoassays desi gnhed
to nmeasure quantities of HSP anti body found in the serum of human
mamal s. :

g

FIG.18
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I n anot her enbodi nent of the present invention the CBD-fusion protein
corrpu ses conponent which retains its ability to ose
or chﬁ?%ﬁsa secon‘g componenf whi®th is an enzyne m\ﬁ%ﬁg&gﬁgl ns
i ts catal ytic activity. The CBD-fusion proteins of this enbodi nent have
utili<ty as a nmeans to permt enzyme_catal yzed reactions on a solid
substrate . of cellulose or chitin. A2$48@6cribed above, the CBD 25
enzyme fusion proteins can be prepared either by conjugating purified
CBD to a purified enzynme preparation by standard chem cal nethods or by
expression of CBD and enzynme encodi ng nucl eic acids by - r econbi nant
met hods. In one exanple of this 30 enbodinment of the invention, the
second conponent 0600 the CBD-fusion protein is a heparinase enzyrre The

CBD- hepari nase can be i bilized ®n a cellul ose —Substatle @8
cat al yzes conversion of heparin to conponent saccharJge noi ggAes 35

Yet anot her aspect of thg present venti @
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relates to the ability of CBD to nodify the growth of
- 45_- plant tissues. Such ablllty finds application in the
WO 94/24158 £ - PCT/US94/04132

22/28

FIG.208B .,
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agricultural industry, for exanple, where it may be desirable to pronote
pol Il £n tubewggﬁyg‘,ﬂssagd/og root 5 growth. In addition, since CBD in high
concentration as the ability td inh&€bit root growth it i srmsmm
prevent the devl opment of undesirable pl ants, for exanpl e, "weed"
plants. In another exanple, the CBD '23i/12|3 application in enhancing
grom h of fungi, such 10 as .nushroons, wherein the. CBD binds chitin and
stinmulates the grow h and/ or devel opnent -of devel opi ng basi di ocar ps or
fruiting bodies. Yet anot her aspect of the present invention
relates to the ability of CBD to bind to chitin of 15 +insect exoskel etons
and ot her insect parts, including the md-gut. Such ability finds
application in the use of CBD as a bi o-pesticide wherein.the CBD is

| inked to a mcrdorganismuseful for control insect - pest s .gsuch as

m croor gani sm expressing the BT
toxin gene, or such as a chitir creting fungus. The,CBD functions
to -

™
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N

bi nd the m croorganismto the chitinous portions of t he i nsect where

t heg m cr obigd4rMisy oduced toxin or .. enzyne |eads to deat hpg-i-m*sb@o,ﬁgfect
pest In one nmode 25 of this enbddi QLI of the invention, the CB
m croor gani sm conpl ex can be applied ditrectly to plant parts suspected
or at risk of infestation by insect #ﬁ@ﬁf s or, alternatively, the
CBD- mi cr oor gani sm conpl ex can be i I zed on bait stations which are
set out 30 in the infested fields or on plants infested with i nsect
pests. In another alternative node of this enbodi ment of the invention
a CBD-m croorgani sm conplex is applied to wood or cell ul ose-based
products to prevent or control infestation by wood destroying 35
i nsect pests. 2‘fxanple, a CBD-mi croorgani sm - complex is applied to
tel ephone pol es wpod or ' '
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- 46 - cel | ul ose-based construction conponents where the CBD

conpopRent binds tightly tqQ invading insects and the m cr oor gani sm of the
conpl ex i s VPPEMAISEe to control 5 théjPsect pests. . PCTIUSSARI4L

anot Rer aspect of the present inventisn relates to the ability of Dto
bind 25/26

FIG.23

SUBSTITUTE SHEET {RULE 26)

.,

This Sheet Has Been Relylaced

AT




=z ¥
chitin found in fungi, including fungi which are useful for
bior§nediation or degradation of toxic 10 - environnental poll utants.
Accot di ng Y2 8H¥abde of this elhedfment, a CBD fusi on pPET@SpRg3sed
i n which t he second conponent is an enzyne whi ch degrades the
enviTonnmental pollutant. The CBD-enzyne égﬁ%gn protein can be
i mmobi |i zed or a cellul ose substrate 1% t he device used to renove the
pol lutant fromthe envi ronnment by enzymatic degradation, for exanple,
by - pl acing the device in a stream of surface or under ground wat er.
According to any alternative node of this enbodi nent of the invention,
the CBD is bound 20 to a fungus which secretes an enzyne which is useful
for bionediation i.e., which degrades an environnental pol | utant such
as a pesticide. The CBD-fungus conpl ex is then immobilized on a
cel l ul ose substrate and provi des a useful device to enzymatically
degrade an 25 environnental pollutant such as a pesticide including
DDT or such as wood containing products |eft over from

™
_%.
g
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CELLULOSE BINDING DOMAIN

This application is a Continuation-In-Part
of United States Application Serial No. 08/048,164,
filed April 14, 1993.

1. INTRODUCTION
The present invention relates to a cellulose
binding domain (CBD) that binds to water-insoluble
forms of cellulose and chitin, including crystalline

forms, with a remarkably high affinity and in a

reversible manner. The CBD of the present invention,

.which has been isolated and which is substantially

free of other proteins with which the CBD is naturally
associated, finds use, for example, in the bio-
immobilization of a wide variety of substances,

especially biologically active molecules, to

cellulose.  Fusion products comprising the CBD and a

second protein of interest are also disclosed,

including applications in methods for their

preparation. Such fusion proteins enjoy a wide range

of useful applications, including applications in
separation, purification and diagnostic methods.

2. ACKGRO OF E _INV
2.1. ob ation ote
. Immobilization of chemical substances,

including biologically active proteins, is of great
importance to industry. Various methods of
immobilization have been developed in recent years.
However, most of these methods reguire chemical
modification of a solid matrix. Typically, these
modifications require the covalent attachment of a

ligand to the matrix resulting, in many cases, in loss

This is the replacement sheet
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- 47 -

epi t ope-bi nding fragnents of any of the above. An
antigeni c determ nant of an

| gG refers to a class of ant i bodi es.

light - chains and two heavy chains that
I mmunogtobulins. 10

refers to any | abel which provides directly or
signal and includes, for

fl uoresors,

10

15

20

25

30

35

anti bodies, anti-idiotypic (anti-1d) antibodies, and

epitope refe
5 antigenic nolecul e.

lgGis a tetranmer contain
represents 80% of al
The term "detectable | abel” as used

of activity of the ligand as well as the inclusion of
toxic organic compounds that must be removed before

the matrix can be used in medicine or food processing.
A typical example of a widely used product is Protein

A-Sepharose. This highly expensive product is used

for the purification of IgG by affinity
chromatography, as well as for many diagnostic
protocols.

The use of chimeric proteins, i.e., those
that contain a functional domain (catalytic or
otherwise) together with a binding domain, is
relatively new but has already proven to be very
useful, especially in protein purification methods.
For example, the glutathione S-transferase gene fusion
system is designed to express a gehe of interest fused
to the C-terminal of glutathione S-transferase. The
recombinant protein is purified by affinity
chromatography using glutathione-Sepharose column.

another example of a chimeric protein having
a functional domain and a binding domain is the
Protein-A gene fusion vector which has been designed
to permit a high level of expression of fusion

_proteins in both E. coli and Staphylococcus aureus

cells.

B. Nilsson, et al. (1985) EMBO J. 4(4):1075-
1080.

The IgG binding domain of Protein A provides a
rapid purification method of the fusion protein using
IgG-Sepharose columns. Similar systems have been
developed based on beta-galactosidase fusion proteins
purified on'IPTG-Sepharose.or metal chelate
chromatography or histidine hexamer fusion proteins
using Ni-resin columns. 2All these methods use
expensive matrices such as Sepharose, acrylic beads,
or glass beads that require costly chemical
modifications and in many cases, the use of highly
toxic compounds. Cellulose, on the other hand, has

rs to an
The term
ing two

herei n

indirectly a detectable
exanpl e, enzynes, radiol abelled nolecul es,

This is the replacement sheet
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particles, chem | um nesors, enzyne substrates or co- 15
I nhibitors, nmagnetic particles. Exanpl es of enzynes useful as
detectahl e | abels in the " present invention include al kaline phosphat ase
and horse radi sh peroxi dase. A variety of nethods are avai l abl e for
l'i nking"the detectable labels to 20 proteins of interest and include for
exanpl e ¥ he use of a bifunctional agent, such as 4,4'-difluoro-3,3'-

di ni tro-phenyl sul fone, for attaching an enzyne, for exanpl e, horse
radi sh peroxi dase, to a protein of Ln#elest. The attached enzyne is
then allowed to 25 react with a substrate yielding a reaction product

whi ch is detectable. Falling wwthin the scope of the present
invention is a signal anplification nmethod wherein the use of a

get ectabl e |ab@xd&fl}ﬁfrﬂ%§%y@ie&l@90@b@t@é§ aRf isl hﬁé‘ﬁp{:ﬂélﬁ@t e&{dsﬁndof

ent ogr am quan e t o] gr n.this nethod, a
firstocep o isRRiRy i anersc VI BRI kAR BUERE prdER

1mmob1llzatxon.

factors, enzyne

2.2. gCellulose
Cellulose has been very useful for
immobilization of endo-beta-glucosidase, an enzyme
that is used for wine and fruit juice treatments

10 (Shoseyov et al. J. Aqric. Food Chem. 38:1387-1390
[(1990).). However, immobilization requires the
chemical modification of the cellulose and results in
a fluffy compressible material that is not suitable
for applications involving packed colunmns.

1s A cellulose substrate, to which a ligand
could be bound without resort to chemical modification
(e.g., "bioimmobilized"), would possess the advantage
that the resulting solid matrix is natural and non-
toxic (having required no “dirty chemical

20 modifications"). It would be further advantageous if
the resulting solid matrix retained its physical
properties, as well as its relatively low price. At
present, cellulose prices are 100-500 fold lower than
those of glutathione-Sepharose and IPTG-Sepharose,

25 making cellulose an attractive, inexpensive matrix
that can be used safely in food and pharmaceutical
industries. Recently, Greenwood et. al. (FEBS Lett.
224(¢1)Y: 127-131 (1989).) fused the cellulose binding
region of Cellulomonas fimi endoglucanase to the

3o enzyme alkaline phosphatase. The recombinant fusion
protein retained both its phosphatase activity and the
ability to bind to cellulose. See, also U.S. Patent
No. 5,137,819 granted to Kilburn et al., incorporated
by reference herein.

as Unfortunately, the Cellulomonas fimi
cellulose binding region exhibits a relatively low
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i ncubated with a cellul ose fiber under conditions
formati on of a cell ul ose-CBD fusion
| abel ed CBD, for exanpl e,
- 48 -

sui table for
35 product binding conpl ex. Excess
CBD fused or bound to an enzyne, such as

4]

affinity to cellulose. For instance, more than 30% of
the fusion protein is washed off by 50 mM Tris-HCl (pH
7.5) in 0.5 M NaCl. A second disadvantage of the C.

s Zfimi cellulose binding region is that the cellulose
fibers are disrupted upon binding to the C. fimi
binding region (Din et al., Bio/Technology 9:1096-10986
(1991]). Therefore, even though the C. fimi cellulose
binding region may not exhibit direct cellulase

10 activity, this disruption of the fibers of the
cellulose substrate, which is tantamount to a physical

change in the morphology of the solid matrix, is

equally problematic and undesirable. (see, further,
the discussion in Section 7.3, below.)

1s

2.3. Cellulase
Many cellulases and other hydrolytic
enzymes, such as chitinases, have high affinities for
their substrates (Shoseyov, et al., PNAS USA 87:2192~
20 2195 (1990]; Cabib, Methods Enzvmol. 161, pp. 460-462
(1988]). It has previously been shown that strong
binding between crystalline cellulose and the
cellulase is directly related to that cellulase's
ability to degrade crystalline cellulose (Klyosov,
25 Biochemistry 29:10577-10585 ([1990)), whereas strong

binding is not necessary for that cellulase's ability
to degrade amorphous cellulose.

Shoseyov, et al., (PNAS USA 87:2192-2195

[1990)) report purification of the cellulase "“complex"
30 from Clostridium cellulovorans. This cellulase

“complex" exhibits cellulase activity against

crystalline cellulose, as well as

carboxymethylcellulose, and is a large protein complex

consisting of several different polypeptides. It has
3z been found that a large (ca. 200 kD} major cellulose

* binding protein (CbpA), with no apparent enzyme
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horse radi sh peroxi dase or al kal i ne phosphatase, or a fl uoresor or

chem cal stain, is incubated with the cel I ul ose-CBD fusi on product

bi ndi ng conpl ex under 5 conditions suitable to allow binding of the excess
| abel ed CBD. The binding of excess |abeled CBD to the cel | ul ose- CBD

fusi on product binding complex in effect all ows for detection of very

| ow quantities of substances of interest. In the signal anplification 10
nmet hod of the present invention, the preferred cellul ose fiber is a
pebble-m |1 ed cellul ose fiber. The-psbkl e-m |l ed cellul ose fiber can be
stained with a variety of chem cal dyes or-m xed with cal cofl uor

that bind the cellul ose and produce an intense bright 15 blue fluorescence
upon uv il lum nation. ., Included within the scope of the

pr esent i RAERLYHRY i sPesE PankiniRase Wikhe thec cagatticaeneyne ( PCR)
wherein a firsinCaBder ofer the ¢tdlyiica €diyme to breakdown

crystalline cellulose. However, no such participation
s by the CbpA is necessary for the enzymatic degradation
of amorphous cellulose. Shoseyov, et al., (PNAS USA
89:3483-3487 [1992])) report the cloning and DNA
sequencing of the gene for CbpA, including a
description. of four separate *"putative" cellulose
10 Pinding domains within the CbpA.

2.4. Heat shock Protein (HMSP)

Heat shock proteins (HSP) are induced in

prokaryotic and Eukaryotic species under various

15 conditions of stress. The HSP's are grouped into
families of homologous proteins based on their
molecular masses.

The 60 kD HSP (hsp 60) family, which
retained a uniquely high level of sequence

20 Cconservation during evaluation is a focus of interest
as a potential antigen in autoimmune diseases. W. Van
Eden (1991) Immunol. Rev. 121:1; W. Van Eden, Thole R.
van der Zee, A. Noordzij, J.D.A. Van Einbden, E.J.
Hensen, and I.R. Cochen (1988) Nature 331:171; M.B.J.

25 Billingham S. Carney, R. Bulter, and M.J. Colston
(1990) J. Exp. Med. 1731:339.

There is experimental evidence that response
to hsp 60 is subject to regulatory T cell contrel. It
has been.suggested that T cell reactivity is directed,

30 at least partly, Against the mammalian endogenous HSP.
B. Herman et al. (1991) Eur. J, Immunol, 21:2139.

The genes coding for hsp 60 protein family
have been cloned and sequenced from a number of
different species including Mycobacterium

a5 tuberculosis, Microbacterium leprae, Mycobacterium
bovis BCG, E. coli, chinese hamster rat mouse and
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fusion product that is incubated with a cellulose 20 fiber
conditions suitable for formation of a cel | ul ose-CBD fusi on product

bi ndi ng conpl ex and wherein the thernocyclic anplification reactions
t ake pl ace on the binding conpl ex. Also falling within
the scope of the present 25 invention is the use of the

Streptavidin/biotin detection system Biotin is capable of formng a _
tight and, essentially, irreversible conplex with Streptavidin. In this
aspect of the present i nvention, a CBD fusion product conprised of a
CBD 30 protein fused to Streptavidin és-provided. A " nucl eotide or

protein is biotinylated through techni ques deened to be routine to
those skilled in the art in order to forma biotinylated chineric

Pt obe i s i nodiuh i o b e 8t 31°° Qs PSR waflade O 2V G0
i s i ncubat ed Sgi £3:7013; S. Jindal et al. (1989) Mol. Cell.
Biol. 9:2279; 0.J. Picketts et al. (1989) J. Biol.
s Chem. 264:12001; T.M. Shinnick (1987) J. Bacteriol.
169:1080; T.M. Shinnick et al. (1988) Infect. Immun.
56:446; T.J. Venner and R.S. Gupta (1990) Nucl. Acids.
Res. 18:5309.
As described infra, according to the present
10 Ainvention, the heat shock protein (HSP), portions

thereof, anti-HSP antibodies or portions thereof, can
be used in CBD-fusion products.

under

Immune response to Mycobacterial and human
hsp 60 has been implicated in the development of
15 autoimmune diabetes in human and animal models.

Besides being an immunodominant antigen, the
hsp 60 family of proteins in various systems has been
shown to perform a “molecular chaperone" role in the
proper folding of newly synthesized polypeptide chains

20 and, in some cases, their assembly into oligomeric
protein complexes. S.M. Hemmingsen et al. Nature
333:330; R.J. Ellis (1990) Sem. Cell Biol. 1:1-9.

In a model system in mice for insulin
dependent diabetes mellitus (IDDM) - T lymphocytes

25 responding to the hsp 60 antigen are detectable at the
onset of insulitis and it is likely that these T
lymphocytes can also recognize the Beta cell hsp 65
cross reactive antigen. D. Elias et al. (1990) Proc.

Nat. Acad. Sci. USA 87:1576~-1580.
30 Thus, there remains an unfulfilled need to

discover a cellulose binding protein that exhibits a

high but reversible affinity for cellulose,

particularly crystalline cellulose, but which

manifests neither cellulase activity nor an ability to
as disrupt the fibers of the crystalline cellulose
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- 49 - bi oti nyl ated probe and a detectable | abel is used to
neasure the biotinylated probe and consequently the subst ance of

i nterest. The detectable | abel nay be as 5 described above in the signal
anplifi‘cation method, or

.
<>

substrate (i.e., does not exhibit an "amorphogenic"
effect).

s 3. SUMMARY OF THE INVENTION
The inventors describe herein the
jdentification, molecular cloning and cellulose
binding characteristics of a novel cellulose binding
domain (CBD) protein. Also, disclosed is the
10 construction of an expression system for the
production of a fusion product comprising the CBD and
a second protein of interest.
The invention relates to the discovery that
the CBD is able to function independently of the other
15 proteins or polypeptides with which it is naturally

associated. Moreover, it has been discovered

unexpectedly that the CBD has a high affinity for
crystalline cellulose and chitin, having a K; ranging
from about 1.5uM to about 0.5uM, preferably ranging

20 from about 1.4uM to about 0.8uM. In particular, with
various samples of crystaliine cellulose, the CBD
exhibits a K; of about 1.2uM or less. The CBD can be
further characterized in that it possesses virtually
no cellulase activity and, quite surprisingly, the CBD

25 exhibits no morphology-altering characteristics (i.e.,
no amorphogenic effects). It has also been discovered
that CBD-fusion products comprising CBD and a second

protein retain the avid binding capacity of the CBD to
cellulose,

30 The invention is alsc related to the
discovery that the CBD demonstrates absolute binding
to cellulose over a wide range of pH and under
different buffering conditions, that large quantities
of CBD bind to crystalline cellulose, and that

35 exposure to water fails to release CBD from cellulose.
In stark contrast, the major CbpA protein, as well as
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any | abel, such as a fluoresor or chem cal stain. Al'so falling
within the scope of the present I nvention is the therapeutic or
di agnostic use of a CBD fusion product wherein the CBD fusion partner is
a 10 ,nonoclonal antibody. For exanple, a CBD fusion product conpri sing
(i) a CBD capable of binding to cellulose with high affinity and
substagtially free of other proteins with which it is naturally

associ at ed, and (ii) a nonoclonal antibody capable of binding 15 antigen
can be used in a nethod to target a = 8 drug/cellul ose conplex or inaging
agent/cel | ul ose conplex to a cancer cell producing the antigen. In

this enbodi nent, a CBD nonocl onal antibody (or anal ogous anti body

fragment, sc f or anti - 20 binding regiaon.thereof) fusion
product is a% n#g?%f@% régx% gze%ér(ﬁzﬂal‘é.)mﬁi 't REr® é%ﬁé’ﬁrlyent ly with or
following dispechykedi SromtFohlwioses OICRYNAOMIn tor vdter. a

drug/ cel | ul opRd€Ed ANekPBGIPE B¢ cdénLtlt ing EdIATIMY, suchi 8sa@dmyni st ered.
Bi ndi ng OL taﬁaﬂiagﬁggkéfloéehoﬁrea or nonionic surfactants, is

regquired to release the CBD from cellulose. Thus, the

CBD protein functions and behaves quite independently

of the rest of the other proteins with which it is

natur&lly associated in its binding to cellulose.

10 Thus, the present invention provides an
isolated CBD protein capable of binding cellulose with
high affinity and which is substantially free of other
proteins with which it is naturally associated.

In one embodiment of the present invention,

15 a CBD protein comprises the amino acid sequence shown
in Figure 1. In another embodiment of the present
invention, the CBD proteir comprises an amino acid
sequence having at least 70% homology, preferably 80%
homology, to the amino acid sequence disclosed in

20 Figure 1. 1In another aspect of the present invention,
a nucleic acid is contemplated having at least 60%
homology, preferably 70-80% homology, to the nucleic
acid seguence depicted in Figure 1.

In yet another embodiment of the present

25 invention, the CBD protein has a high binding affinity
to cellulose. More preferably, the CBD of the present
invention has a K; of about 1.5uM or less, most
preferably 1.0uM or less.

In yet another embodiment, the present

30 Iinvention provides a CBD fusion protein comprised of a
CBD protein capable of binding cellulose with high
affinity and a second protein wherein, when said CBD
protein is one which occurs in nature, said CBD
protein is substantially free of other proteins with

as which it is naturally associated. 1In a particular
embodiment of the present invention, the second

This is the replacemem sheet
- 6 JAN 1997

Date:



25 i magi ng agent/cell ul ose conplex to the CBD-fusion
at the site of the antigen targets the drug or
rel evant site for the
6. EXAVPLE: EXPERI MENTAL PROCEDURE FOR CLONI NG
PUTATI VE CELLULCSE BI NDI NG DOVAI N

6.1.1. Bacterial strains and Pl asm ds E
strainwas fromStrateGene 35 (La Jolla, CA

| mgi ng agent to the
desired therapeutic or diagnostic activity.

OF THE

coli X1 1 Blue

experiments. E. coli BL21 (DE3) and pET-€c were as

10

15

20

25

30

35

protein is Protein A. 1In another embodiment of the
present invention, the second protein is an HSP
protein. In yet another embodiment of the present
invention, the second protein fused to the CBD may be
comprised of two or more polypeptide regions. For
exanple, the CBD may be fused to the variable light
chain (V,) and the variable heavy chain (V,) of an
antibody or functional portions thereof.

A further embodiment of the present

invention provides a method for the production of a

CBD or a CBD fusion product. An exemplary procedure,

which can be applied either to CBD alone or to a CBD
fusion product, but which is recited herein for a CBD
fusion product, may comprise the following steps:
providing nucleic acid encoding the CBD fusion product
wherein said CBD fusion product is comprised of a CBD
and a second protein, said CBD being capable of
binding cellulose or chitin with high affinity and
being substantially free of other proteins with which
it is naturally associated; transfecting a host cell
with the nucleic acid or using an equivalent means for
introducing the nucleic acid into the host cell; and
(2) culturing the transformed host cell under
conditions suitable for expression of the CBD fusion
protein. In the above method, the second protein may
be further comprised of an N~terminal amino acid and a
C-terminal amino acid. Transfection of the host cell
can be effected in a number of ways well known to
those of ordinary skill in the art, including, but not
limited to, electroporation, injection, calcium
chloride precipitation and retroviral introduction.
Furthermore, the nucleic acid can be either integrated
with the genome of the host cell or not.

In a further aspect oOf the present
invention, a method of the purification of a CBD

This is the replacement shes!

Date: - & 1N 1997

product |ocalized

30

6.1. Materials and Met hods

and was used for all cloning



- 50 - described (Studier et al., J. Mdl. Biol.

[ 1986]). 5 6.1.2. Materials
pH 7, contained 50 MM KH err]PJ err], 10

citratg), and 1 mM NaN[err]. TEDG
172: 3257- 3263

T

189:113-130

PC buffer,
M\ Na[err]err] (sodium
buffer (Chang et al., J. Bacteriol.

[ 1990]) contained 10 MM Tris, pH 7, 0.1 nM EDTA, 0.1

- 10 -

fusion product is provided comprising contacting a
mixture comprising a recombinant CBD fusion product
with an effective amount of cellulose under conditions
s Ssuitable for the formation of an insoluble binding
complex comprising cellulose and the recombinant
fusion product; isolating the insoluble cellulose-CBD
fusion product binding complex from the mixtures; and
recovering the CBD fusion protein from the cellulose-
30 CBD fusion product binding complex.

In a particular embodiment of the present
invention, the method of purifying a CBD fusion
protein of the present invention further comprises
proﬁiding nucleic acid encoding a cleavage site

15 upstream of the N-terminal aminc acid of the second
protein of the CBD fusion product.

In another embodiment of the present
invention, the method for purifying a CBD fusion
protein further comprises providing nucleic acid

20 encoding a cleavage site downstream of the C-terminal
amino acid of the second protein of the CBD fusion
protein.

In yet another embodiment of the present
invention the method for purifying a CBD fusion
25 protein of the present invention further comprises
providing nucleic acid encoding a first cleavage site
upstream of the N-terminal amino acid of the second
protein and a second cleavage site downstream of the
C~-terminal amino acid of the second protein of the CBD
30 fusion protein.

Similarly, CBD is purified by contacting a

mixture comprising CBD with an effective amount of

cellulose. 1Isolation of the resulting insoluble CBD~-
cellulose binding comﬁlex followed by treatment of the

ag binding complex with a releasing reagent provides the
purified CBD.
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10 mMdithiothreitol, and 5% v/v glycerol. Although Tris
buffer capacity at pH 7, the buffer was

wer e neither produced nor used. Restriction endonucl eases were from BRL
(Bet hesda, MD). All other chem cals used were of the 15 highest purity
commercially available. Avicel[err] PH101 (lot #1117) was from FMC
Corp. (Philadel phia, PA). Absor bant cotton was fromthe Seam ess Rubber

Co. (New Haven, CT). Cellulonc fiber ggs_fron1veyerhaeuser (Tacona,
WA). Granular chitin fromcrab shells is avai l able from Sigma. Al

ot her bi ndi ng substrates were purchased from Sigma Chem cal Co., St.
Loui s, MO Each of the pol ysaccharides was washed twice with PC
buffer before use. MassesAnbthér pspestcohahelgresents dimdenttdonhei r dry

Col Ul onforr]  EEGP1AER RN EasbalRE NEELULS e il ilod iy L38O 1 | ot ge
particle sizes RﬁPEﬁ‘PnFEgF%réﬁ GRPAPI§ of inaing celdujgse, with
recrystallized bygHi afflinity &hé wbichl is substantially free of other

nucleic acid with which it is naturally associated.

An isolated nucleic acid encoding a protein of the

present invention may be useful as a probe in

screening cDNA or genomic libraries for sequences

10 having homology to the cbd gene.

In further embodiments, the present
invention provides for a host cell comprised of
nucleic acid encoding a CBD of the present invention.

An additional aspect of the present

15 invention relates to a diagnostic kit for the
detection of a substance of interest comprising: (a) a
CBD fusion product comprising (i) a CBD capable of
binding to cellulose with high affinity and
substantially free of other proteins with which it is

20 nhaturally associated, and (ii) a second protein
capable of binding a substance of interest; (b) a
detectable label; and (c) cellulose. 1In such a
diagnostic kit, the cellulose can be replaced by
chitin. 1In specific embodiments of the present

25 invention, the second protein of the CBD fusion
product can be Protein A, HSP protein, HSP antibody,
HSP-related protein, peptide or antigenic portion
thereof. The term “peptide® is meant to include
molecules comprising 2-20 anmino acids. The CBD fusion

a¢g Product of the disclosed diagnostic kit may further
comprise a ligand affinity bound to the second
protein, such ligand capable of binding a substance of
interest. By “ligand" is meant any molecule that is
able to bind a second molecule by any non-covalent

a5 means. For example, a primary IgG can be affinity
bound to Protein A fused to CBD. The IgG may then

has a | ow
sui tabl e because hydrogen ions
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hot water, filtering,

and cooling on ice. The sizes 30 of the
Cellulon[err]

and cotton fibers were reduced by processing with a
Gfford-Wwod mni-mll for five m nut es.
- 51 -.

- 12 -

serve as a ligand for a particular protein, peptide or
hormone.
In another aspect of the present invention,
s an immunoassay method of detecting the presence of a
substance of interest in a test sample is disclosed
comprising: (a) incubating a test sample, which may
contain a substance of interest, with a sufficient
amount of a CBD fusion product comprising (i) a CBD
10 capable of binding to cellulose with high affinity and
substantially free of other proteins with which it is
naturally associated, and (ii) a second protein
capable of binding the substance of interest, under
conditions that allow for the binding of the substance
15 ©of interest to the second protein of the CBD fusion
product; (b) adding an amount of cellulose effective
to bind the amount of the CBD fusion product used in

step (a) to provide an insoluble cellulose-CBD fusion

product binding complex; (c) separating the insoluble

20 <Cellulose-CBD fusion product binding complex from
unbound components; (d) incubating the insoluble
cellulose-CBD fusion product binding complex with a
sufficient amount of a detectable label, the label
capable of binding to the substance of interest; and

25 (e) separating the insoluble cellulose-CBD fusion
product binding complex of step (d) from unbound
components and determining the presence or absence of
the label, to provide an indication of the presence or
absence of the substance of interest in the test

3o Ssample.

Another method is also disclosed for the
detection of a substance of interest in a test sanmple
comprising: (a) contacting a test sample, which may
contain a substance of interest, with an insoluble

35 matrix capable of immobilizing the substance of
interest; (b) incubating the insoluble matrix with a
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6.1.3. Cloning of Putative Cellul ose Bi ndi ng

Domai ns DNA prinmers conplenentary to the regions of cbpA
(Shoseyov et al., PNAS USA 89: 3483-3487 [1992]) flanki ng the putative
CBD (ChpA residues 28-189) were synt hesi zed by a Gene Assenbl er Plus
(Phar maci a). The forward primer contained an Ncol restriction site
(recognition sequence: CCATGG with the ATGin-frame 10 wth the gene
fragment, to act as a translational start codon when cloned into the
pPET- 8c vector cloning site. The reverseapri mer contained a stop codon
and a BanH site. Polynerase Chain Reaction (PCR) was per f or med
using 20 pnol each priner 200 [err] M dNTPs, and 1 ng cbpA DNA [cl oned
into vector pGENEX— .(Pronega) as in (Shoseyov et al., 1992, supra)] as
a tenpl ate, spEficdent, 9@PHH§ Bf 206BPefusion TeXOdRAY AAMRFASARS from
Anmer sham usi ng uunfercnmndmbubna pecbimanfAgdtdycéPulose with high

affinity and substantially free of other proteins with
s which it is naturally associated, and (ii) a second
protein capable of binding the immobilized substance
of interest, under conditions that allow for the
binding of the immobilized substance of interest to
the second protein of the CBD fusion product; (c)
j0 Separating the insoluble matrix of step (b) from
unbound components; (d) incubating the insoluble
matrix of step {c) with a detectable label capable of
binding the substance of interest or the CBD fusion
product under conditions that allow for the binding of
15 the label to the substance of interest or the CBD
fusion product; and (e) separating the insocluble
matrix of step {(d) from unbound components and
determining the presence or absence of the label, to
provide an indication of the presence or absence of
20 the substance of interest in the test sample.
This method may further comprise (i)
contacting the insoluble matrix of step (c) with a
sufficient amount of cellulose under conditions that
allow for the binding of the cellulose to the CBD
25 fusion product to form a cellulose~CBD fusion product
binding conmplex, and (ii) separating the insoluble
matrix of step (i) from unbound components, including
unbound cellulose. This method can use a label that
is capable of binding the substance of interest or the
30 cellulose-CBD fusion protein binding complex, in
particular, the cellulose of the cellulose-CBD fusion
protein binding complex. The test sample may be a
bodily fluid, including, but not limited to, blood,
urine, semen, saliva, mucus, tears, vaginal
35 secretions, and the like. As usual, the cellulose can
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20 manufacturer. PCR was carried out for 40 cycles as

descri bed
(Innis et al., Optimzation of PCRs In: PCR Protocols Ed. Innis et al.,
Pub. Academ c Press, San D ego, pp. 3-12 [1990]). The PCR product was
purifiged by phenol /chl orof orm extracti on foll owed by ethano

precipitation and a wash with 70% ethanol, then dried
resuspended in 27 [err]| distilled water.
Ncol and BanHl, and run on

by vacuum and
The DNA was then cl eaved by
a 2.5% I ow nelting point agarose (Nuseieve

GIG FMO) gel in TBE buffer (Sanbroak et al. (1989) 30 El ectrophoresis
buffers in Ml ecular C oning (Nolan, C. ed.), Cold Spring Harbor
Laboratory Press, NY, pp. B. 23-24. DNA bands stai ned by ethidium

brom de were vi sual_i zed bé¢lon g-wave ultraviolet light and cut from
the gel. The PecF8PlafrashydcBEtine, Mbsoprepurinsdiuble madivdxvimay 1 [err]g
of pET-8c DNAbei ah bldectBephbrasils gel Bubting the linearized DNA band from

the'gel . Vector angyi BSgpboPReS WkhSalhdil ok Who TR0 NO of vector

e pr

s invention, the method is designed for the detection of
a protein or peptide; thus, the second protein of the
CBD fusion product may be an antibody against the
protein or peptide. The antibody may be a monoclonal
antibody or a polyclonal antibody. Alternatively, the

10 CBD of the present invention may be conjugated to the
antibody of interest either directly or through a
linker moiety.

The substance of interest may also comprise

a biotinylated probe bound to a protein, peptide,

1s hormone, nucleic acid or other probe-targetable

molecule. 1In this case, the preferred second protein

is streptavidin. Where the label includes an enzyme,
the method further comprises adding a sufficient
amount of a substrate for the enzyme, which substrate
20 is converted by the enzyme to a detectable compound.
The assay may also be carried out in a
competitive mode. Hence, the above-described method
may be modified such that step (d) is performed by
incubating the insoluble cellulose-CBD fusion product
25 binding complex with a sufficient amount of a
detectable label comprising a labeled substance of
interest, the label capable of binding to any second
protein of the CBD fusion product which remains
unbound to the substance of interest, and in which
3o Step (e) is performed by separating the insoluble
cellulose~CBD fusion product binding complex of step
(d) from unbound components and comparing the signal
observed from the test sample relative to the signal
observed from a control sample. _
35 In a preferred embodiment of the present
invention, the CBD fusion product is included in a dip
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| i gated plasm ds were used to transform conpetent E.

strain, which were then plated on LB 5 plates (Sanbrbok et al.
Bacterjal Media in

10

is

20

25

30

35

DNA and 300 ng of insert with a Takara Ligation kit.

- 15 -

stick. Hence, it is also an object of the present

invention to provide a dip stick useful in detecting a
substance of interest in a test sample comprising a
CBD fusion product, the CBD fusion product comprising
(i) a CBD capable of binding to cellulose with high
affinity and substantially free of other proteins with
which it is naturally associated, and (ii) a second
protein capable of binding a substance of interest.
Preferably, the second protein is selected from the
group consisting of Protein A, HSP protein, HSP
antibody, cross-reactive HSP-related protein or
peptide or an antigenic portion thereof, an enzyme,
hormone, antigen, and antibody.

Likewise, it is also an object of the
present invention to provide a signal amplification
system comprising: (a) a first CBD fusion product
comprising (i) a CBD capable of binding to cellulose
with high affinity and substantially free of other
proteins with which it is naturally associated, and
(ii) a second protein capable of binding a chimeric
probe, the probe further capable of binding a
substance of intéfest; and (b) a second CBD fusion
product comprising (i) a CBD capable of binding to
cellulose with high affinity and substantially free of
other proteins with which it is naturally associated,
and (ii) an enzyme capable of acting on a substrate to
produce a detectable compound.

In another embodiment, a signal
amplification system is provided which conmprises: (a)
a CBD fusion product comprising (i) a CBD capable of
binding to cellulose with high affinity and
substantially free of other proteins with which it is
naturally associated, and (ii) a second protein
capable of binding a chimeric probe, the probe further
capable of binding a substance of interest; and (b)

coli XL1-Blue

The

(1989)
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Mol ecul ar A oning (Nolan,. C ed.), Cold Spring Harbor Laboratory Press,
NY, pp. A 1-4.) containing 100 [err]g/m

Ampicillin and 12.5 [err] g/ n
tetracycline. After overni ght incubation at 37 [err]C, colonies were
selectéd 10 and grown in liquid LB nmedia with anpicillin and
tetracycline. Plasm d DNA from each cul ture was rescued as descri bed
(Sanbrqok et al. (1989) in Mol ecul ar d oning (Nolan, C. ed.), Cold
Spri ng: Har bor Laboratory Press, NY) and cleaved with restriction 15

enzynmes to verify the insertion of the-gamse-fragnent. The insert
sequence was confirmed by DNA sequenci ng usi ng the sane procedures as

those reported in Shoseyov et al. (1992) PNAS USA 89: 3483- 3487. 20
6.1.4. Expressign of

CBD .The overexpression vector (pET-CBD)
enabl es us ¥aPRRS frRRudde (GBDL Fekgdnens AksEcaparityt Foibind to
BL21(DE3). CBD eeliulmsenwitirechiigh aifflisdty afid substantially free of

other proteins with which it is naturally associated.
s These signal amplification systems may
include the chimeric probe and may further include a
cellulose matrix, preferably a pebble-milled
cellulose.
These signal amplification systems may

-3¢ include systems designed to identify nucleic acid from
cells or tissue and systems designed to extend the
length of identified nucleic acid in either direction
which employ oligonucleotide~directed thermocyclic DNA
amplification of the missing sequences, wherein a

15 combination of a DNA-specific primer and a degenerate,
vector-specific, or oligo-dT~binding second

oligonucleotide can be used to prime specific
synthesis.

Finally, it is a further object of the

20 Present invention to provide a drug delivery system
comprising CBD associated with a drug, the CBD
retaining its capacity to bind to cellulose with high
affinity and substantially free of other proteins with
which it is naturally associated. 1In such a drug

25 delivery systenm, the drug is conjugated to the CBD
either directly or through a linker moiety. Many
methods of conjugation exist and are known in the art.
For example, acyl activation agents exist, such as
cyclohexylcarbodiimide, which can be used to form

3¢ amide or ester bonds. Thus, a drug having a
nucleophilic group, such as amino or hydroxy may be
attached to the carboxy terminal end of CBD. 1In one
embodiment such a drug delivery system can be a slow
or sustained drug delivery system wherein the drug of

ags interest is slowly released from the CBD bound to
cellulose.
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ng/liter in inclusion bodies. However, additional

ng/liter of water-soluble CBD coul d be recovered fromthe water-sol uble
soni c extract of the E. coli. The cleared extract was m xed with
(Sigmatel | 20) cellulose; then the CBD-cellul ose conpl ex was washed by
1 MNaC solution as well as 30 distilled water to renove non-specific
proteins, and then pure CBD was el uted by 6M guani di ne-HCO . CBD was
fully . enatured by slow dialysis at room tenperature and regained its
ability to bind to cellulose (Figure - 1718. l|lane 2).

25 quantity of about 20

In one enmbodiment, the drug to be delivered
is an antifungal agent. Preferred agents, include,
but are not limited to, Amphotericin B, Nystatin, and

s Undecylenic Acid. The drug may generally be an

imidazole, such as Clotrimazole. It is contemplated

that such a drug delivery system can be incorporated
into a composition that can be administered
parenterally, orally, topically or by inhalation. 1In

10 Pparticular, routes of administration include, but are
not limited to, intranasal, opthalmic or intravaginal.
Furthermore, the composition may be in the form of a
solid, gel, liguid or aerosol.

The drug delivery system described herein

15 are useful for the delivery of a drug to an infectious
or disease-causing agent, such as a yeast or fungal
agent whose cellular membrane -contains a cellulosic or
chitinic substance. Examples of such agents, include,
but are not limited to, Aspergillus fumigatus, a

20 mNember of the genus Candida or Monilia, or an
epidermatocyte. By employing the drug delivery system
of the present invention, it is anticipated that the
dosages required for effective treatment of the
disease or infection will be much reduced,'thus,

25 improving the effectiveness of the antifungal or
antimycosal drugs, which are typically also quite
toxic. It is hoped that side effects are, thus, also
minimized or, even better, eliminated. .

Yet another aspect of the present invention

39 relates to the ability of CBD to modify the growth of
plant tissues. Such ability finds application in the
agricultural industry, for example, where it may be
desirable to promote pollen tube growth and/or root
growth. In addition, since CBD in high concentration

sz has the ability to inhibit root growth it is useful to
prevent the devliopment of undesirable plants, for
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- 53 - 7. EXAVPLE: PURI FI CATI ON OF CBD PROTEI N
7.1. Preparation of CBD Protein 7.1.1. Purification of CBD Protein

Plasm d DNA containing the insert was used to transformE. coli BL21
(DE3) ., Pl asm d- cont ai ni ng cultures were grown at 37 [err]C in NZCYM

(Sanbr ook et al. (1989) in Ml ecular doning (Nolan, C ed.), Cold 10
Spring Harbor Laboratory Press, NY) nedi um contai ni ng anpicillin (100
[err]g/ M) with shaking to Klett reading

-~ 18 -

example, "weed" plants. In another exanmple, the CBD

finds application in enhancing growth of fungi, such
as mushrooms, wherein the CBD binds chitin and

s Stimulates the growth and/or development of developing
basidiocarps or fruiting bodies.

Yet another aspect of the present invention
relates to the ability of CBD to bind to chitin of
insect exoskeletons and other insect parts, including

10 the mid-gut. Such ability finds application in the
use of CBD as a bio-pesticide wherein the CBD is
linked to a microorganism useful for controlling
insect pests, such as Bacillus thuringiensis (BT} or
other microorganism expressing the BT toxin gene, or

15 Ssuch as a chitinase secreting microorganism or fungus.

" The CBD functions to bind the microorganism to the
chitinous portions of the insect where the microbially
produced toxin or enzyme leads to death of the insect
pest. Microorganisms which display chitinase activity

20 include bacterial strains from the genera Enterobacter
and Streptomyces, and fungal strains from the genera
Aspergillus, Penicillium and Trichoderma, etc. In one
mode of this embodiment of the invention, the CBD-
microorganism complex can be dpplied directly to plant

25 parts suspected or at risk of infestation by insect
pests or, alternativély, the CBD-microorganism complex
can be immobilized on bajit stations which are set out
in the infested fields or on plants infested with

insect pests. In another alternative mode of this

30 embodiment of the invention, a CBD-microorganism
complex is applied to wood or cellulose-based products
to prevent or control infestation by wood destroying
insect pests. For example, a CBD-microorganism
complex is applied to telephone poles or wood or

35 cellulose-based construction components where the CBD
component kinds tightly to invading insects and the

Tras is the replecement sheet
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160 (green filter). At this point, |IPTG was added to a final
concentration 1 nM After 4 h, the cells were har vest ed by

centrifugation, resuspended in 50 nM 15 phosphate/ 12 mMcitrate pH 7 (PO
buffer containing RNAse A at 10 [err]g/m and DNAse | at 1 [err]g/m,
and | ysed by sonication on ice with a Biosonic Il sonicator at

maxi mum power for 45 s followed by a 15 s cooling period, repeated a
total ,’of 4 times. The insoluble 20 fragt%gn of a 1 L cel

- culture was
col | ected by centrifugation (30 mn at”12,000 g, 4 [err]C) and

resuspended in 20 mM of 6M guanidine HO . This was kept on ice for 30
mn wth occasional vortexing to di sperse the pellet. Insoluble debris
was renoved by z3créepbahigfiabiothé3okplert id 2 Hlthve! e ldanekol The

sol ubl e guani di HCl _extr was gradually diluted to 400 M total
volume with TEDESFegh &F&t?%%tﬁﬂffer over atw h period at 4 [err]C

Ammoni um sul fate was adde§tddl anoghersaspeatiofi the tpresenty h at 4 [err]C
precipitated, 3@nvien®ieimyelatescebl enkeabYicpnds i dnpatd WiddBGarin at

chitin found in fungi, including fungi which are
useful for bioremediation or &egradation of toxic
environmental pollutants. According to one mode of
this embodiment, a CBD fusion protein is used in which

10 the second component is an enzyme which degrades the
environmental pollutant. The CBD-enzyme fusion
protein can be immobilized on a cellulose substrate
and the device used to remove the pollutant from the
environment by enzymatic degradation,'for example, by

1s Placing the device in a stream of surface or
underground water. According to an alternative mode
of this embodiment of the invention, the CBD is bound
to a fungus which secretes an enzyme which is useful
for biomediation, i.e., which degrades an

20 environmental pollutant such as a pesticide. The CBD-
fungus complex is then immobilized on a cellulose
substrate and provides a useful device to
enzymatically degrade an environmental pollutant such
as a pesticide including DDT or such as wood

25 containing products left over from logging or saw
milling operations. 1In one illustrative example, CBD
is complexed with a white rot fungus, for example
Phanerochaete chrysosporium, which produces lignin
peroxidase, manganese peroxidase and degrades the

30 Ppesticide DDT. The CBD-fungus complex is useful for
bioremediation, for example, to remove a pesticide
such as DDT from the environment.

4. DESCRIPTION OF THE FIGURES
35
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12,000 g, 4 [err] O, resuspended in 40 m PC buffer, and di al yzed

agai nst PC buffer. Further purification of the CBD protein
fragnent of CbpA was carried out by affinity 35 chromatography on
cellukose; Three additions of 1.0 g Avicel [err] PH101 microcrystalline
cellut ose were used to - 54 -

- 20 -

Figure 1. Nucleotide (top, orig.; second
line, conplement) and deduced amino acid sequence of
CBD.

5 Figure 2. Preparation and cloning of the
gene fragment encoding for CBD.

A. Analysis of the primary structure of
CbpA, which contains an N-terminus signal peptide,
unigue CBD region, 4 hydrophilic repeats (white
10 arrows), and 9 hydrophobic repeats (black arrows).
B. PCR primer placement along the cbpA gene.
Included for clarity are the primer seguences and the
cbph DNA sequence of the CBD flanking regions. The
PCR product contains Ncol and BamHl sites, underlined.
315 Also note that the ATG start codon for the gene
fragment is located within the Ncol site, and the TAG
stop codon is adjacent to the BamHI site.
C. Schematic of pET-CBD, containing the CBD
gene fragment cloned into the pET-8c vector. The
20 Vector contains the necessary transcriptional and
translational signals for inducible CBD production.
Figure 3. Expression and purification of
the CBD protein.

Whole cell proteins from cells harboring

2s PET-8c (lane 2), whole cell proteins from cells
harboring pET-CBD (lane 3), cytosolic fraction from
lysed pET-CBD cells (lame 4), Guanidine HCl-
solubilized membrane/ inclusion body fraction from
lysed pET-CBD cells (lane 5§), final PC buffer wash of

a9 Avicel® pellet (lane 6), and purified CBD protein
(lane 7) were loaded on a 15% acrylamide gel. Each
lane was loaded with 0.005% of the total protein of
each fraction, except lane 6 which is a 10-fold

concentrate. Prestained molecular mass markers (lanes

35 1,8) have mobilities of approximately 2.6, 5, 12.7,
18.1, 29, and 44 KkbDa.
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renove the CBD protein fromthe solution. After each addition, the
suspension was allowed to cone to equi librium (1 h at roomtenperature
with slow5 rotation). The cellulose was then collected by
centri'fugati on and renoved before the next addition. The three grans of
cel luf ose were washed once by 1 M NaCl / PC buffer and tw ce by PC buffer.
Purified CBD was eluted fromthe cellul ose by three washes with 10 10

m 6Murea. The urea fractions were pool ed and di al yzed agai nst PC
buffer. (4 [err]C to about ambi ent tenperature). Protein concentration
in the final purified fraction was anal yzed by col orinetric nethods

using the McroBCA protein assay kit (Pierce, 15 Rockford, IL), using
bovi ne serum al bum n (BSA) _. st andar ds.

Figure 4. Time course of CBD-Avicel®
CBD (2.0 pmol total protein) and Avicel® (1
mg/ml) were eguilibrated as described in Section 7,

s below, except that a larger total volume was used to
provide samples taken at various time points. Each
time point sample was washed and assayed as described
in Section 7. see, also, Table I of Figqure 9, below.

Figure 5. Double reciprocal plot of CBD
10 binding to Avicel.® 0.5 mg Avicel® is represented by
closed squares (B), 1 mg Avicel® by closed circles
(7)., and 2 mg by closed triangles (H). 1Inset: PC_,
versus the amount of Avicel® used.
was 1.0 ml.

binding.

The assay volume

15 Figure 6. Scatchard Plot CBD binding to
Avicels, The [(PC}/(P)} vs. PC for 3 éhounts of Avicel®
are shown. The (PC}/[P] is expressed as a
dimensionless ratio, and the [PC]) is shown in uM. 1
mg Avicel® is represented by closed circles, 2 mg

20 Avicel® by open circles, and 3 mg by closed sguares.

Figure 7. Double reciprocal plot CBD binding
to Cellulont. The incubation mixture contained 0.5 mg
Cellulon® per ml.

Figure 8. CBD-ProtA fusion protein binds

25 both Cellulose and IgG. 1M Acetic acid selectively
releases CBD-ProtA:1gG "bond", but not the CBD-
ProtaA:cellulose "“bond".

Figure 9. Adsorption of CBD protein to
insoluble substrates.

30 Figure 10. Overexpression and purification
of CBD.

Figure 11. Schematic of a signal
amplification system in which labeled CBD detects
cellulose or chitin to which is bound a CBD fusion

a5 product. The substance of interest is bound, in turn,
to a chimeric probe.
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7.1.2. Det erm nati on of the CBD- Cel |l ul ose
Di ssoci ati on Constant and the Cel I ul ose Bi ndi ng

Capacity Sanpl es of CBD protein (typically 0 to 100
[err]g) were added to 1.5 m capacity m crofuge tubes cont ai ning PC
buffer supplemented with 1 ng/m BSA and t he desired anmount of
cellulose (typically 1 ng added froma stock slurry containing 10 ng/ m
cel lul'ose and 1 ng/mM BSA in PC buffer). Potential conmpetitors,
e.g. cellobiose (4 ng/m) or carboxynethyszetl ul ose (CMC, 4 mg/ M) were
I ncl uded by adding 200 [err]l of a 20 ng/ M stock solution in PC/ BSA
buffer. The final vol ume was always 1 ml. The pH of the buffer was 7.0
30 unl ess otherw se noted. For experinents at other pH val ues,
the PC/ BSA buffer was adjEs3e6e bd2 t heSeRRRa%Ish of a sd@n@dncentrated HA or
Na OH. amplif featyoh UbpsStamr En wkich Whe |subst@nideC aif
interest is bound to a ternary CBD fusion product:
5 CBD-ProteinA{IgG).

Figure 13. 1IgG purification by CBD-ProtA-
Cellulose as demonstrated by detection of samples on
gel electrophoresis. Lane a is human serum. Lane b
are human serum proteins that did not bind to CBD-

30 ProtA-Cellulose. Lane ¢ is the first PBS wash of
samples, after binding of the IgG to the ProtA has
taken place, showing unbound protein. Lane d is the
IgG fraction recovered by acetic acid wash.

Figures 14A and 14B. Demonstration that

15 CBD-treated cellulose fibers remain intact, i.e., CBD
has no cellulose disruption amorphogenesis activities.
Figure 14 A shows a cotton fiber treated with CBD.
Figure 14 B shows untreated cotton fibers {(control).

Figure 15. Demonstration of the effect of

20 PH and NaCl concentrations on the binding capacity of
CBD-ProtA to cellulose.

Figure 16. Demonstration of CBD binding to
Aspergillus niger. Lane a is Aspergillus niger with
CBD. Lane b is Aspergillus niger without CBD

25 {control). Lane ¢ is CBD alone.

Figure 17. Demonstration of CBD binding to
Spodoptera littoralis. .Lane a is the mid-gut menmbrane
of Spodoptera littoralis without CBD (control). Lane
b is the mid-gut membrane of Spodoptera littoralis

30 with CBD.

Figure 18. Demonstration of CBD binding to
Heliothis armigera. Lane a is mid-gut membrane of
Heliothis armigera without CBD (contrel). Lane b is
mid-gut membrane of Heliothis armigera with CBD.

3s Figure 19. Demonstration of the effect of
CBD and BSA (as a control) on pollen tube growth.
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rotation (30 RPM at 37 [err]C for one h. The sanples were then spun
in a mcrofuge for one mn to sedi nent

t he cel |l ul ose and
cel l ul ose-protein conpl exes. After renovi ng the buffer,
the pellet was washed by

- 23 =

Figures 20A and 20B. Demonstration of the
effect of CBD on crystalline cell wall components of
pollen tubes that were stained with white ‘fluorescent

s brightener (calcofluor). Figure 20A shows that CBD
treated pollen tubes produced non-crystalline pollen
tube tip as indicated by the absence of the bright
color at the tip zone. Figure 20B shows that a
control pollen tube tip contains more crystalline cell

10 Wall components as indicated by the bright color.

) Figures 21A and 21B. Demonstration of gold-~
immunolabeling of CBD treated pollen tubes. Figure
21A demonstrates that in pollen treated with CBD,
gold-labeling is along the pollen tube but preferably

15 at the tip zone, as indicated by the intensive dark
dots at the tip zone. Figure 21B shows the control,
i.e., pollen without the CBD treatment.

Figure 22. Demonstration of the effect of
CBD on root growth of Arabidopsis thaliana seedlings.

20 Different letters indicate statistically significant

differences between the root length values (p < 0.05).
Figure 23. Demonstration of gold-

immunolabeling of CBD treated Arabidopsis thaliana

seedlings. This figure shows that the gold-labeling

25 is restricted to the root and no labeling is shown on
the shoot.

Figure 24. Demonstration of Arabidopsis
thaliana seedling staining with white fluorescent
brightener (calcofluor). This figure demonstrates

30 that only the root is stained indicating accessible
cellulose.

5. DETAILED DESCRIPTION OF THE IRVENTION AND
DEFINITIONS

35 The present invention is directed to the
identification of cellulose binding domain (CBD)

protein that is capable of binding cellulose with high
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resuspension in 1 m of PC buffer. The wash was separated out by
centrifugation and discarded. 5 Pellets were then resuspended in a final 1
m PC buffer. (The centrifugation step would not be expected to
perturb the equilibrium because the [(] and [PC] were concentrated to

the same extent.) O the original BSA in the assay tubes 10
(ca. 1 ng/m), only about 0.1 [err]g would remain after .t he washi ng
steps assuming no non-specific adsorption and a liquid volunme of 10
[err]]l in the pellet. Any col or devel opment due to this residual BSA
was accounted for by the 0 CBD cont rok4tubes. Aliquots (150 [err]l) of
this 15 well-m xed suspension were taken for protein determ nati ons
with the McroBCA kit. The manuf acturer's instructions were followed,
except that t he sanpl e volume was brought to 0.5 m wth PC buf f er,
to which 0.5 nl affimdkyn8nei A RcRB¥RFShRLe manngkicd TheaLBR) ofi £hgres were
i ncubat ed at 60 gragen® fimvedfion maynbe Theed] Of 61 NexANpEXd! riad ivhie Was

det ermi ned bio-immobilization of biologically active molecules to
s cellulose. The CBD of the present invention may be
fused to a second protein to form a CBD fusion
protein. The presence of a CBD protein in a CBD
fusion protein allows for easy and selective
purification of the CBD fusion protein by incubation

10 With cellulose. Examples of second proteins include:
Protein A, protein G, streptavidin, avidin, Taq
polymerase and other polymerases, alkaline
phosphatase, RNase, DNase, various restriction
enzymes, peroxidases, glucanases such as endo-1,4-beta

15 9lucanase, endo-1,3-beta-glucanase, chitinases, and
others, beta and alfa glucosidases, beta and alpha
glucoronidases, amylase, transferases such as
glucosyl~transferases, phospho-transferases,
chloramphenicol-acetyl-transferase, beta-lactamase and

20 Other antibiotic modifying and degrading enzymes,
luciferase, esterases, lipases, proteases,
bacteriocines, antibiotics, enzyme inhibitors,
different growth factors, hormones, receptors,
membranal proteins, nuclear proteins, transcriptional

25 and translational factors and nucleic acid modifying
enzymes. Specifically, the CBD'broteih may be fused
to an antibody or an antigenic determinant to form a
CBD fusion product that is useful in diagnostic kits
and in immunoassays.

30 Thus, for example, bodily fluids can be
tested for the presence of particular antibodies
(e.g., heat shock protein (HSP) antibody) by making
use of a CBD and an HSP epitope. Conversely, an HSP
protein, a cross-reactive HSP-related protein, or

a5 antigenic portions thereof can be detected using a
CBD-HSP antibody fusion protein.

This is the replacement shest
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colorinetrically fromthe cleared supernatants at 562
160 U spectrophotoneter. Assay tubes

were used to correct 25 for a small anount of col or devel opnent caused by
t he . cellulose and residual BSA. The data were conpared to BSA
standards and adjusted to accommodate the dilutions that were nmade to

determ.ne the anount of protein bound to the cellulose in each sanple.
The 30 practical detection limt of_tﬁés_assay was about 0.2
[err]g/m . After correction for dilutiofi§, this corresponds to about
0.034 nnol of CBD bound to the cellulose in the assay tube. The free
CBD protein concentration, [P], was determ ned by subtracting the 35
bound protein concentratth@ncekRChepbf 081t gsh Oppbe LR or added to the
tube, [F],: “cellulose binding domain protein" refers to a protein
comprising the amino acid sequence shown in Figure 1
s and includes functional homologs and functional
derivatives thereof, provided that the functional
homolog or functional derivative possesses the
capability of binding to cellulose with high affinity
and in a reversible manner. The CBD of the present
10 Ainvention is provided substantially free of other
proteins with which it is naturally associated, for
instance, the balance of the major CbpA protein,
discussed above. 1In addition,

nmin a Shinmadzu
to which no CBD protein was added

one or more
. predetermined amino acid residues in the polypeptide

15 may be substituted, inserted, or deleted, for example,
to produce a CBD having improved biological
properties, or to vary binding and expression levels.
Some of the desired CBD proteins falling within the
scope of the present invention may optionally possess

20 <Covalent or non-covalent modifications of the
naturally occurring molecule, including, but not
limited to, glycosylation modifications. Through the
use of .recombinant DNA technology, the CBD proteins of
the present invention having residue deletions,

25 sSubstitutions and/or insertions may be prepared by
altering the underlying nucleic acid. The
modifications or mutations that may be made in the DNA
encoding the CBD of the present invention must not
alter the reading frame and preferably will not create

30 Complementary regions that could produce secondary
mRNA structure (see, European Patent Publication No.
EP 75,444)

The CBD protein of the present invention is
one having at least 70% homology to the amino acid

35 Sequence shown in Figure 1, preferably, at least 80%
homology, more preferably, at least 90% homology, and
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The system was anal yzed assum ng a sinple equilibrium

(Segel, 1975):

10

15

20

25

30

35

[Pl = [Pl[err]- [P _ (1)
i nteraction

- 26 =

most preferably, at least 95% homology. The term "X%
homology"” is not intended to be limited to sequences
having a X% homology over the entire length of the
protein. The 70% homology is also intended to include
X% homology occurring in identified functional areas
within the CBD protein of Figure 1. An example of a
functional area would be a defined set of amino acids
having the ability to bind cellulose with high
affinity and in a reversible wanner. Such protein
homologs may also be referred to herein as “CBD
functional homologs.' In one embodiment of the

present invention, such a functional area may have

about 100 amino acids. In another embhodinment of the

present invention, such a functional area may have
about 50 amino acids. The most desirable CBD protein
of the present invention is one comprised of the amino
acid sequence shown in Figure 1.

The term "CBD functional derivative" as used
herein refers to any "“fragment", "variant", "analogue"
or “cherical derivative" of the CBD protein amino acid
sequence shown in Figure 1 which retains the
capability of binding to cellulose with high affinity
and in a reversible manner and is preferably between
about 2 and about 160 amino acids in length, more
preferably between about 25 and about 125 amino acids
in length and most preferably between about 50 and
about 100 amino acids in length.

The term “fragment" is used to indicate a
CBD protein which is derived from the CBD protein
shown in Figure 1, and has a naturally occurring
sequence. Such a fragment may be produced by
proteolytic cleavage of the full-length protein.
Alternatively, the fragment is obtained recombinantly
by appropriately modifying the DNA sequence encoding
the CBD protein to delete one or more amino acids at

5
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10 where the dissociation constant, Klerr], is defined as:

r]
r] The data were anal yzed by doubl e reci procal pl ots of

;

;

[PC] versus 1/[P] at different fixed |evels of cellul ose (equation 4)
d

[e
[e
|/
and W 20

- 27 =

one or more sites of the C-terminal, N-terminal, and
within the naturally occurring sequence. Fragments of
the CBD protein can be screened for the ability to
¢ bind cellulose with high affinity and in a reversible
' manner to determine the identity or utility of a
functional derivative.

The term “variant" as used herein is defined
as a molecule in which the amino acid sequence,

10 9lycosylation pattern, or other feature of a naturally
occurring molecule has been modified covalently or
noncovalently and is intended to include ‘mutants.

Some of the variants falling within this invention
possess aminc acid substitutions deletions, and/or

1s Ainsertions provided that the final construct possesses
the desired ability of binding cellulose with high
affinity and in a reversible manner. Amino acid
substitutions in the CBD protein may be made on the
basis of similarity in polarity, charge, solubility,

2o hydrophobicity, hydrophilicity and/or the amphipathic

nature of the residues involved. For example,

negatively charged amino acids include aspartic acid
and glutamic acid; positively charged amino acids
include lysine and arginine; amino acids with

25 uncharged polar head groups or nonpolar head groups
having similar hydrophilicity values include the
following: leucine, isoleucine, valine; glycine,
alanine; asparagine, glutamine; serine, threonine;
phenylalanine, tyrosine. Also included within the

3¢ definition of variant are those proteins having
additional amino acids at one or more sites of the C-
terminal, N-terminal, and within the naturally
occurring CBD seguence as long as the variant retains

the capability of binding cellulose with high affinity
a5 and in a reversible manner. :
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[err] 25 and by Scatchard plots of [PC/[P] versus [PC

[err] 30 It nust be noted that the cellulose is not a

sol ubl e conponent, and that [C] represents the concentration of binding
sites on the cellul ose surface exposed to the buffer, per unit volune,
Simlarly, the [PC] represents the concentration of 35 binding site-protein

conpl exes per unit vol une. Straight lines were fitted to the data
poi nts by the

- 28 =~

The term "“chemical derivative" as used
herein refers to a CBD protein produced by chemical
modification of naturally occurring or variant CBD

s brotein. Illustrative of an example of a chemical
modification would be replacement of H by an alkyl,
acyl, or amino group.

The phrase “binding cellulose with high
affinity" as used herein refers to the ability of the

10 CBD protein to bind to cellulose with a K; in uM

ranging from about 1.5 to about 0.5, preferably from

about 1.4 to about 0.8. More preferably, the high

affinity binding refers to the ability of the instant
CBD to bind to crystalline cellulose with a K, of about
15 1.1 or less, most preferably about 1.0 or less.

The phrase "binding cellulose in a
reversible manner" as used herein refers to the
ability of the CBD protein to be released from the
cellulose~CBD protein binding complex by releasing

20 agents or solutions, such as 6M urea, 6M guanidine-HCl
and other denaturing reagents, including nonionic
surfactants. Preferably, however, those denaturing
reagents are used which allow the released CBD or
fusion product to be reconstituted. For example, the

25 CBD may be reconstituted from the treatment with 6M
urea or 6M quanidine~-Hcl by subjecting the denatured
protein to renaturing conditions described in
Sections 6.1.4, 7.1.1, 7.2.1, and 8.1.4, below. _

The term "CBD fusion protein® as used herein

30 Trefers to the joining together of at least two
proteins, a CBD protein and a second protein. In some
embodiments of the present invention, the second
protein may be fused or joined to a third protein. 1In
the present invention, examples of second proteins

3s include enzymes, such as nucleic acid modification
enzymes, proteases, hormones or hormone precursors,
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polypeptides, peptides, antibodies, antigens,
antigenic epitopes and variants therecof. In some
preferred embodiments of the present invention, the
g second protein is Protein A; in other preferred
embodiments of the present invention, the second
protein is an HSP protein. One preferred embodiment
of the present invention is a fusion protein comprised
of CBD protein, Protein A or anti-HSP recombinant IgG.
30 The CBD fusion protein of the present invention may
comprise an enzymatic or chemical cleavage site
upstream and preferably adjacent to the N-terminus of
the second protein and/or an enzymatic or chemical
cleavage site downstream and preferably adjacent the
15 C-terminus of the second protein thereby providing a
means for recovering the second protein from the CBD
fusion protein through use of a cleaving agent.
The term "CBD fusion protein-cellulose
binding complex" as- used herein refers to the complex
20 formed when cellulose binds the CBD protein of a CBD
' fusion protein.
“Nucleic acid" refers to a nucleotide
segquence comprising a series of nucleic acids in a 5!
to 3*' phosphodiester linkage that may be either an RNA
25 or a DNA sequence. If the nucleic acid is DNA, the
nucleotide seguence is either single or double
stranded. CBD protein encoding nucleic acid is RNA or
DNA that encodes a CBD protein capable of binding
cellulose with high affinity, is complementary to
3g hucleic acid sequence encoding such CBD protein, or
hybridizes to nucleic acid sequence encoding such CBD
protein and remains stably bound to it under stringent
conditions.
The phrase Ynucleic acid encoding the CBD
‘g5 protein of the present invention" includes nucleic
acid of genomic, cDNA, synthetic, and semi-synthetic
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Each point was the average of three independent 5 protein assays fromthe

sane bi ndi ng assay tube.

| east two

Experinents were performed in duplicate.

t different amounts of cellul ose were used to deterni ne
Klerr], and PCerr]/[err]g cellul ose. These val ues were- averaged to

provide the listed values in Table I, 10 Figure 9.

Experipgents were perfornmed to determ ne the
CBD bi.nding to cel |l ul ose. 200 -[err] |
300 [err]l of 50 mM PC buffer pH 6, 4 3 NaCl (fi nal
1 ng 15 of cellulose. Several mxtures of the CBD/ cellul ose

were incubated at different tenperatures (16 to 60 [err]C) for

wi t h occasi onal
The pellets

NaCl . 40 [err]|isfnét Mgseciatedr-wilih weiye pridddnt oft khe

suspended and f
After centrifuga
5

10

15

20

25

30

35

At

effect of tenperature on

of CBD (40 [err]g) were added to
concentrations) and
m xt ures

1 hour
m Xi ng and were t hen centrifuged for 5 min at 10, 000

FLREMERD ¢ R iF%Ye E Bt oF 18ine o onrRipR kAt iond 20

d may be linked to a polynucleotide other than that
to which it is linked in nature, and includes single
or double stranded polymers of ribonucleotides,
deoxyribonucleotides, nucleotide analogs, or
combinations thereof, as long as the CBD being encoded
retains jits ability to bind cellulose with high
affinity. The phrase also includes various
modifications known in the art, including but not
limited to radioactive and chemical labels,
methylation, caps, internucleotide modifications such
those with charged linkages (e.g., phosphorothiocates,
phosphorodithioates, etc.) and uncharged linkages
(e.g., methyl phosphonates, phosphotriesters,
phosphoramidites, carbamites, etc.), as well as those
containing pendant moieties, intercalators, chelators,
etc. as long as the CBD encoded by the nucleic acid
retains the ability to bind cellulose with high
affinity and in a reversible manner.

' CBD encoding nucleic acid may be used to
construct recombinant expression vectors capable of
expressing the CBD protein or the CBD fusion protein
of the present invention. A nucleic acid construct is
capable of expressing a protein if it contains
nucleotide seguences containing transcriptional and
translational regulatory information and such
sequences are “operably linked" to nucleotide coding
sequences. "Operably linked" refers to a linkage in
which the regulatory DNA seguences and the DNA
sequence to be expressed are connected in such a way
as to permit transcription and ultimately translation.

In constructing the CBD fusion protein expression
vector, the nucleic acid encoding the CBD protein will

t he

pell et that was

u%éffﬁuéi@%%@ﬁé“&é‘“hfﬁ% it iB s At eOON hEEREL AL Ur E.
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[err]] sanples were diluted in 780 [err]l ddH err] O and protein
concentration was determned using a Bio Rad kit. 25

Det erm nation of Binding to O her Pol ysacchari des
Xyl an, [ ni geran, Sephadex[err] G 75, and chitin were used in assays to
determ ne whether they were 30 substrates for CBD protein. 1In all cases,
t he nethods used were the sane as those used in determning the
binding to cellulose. Chitin exhibited a very high background in the
M cr oBCA assay, which increased pera?tTonaIIy to the 60 [err]C

I ncubation tinme, so the 35 color devel opnment tine was reduced to 15 mn.
Because of chitin's high background, only two widely different

protein concent pat h9ARe¥CHS Y88Hed to the nucleic acid encoding the
second protein such that the open reading frame of the
CBD protein and the second protein is intact, allowing
s translation of the CBD fusion protein to occur. CBD
nucleic acid may be obtained from a variety of cell
sources that produce cellulose binding domains that
bind with high affinity and in a reversible manner or
that produce CBD encoding mRNA. The preferred source

30 ©f CBD encoding nucleic acid is Clostridium
cellulovorans.

7.1.3.

The CBD encoding nucleic acid may be
obtained as described in Section 6.1.
The nucleic acid encoding the CBD protein of
the present invention may be obtained from isolated
15 and purified DNA from cell sources or by qehomic
cloning. Either cDNA or genomic libraries of clones
may be prepared using techniques well known in the art
and may be screened for particular CBD encoding
nucleic acid with nucleotide probes that are
20 Substantially complementary to any portion of the
gene. If detection of CBD protein encoding conserved
nucleotide regions is desired, nucleotide probes
should be based on CBD nucleotide sequences conserved
from species to species. 1f detection of CBD protein
25 encoding unique nucleotide regions is desired,
nucleotide probes should be based on unique CBD
nucleotide sequences. Alternatively, cDNA or genomic
DNA may be used as templates for PCR cloning with
suitable oligonucleotide primers. Full length clones,
3p 4i.e., those containing the entire coding region of the
desired CBD protein may be selected for constructing
expression vectors, or overlapping cDNAs can be
ligated together to form a complete coding seguence.
Alternatively, CBD-encoding DNAs may be synthesized in
35 whole or in part by chemical synthesis using
techniques deemed to be standard in the art.
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Purification of the CBD for

In order to selectively produce the putative
(residues 28-189), oligonucleotide
to bases 67 to 86

<

=

10

p 8-

20

25

30

35

7.2. Results 7.2.1.
Bi ndi ng Anal yses 5
CBD regi on of ChpA

and 558 to 579 of cbpA (Figure 1).

- 32 -

Many vectors are available, and selection of
the appropriate vector will depend on 1) whether it is
to be used for nucleic acid amplification or for
nucleic acid expression, 2) the size of the nucleic
acid to be inserted into the vector, and 3) the host

cell to be transformed with the vector. Each vector

contains various components depending on its -function
(amplification of nucleic acid or expression of

nucleic acid) and the host cell for which it is
compatible.

_ The term "host cell" refers to those cells
capable of gréwth in culture and capable of expressing

a CBD protein or CBD fusion protein. The host cells

of the present invention encompass cells in in vitro

culture and include procaryotic, eucaryotic, and

insect cells. A host cell strain may be chosen which

modulates the expression of the inserted sequences; or

modifies and processes the gene product in the

specific fashion desired. Expression from certain

promoters can be elevated in the presence of certain

inducers (e.g., zinc and cadmium ions for

metallothionine promoters. Therefore expression of

the CBD protein or CBD fusion protein may be

controlled. The ability to control expression will be

important if the CBD protein or CBD fusion protein is
lethal to a host cell. Modifications (e.g.,

phosphorylation) and processing {e.g., cleavage) of -
protein products are important for the function of the
protein. Different host cells have characteristic and
specific mechanisms for the post-translational
processing and modification of protein. Appropriate
cell lines or host systems can be chosen to ensure the
correct modification and processing of the CBD protein
or CBD fusion protein expressed. Preferably, the host

This i¢ the replacement sheet
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prinmers were designed conpl enentary
As shown in Figure



2, these primers were designed wth msmatches to 10
and an ATG start codon on one end of the PCR product and a TAG stop
codon foll owed by a BanHl site at the other end. This gene fragnment was
then cl-oned into the T7 RNA pol ynerase expression pl asm d pET-8c,
resulting in plasm d pET-CBD. See, 15 Studier, F., and B.A Mffatt (1986)
J. Mol .=Biol. 189:113-130. The cl oned gene fragnent codes for a
met hi onine at the N-term nus of the CBD, but the rest of the CBD aa

sequence corresponds to residues 28 te 33 -189 of CbpA The protein
fragment has a nol ecular 20 weight of 17634.

create an Hcol site

The insertion was verified
by DNA sequenci ng. CBD protein was produced by E. coli BL21 (DE3)
cells harboring pET-CBD. After the addition of I PTG, this host strain

produces T7 RRERLJoSPRULGssecrete, Ripinal aHPwDES ehProrenisitdicor in the pET
vector. 25 Thenzythegene fragnent was under the control of this
I nduci bl e pronotor, and )

r ol i zgdy | lar ge anounts
after induction QF ure 3 .§QA?%§%Q3%6§n§¥HE?8§, £hdle cer1 'Y

5 PpPro { ed coniprised of nucleic acid encoding the CBD
protein or CBD fusion protein of the present invention
that is capable of binding to cellulose with high
affinity. The preferred host cell for cloning and
expression of the CBD proteins of the present

10 invention is a prokaryotic cell. Procaryotes are
particularly useful for rapid production of large
amounts of nucleic acid, for production of single-
stranded nucleic acid templates used for site-directed
mutagenesis, for screening many mutants

15 sSimultaneously, and for nucleic acid sequencing of the

mutants generated. An example of a prokaryotic cell

useful for cloning and expression of the CBD protein
of the present invention is E. coli strain Xil-blue
from Stratagene. Another example of a brokaryotic

20 ¢cell useful for cloning and expression of the CBD
fusion protein is Staphylococcus aureus. Yet another
example of a system useful for cloning and expression
of the CBD protein or CBD fusion proteins is a Pichia
expresion kit from Invitrogen Corporation (San Diego,

25 CA).

Various expression vector/host systems may
be utilized equalli well by those skilled in the art
for the recombinant expression of CBD proteins and CBD
fusion proteins. Such systems include but are not

30 limited to microorganisms such as bacteria transformed
with recombinant bacteriophage DNA, plasmid DNA or
cosmid DNA expression vectors containing the desired
CBD coding sequence; yeast transformed with
recombinant yeast expression vectors containing the

35 desired CBD coding sequencé; insect cell systems
infected with recombinant virus expression vectors
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four h production period, the soluble extract fromthe
contained only snmall amobunts of CBD 30 protein, while nost was found in

t he insol uble fraction. This protein was readily soluble in
concentrated guani di ne hydrochl ori de, and was renat ured by sl ow
dilution into TEDG buffer. It was found that protein prepared in this

fashion binds to 35 Avicel[err], verifying the putative CBD. Although this
fraction is nostly CBD protein, the assays descri bed

- 34 -

| ysed cells

(e.g., baculiovirus) containing the desired CBD coding
sequence; plant cell systems infected with recombinant
virus expression vectors (e.g., cauliflower mosaic

s Vvirus CaMV; tobacco mosaic virus, TMV) or transformed
with recombinant plasmid expression vectors (e.g., Ti
plasmid) containing the desired CBD coding sequence;
‘or animal cell systems infected with recombinant virus
expression vectors (e.g., adenovirus, vaccinia virus)

10 including cell lines engineered to contain multiple
copies of the CBD nucleic acid either stably amplified
(e.g., CRO/dhfr, CHO/glutamine synthetase) or unstably

amplified in double-minute chromosomes (e.g., murine
cell lines).

1§ Vector components generally include, but are
not limited to, one or more of the following: a signal
sequence, an origin of replication, one or more marker
genes, an enhancer element, a promoter, and a
transcription termination sequence. The expression

20 elements of these vectors vary in their strength and
specificities. Depending on the host/fvector system
utilized, any one of a number of suitable
transcription and translation elements may be used.
For example, when cloning in procaryotic cell systems,

25 promoters isolated from the genome of procaryotic
cells, (e.g., the bacterial tryptophane promoter) may
be used. Promoters produced by recombinant DNA or
synthetic techniques may.also be used to provide for
transcription of the inserted seguences.

10 A signal sequence may be a component of the
vector, or it may be a part of the CBD nucleic acid
that is inserted into the vector. The signal sequence
may be the naturally occurring one preceding the CBD
sequence 6r a non-naturally occurring sequence. The

as signal sequence should be one that is recognized and
processed by the host cell. An origin of replication
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- 59 - require the protein to be highly pure. This purity is

provided by a single cellulose-affinity binding step,  as described in
the Section 7.1.1. The affinity- 5 purified CBD protein appears on
acrylam+de gels as a si ngl e band when stained with Coomasie brilliant
bl ue. Approximately 70 ng of CBD protein can be recovered ~ fromthe
cells harvested froma 1 L culture. 10 7.2. 2. Ti me course
of the Binding of the CBD to Cel lul ose and Effect

of Tenper at ure 35 -

refers to the unique site of initiation of replication
of a host organism. It is desirable for cloning and
expression vectors to comprise a selection gene, also
s termed a selectable marker. This gene encodes a
protein necessary for the survival or growth of
transformed host cells grown in a selective culture
medium. Host cells not transformed with the vector
containing the selection gene will not survive in the

10 culture medium. Typical selection genes encode
proteins that confer resistance to antibiotics or
other toxins, e.g. ampicillin; complement auxotrophic
deficiencies; or supply critical nutrients not
available from complex media. One example of a

i1s sSelection scheme utilizes a drug to arrest growth of a
host cell. Those cells that are successfully
transformed with a heterologous gene express a protein
conferring drug resistance and thus survive the
selection regimen.

20 Expression and cloning vectors usually
contain a promoter that is recognized by the host
organism and is operably linked to the nucleic acid
encoding the polypeptide of interest. Promoters are
untranslated sequences located upstream (5') to the

25 Start codon of a sﬁructural gene (generally within
about 100 to 1000 bp) that control the transcription
and translation of a particular nucleic acid seguence,
such as that encoding a CBD protein or CBD fusion
protein, to which they are operably linked. Such

30 Promoters typically fall into two classes, inducible
and constitutive. 1Inducible promoters are promoters
that initiate increased levels of transcription from
nucleic acid under their control in response to some
change in culture conditions, e.g., the presence or

3s absence of a nutrient or a change in temperature. At
this time, a large number of promoters recognized by a
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The tinme course of the interaction of Avicel[err] with CBD (Figure 4)
di scl oses several features 15 of the process: (a) At

initial,L concentrations of 1.0 ng/m Avicel[err] and 2.0 [err] M CBD
(i.e., JP][err]), a plateau val ue of 1.2 [err]Mconplex (i.e., [PC]) is
attained by 60 m nutes. A separate experinent established that the

maxi mrum CBD 20 binding capacity of the cellul ose sanple was 2.1
[err]mdl es x g[err], corresponding to an effective

concentration of 2.1
[err]Mtotal cellulose sites (i.e., = 36C[err]). Assumi ng that an
equi libriumwas established (verified below), Klerr] defined as

[PI[C//[PC is about 25 0.6 [err]M (b) The second- order
rate constant for

. ‘associatign ék%e%%ii calc%&ﬁred fromthe integrated
rate equIBFIRYoPLaPPEGRFLR ) ROE § RKS MY &R0NP- o s TRese
Bi el ski, 1980prahokiensonrelopeyably abbnke. Yo mudieia Jacid0enbbding x
mn[err] (average philypepk@heP8ENiacbfost BPr&héling the PrombRkg CONStant
for the dissocjiatignof "t he cong&ex . .
g from the source nucleic acid by restriction enzyme
digestion and inserting the isolated promoter sequence
into the vector. Both the naturally occurring
pronoter sequence and many heterologous promoters may
be used to direct amplification and/or expression of
10 the polypeptide of interest. However, heterologous
promoters are preferred, as they generally pernit
greater transcription and higher yields of expressed
polypeptide of interest as compared to the naturally
occurring promoter. In general, plasmid vectors
15 containing promoters and control sequences which are

derived from species compatible with the host cell are

used with these hosts. The vector ordinarily carries

a replication site as well as marker sequences which

are capable of providing phenotypic selection in

20 transformed cells. For example, E. coli is typically

transformed using pBR322, a plasmid derived from an E.
coli species (Bolivar, et al., Gene 2:95 [1977)}). The
PBR322 plasrid contains genes for ampicillin and
tetracycline resistance and thus provides easy means
2 for identifying transformed cells. The pBR322
plasnid, or other microbial plasmid, must also contain
or be modified to contain promoters and other control
elements commonly used in recombinant DNA
construction. .
30 Promoters suitable for use with prokaryotic
hosts illustratively include the fi~-lactamase and
lactose promoter systems (Chang et al., Nature,
275:615 [1978]; and Goeddel et al., Nature 281:544
[1979)), alkaline phosphatase, the tryptophan (trp)

35 Ppromoter system (Goeddel Nuclejc Acids Res. 8:4057
{1980) and EPO Appln. Publ. No. 36,776) and hybrid
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(k[err]) calculated as k' K[err] was 1.6 x 10[err] x mn[err] (t[err] = 43
mn). The relatively long t[err] for conplex dissociation

permtted
the C+PC pellet to be washed once without 35 significant |oss of bound
CBD. (‘Resuspension and recentrifugation of the initial pellet was
conpl et ed - 60 -
' - 37 -

promoters such as the tac promoter (H. de Boer et al.,
Proc. Natl. Acad. Sci. USA 80:21-25 (1983]). However,
other functional bacterial promoters are suitable.

5 Their nucleotide sequences are generally known,
thereby enabling a skilled worker operably to ligate
them to nucleic acid encoding prorelaxin (Siebenlist
et al., Cell 20:269 [1980)) using linkers or adapters
to supply any required restriction sites. Promoters

30 for use in bacterial systems also will contain a
Shine~Dalgarno (S.D.) sequence .operably linked to the
nucleic acid encoding prorelaxin.

Expression vectors used in prokaryotic host
cells will also contain sequences necessary for the

15 termination of transcription and for stabilizing the
mRNA,

Construction of suitable vectors containing
one or nore of the above listed components and
including the desired coding and control sequences

20 employs standard ligation techniques. 1Isolated
plasmids or nucleic acid fragments are cleaved,
tailored, and religated in the form desired to
generate the plasmids required.

Particularly useful in the practice of this

25 invention are expression vectors that provide for the
expression of prokaryotic cells of nucleic acid
encoding the CBD protein. In general, expression
involves the use of an expression vector that is able
to replicate efficiently in a host cell, such that the

30 host cell accumulates many copies of the expression
vector and, in turn, synthesizes high levels of a
desired polypeptide encoded by the expression vector.

Host cells are .transfected and preferably
transformed with the above-described expression or

35 cloning vectors of this invention and cultured in
conventional nutrient media modified as appropriate
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inless than 1 mn. During this period, |ess than 3%
would be lost.) It was al so observed that after
the neasured [PC] 5 declined, dropping to a |evel
maxi mam val ue after 18 hours. This decline may be

denat Uration of the protein. To reduce artifacts resulting fromthese
effects, we used the shortest incubation tine for which equilibration 10
appeared to be "conplete". (Any further increase in bi ndi ng beyond 60
m n woul d be obscured by the experrnddtal error.) CBD binding to

cellul ose was 4.5 +/-0.5 ng/gr cellulose and was not affected by a
tenperature range of about 16 to about 60 [err]C. 15 o 7.2.3.
g?ﬁh?ﬁés of thgogBE; uckggoggomoters, selecting transfor%h%%%?gogfflnlty and

anplifying the genes encoding the desired seguences.
"Transformation" means introduéing nucleic
¢ acid into an organism so that the nucleic acid is
replicable, either as an extrachromosomal element or
by chromosomal integration. Unless indicated
otherwise, the method used herein for transformation
of the host cells is the method of calcium treatment
3¢ Uusing calcium chloride as described by Cohen, F.N. et
al., Proc. Natl. Acad. Sci. (USA),$9:2110 (1972).

of the bound CBD
prol onged i ncubati on,
of about 50% of the
caused by gradual

Por analysis to confirm correct sequences in
plaémids constructed, the ligation mixtures are used
to transform E. coli K12 strain 294 (ATCC 31446) and

415 Successful transformants selected by ampicillin or
tetracycline resistance where appropriate. Plasmids
from the transformants are prepared, analyzed by
restriction and/or seguenced by the method of Messing
et al., Nucleic Acids Res. 9:309 (1981) or by the

20 method of Maxam et al., thods
(1980).

(o] 65:499

Host cells may be transformed with the
expression vectors of this invention and cultured in
conventional nutrient media modified as is appropriate

25 for inducing promoters, selecting transformants or
amplifying genes. The culture conditions, such as
temperature, pH and the gike, are those previously
used with the host cell selected for expression, and
will be apparent to the ordinarily skilled artisan.

30 Prokaryotic cells used to produce the
polypeptide of this invention are cultured in suitable
media as described generally in Sambrook, et al.
(1989) Electrophoresis buffers in Molecular Cloning
{Nolan, C. ed.), Cold Spring Harbor Laboratory Press,

as NY, pp. B.23-24; Sambrook et al. (1989) Bacterial
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Capacity Figure 5 shows a typical diagnostic plot of t he

bi nding of pure CBD to Avicel[err] mcrocrystalline 20 ~cel lul ose.
Wthin experinmental error, the plots were linear yielding a K[err] of
about 0:6 [err]Mand a [PC][err] of 2.1 [err]nol es CBD bound per gram
Avicel[err]. The latter val ue corresponds to approxi mately 37 ng of CBD
25 protein per gramof Avicel[err]. The linearity of the di agnostic

pl ots stiggests that only one type of CBD cellulose interaction is
occurring. The ability of3€BD to bind cel |l ul ose types

other than Avicel[err] was also investigated. Table 1, 30 Figure 9, shows
the values for the Klerr] and P(err] found for each of the

' i as mcrocrystalline
forms of cel | ufigase in-Hofegulsr Efoning (¥Ftany o fLiid €SI nd to CBD
Hi ghly cryst al BpréngoHarbof baboéxatery sPrésss NY, pp. A.1-4.

The selection of host cells producing a CBD

s protein or CBD fusion protein of the present invention
may be identified by at least four general approaches:

(a) DNA-DNA, DNA-RNA or RNA antisense RNA
hybridization: the presence of nucleic acid coding for
CBD proteins of the present invention can be detected

10 by nucleic acid hybridization using hybridization
probes and/or primers for PCR reactions comprising
nucleotides that are homclogous to the CBD coding
seguence;

(b) the presence or absence of "marker"

15 gene functions: the selection of host cells having
nucleic acid encoding CBD protein of the present
invention can be identified and selected based upon
the presence or absence or certain marker gene
functions, e.g., resistance to antibiotics. For

20 ©example, if the CBD coding sequence is inserted within
a marker gene sequence of the cloning or expression
vector, recombinants containing that coding sequence
can be identified by the absence of the marker gene
function. Alternatively, a marker gene can be placed

25 in tandem with the CBD nucleic acid seqguence under the
control of the same or different promoter used to
control the expression of the CBD coding sequence.
Expression of the marker in response to induction or
selection indicates expression of the CBD coding of

30 ‘the CBD coding sequence.

{c) assessing the level of transcription as
measured by the expression of CBD protein or CBD
fusion protein mRNA transcripts in the host cell:
transcriptional activity of the CBD coding region can

3s be assessed by hybridization assays. For example,
polyadenylated RNA can be isolated and analyzed by

This is the replacement sheet
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absorbant cotton and Cel lulone fiber (crystalline cellul ose from

Acet obacter xylinum were able to bind substantially nore of the CBD
(up to 6.4 [err]nol CBD per

- 40 -

Northern blot using a probe hemologous to the CBD
coding sequence or particular portions thereof.
Alternatively, total nucleic acids of the host cell

s may be extracted and assayed for hybridization to such
probes; and

(d) detection of the CBD protein or CBD
fusion protein as measured by immunoassay and, by the
ability of the protein to bind cellulose with high

10 affinity and in a reversible manner. The expression of
CBD proteins can be assessed immunologically, for
example by Western blots or by immunoassays such as
RIAs. The expression of CBD protein can be assayed by

the ability of the expressed protein to bind cellulose
i35 with high affinity and in a reversible manner.

The expressions "cell" and “cell culture"
are used interchangeably and all such designations
include progeny and ancestors. It is also understood
that all progeny may not be precisely identical in DNA

20 content, due to deliberate or inadvertent mutations.
Mutant progeny that have the same function or
biological activity as screened for in the cell are
included. ,

The phrase "stringent conditions" as used

25 herein refers to those hybridizing conditions that (1)
employ low ionic strengﬁh and high temperature for

washing, for example, 0.015 M NaCl/0.0015 M sodiun
citrate/0.1% SDS at 50 °C.; (2) employ during
hybridization a denaturing agent such as formamide,

3¢9 for example, 50% (vol/vol) formamide with 0.1% bovine
serum albumin/0.1% Ficoll/0.1% polyvinylpyrrolidone/50
mM sodiunm phosphate buffer at pH 6.5 with 750 mM NacCl,
75 mM sodium citrate at 42 °C; or (3) employ 50%
formamide, 5 x SSC (0.75 M NaCl, 0.075 M Sodium

35 pyrophosphate, 5 x Denhardt's solution, sonicated

salmon sperm DNA (50 g/ml), 0.1% SDS, and 10% dextran
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gram of substrate). Fibrous and m crogranul ar cel l ul ose, however, which
are nore processed and thus contain less of the native crystalline form
were 5 found to bind a snmaller anbunt of the CBD. The CBD- cel l ul ose
di ssocf ation constant was about the sane for all fornms of cellul ose,
while the P(err] varied over a 30-fol d range. 10 7.2.4.
Binding Site Conpetition To determine if soluble
car bohydr at es conpeted with Avicel[err] for the CBD protein,

cel | obi ose
(a [err]-1,4 linked glucose dimer) and CR& Ta sol ubl e

deri vati ve of

cellul ose) were included in sone assays 15 at 4 tinmes the weight/vol une of
Avicel[err] (1 ng Avicel[err], 4 ng cellobiose or CMC per m assay). As
Tabl e 1,

h L t K
I8 ) o BRI A g e k(o1

I ndi cating these so
sbs. 9

The term "recovery" as used herein refers to
s the ability of the cellulose CBD protein complex to
release the CBD protein from the cellulose-CBD protein
binding complex under certain conditions, which
conditions include the use of releasing agents, for
example, denaturing reagents, such as 6M urea or 6M
10 9uanidine-HCl. Any releasing agent that has the
ability of releasing the CBD protein from the
cellulose-CBD protein binding complex can be used to
recover the CBD protein. Preferably, the CBD is only
temporarily denatured and not irreversibly degraded by
15 treatment with the releasing agent. Thus, the CBD is
recovered by reconstituting the eluted protein, as
‘described in Section 7.1.1, 7.2.1, or 8.1.4.
The use of the phrase "cleaving agents" as
used herein refers to a reagent used to cleave the CBD
20 protein or CBD fusion protein specifically so as to
release or excise certain components, such as the
second protein of a CBD fusion protein, as desired.
Suitable cleaving agents herein include enzymes, such
as endoproteases, prohormone convertases, e.g., PCl1,
25 PC2, furin, Kex2, subtilisin, 'or its mutants; and
chemical agents, such as organic and inorganic acids,
hydroxylamine, N-bromosuccinimide, and cyanogen
bromide. Hydrolysis of peptide bonds catalyzed by a
variety of proteoclytic enzymes is taught in The
3p Enzymes, 3rd Edition, Boyer, Ed., Academic Press, Vol.
IITI (1971}; Meth. Enzvmology., Vol. XIX, Perlman and
Lorand, Ed., New York: Academic Press (1970]; Meth.
Enzymol., Vol. XLV, Lorand, Ed. New York: Academic
Press [1976); Drapeau, J. Biol.Chem., 253:5899-5901
3s [(1978) and Drapeau, Meth. zymology., 47:89-91(1977}.
For an extensive listing of chemical agents, see
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car bohydrates did not affect the binding of the CBD to 20 Avicel[err].
7.2.5. Effect of pH on the Di ssociation

Const ant C. cellulovorans is a neutrophilic organism 25
thriving only around pH 7 (Sleat et al., 1984), so this pH was used for
nost of the binding assays. However, other experiments established that
the Klerr] and Pl err] did not vary significantly with changes in pH
over thée range 5.0 to 8.0. In addition, it was noted 30 that PC buffers

as acidic as pH 3.5 or as basic as 9.5 - 42 swould not renove the CBD from
Avicele during 1-mn washes.

Witcop in Advances in Protein Chemistry, Anfinsen et
al., ed., 16:221-321, Academic Press, New York [1961],
including Table III on p. 226. Other cleavage agents
s Ssuitable herein are deemed to be understood by those
skilled in the art keeping in mind the desired
junction for cleavage and whether the reagent can act
on reduced or oxidized forms of CBD fusion proteins.
Conditions used for cleavage of the CBD fusion protein

10 Will depend on the cleavage agent employed, and the
conditions will be readily apparent to one skilled in
the art given the cleavage agent employed.

The CBD fusion protein of the present
invention is designed and constructed to comprise the

15 codon(s) necessary to achieve cleavage by the desired
cleaving agent at desired positions, i.e. upstream,
preferably adjacent the N-terminus of the second
protein of the CBD fusion protein or downstream, and
preferably adjacent the C-terminus of the second

20 Protein or both if the second protein of the fusion

: protein is an internal amino acid of the fusion
protein.

The term "“glycosylation" and grammatical
derivatives as used herein refers to the post- _

25 translational modification process of adding a series
of sugar residues to proteins to produce : ¢
glycoproteins. Glycosylation can occur in the
cytosol, the endoplasmié reticulum, or the Glogi
apparatus of mammalian cells. Alternatively,

30 9glycosylation can be accomplished by synthetic
methods, for example by providing an appropriate
glycosyl donor. See, e.g., Kahne, et al. J. Am. Chenm.
Soc., 111:6881-2 ([1989]).

This invention also relates to diagnostic

35 detection of proteins of interest in test samples,
especially in biological samples, such as tissue
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- 62 - 7.2.6. Bi nding of the CBD to O her
Pol ysacchari des 5 Xyl an, Sephadex[err] G 75, nigeran, and
chitin, _

&

- 43 -

extracts or biological fluids, such as serum or urine
through use of the CBD fusion protein of the present
invention. The biological samples are preferably of
s mammalian origin and most preferably of human origin.
‘A preferred protein of interest to be detected in a
mammalian biological sample is an HSP protein, an HSP
" antibody, cross-reactive HSP-related proteins, or
antigenic portions thereof. The presence of the HSP
10 antibody in a mammalian biological sample, for
example, may be predictive or indicative of insulin-
dependent diabetes mellitus (IDDM). In one embodiment
of the present invention, the CBD Protein A fusion
protein is comprised of a third protein, an IgG
45 antibody, for example, IgG anti-HSP, which is used to
detect the presence of an antigen, for example HSP, in
biological samples using a variety of immunoassay
formats well known in the art. Alternatively, the
second protein of the CBD fusion protein is comprised
20 ©f an antigenic determinant, an epitope, useful in the
detection of antibodies that recognize the antigenic
determinant. A preferred epitope is the HSP protein.
Protein A is a protein found in the cell
wall of Staphylococcus aureus that binds to the Fc
25 Pportion of IgG molecules and thus precipitates the
antibodies. Protein A has utility in immunocassays,
such as an RIA or ELISA, where it is used to isolate
antibodies or antigen~antibody complexes.
In the present invention, Protein A is a
30 Ppreferred second protein of a CBD fusion protein. A
CBD-Protein A fusion protein has utility in diagnostic
immunoassays that detect the presence of or measure
the quantity or concentration of an antibody or an
antibody-antigen complex.
3s A CBD-Protein A fusion protein of the
present invention also has utility in a diagnostic kit
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were used to explore the binding specificity of the CBD. O these,

chitin showed neasurabl e bi ndi ng of the CBD peptide Table 1, Figure 9.
The chitin-CBD Klerr] and binding capacity were simlar to the
Avi cel [.err]-CBD 10 val ues. 7.3. Results

Qur- results show that CbpA contains a domain responsi bl e for cellul ose
bi nding, and that this 15 domain could function independently fromthe
rest of. CbpA. Because the purification protocol enployed

denaturation and renaturation steps, the hact that the purified protein
was functional indicates that the CBD protein sequence was sufficient
for proper folding of 20 the protein fragnent. We have

found non-specific binding of the CBD to the assay tubes to be a
probl emin perf &OMPTdsed ofqGrLLBLPERM BRA R NEBRY T IqreMrPtednd have

devel oped an  whex=dy itheweBohfubtofBhretédis etdnpartentanetaduns! iikeat ed

ability to bind both cellulose and IgG of a second

5 component, for example, an antibody-antigen complex or
an antibody. The CBD fusion protein of the present
invention also has utility as a means for affinity
purification of antibodies or antigenic determinants,
i.e. epitopes. A preferred antigenic determinant of

10 the present invention is thé HSP protein, related
protein or antigenic portion thereof. Preferred

second proteins of.a CBD fusion protein include HSP
protein or anti-HSP IgG.

only

In the present invention,
CBD-HSP epitope fusion proteins find utility in

15 immunoassays designed to measure quantities of HSP
antibody found in the serum of human mammals.

In another embodiment of the present
invention the CBD-fusion protein comprises a CBD
component which retains its ability to bind cellulose

20 ©Or chitin and a second component which is an enzyme
which retains its catalytic activity. The CBD-fusion
proteins of this embodiment have utility as a means to
permit enzyme catalyzed reactions on a solid substrate

of cellulose or chitin. As described above, the CBD-

2s enzyme fusion proteins can be prepared either by
conjugating purified CBD to a purified enzyme
preparation by standard chemical methods or by
expression of CBD and enzyme encoding nucleic acids by
recombinant methods. In one example of this

30 embodiment of the invention, the second component of
the CBD-fusion protein is a heparinase enzyme. The
CBD-heparinase can be immobilized on a cellulose
substrate and catalyzes conversion of heparin to
component saccharide moieties.

3s Yet another aspect of the present invention
relates to the ability of CBD to modify the growth of
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25 in the presence of excess BSA. The BSA effectively el i m nates

non-specific CBD interactions with the tube. After equilibriumis
reached, the cellul ose and cel l ul ose-protein conpl exes are collected
and washed, t hen assayed for bound proteins. As described 30

earlier, the dissociation of the CBD-cellul ose is slow so that no
detect abl e anount is renoved during a rapid wash step

The bouhd CBD was neasured directly by the protein assay, and the free
CBD was cal cul ated by 35 subtracting the,bound CBD fromthe total CBD, as
shown In equation 1, Section 7.1.2. This nethod has the

plant tissues. Such ability finds application in the

agricultural industry, for example, where it may be
desirable to promote pollen tube growth and/or root

s growth. In addition, since CBD in high concentration
has the ability to inhibit root growth it is useful to

prevent the devlopment of undesirable plants, for

example, “weed" plants. 1In another example, the CBD

finds application in enhancing growth of fungi, such

10 @as mushrooms, wherein the.CBD binds chitin and
stimulates the growth and/or development of developing
basidiocarps or fruiting bodies.

Yet another aspect of the present invention

relates to the ability of CBD to bind to chitin of

1s insect exoskeletons and other insect parts, including
the mid-gut. Such ability finds application in the
use of CBD as a bio-pesticide ‘wherein the CBD is
linked to a microorganism useful for control insect
pests, such as Bacillus thuringiensis (BT) or other

20 mNicroorganism expressing the BT toxin gene, or such as
a chitinase secreting fungus. The CBD functions to
bind the microorganism to the chitinous portions of
the insect where the microbially produced toxin or
enzyme leads to death of the insect pest. In one mode

25 ©of this embodiment of the invention, the CBD-
microorganism complex can be applied directly to plant
parts suspected or at risk of infestation by insect
pests or, alternatively, the CBD-microorganism complex
can be immobilized on bait stations which are set out

30 in the infested fields or on plants infested with
insect pests. In another alternative mode of this
embodiment of the invention a CBD-microorganism
conmplex is applied to wood or cellulose-based products
to prevent or control infestation by wood destroying

35 1insect pests. For example, a CBD-microorganism
complex is applied to telephone poles or wood or
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- 63 - advant age that any CBD nol ecul es adsor bed non- specifically
with low affinity to the cellul ose would be renoved by the wash step,

resulting in data that 5 nore accurately reflect the specific, high
affinity i nteracti on between the CBD and the cellul ose surface.
shown in Figure 5, data gathered using this type of
experinegntal error) |inear di agnostic plots.
a 10 convenient and conventi onal

As
assay yields (within
Doubl e reciprocal plots are
way of determ ning binding

cellulose-based construction components where the CBD

component binds tightly to invading insects and the

microorganism of the complex is effective to control
5 the insect pests.

Still another aspect of the present
invention relates to the ability of CBD to bind to
chitin found in fungi, including fungi which are
useful for bioremediation or degradation of toxic

10 environmental peollutants. According to one mode of
this embodiment, a CBD fusion protein is used in which
the second component is an enzyme which degrades the
environmental pollutant. The CBD-enzyme fusion
protein can be immobilized or a cellulose substrate

15 and the device used to remove the pollutant from the
environment by enzymatic degradation, for example, by
placing the device in a stream of surface or

underground water. According to any alternative mode

of this embodiment of the invention, the CBD is-bound
20 to a fungus vhich secretes an enzyme which is -useful

for biomediation i.e., which degrades an environmental

pollutant such as a pesticide. The CBD-fungus complex

is then immobilized on a cellulose substrate and
provides a useful device to enzymatically degrade an
2s environmental pollutant such as a pesticide including

DDT or such as wood containing products left over from
logging or saw milling operations. In one
illustrative example, CBD is complexed with a white
rot fungus, for example Phanerochaete chrysosporium,

3¢ Wwhich produces lignin peroxidase, manganese peroxidase’
and degrades the pesticide DDT. The CBD-fungus
complex is useful for bioremediation, for example, to
remove a pesticide such as DDT from the environment.

The Yantibody" as used herein is meant to

3 include polyclonal antibodies, monoclonal antibodies

(MAbs), humanized or chimeric antibodies, single chain
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affinities and capacities for reversible Bi uni

systens. The validity
of the assay is supported by the observation that P err] increases
linearly with the amount of cellul ose used, while Klerr] is independent
of 15 the cellulose quantity. Table 1, Figure 9, shows the results

obtained with several forns of cellul ose and ot her carbohydrates. The

results indicate that cel lul ose types described as "crystalline" have a
hi gher: CBD bi ndi ng capacity than highly processed 20 cellul oses that have
| ost much of their crystallinity. The ?agt that the P(err] of
cel l ul ose sanples vary widely with di# erent cellul ose types while the
Klerr] remai ns const ant

I ndi cates that we have neasured one type of
strong protein-cellulose interaction occurring 25 between the CBD and the

cel : :JI ose. anhe an®ibbdReser a}-.wf-;dxotiabﬂbl Yafit S esherdddiledseancef | Iect s a
smal | er nunber R i pteragt t t sanpl e
and seens to corF@F%%e %Hgﬁabﬁefgggéggpf ﬁktgﬂgf&{m"ﬁé éﬁ%J Ix% Thi s
result woul d i n®RitoPe Xefessgkondn antigeni? determinant of an

s antigenic molecule.

The term IgG refers to a class of
antibodies. IgG is a tetramer containing two light
chains and two heavy chains that represents 80% of all
immunoglobulins.

10 The term "detectable label®" as used herein
refers to any label which provides directly or
indirectly a detectable signal and includes, for
example, enzymes, radiolabelled molecules, fluoresors,
particles, chemiluminesors, enzyme substrates or co-

15 factors, enzyme inhibitors, magnetic particles.
Examples of enzymes useful as detectable labels in the
present invention include alkaline phosphatase and
horse radish peroxidase. A variety of methods are
available for.linkinq the detectable labels to

20 Pproteins of interest and include for example the use
of a bifunctional agent, such as 4,4'-difluoro-3,3'-
dinitro-phenylsulfone, for attaching an enzyme, for
example, horse radish peroxidase, to a protein of
interest. The attached enzyme is then allowed to

25 Treact with a substrate yielding a reaction product
which is detectable.

Falling within the scope of the present
invention is a signal amplification method wherein the
use of a detectable label comprised of a CBD protein

30 allows for detection of femtogram quantities of the
substance of interest. In this method, a first CBD
protein is part of a CBD fusion product that is
incubated with a cellulose fiber under conditions
suitable for formation of a cellulose-CBD fusion

a5 product binding complex. Excess labeled CBD, for
example, CBD fused or bound to an enzyme, such as
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30 wishing to be limted by theory, that there is sone

pr esent
substrate,
To further

in

10

is

20

25

30

35

crystalline cellul ose that

wher eas . anorphous cellulose is found | acki ng.
characterize the substrate
nmeasured the effect of

speci al

horse radish peroxidase or alkaline phosphatase, or a
fluoresor or chemical stain, is incubated with the
cellulose-CBD fusion product binding complex under
conditions suitable to allow binding of the excess
labeled CBD. The binding of excess labeled CBD to the
cellulose-CBD fusion product binding complex in effect
allows for detection of very low quantities of
substances of interest. In the signal amplification
method of the present invention, the preferred
cellulose fiber is a pebble-milled cellulose fiber.
The pebble-milled cellulose fiber can be stained with
a variety of chemical dyes or mixed with calcofluor
that bind the cellulose and produce an intense bright
blue fluorescence upon uv illumination.

Included within the scope of the present
invention is a solid-phase polymerase chain reaction
(PCR) wherein a first CBD protein is part of a CBD
fusion product that is incubated with a cellulose
fiber under conditions suitable for formation of a
cellulose~CBD fusion product binding complex and
wherein the thermocyclic amplification'reactions take
place on the binding complex.

Also falling within the scope of the present
invention is the use of the Streptavidin/biotin
detection syster. Biotin is capable of forming a
tight and, essentially, irreversible complex with
Streptavidin. In this aspect of the present
invention, a CBD fusion product comprised of a CBD
protein fused to Streptavidin is provided. A
nucleotide or protein is biotinylated through
technigues deemed to be routine to those skilled in
the art in order to form a biotinylated chimeric probe
capable of binding a substance of interest. The
biotinylated probe is incubated with a substance of
interest, the CBD-Streptavidin is incubated with the

35 specificity of the CBD, we
added sol ubl e substrates (cell obiose or CMC) on

feature

makes it acceptable as a binding
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- 64 - cel l ul ose bi nding. Excess cell obiose or CMC had no ef fect
on the CBD-Avicel[err] Klerr] or PCerr], as shown in Table 1, Figure 9.
This lack of conpetition suggests that 5 the CBD recognition site is

speci fi.c for sonething nore conplex than a sinple repeating glucose or
cel | obi ose noiety, and further suggests that, perhaps,. a particular

t hr ee- di nensi onal arrangenent of cel lul ose chains is needed. 10

The specificity of the CBD for crystalline cellul ose pronpts a

consi deration of chitinases, which ar ggknpown to bind tightly to chitin,
a polynmer of N acetylglucosamne in [err]-1,4 linkage. Like cellulose,
chitin cones in a variety of forns, depending on the

biotinylated probe and a detectable label is used to
measure the biotinylated probe and conseguently the
substance of interest. The detectable label may be as
g described above in the signal amplification method, or
any label, such as a fluoresor or chemical stain.
Also falling within the scope of the present
invention is the therapeutic or diagnostic use of a
CBD fusion product wherein the CBD fusion partner is a
30 monoclonal antibody. For example, a CBD fusion
product comprising (i) a CBD capable of binding to
cellulose with high affinity and substantially free of
other proteins with which it is naturally associated,
and (ii) a monoclonal antibody capable of binding
15 antigen can be used in a method to target a
drug/cellulose complex or imaging agent/cellulose
complex to a cancer cell producing the antigen. 1In
this embodiment, a CBD-monoclonal antibody (or
analogous antibody fragment, scFv fragment or antigen-
29 binding region thereof) fusion product is administered
to a mammal. Either concurrently with or following
the administration of the CBD fusion product, a
drug/cellulose or an imaging agentlcellﬁlose complex
is administered. Binding of the drug/cellulose or
25 imaging agent/cellulose complex to the CBD-fusion
product localized at the site of the antigen targets
the drug or imaging agent to the relevant site for the
desired therapeutic or diagnostic activity.

30 6. EXAMPLE: EXPERIMENTAL PROCEDURE FOR CLONING

OF THE PU IVE CELLULOS NDING DOMAIX
6.1. Materials and Methods

6.1.1. Bacterial Strains and plasmids

EZ. coli ¥1 1 Blue strain was from StrateGene
3s (La Jolla, CA), and was used for all cloning
experiments. E. coli BL21 {(DEl) and pET-8C were as
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15 source and purification nmethod used in its isolation (Cabi b (1988)
Met hods Enzynol . 161: 460-462; Bl ackwel | (1988) Met hods Enzynol .

161: 435-442). The chitin used for affinity purification of chitinases
is a-chitin, in which the chains are arranged in an antiparallel 20
fashion. This formof chitinis crystalline with a structure simlar
to that of native crystalline cellulose (often referred to as cellul ose

). « Cellulose | is the formin which the cellul ose chains are
arranged in parallel bundles, as opposeshto 25 cellulose Il, in which the
chains are in an antiparallel configuration. Processing of cellulose |

under harsh conditions causes its disruption resulting i n cellul ose
1. Both forms are crystalline, due to ext ensi ve hydrogen bond
formation. SiAescsipedsbftudier 3t @D bideddigle Bl .0 18843380288 s Of

cellulose, i.¢gags86})). largely cellulose |, we were interested to see if the
CBD woul d bind to a-chitin, which has a sim|lar crystal structure,
al t hough of opposite strand

5 6.1.2. Materjals
PC buffer, pH 7, contained 50 mM KH,PO,, 10

mM Nay3CeH;0. (sodium citrate), and 1 .mM NaN,. TEDG
buffer (Chang et al., J. Bacteriol. 172:3257-3263
{1990]) contained 10 mM Tris, pH 7, 0.1 mM EDTA, 0.1

30 =M dithiothreitol, and 5% v/v glycerol. Although Tris
has a low buffer capacity at pH 7, the buffer was
suitable because hydrogen ions were neither produced
nor used. Restriction endonucleases were from BRL
{Bethesda, MD). All other chemicals used were of the

315 highest purity commercially available. Avicel® PH101
(lot #1117) was from FMC Corp. (Philadelphia, PA).
Absorbant cotton was from the Seamless Rubber Co. (New
Haven, CT). Cellulon® fiber was from Weyerhaeuser
(Tacoma, WA). Granular chitin from crab shells is

20 available from Sigma. All other binding substrates
were purchased from Sigma Chemical Co., St. Louis, MC.
Each of the polysaccharides was washed twice with PC
buffer before use.. Masses of the polysaccharides
refer to their dry weights as supplied from the

25 manufacturer, except for nigeran, Cellulon®, and
cotton. These three binding substrates had large
particle sizes which interfered with the assay.
Nigeran was recrystallized by dissolving the solid in
hot water, filtering, and cooling on ice. The sizes

30 ©of the Cellulon® and cotton fibers were reduced by

processing with a Gifford-Wood mini-mill for five
minutes.
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orientation. Surprisingly, we found that the CBD did 35 accept chitin as a

bi ndi ng substrate with a K[erp] very

simlar to that for cellul ose.
Xylan ([err]-1,4 xyl ose), - 65 -
- 5] -
6.1.3. Cloning of Putative Cellulose
Binding Domains
5 DNA primers complementary to the regions of

cbpA (Shoseyov et al., PNAS USA B89:3483-3487 [1992]))
flanking the putative CBD (CbpA residues 28-189) were
synthesized by a Gene Assembler Plus (Pharmacia). The
forward primer contained an Ncol restriction site

10 (recognition sequence: CCATGG) with the ATG in-frame
with the gene fragment, to act as a translational
start codon when cloned into the pET-8c vector cloning
site. The reverse primer contained a stop codon and a
BamHI site. Polymerase Chain Reaction (PCR) was

15 performed using 20 pmol each primer, 200 uM ANTPs, and
1 ng cbpA DNA {cloned into vector pGEMEX-1 (Promega)
as in (Shoseyov et al., 1992, supra)] as a tenmplate,
in a total volume of 100 uxl. Tag polymerase was from
Amersham, using buffer conditions recommended by the

20 manufacturer. PCR was carried out for 40 cycles as
described (Innis et al., Optimization of PCRs In: PCR
Protocols Ed. Innis et al., Pub. Academic Press, San
Diego, pp. 3-12 {1990]). The PCR product was purified
by phenol/chloroform extraction followed by ethanol

25 precipitation and a wash with 70% ethanol, then dried
by vacuum and resuspended in 27 gl distilled water,
The DNA was then c¢leaved by Ncol and BamHI, and run on
a 2.5% low melting point agarose (Nuseieve GTG, FMC)
gel in TBE buffer (Sambrook et al. (198%9)

30 Electrophoresis buffers in Molecular Cloning (Nolan,
C. ed.), Cold Spring Harbor Laboratory Press, NY, pp.
B.23-24. DNA bands stained by ethidium bromide were

visualized by long-wave ultraviolet light and cut from

the gel. The vector, plasnid pPET-8c, was prepared by
- cleaving 1 pg of pET~8c DNA with Ncol/BamHI and
cutting the linearized DNA band from the gel. Vector

and insert DNAs were ligated by using 100 ng of vector
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nigeran (alternating [err]-1,4 and [err]-1,3 glucose), and Sephadex[ err]

G75 ([err]-1,6 glucose with [err]-1,3 branches) (Coutinho et al. (1992)
Mol . Mcrobiol. 6:1243-1252) 5 were al so exam ned, but the CBD did not
show ~ neasurable binding to any of them under the conditions of the
assay. Since chitin is the only one of these substrates that is
crystalline, we feel that this denonstrates the inportance of
crystallinity in the 10 substrate. Al t hough this is
certainly a part of the benefit of -tisght substrate binding, recent
studi es (Din et al. (1991) Bio/ Technol. 9:1096-1099) have shown
that binding to cellulose by isolated, non- 15 enzymatic CBDs causes

di sruption of the cellul ose fibers in a non-hydrolytic fashion. It is
t hought t h&NA R&dp 300 ng- of| Losest Wikl agTakmes sLidek ooy kde . of

i nter-chain hydreoaigaeed plaenddst bereuabagetdf transfdiin Wonpetlent'hi ch is
fol Il owed by exhﬁn%kﬁg,QXSL%EBQnstrain, wvhich were then plated on LB
s Pplates (Sambrook et al. (1989) Bacterial Media in
Molecular Cloning (Nolan, C. ed.), Cold Spring Harbor
Laboratory Press, NY, pp. A.1-4.) containing 100 ug/ml
Ampicillin and 12.5 ug/ml tetracycline. After
overnight incubation at 37 °C, colonies were selected
10 and grown in liquid LB media with ampicillin and
tetracycline. Plasmid DNA from each culture was
rescued as described (Sambrook et al. (1989) in '
Molecular Cloning (Nolan, C. ed.}, Cold Spring Harbor
Laboratory Press, NY) and cleaved with restriction
15 enzymes to verify the insertion of the gene fragment.
The insert sequence was confirmed by DNA sequencing
using the same procedures as those reported in

Shoseyov et al. (1992) PNAS USA 89:3483-3487.
20 6.1.4. Expression of CBD

The ovérexpression vector (pET-CBD) enables
us to overproduce the 17 kDa CBD in E. coli strain
BL21(DE2). CBD was accumulated to at least 70
mg/liter in inclusion bodies. However, additional

25 Qquantity of about 20 mg/liter of water-soluble CBD
could be recovered from the water-soluble sonic
extract of the E. coli. The cleared extract was mixed
with (Sigmacell 20) cellulose; then the CBD-cellulose
complex was washed by 1 M NaCl solution.as well as

3¢9 distilled water to remove non-specific proteins, and
then pure CBD was eluted by 6M guanidine-HCl. CBD was
fully renatured by slow dialysis at room temperature

and regained its ability to bind to cellulose (Figure
~10. lane 2).
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20 of these cellulose chains. The end result is a decrease in
crystallinity. This process, terned "anor phogenesi s," renders nore of
t he cel |l ul ose fi ber accessible to the endo-[err]-1,4-glucanases. As we
have . discovered, the CBD exhibits no such anorphogenic 25 effect.

7.4. CBD Binding to Aspergillus niger, Spodopt er a
littoralis, and Heliothis ) arm gera

Aspergitl | us niger nycelia (approximately 20 30 ng) were incubated for 1
hour at roomtenperature with 400 Tet¥]T CBD (120 [err]g) in 20 n
Tris-HCO pH 7. The nycelia were washed twice with the sane buffer and
then the pellet was resuspended with SDS- PAGE sanpl e application

buffer containing [err]-mercaptoethanol and 35 SDS. The m xture was boil ed
for 5 mn and the :

7. $ ON B R N
7.1. preparation of CBD Protein
5 7+1.1. atio c ote

Plasmid DNA containing the insert was used
to transform E. coli BL21 (DE3). Plasmid-containing
cultures were grown at 37 °C in N2CYM (Sambrook et al.
(1989) in Molecular Cloning (Nolan, C. ed.), Cold

10 Spring Harbor Laboratory Press, NY) medium containing
ampicillin (100 ug/ml) with shaking to Klett reading
160 (green filter). At this point, IPTG was added to
a final concentration 1 mM. After 4 h, the cells were
harvested by centrifugation, resuspended in 50 mM

15 Pphosphate/12 mM citrate pH 7 (PC) buffer containing
RNAse A at 10 pug/ml and DNAse I at 1 ug/ml, and lysed
by sonication on ice with a Biosonic II sonicator at
maximum power for 45 s followed by a 15 s cooling
period, repeated a total of 4 times. The insoluble

20 fraction of a 1 L cell culture was collected by
centrifugation (30 min at 12,000 g, 4 °C) and
resuspended in 20 ml of 6M guanidine HCl. This was
kept on ice for 30 min with occasional vortexing to
disperse the pellet. 1Inscluble debris was removed by

25 centrifugation (30 nin at 12,000 g, 4 °C). The
soluble guanidine HCl extract was gradually diluﬁed to
400 ml total volume with TEDG renaturation buffer over
a two h period at 4 °C. Ammonium sulfate was added to
80% saturation. After four h at 4 °C, precipitated

30 Proteins were collected by centrifugation (30 min at
12,000 g, & °C), resuspended in 40 ml PC buffer, and
dialyzed against PC buffer.

Further purification of the CBD protein

fragment of CbpA was carried out by affinity '

35 chromatography on cellulose: Three additions of 1.0 g
Avicel® PH101 microcrystalline cellulose were used to
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CBD binds to
nenbr anes of

a

10

is

20

25

30

35

proteins were anal yzed by SDS-PAGE. Figure 16 shows t hat
the nycelia of Aspergillus niger. M d- gut
Spodoptera littoralis

remove the CBD protein_ftom the solution. aAfter each
addition, the suspension was allowed to come to
equilibrium (1 h at room temperature with slow
rotation). The cellulose was then collected by
centrifugation and removed before the next addition.
The three grams of cellulose were washed once by 1 M
NacCl/PC buffer and twice by PC buffer. Purified CBD
was eluted from the cellulose by three washes with 10
ml 6M urea. The urea fractions were pooled and
dialyzed against PC buffer (4 °C to about ambient
temperature). Protein concentration in the final
purified fraction was analyzed by colorimetric methods
using the MicroBCA protein assay kit (Pierce,

Rockford, IL), using bovine serum albumin (BSA)
standards.

7.1.2. Determination of the CBD~Cellulose
Dissociation Constant and the
Cellulose Binding Capacity

Sanples of CBD protein (typically 0 to 100
#g) were added to 1.5 ml capacity microfuge tubes
containing PC buffer supplemented with 1 mg/ml BSA and
the desired amount of cellulose (typically 1 mg added
from a stock slurry containing 10 mg/ml cellulose and
1 mg/ml BSA in PC buffer). Potential competitors,
e.g. cellobjose (4 ng/ml) or carboxymethylcellulose
(CMC, 4 mg/ml) were included by adding 200 ul of a 20
mng/ml stock solution in PC/BSA buffer. The final
volume was always 1 ml. The pH of the buffer was 7.0
unless otherwise noted. For experiments at other pH
values, the PC/BSA buffer was adjusted by the addition
of concentrated HCl or NaOH.

Assay tubes were mixed by slow vertical
rotation (30 RPM) at 37 °C for one h. The samples
were then spun in a microfuge for one min to sediment
the cellulose and cellulose-protein complexes. After
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5 and Heliothis armgera (mgjor insect pathogens in agriculture) were
| sol ated under a m croscope. Approxi mately 20 ng were incubated for 1
hour at room tenperature with 400 [err]l CBD (120 [err]g) in 20 mV
Tris-HC pH 7. The chitin containing menbranes were washed 10 once with
1 MNad in the sane buffer then washed twice with the sane buffer

wi t hout NaCl and then the pell ets were resuspended with SDS- PAGE sanpl e

application buffer containing B—nercapr%%hgnol and SDS. The m xtures
were boiled for 4 mnutes and the 15 prodteins were anal yzed by SDS- PAGE
The results are shown in Figures 17 and 18. The results indicate that

the CBD binds to the m d-gut nenbrane of Spodoptera littoralis and

Hel i othis arnm geimbving?@he bufflr, CRRSPRULEL QbOrwidied ey A GENE AND
TS EXPRESSIqNééidépéggfon in 1 ml of PC buffer. The wash was

separated out by centrifugation and discarded.

5 Pellets were then resuspended in a final 1 ml PC
buffer. (The centrifugation step would not be
expected to perturb the equilibrium because the (C]
and [PC] were concentrated to the same extent.)

Of the original BSA in the assay tubes

130 (ca. 1 mg/ml), only about 0.1 ug would remain after
the washing steps assuming no non-specific adsorption
and a liquid volume of 10 ul in the pellet. Any color
development due to this residual BSA was accounted for
by the 0 CBD control tubes. Aliquots (150 pl) of this

15 well-mixed suspension were taken for protein
determinations with the MicroBCA kit. The
manufacturer's instructions were followed, except that
the sample volume was brought to 0.5 ml with PC
buffer, to which 0.5 ml of BCA working reagent was

20 @added. Assay mixtures were incubated at 60 °C for 30
min. The protein concentration was determined
colorimetrically from the cleared supernatants at 562
nm in a Shimadzu 160 U spectrophotometer. Assay tubes
to which no CBD protein was added were used to correct

25 for a small amount of color development caused by the
cellulose and residual BSA. The data were compared to
BSA standards and adjusted to accommodate the
dilutions that were made to determine the amount of
protein bound to the cellulose in each saﬁple. The

30 Ppractical detection limit of this assay was about 0.2
pg/ml. After correction for dilutions, this
corresponds te about 0.034 nmol of CBD bound to the
cellulose in the assay tube. The free CBD protein
concentration, [P}, was determined by subtracting the

35 bound protein concentration, (PC}, from the total CBD
added to the tube, (P];:
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8. 1. Mat eri al and Met hods 8.1.1. Enzynes and

Chem cal s Chem cal s were purchased from Sigma 25 Chem cal s
Inc. unless stated otherwi se. Restriction enzymes were purchased from
New Engl and Bi ol abs, Inc. Taq pol ynerase was purchased from Pronega,

I nc. 8.1.2. Plasm ds and Bacteria 30 The

pl asm g pCBl1 carryi ng cbpA (Shoseyov et al. 1992) was used to anplify
cbd by: PCR net hods. The expressioggvector pRIT2 (NiIsson, et al

(1985) EMBO J. 4(4):1075-1080) was used for the construction of the
fusion genes. Initial transformations were conducted 35 using E. col
strain XL1-blue (Strategene). Expression of CBD Prot A was conducted in
the (7l = (8], - (PC] (1)

5 The system was analyzed assuming a simple equilibrium
interaction (Segel, 1975):

k

k
10 3

where the dissociation constant, K,, is defined as:

= k. _ (A1
K= X = ~trq )
15
The data were analyzed by double reciprocal
plots of 1/({PC] versus 1/(P] at different fixed levels
20 of cellulose (equation 4) and W:
1. Ky 1 1
(BcT ~ TPClny, 181 * 1Bl (4)

25 and by Scatchard plots of {PC)}/[P) versus [PC}:

___[PC'] e o3 *’__[PC]“,‘
B« 2iea - 20 (5)

30 - It must be noted that the cellulose is not a
soluble component, and that [C]) represents the
concentration of binding sites on the cellulose
surface exposed to the buffer, per unit volume.
Similarly, the {PC] represents the concentration of

3s

binding site-protein complexes per unit volume.
Straight lines were fitted to the data points by the
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- 67 - tenperature sensitive repressor containing strain, 2097.
Also, E. coli strain N4830-1 carries the t enperat ure-sensitive repressor
ci857 and is 5 equivalent to E. coli strain 2097. The E. coli strain

- §7 =

least-squares method using DeltaGraphProfessional
plotting application (Deltapoint, Inc., Monterey, CA).
Each point was the average of three independent

" g protein assays from the same binding assay tube.
Experiments were performed in duplicate. At least two
different amounts of cellulose were used to determine
the K; and PC_,./g cellulose. These values were
averaged to provide the listed values in Table I,

10 Figure 9.

Experiments were performed to determine the

effect of temperature on CBD binding to cellulose.
200 upl of CBD (40 ug) were added to 300 ul of SO mM PC
buffer pH 6, 1 M NacCl (final cbncentrations) and 1 mg

15 ©f cellulose. Several mixtures of the CBD/cellulose
mixtures were incubated at different temperatures (16
to 60 °C) for 1 hour with occasional mixing and were
then centrifuged for S min at 10,000 g. The pellets
were washed twice with PC buffer pH 6 containing 1 M

20 NaCl. 40 pl of 6 M guanidine-HCl were added to the
pellet that was suspended and further incubated for 30
minutes at room temperature. After centrifugation, 20
gl samples were diluted in 780 pl ddH,0 and protein
concentration was determined using a Bio Rad kit.

25

7.1.3. Determination of Binding to Other
Polysaccharjdes

Xylan, nigeran, Sephadex® G-75, and chitin
were used in assays to determine whether they were
30 substrates for CBD protein. 1In all cases, the methods
used were the same as those used in determining the
binding to cellulose. Chitin exhibited a very high
background in the MicroBCA assay, which increased
proportionally tc the 60 °C incubation time, so the
as color development time was reduced to 15 min. Because

of chitin'’s high background, only two widely different
protein concentrations were used.
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N4830-1 is avail able from Pharmacia, Inc. 8.1.3. doning

of CBD- Prot A CBD was PCR anplified using cbpA gene as a 10
tenplate. Primers A (N-termnal primer; '5-

GGGGGAATTCCATGGCAGCGACAT-" 3) contain EcoR! site, prinmer B (C-termnal
prinmer; '5-GGGGEEGATCCTATGGTCGCT- "3) contain a stop codon followed by a

BanmHl site. The primers were designed and synthesized in a way that 15
enabl € force cloning of EcoRI/BanH 500 bp DNA fragnent into the
plasmid pRIT2 "in frame" fused to tLeBC-term nal part of Protein A
gene. PCR conditions were as described by Innis and Gel fand (1990) with

t he follow ng nodifications: 2 ng tenplate DNA (cbpA) and 20 1nM
MyCl [err] were used in the reaction mxture. The reacti on was

conduct ed usi ng a programuabl e thernal controller (M& Research Inc.).
St andard DNA mani pul ati ons wer ¢ .@ndiesadtaccordi ng to Sanbrook et

7.2.1. Purification of the CBD for
a na

In order to selectively produce the putative
CBD region of Cpr'(residues 28-189), oligonucleotide
primers were designed complementary to bases 67 to 86
and 558 to 579 of cbpA (Figure 1). As shown in Figure
2, these primers were designed with mismatches to
create an Ncol site and an ATG start codon on one end
of the PCR product and a TAG stop codon followed by a
BamHI site at the other end. This gene fragment was
then cloned into the T7 RNA polymerase expression
plasmid pET-8c, resulting in plasmid pET-CBD. See,
Studier, F., and B.A. Moffatt (1986) J. Mol. Bjol.
189:113-130. The cloned gene fragment codes for a
methionine at the N-terminus of the CBD, but the rest
of the CBD aa sequence corresponds to residues 28 to
189 of CbpA. The protein fragment has a molecular -
20 yeight of 17634. The insertion was verified by DNA
sequencing. CBD protein was produced by E. coli BL21
(DE3) cells harboring pET-CBD. After the addition of
IPTG, this host strain produces T7 RNA polymerase,
which recognizes the T7 promotor in the pET vector.
The cbd gene fragment was under the control of this
‘inducible promotor, and CBD protein was synthesized in
large amounts after induction (Figure 3). After a
four h production period, the soluble extract from the
lysed cells contained only small amounts of CBD
30 protein, while most was found in the insoluble
fraction. This protein was readily soluble in
concentrated guanidine hydrochloride, and was
renatured by slow dilution into TEDG buffer. It was
found that protein prepared in this fashion binds to
35 javicels, verifying the putative CBD. Although this
fraction is mostly CBD protein, the assays described

10

15

25
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al (1989) in Mlecular Coning (Nolan, C ed.),
Laboratory Press, NY. The PCR anplified product was digested with
EcoRI and BanHl, and the expected 500 bp DNA fragnment (Figure 1) was
i sol at éd from 1.5% agarose gel using Q AEX gel extraction kit
(Qagen Inc.). The EcoRI/BaH fragnent was ligated 30 into EcoRl/BanH
l'i neari zed pRI T2 using T4 Ligase. The ligation m xture was used to
transfarm XL1- Bl ue conpetent cells and transformed col onies were

Cold 25 Spring Harbor

sel ected on LB agar plates contaipigg 100 ng/L anpicillin
Successful construct containing the DNA insert was 35 designated
pCBD- Pr ot Al . '

require the protein to be highly pure. This purity is
provided by a single cellulose-affinity binding step,
as described in the Section 7.1.1. The affinity-

s purified CBD protein appears on acrylamide gels as a
single band when stained with Coomasie brilliant blue.
Approximately 70 mg of CBD protein can be recovered
from the cells harvested from a 1 L culture.

10 7.2.2. Time course of the Binding of the
CBD to Cellulose and Effect of
Iemperature

The time course of the interaction of

Avicel® with CBD (Figure 4) discloses several features

of the process:
15 :

(a) At initial concentrations of 1.0 mg/ml

Avicel® and 2.0 uM CBD (i.e., [P]l,), a plateau value of

1.2 uM complex (i.e., [PC}) is attained by 60 minutes.
A separate experiment established that the maximum CBD
20 binding capacity of the cellulose sample was 2.1
gmoles x g?!, corresponding to an effective
concentration of 2.1 uM total cellulose sites (i.e.,
{Cle) - Assuming that an eqguilibrium was established

(verified below), K, defined as [P]tC]/[PC} is about

.6 M.
25 0-6 ¥

(b) The second-order rate constant for
association (k,) calculated from the integrated rate
egquation for a reversible Bi Uni reaction (Capellos &
Bielski, 1980; Wilkinson, 1980) is about 2.7 x 10°

30 M' x min? (average value for points from 5-60 min).
The rate constant for the dissociation of the complex
(k.;) calculated as k'K, was 1.6 x 10? x min’ (t;, = 43
min). The relatively long t;,, for complex dissociatior
permitted the C+PC pellet to be washed once without

as significant loss of bound CBD. (Resuspension and
recentrifugation of the initial pellet was completed
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- 68 - 8.1.4. Expression and purification of
CBD- Prot A

Expression of the .fusion protein was conduct ed
as described el sewhere (Nilsson, et al (1985) EMBO J. 4(4):1075-1080)
.40 m ,LB contai ning 50 ng/L anpicillin inoculated with 400 ul of

over ni ght culture of E. col

strain 2097 containing pCBD-ProtAl .

- 60 ~-

in less than 1 min. During this period, less than 3%

of the bound CBD would be lost.} It was also observed
that after prolonged incubation, the measured [PC]

s declined, dropping to a level of about 50% of the

maximum value after 18 hours. This decline may be

caused by gradual denaturation of the protein. To
reduce artifacts resulting from these effects, we used
the shortest incubation time for which equilibration
10 appeared to be “complete". (Any further increase in
binding beyond 60 min would be obscured by the
experimental error.} CBD binding to cellulose was 4.5
+/-0.5 mg/gr cellulose and was not affected by a
temperature range of about 16 to about 60 °C.

15-
7.2.3. Analysis of the CBD~-Cellulose
Binding Affinity and Binding
Capacity

Figure 5 shows a typical diagnostic plot of
20 the binding of pure CBD to Avicel® microcrystalline
cellulose. Within experimental error, the plots were
linear yielding a K, of about 0.6 uM and a (PCl,, of
2.1 pmoles CBD bound per gram Avicel®. The latter
value corresponds to approximately 37 mg of CBD
25 protein per gram of Avicel®. The linearity of the
diagnostic plots suggests that only one type of CBD~-
cellulose interaction is occurring.
The ability of CBD to bind cellulose types
other than Avicel® was also investigated. Table 1,
30 Figure 9, shows the values for the K; and PC,,, found
for each of the substrates. Sigmacell 20 and 50 are
described as-microcrystalline forms of cellulose;
these materials were also found to bind to CBD.
Highly crystalline forms of cellulose such as
35 absorbant cotton and Cellulon® fiber (crystalline
cellulose from Acetobacter xylinum) were able to bind
substantially more of the CBD (up to 6.4 umol CBD per

t
This is the replacement shee

- £ AN 1997

Date:



10 The culture was grown to 100 Klett (green filter) at 30 [err]C and
then shifted to 42 [err]C for 45 m nutes and then grown for additional
2 hours at 40 [err]C. The cells wer e harvested by centrifugation at
2,000 g for 10 mn. and resuspended in 10 m of 20 mM Tris-HCO buffer
15 pH 7. The cells were |ysed using W385 sonicat or - (Heat

Systeng-U trasonic, Inc.) at maxi num power for 1 m nute foll owed by a
30-second cooling period, repeated 3 tines. The |ysate was cleared by
centrifugation (4,000 g for 10 min) and 500 ng of 20 cellul ose particles
(Sigmacell 20, 20 microns average parélcte size) were added. The
suspensi on was I ncubated for ten mnutes at RT and centrifuged (2, 000
g for 10 m nutes). The supernatant was renoved and the pellet was
washed once with 5 ml _of 1 MNaCl to_25 renove non-specific binding
protei ns and t wPERRWPE hSYpstrate) . ofyéﬁ%‘?ﬁz’b’lfi%‘?’r". Y80t A was renove
fromthe ceteéllulesey Boweved) quiabdhli axe Hthre Aitamessed @awd thiiggat i on

(2,0009, 10 m nyohbginOkEktoft VeRe! HEPive crystalline form, were
s found to bind a smaller amount of the CBD. The CBD-
cellulose dissociation constant was about the same for

all forms of cellulose, while the PC,, varied over a
30-fold range.

10 7.2.4. ind Sjite competition
To determine if soluble carbohydrates

competed with Avicel® for the CBD protein, cellobiose
(a f-1,4 1linked glucose dimer) and CMC (a soluble
derivative of cellulose) were included in some assays

15 at 4 times the weight/volume of Avicel® (1 mg Avicel®,
4 mg cellobiose or CMC per ml assay). As Table 1,
Figure $, shows, no significant differences in the K,
or PC.,,, were observed, indicating these soluble

carbohydrates did not affect the binding of the CBD to
20 Avicele, -

7.2,.5. Effect of pH on the Dissociation
constant

C. cellulovorans is a neutrophilic organism,
25 thriving only around pH 7 (Sleat et al., 1984), so’
this pH was used for most of the binding assays.
However, other experiments established that the K, and
PC,,, did not vary significantly with changes in pH
over the range 5.0 to 8.0. In addition, it was noted
30 that PC buffers as acidic as pH 3.5 or as basic as 9.5

would not remove the CBD from Avicel® during 1-min
washes.
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di al ysed agai nst 20 mM Tris-HC buffer (pH 7). 30 Proteins were anal yzed on

12. 5% SDS- PAGE according to Laenm i (1970). 8.1.5.
Bi ndi ng Anal ysis of CBD-ProtA The binding of CBD-ProtA to I1gG
was 35 determined as follows: A 100 [err]| suspension of rabbit | gG
(H+L) - Sepharose (8 ng/ m, Bio-Makor Inc.) that was
- 62 -
7.2.6. Binding of the CBD to Other
Polysaccharides
s Xylan, Sephadex® G-75, nigeran, and chitin

were used to explore the binding specificity of the
CBD. Of these, only chitin showed measurable binding
of the CBD peptide Table 1, Figure 8. The chitin~-CBD

K, and binding capacity were similar to the Avicel®-CBD
10 values.

7.3. Results
- Our results show that CbpA contains a domain
responsible for cellulose binding, and that this
15 domain could function independently from the rest of
CbpA. Because the purification protocol employed
denaturation and renaturation steps, the fact that the
purified protein was functional indicates that the CBD
protein sequence was sufficient for proper folding of
2¢ the protein fragment.
We have found non-specific binding of the
CBD to the assay tubes to be a problem in performing
equilibrium binding experiments, and have developed an
assay in which the CBD and cellulose are equilibrated
25 in the presence of excess BSA. The BSA effectively
eliminates non-specific CBD interactions with the
tube. After equilibrium is reached, the cellulose and
cellulose-protein complexes are collected and washed,
then assayed for bound proteins. As described
30 earlier, the dissociation of the CBD-cellulose is slow
so that no detectable amount is removed during a rapid
wash step.
The bound CBD was measured directly by the
protein assay, and the free CBD was calculated by
as sSubtracting the bound CBD from the total CBD, as shown
in eguation 1, Section 7.1.2. This method has the
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- 69 - prewashed with PBS (Phosphate Buffer Saline pH 7.4)
mxed with 1 m of isolated CBD-ProtA (50 [err]g/m).
i ncubated for 1 hour at 8 [err]C and then 5
m nutes). The supernatant was

was
"The m xture was
centrifuged (2,000g, 5

renoved and the pellet was washed tw ce
with 500 [err]l of PBS. Then, the CBD-ProtA was eluted with 200 [err]]|

of 1M acetic acid. The pellet was mxed with 15 [err]| of sanpl e
application buffer (SAB; 125 mM Tris-HCO pH 10 6.8, 4% SDS, 20% gl ycero

and 0. 002% br onophenol blue), 15 [err]l sanples of the different
fractions were mxed with 15 [err]| -0of3SAB, then boiled for 5 mnutes
and anal yzed on SDS- PAGE

advantage that any CBD molecules adsorbed non-
specifically with low affinity to the cellulose would
be removed by the wash step, resulting in data that
s more accurately reflect the specific, high affinity

interaction between the CBD and the cellulose surface.
As shown in Figure 5, data gathered using this type of
assay yields (within experimental error) linear
diagnostic plots. Double reciprocal plots are a

10 convenient and conventional way of determining binding
affinities and capacities for reversible Bi uni
systems. The validity of
the observation that PC,,
amount of cellulose used,

15 the cellulose quantity.

the assay is supported by
increases linearly with the
while K, is independent of

Table 1, Figure 9, shows the -
results obtained with several forms of cellulose and

other carbohydrates. The results indicate that
cellulose types described as “crystalline" have a
higher CBD binding capacity than highly processed

20 celluloses that have lost much of their crystallinity.
The fact that the PC,, of cellulose samples vary
widely with different cellulose types while the K,
remains constant indicates that we have measured one
type of strong protein-cellulose interaction occurring

25 between the CBD and the cellulose. The lower PC,,, of
highly processed celluloses reflects a smaller number
of potential protein interaction sites in the sample,
and seems to correlate with the crystallinity of the
sample. This result would indicate, although not

30 wishing to be limited by theory, that there is some
special feature present in crystalline cellulose that
makes it acceptable as a binding substrate, whereas
amorphous cellulose is found lacking.

To further characterize the substrate

35 specificity of the CBD, we measured the effect of

added soluble substrates (cellobiose or CMC) on
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The binding of CBD-ProtA to cellulose was 15 determ ned as follows: 20 nyg
of cellul ose (Sigmacell 20) were mxed with 200 [err]l of isolated
CBD- Pr ot A (50 [err]g/mM). The m xture was incubated for 15 mn at

RT and gentrifuged at 2,000g for 5 mn. The pellet was washed with 200
[err]] 1 Macetic acid and the pellet 20 was resuspended with 40 [err]| of
SAB. The cel |l ul ose suspension was boiled along with the 15 [err]| of

t he .acetic acid wash (mxed with 15 [err]l SAB) and anal yzed on
SDS- PAGE. 25 8.1.6. Results

It was
shown that CBD-ProtA can be expressed_ ., _in E coil, and purified using
cellulose in a one-step purification. The fusion protein has the
expect ed size, 45 kDa (Figure 8). CBD-protA retained its 30 affinity

to cellulose as well as to 1gG It was shown that 1 Macetic acid
rel eases the (R INQsA bindingd Excess cellobiose or CMC had no

effect on the CBD-Avicel® K; or PC,,, &S shown in Table
1, Figure 9. This lack of competition suggests that

s the CBD recognition site is specific for something
more complex than a simple repeating glucose or
cellobiose moiety, and further suggests that, perhaps,
a particular three-dimensional arrangement of
cellulose chains is needed.

10 The specificity of the CBD for crystalline
cellulose prompts a consideration of chitinases, which
are known to bind tightly to chitin, a polymer of N-
acetylglucosamine in f-1,4 linkage. Like cellulose,
chitin comes in a variety of forms, depending on the

15 source and purification method used in its isolation
(Cabib (1988) Methods Fnzymol. 161:460-462; Blackwell
(1988) Methods Enzvmol. 161:435-442). The chitin used
for affinity purification of chitinases is a-chitin,
in which the chains are arranged in an antiparallel

20 fashion. This form of chitin is crystalline with a
structure similar to that of native crystalline
cellulose (often referred to as cellulose I).
Cellulose I is the form in which the cellulose chains
are arranged in parallel bundles, as opposed to

25 cellulose II, in which the chains are in an
antiparallel configuration. Processing of cellulose I
under harsh conditions causes its disruption resulting
in cellulose II. Both forms are crystalline, due to
extensive hydrogen bond formation. Since our isolated

asg CBD binds to less processed forms of cellulose, i.e.,
largely cellulose I, we were interested to see if the
CBD would bind to a-chitin, which has a similar
crystal structure, although of opposite strand
orientation. Surprisingly, we found that the CBD did

35 accept chitin as a binding substrate with a K, very
similar to that for cellulose. ¥Xylan (8-1,4 xylose),
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but not the CBD-Prot A: cell ul ose bond.

Using this expression
vector, we produced 6 nmg of CBD-ProtA per 1 liter of culture. Qur 35
experience with the T7 overexpression system enabl ed

- 70 -

- 65 =

nigeran (alternating «-1,4 and a-1,3 glucose), and
Sephadex® G-75 (a-1,6 glucose with a-l,S'branches)
(Coutinho et al. (1992) Mol, Microbjol. 6:1243-1252)

5 were also examined, but the CBD did not show
measurable_binding to any of them under the conditions
of the assay. Since chitin is the only one of these
substrates that is crystalline, we feel that this
demonstrates the importance of crystallinity in the

30 Substrate.

Although this is certainly a part of the
benefit of tight substrate binding, recent studies
(Din et al. (1991) Bio/Technol. 9:1096-1099) have
shown that binding to cellulose by isolated, non-

1s enzymatic CBDs causes disruption of the cellulose
fibers in a non-hydrolytic fashion. It is thought
that the protein-cellulose binding lowers the degree
of inter<chain hydrogen bonding near the surface of
the crystal, which is followed by extensive hydration

20 ©f these cellulose chains. The end result is a
decrease in crystallinity. This process, termed
“amorphogenesis," renders more of the cellulose fiber
accessible to the endo-f-1,4-glucanases. As we have
discovered, the CBD exhibits no such amorphogenic

25 effect.
7.4. CBD Binding to Aspergillus niger,
Spodoptera littoralis, and Heliothis
arpigera
Aspergillus niger mycelia (approximately 20
30

mg) were incubated for 1 hour at room temperature with
400 ul CBD (120 gg) in 20 mM Tris-HCl pH 7. The
mycelia were washed twice with the same buffer and
then the pellet was resuspended with SDS-PAGE sample
application buffer containing B-mercaptoethanol and

35 gpS. The mixture was boiled for 5 min and the
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us to produce nore then 10 tinmes that anmount (70 ng/1l) of pure CBD
(Figure 10). 5 9. CLONING OF CBD- HSP FUSI ON PROTEI N

An exanple for the cloning of CBD HSP fusion protein: PCR priners for
the arplification of HSP gene are prepared .using the plasm de SJ60 as a

tenpl at e. The vector was described by Jindal et al. (1989) Ml . 10
Cell. _Biol. 9:2279. The primers will contain Kpnl site at the N
termnal of HSP and stop codon foll owed by a BanHl site at the C

term nal . Forward priner: 5" -ACGGTACCACTTCGGTITACCCACAGTIC- 3
Reverse prinmer: 5 - GGGGATCCTACATGCCACGLCCCATTAG: 15 3 I'n
order to enable translational fusion of the Ctermnal part of CBD to

the N term nal part of

proteins were analyzed by SDS-PAGE. Figure 16 shows
that CBD binds to the mycelia of Aspergillus niger.
Mid-gut membranes of Spodoptera littoralis
s and Heliothis armigera (major insect pathogens in
agriculture) were isolated under a microscope.
Approximately 20 mg were incubated for 1 hour at room
temperature with 400 ul CBD (120 ug) in 20 mM Tris-HCl
pH 7. The chitin containing menbranes were washed
10 ©once with 1 M NaCl in the same buffer then washed
twice with the same buffer without NaCl and then the
pellets were resuspended with SDS-PAGE sample
application buffer containing B-mercaptoethanol and
SDS. The mixtures were boiled for 4 minutes and the

15 proteins were analyzed by SDS-PAGE. The results are

shown in Figures 17 and 18, The results indicate that

the CBD binds to the mid-gut membrane of Spodoptera
littoralis and Heliothis armigera.

20 8. CONSTRUCTION OF CBD~Prota GENE AND
ITS EXPRESSION IN F. COLY

.8.1. Materia) and Methods

8.1.1. Enzymes and Chemicals
Chemicals were purchased from Sighma
25 chemicals Inc. unless stated otherwise. Restriction
enzymes were purchased from New England Biolabs, Inc.
Taq polymerase was purchased from Promega, Inc.

8.1.2. Plasmids and Bacteria

30 The plasmid pCB1 carrying cbpA (Shoseyov et
al. 1992) was used to amplify cbd by PCR methods. The
expression vector pRIT2 (Nilsson, et al (1985) EMBO J.
4(4):1075-1080) was used for the construction of the
fusion genes. 1Initial transformations were conducted

as

using E. coli strain XLi~blue (Strategene).
Expression of CBD-ProtA was conducted in the
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HSP, we introduce a Kpnl site at the 3' end of cbhd
I ntroduction achi eves PCR anplification of 20
tenpl ate and the follow ng priners:

5' - GTATACCAGCCATGGCAGCG: 3'
5' - GTACATCTGGATCCTATGGTACCGT- 3! The anplified DNA is digested
with Ncol and 25 BamH and is then ligated into Ncol/BanmH predi gested
pET8c vVector. The ligation mixture is then used to transf orm XL1BI ue
and the new plasm d desi gnated as pET-CBDK. This plasmd is digested

wi th Kpnl and BanH and the Kpnl/Banté7 restricted HSP-PCR anplified 30
fragnment is ligated; transforned into XL1Bl ue and after confirmation

of the construct will be used to transform BL21( DE3) for
over producti on of CBD- HSP

temperature sensitive repressor containing strain,
2097. Also, E. coli strain N4830~-1 carries the
temperature-sensitive repressor c¢i857 and is

5 equivalent to E. coli strain 2097. The E. coli strain
N4830-1 is available from Pharmacia, Inc.

gene. This

cbd using pET-CBD as a
Forward pri ner:

Reverse pri ner:

8.1.3, o (=) D=Pro
CBD was PCR amplified using cbpA gene as a
10 template. Primers A (N-terminal primer; 's-
GGGGGAATTCCATGGCAGCGACAT-"'3) contain EcoRI site,

primer B (C-terminal primer; !'5-GGGGGGATCCTATGGTGCT-
*3) contain a stop codon followed by a2 BamHI site. The
primers were designed and synthesized in a way that
15 enable force cloning of EcoRI/BamHI 500 bp DNA
fragment into the plasmid pRIT2 "in frame" fused to
the C-terminal part of Protein A gene. PCR conditions
were as described by Innis and Gelfand (1990) with the
following modifications: 2 ng template DNA (cbpA) and
20 1mM MgCl, were used in the reaction mixture. The
reaction was conducted using a programmable thermal
controller {M&J Research Inc.). Standard DNA
manipulations were conducted according to Sambrook et
al (1989) in Molecular Cloning (Nolan, C. ed.), Cold
25 Spring Harbor Laboratory Press, NY. The PCR amplified
product was digested with EcoRI and BamHI, and the
expected 500 bp DNA fragment (Figure 1) was isolated
from 1.5% agarose gel using QIAEX gel extraction kit
(Qiagen Inc.). The EcoRI/BamHI fragment was ligated
30 into EcoRI/BamHI linearized pRIT2 using T4 Ligase.
The ligation mixture was used to transform XLl-Blue
competent cells and transformed colonies were selected
on LB agar plates containing 100 mg/L ampicillin.

Successful construct containing the DNA insert was
35 designated pCBD-ProtAl.
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- 71 -

NH err]-V[err]-V[err]-CBD-CJerr]

antibody is carried 5 out by cloning any desired V[err]-V[err]
" Recoribi nant

pCANTAB5 plasmid carrying the V[err]-V[err] is used
PCR anplification using the

10

is

20

25

30

3s

10. CONSTRUCTI ON OF

CBD fused to reconbi nant

usi ng the
Phase Anti body Systeni (Pharmacia Inc.). The resul ting

as a tenplate for

- 68 =

8.1.4. Expression and purification of
CBD=Proti

Expression of the fusion protein was
conducted as described elsewhere (Nilsson, et al
(1985) EMBO J. 4(4):1075-1080) .40 ml LB containing 50
mg/L ampicillin inoculated with 400 ul of overnight
culture of E. coli strain 2097 containing pCBD-ProtAl.
The culture was grown to 100 Klett (green filter) at
30 °C and then shifted to 42 °C for 45 minutes and
then grown for additional 2 hours at 40 °C. The cells
were harvested by centrifugation at 2,000 g for 10
min. and resuspended in 10 ml of 20 mM Tris-HCl buffer
PH 7. The cells were lysed using W-385 sonicator
(Heat Systems-Ultrasonic, Inc.) at maximum power for 1
minute followed by a 30-second cooling period,
repeated 3 times. The lysate was cleared by
centrifugation (4,000 g for 10 min) and 500 mg of
cellulose particles (Sigmacell 20, 20 microns average
particle size) were added. The suspension was
incubated for ten minutes at RT and centrifuged (2,000
g for 10 minutes). The supernatant was removed and
the pellet was washed once with S ml of 1 M NaCl to
remove non-specific binding proteins and twice with 10

nl of deionized water. CBD~ProtA was remove from the

cellulose by 5 ml 6M guanidine-HCl. After
centrifugation (2,000g, 10 min} the soclution was then
dialysed against 20 mM Tris-HCl buffer (pH 7).

Proteins were analyzed on 12.5% SDS-PAGE according to
Laemmli (1970}%.

8.1.5. Binding Analysis of CBD-Prota
The binding of CBD-ProtA to IgG was
deterrnined as follows: A 100 ul suspension of rabbit
IgG (H+L)~Sepharose {8 mg/ml, Bio~Makor Inc.) that was
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followi ng prinmers: 10 Forward prinmer: 5'-AGCCATGGECGGCCCAGC- 3
Reverse prinmer: 5'-GEEGTACCAACAGTITTGIGCGECC 3!

These priners
i ntroduce the Ncol site at the 5" of the V[err]-V[err] and Kpnl site at
the 3' .end. The anplified fragment is digested (partially if 15

necessary) with Ncol and Kpnl and is used in the

expression vector of
C-term-.nal fusion of CBD, bel ow.

To enabl e transl ati onal

fusion+*of the N termnal part of CBD to the C term nal part of
Vierr]-Vierr], we introduce a Kpnl site at the 3' end of cbd gene. 20
This introduction is achi eved by PCR am® f5 cati on of cbd using pET-CBD

as a tenplate and the foll ow ng primers:
5' - GGGCCATGGCAGGTACCTCATCA- 3' Reverse pri ner
5' - GTACATCTGGA

TCCTA -3 hes tiners Jngroduce Kpn
sit at the 51 pr%@ﬁ%ngnzgglpﬁgpa?ﬁes&gg?rsgf‘z}nﬁnﬁéréﬂ4?[ ain the
stop codon folwasaiigs Bt Ismle oft ispdagedeFBD-PHOtA (50 pg/ml).

The mixture was incubated for 1 hour at 8 °C and then
s centrifuged (2,000g, 5 minutes). The supernatant was
removed and the pellet was washed twice with 500 ul of
PBS. Then, the CBD-ProtA was eluted with 200 gl of 1M
acetic acid. The pellet was mixed with 15 ul of
sample application buffer (SAB; 125 mM Tris-HCl1l pH
10 6.8, 4% SDS, 20% glycerol and 0.002% bromophenol
blue), 15 pl samples of the different fractions were
mixed with 15 pl of SAB, then boiled for $ minutes and
analyzed on SDS-PAGE.
The binding of CBD-ProtA to cellulose was
15 determined as follows: 20 mg of cellulose (Sigmacell
20} were mixed with 200 pl of isolated CBD-Prota
(50 pg/ml). The mixture was incubated for 15 min at
RT and centrifuged at 2,000g for 5 min. The pellet
was washed with 200 pgl 1 M acetic acid and the pellet
20 Wwas resuspended with 40 gl of SAB. The cellulose
suspension was boiled along with the 15 gl of the

acetic acid wash (mixed with 15 pl SAB) and analyzed
on SDS-PAGE.

Forward priner:

25 8.1.6. Results .
It was shown that CBD-ProtA can be expressed
in E. coli, and purified using cellulose in a one-step
purification. The fusion protein has the expected
size, 45 kDa (Figure 8). CBD-protA retained its
3¢9 affinity to cellulose as well as to IgG. It was shown
that 1 M acetic acid releases the CBD-ProtA:IgG bond
but not the CBD-ProtA:cellulose bond. ,
Using this expression vector, we produéed 6
mg of CBD-ProtA per 1 liter of culture. Our
3s experience with the T7 overexpression system enabled
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anplified DNA is digested with Ncol and BanH and then
Ncol / BanH predi gested pETSc vector. 30 The ligation mxture is used to
transform XL1Bl ue and the new plasm d is designated as pET-KCBD. This
plasnmid is digested with Ncol and Kpnl and the Ncol / Kpnl restricted
Vlerr]-Vierr] anplified fragnent is then | igated; transformed into
SL1Bl ue and after 35 conformation of the construct is used to transform

2

is ligated into

- 70 -

us to produce more then 10 times that amount (70 mg/l)
of pure CBD (Figure 10).

s 9. ONING CBD~ s PRO N
An exanmple for the cloning of CBD-HSP fusion
protein: PCR primers for the amplification of HSP gene
are prepared using the plasmide SJ60 as a template.
The vector was described by Jindal et al. (1989) Mol.
10 Cell. Biol. 9:2279. The primers will contain KpnI
site at the N terminal of HSP and stop codon followed
by a BamHI site at the C terminal.
Forward primer: 5'~ACGGTACCACTTCGGTTACCCACAGTC~3"*
Reverse primer: 5'-GGGGATCCTACATGCCACCTCCCATTAG-
15 3¢
In order to enable translational fusion of
the C terminal part of CBD to the N terminal part of
HSP, we introduce a Kpnl site at the 3' end of cbd
gene. This introduction achieves PCR amplification of
20 ¢bd using pET~CBD as a template and the following
primers:
Forward primer: 5'-GTATACCAGCCATGGCAGCG-3'
Reverse primer: 5'!'-GTACATCTGGATCCTATGGTACCGT-3'
The amplified DNA is digested with NcoIl and
25 BamHI and is then ligated into Ncol/BamHI predigested
PET8c vector. The ligation mixture is then used to
transform XLlBlue and the new plasmid designated as
PET-CBDK. This plasmid is digested with Kpnl and
BamHI and the KpnI/BamHI restricted HSP-PCR amplified
30 fragment is ligated; transformed into XLiBlue and
after confirmation of the construct will be used to
transform BL21{DE3) for overproduction of CBD-HSP.

This is the replacement sheet

Date: . 6 JAN 1937



- 72 - BL21(DE3) for overproduction of V[err]-Verr]-CBD fusion

pr ot ein. In view of the above-disclosure and what is 5
generally known in the art, it would be apparent to one of ordinary
skill that a wide variety of CBD fusi on products can be prepared which
conprise the CBD and second proteins of known sequence. 10 11.
| gG PURLFI CATI ON BY CBD- Prot A CELLULGCSE Thi s exanpl e
denonstrates the use of CBD for purification of IgG Human serum (500
[err]l, 1:10 diluted in Phosphate Buf$4gred Saline (PBS), pH 7.4 was

10. CONSTRUCTION OF NH,=V;=V, ~CBD=CO,
CBD fused to recombinant antibody is carried
s out by cloning any desired V,-V, using the "“Recombinant
Phase Antibody System" (Pharmacia Inc.). The
resulting pCANTABS plasmid carrying the V-V, is used
as a template for PCR amplification using the
following primers:
10 Forward primer: 5'-AGCCATGGCGGCCCAGC-3"
Reverse primer: 5'-GGGGTACCAACAGTTTGTGCGGCC-3"*
These primers introduce the Ncol site at the
5' of the Vy~V, and Kpnl site at the 3' end. The
amplified fragment is digested (partially if

15 necessary) with NcoI and KpnI and is used in the
expression vector of C-terminal fusion of CBD, below.

To enable translational fusion of the N
terminal part of CBD to the C terminal part of Vy=V,
we introduce a KpnI site at the 3' end of cbd gene.

20 This introduction is achieved by PCR amplification of
cbd using pET-CBD as a template and the following
primers:

Forward primer: 5!'-GGGCCATGGCAGGTACCTCATCA-3!
Reverse primer: 5'=-GTACATCTGGATCCTATGGTGCTGT-3"*

25 These primers introduce Kpnl sit at the 5¢
end of cbd gene after the Ncol site, and maintain the
stop codon followed by BamHI site at the 3' end. The
amplified DNA is digested with NcolI and BamHI and then
is ligated into Ncol/BamHI predigested péTSc vector.

30 The ligation mixture is used to transform XLiBlue and
the new plasmid is designated as pET-KCBD. This
plasmid is digested with NcoI and KpnI and the
NcoI/KpnlI restricted V,-V, amplified fragment is then
ligated; transformed into SL1Blue and after

35 conformation of the construct is used to transform
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added to 20 ng suspension of CBD-ProtA-Cellulose (4 15 [err]g/ng). The
m xture was incubated for 1 hour at 8 [err]C and then the unbound

protein was renoved by a quick centrifugation and two 500 [err]l PBS
washes. 1gG was recovered by 200 [err]l 1 Macetic acid wash (15

m nut es at roomtenperature) while CBD ProtA remai ned bound to 20 the
cel | ul ose. 12. CHARACTERI ZATI ON OF CBD

Thi s exanpl e denonstrates that CBD does not di srupt cellul ose. CBD has
no cel lul ose 25 dlSFUptIOﬂ/&ﬂDthOgEﬂE%IS activities. Approximately 1

my of CBD was incubated overnight at 37 [err]C with 10 ng portions of
two different types of cellulose (cotton and Cellulon[err]) in 20 nM
Tris-HCO buffer pH 7. The cel l ul ose sanpl es were gol d-coat ed and

observed under a QB rasc = AA and 14B
denonstrate cIBeLar:ﬁ'loéllEf‘ﬁatrm:l Cﬂé%v?fggkgd gg}: S:luIggsg&)ﬁv‘bé,\:'rg ? thg3oh

In view of the above-disclosure and what is
¢ generally known in the art, it would be apparent to

one of ordinary skill that a wide variety of CBD

fusion products can be prepared which comprise the CBD
and second proteins of known sequence.

10 11. G P FICATION CBD=ProtA CELLULOSE
This exanple demonstrates the use of CBD for

purification of IgG. Human serum (500 ul, 1:10
diluted in Phosphate Buffered Saline (PBS), pH 7.4 was
added to 20 mg suspension of CBD-ProtA-Cellulose (4

1s #g/mg). The mixture was incubated for 1 hour at 8 °C
and then the unbound protein was removed by a quick
centrifugation and two 500 ul PBS washes. IgG was
recovered by 200 ul 1 M acetic acid wash (15 minutes

at room temperature) while CBD-ProtA remained bound to
20 the cellulose.

12. C CTERI ON OF CBD
This example demonstrates that CBD does not
disrupt cellulose. CBD has no cellulose
25  disruption/amorphogenesis activities. Approximately 1
ng of CBD was incubated overnight at 37 °C with 10 mg
portions of two different types of cellulose (cotton
and Cellulon®) in 20 mM Tris-HCl buffer pH 7. The
cellulose samples were gold-coated and observed under
390 Scanning electron microscope. Figures 14A and 14B
demonstrate clearly that CBD-treated cellulose fibers
remained intact compared to the control, untreated
cotton.

The effect of pH and NaCl concentrations on
35 the binding capacity of CBD-ProtA to cellulose was
examined. 450 ul of CBD-ProtA (100 ug) were added to
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remai ned i ntact conpared to the control, untreated cotton.
The effect of pH and NaCl concentrations on 35-the binding capacity of

CBD-Prot A to cellul ose was exam ned. 450 [err]l of CBD-ProtA (100
[err]g). were added to - 73 -

- 73 -

a tube containing 550 ul of different buffers (50 mM
citrate phosphate containing different NacCl
concentrations i.e., 0, 0.25, 0.5, 1 M NaCl, 1 mg of

s cellulose (Sigmacel 20), and 1 mg BSA. The tubes were
incubated for 1 hour at 37 °C with occasional mixing
and were centrifuged for 5 minutes at 10,000 g. The
pellets were washed twice with their corresponding
buffers. 40 pl of 6 M guanidine~HCl were added to the

30 Pellet that was suspended and further incubated for 30

minutes at room temperature. After centrifugation, 20

#l samples were diluted in 780 ul ddH,0 and protein
concentration was determined by a BioRad kit.
15 shows that at low pH values, increasing

15 concentrations of NaCl increased the binding of CBD-
ProtA to cellulose up to 70 mg/gr cellulose.

Figure

13.

CED MODIFIES THE GROWTH OF PLANT TISSUES
13.1. Material and Methods
20 13.1.1. Plant Material
Flowers of peach (Prunus persica cv. Texas)
were obtained from a plot near Rehovot. Anthers
collected from flowers at the first day'of anthesis
were excised from the filaments and dehydrated at 30
25 °C for at least 24 hours. The pollen released was
used fresh or stored at -20 °C., Seeds of Arabidopsis
thaliana were obtained from the University stock.

13.1.2. Pollen Germination In Vitro
30 Pollen grains were germinated in liquid
cultures of 100 u)l growth medium in each Eppendorf
tube. The growth media were made as follows: Peach
pollen grains were germinated in growth medium
containing 15% (w/v) sucrose, 100 ug/ml H,BO,, 200 12
35 pg/ml MgSO,.7H,0 and 200 ug/ml Ca(NO,),.4H20. Different
concentrations of CBD or BSA were added to the tubes.
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a tube containing 550 [err]l of different buffers (50 niM citrate
phosphate contai ning different Nad concentrations i.e., 0, 0.25, 0.5, 1

MNaCl,, 1 ng of 5 «cellulose (Signacel 20), and 1 ng BSA. The tubes were
i ncubated for 1 hour at 37 [err]C with occasional m xing and were
centrifuged for 5 mnutes at 10,000 g. The pell ets were washed tw ce
with their correspondi ng buffers. 40 [err]l of 6 M guanidine-HC were
added to the 10 pellet that was suspended and further incubated for 30

m nutes at roomtenperature. After centv4ifugation, 20 [err]] sanples
were diluted in 780 [err]l ddH err] O and protein concentration was
determ ned by a BioRad kit. Figure 15 shows that at | ow pH val ues,

i ncreasing 15 concentrations_of NaC increased the binding of CBD

ProtA to cel FBEo3BOUPtEOTOPAYIER T2 iRF ok each tube were

approximately 1000. For each treatment, three

repetitions were made. After incubation overnight at

5 25 °C in a dark chamber, the pollen was examined in
populations of a least 100 pollen grains in each
specimen (300 per treatment).

13.1.3. $geed Germination
10 Seeds of Arabidopsis taliana were washed in

distilled water. About 100 seeds per treatment were

soaked in 1 ml of distilled water in glass culture

tubes of 2 cm diameter and 10 cm long. The tubes were

placed in a growth chamber in which the temperature
15 Wwas constant at 25 °C and

photoperiod of 16/8 hours of
light/dark respectively.

After four days, the length
of the seedlings, shoots, roots and root hairs (the

longest in each seedling) were measured to examine the

effect of the different treatments on the plant
20 °organs.

13.1.4. Histochemical) Observation
Peach pollen tubes that were grown with or

without CBD were washed from the growth media by

25 pelleting for 1 minute at 10,0009 fixed overnight
using 4% glutaraldehyde in 0.1M phosphate buffer pH
7.4. The pollen tubes were washed with the same
buffer, then carefully resuspended in the same volume
of 4% glutaraldehyde in the same buffer and kept

3o overnight at 4 °C. The pollen tubes were pelleted
again, washed with the same buffer, with distilled
water and then stained with white fluorescent
brightener (calcofluor, 0.1% in 0.1M X,;P0,), to
indicate crystalline cell wall components.

a5 Microscopic observations were made by fluorescent
light microscope (RA Zeiss Oberkochen). Arabidopsis
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13. CBD MDD FI ES THE GROMH OF PLANT TI SSUES
and Met hods 20 13.1. 1. Pl ant Materi al

Fl owers of peach (Prunus persica cv. Texas) wer e obtained froma pl ot
near Rehovot. Anthers collected fromflowers at the first day of

ant hesi s were excised fromthe filanents and dehydrated at 30 25 [err]C
for at | east 24 hours. The pollen rel eased was used fresh or stored at
-20 [err] C. Seeds of Arabidopsis thali ana were obtained fromthe

Uni versity stock. 13.1.2. Pollen Germnation In Vitro 30

13.1. Mnateri al

Poll en grains were germnated in liquid 75 = cultures of 100 [err]l growh
medi um i n each Eppendorf tube. The grow h nedia were nade as fol | ows:
Peach

poll en grains were germnated in growth nedium cont ai ni ng
15% (w/ v) sucrose, 100 [ F%grégB err% 200 1 35 4 h#g/m
MySO err] . 7H[ePFF51&F?852UBr%eFFf§F ( PP [19Y m % er ent
solutions were changed without pelleting.
Peach pollen tubes and Arabidopsis seedlings
g Were examined by immunogold-silver stain (IGGSS) to
indicate CBD attachment to cellulose. The plant
material was first fixed overnight 4% glutaraldehyde
in PBST {(Phosphate buffered saline TWEEN 2™). The
specimens were washed with PBST for one hour, soaked
10 for one hour in 1% skim milk, and then incubated for 1
hour with polyclonal rabbit anti-CBD antibodies
diluted by 1:500 in PBST. The specimens were washed
3X10 minutes in PBST and then incubated for an hour
with goat anti rabbit IgG conjugated with Snm gold
15 particles diluted by 1:100 in PBST. The specimens
were washed 2x10 minutes with PBST and once in water.
A silver stain kit (BioCell Research Laboratories) was
used for final development of the reaction. The
specimens were soaked in the combined solutions of the

20 kit for about 10 minutes and then washed with plenty
of distilled water.

The specimens were observed under
light microscope. '

13.2. Results

25 13.2.1. The Effect of CBD on Pollen Tube

Growth
Figure 19 shows the effect of CBD compared
to BSA (control protein) on pollen tube length.
Different letters indicate statistically significant
30 differences between the pollen tube length values (p <
0.05). It was evident that CBD promoted pollen tube
growth. BSA inhibited pollen tube growth probably by
osmotic effect. In that respect, the results at 50
gg/ml are the most significant where CBD treated

as pollen grains produced pollen tubes almost double the
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concentrati ons of CBD or BSA were added to the tubes.

- 74 - The anpbunts of pollen grains in each tube were
approxi mately 1000. For each treatnent, three

size of that of pollen grains treated with 50 ug/ml
BSA.
In an attempt to determine the mode of
s action of CBD, pollen tubes (CBD treated and control)
were stained with white fluorescent brightener

(calcofluor) to indicate crystalline cell wall

components. Figures 20A and 20B demonstrate that CBD

treated pollen tubes produced non-crystalline pollen

10 tube tips as indicated by the absence of the bright

color at the tip zone. The absence of rigid

crystalline cell wall at the tip zone has the

potential to facilitate elongation. Gold-
immunolabeling of CBD treated pollen tubes (see

35 Figures 21A and 21B) demonstrated that CBD was bound
along the pollen tube but preferably at the tip zone
as indicated by the intensive dark dots at the tip
zone. Again a strong indication that the absence of

rigid crystalline cell wall at the tip 2zone was the

20 result of CBD. A possible mechanism could be that CBD

intercalated with the cellulose fibers while being

formed, thereby inhibiting the crystallization
process.

OL=1a rowW

The effect of CBD on root growth of
Arabidopsis thaliana seedlings was determined, Figure
22. At low concentrations, CBD promoted elongation of
10 roots. At higher concentrations, CBD dramatically
reduced root length whereas similar concentration (100
pg/ml) of BSA had no effect. Different letters
indicate statistically significant differences between
the root length values (<0.05). The effect on shoot
as length revealed a similar trend however, the
differences between the treatments were not dramatic

as for the roots, and not statistically significant.
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repetitions were made. After incubation overnight at 5 25 [err]Cin a dark

chanber, the pollen was exam ned in popul ations of a | east 100 pollen
grains _in each speci nen (300 per treatnent).
13. 1. 3.. Seed CGerm nation 10

Seeds of Arabi dopsis taliana were
washed in distilled water. About 100 seeds per treatnment were

soaked.in 1 m of distilled water in glass culture tubes of 2 cm
di aneter and 10 cmlong. The tubes were placed in a growh chanber in
whi ch t'he tenperature 15 was constant at 264 err] C and photoperiod.-of 16/8

hour s of light/dark respectively. After four days, the |length of
t he seedlings, shoots, roots and root hairs (the | ongest in each
seedling) were nmeasured to exam ne the effect of the different

treatnents on tHeoldoinmpplahejing of CBD treated Arabidopsis
thaliana seedlings (Figure 23) showed that gold-
labeling was restricted to the root and no labeling
5 was shown on the shoot. Arabidopsis thaliana seedling
staining with white fluorescent brightener
{(calcofliuor) showed that only the root is stained
indicating accessible cellulose (Pigufe 24). The
absence of the bright color at the shoot indicates
10 that the stain could not penetrate the waxy cuticle
thus explaining why CBD was effective on the roots and
not on the shoots.
The inhibitory effect on root elongation by
high concentrations (1 x 10® to 1 x 10" ug/ml) of CBD
15 could be explained by a steric hindrance of the
cellulose fibrils thus preventing access of enzymes
such as endo-glucanases or xyloglucantransferases or
other proteins that modulate cell elongation by
loosening the rigid cellulose fibrils network. At low
20 concentrations, CBD could either decrease the
crystallinity of the cell wall or alternatively
interfere with the xyloglucan cellulose interactions
thus preventing crosslinking of the cellulose network.
These results described in this application
25 Clearly demonstrate the usefulness of CBD fusion
proteins for affinity purifications of proteins and
enzymes using cellulose as the insoluble solid matrix.
Furthermore, the CBD fusion products offer a wide
range of potential applications that would be apparent -
30 to one of ordinary skill in view of the above
disclosure, including, but not limited to, affinity
separation methods and use in diagnostic kits.

14. POS OF MICROORG EMS
35 The following were deposited with the
American Type Culture Collection (ATTC), 12301
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13.1.4. Histochem cal Cbservation Peach poll en tubes that
were grown with or w t hout CBD were washed fromthe growth nedia by 25
pelleting for 1 mnute at 10,000g fixed overni ght using 4%

gl ut araldehyde in 0. 1M phosphate buffer pH 7.4. The pollen tubes were
washed with the sane buffer, then carefully resuspended in the sane
volume - of 4% gl utaral dehyde in the sane buffer and kept 30 overnight
at 4 [err]C. The pollen tubes were pelleted agai n, washed with the
same buffer, with distilled wat e, ggd_then stained with white

fl uorescent bri ghtener (calcofluor, 0.1%in 0.1MK[err]PJerr]),
I ndi cate crystalline cell wall conponents.
were made by fluorescent

to
35 M croscopi ¢ observations
| i ght m croscope (RA Zeiss Cberkochen).

Ar abi dopsis Pparklawn Drive, Rockville, MD on April 12, 1993, and
have been assigned: the indicated accession numbers:
s jcroo isms Accession Number
E. coli pCBD-ProAl/2097 69283
E. coli pET-CBD/BL21 (DE3) 69282
E. coli pCBD-Protal 75443
E. coli pET-CBD 75444
10

The invention described and claimed herein
is not to be limited in scope by the specific
embodiments herein disclosed since these embodiments
are intended as illustration of several aspects of the

15 invention. Any equivalent embodiments are intended to
be within the scope of this invention. Indeed,
various modifications of the invention in addition to
those shown and described herein will become apparent
to those skilled in the art from the foregoing

20 description. Such modifications are also intended to
fall within the scope of the appended claims.

It is also to be understood that all base
pair and amino acid residue numbers and sizes given
for nucleotides and peptides are approximate and are

25 used for purposes of description. .

A number of references are cited herein, the

entire disclosures of which are incorporated herein,
in their entirety, by reference.
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- 75 - seedlings were treated in the sane way, however the

sol utions were changed wi t hout pelleting. Peach pol | en t.ubes
and Arabi dopsis seedlings 5 were exam ned by inmunogol d-silver stain
(1GGSS) to i ndi cate CBD attachnment to cellul ose. The pl ant mat eri al
was first fixed overnight 4% gl utaral dehyde

-79 -
International Applicaton No: PCT/

MICROORGANISMS

wrth the mucroorganism referred to on page BB, lines 3-12 of the description

o] 1 Sheet i cor

A. IDENTIFICATION OF DEPOSIT*

Further deposits are Wentified on an additional sheet °’
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in PBST (Phosphate buffered saline TWEEN 2[err]). The speci nens were
washed with PBST for one hour, soaked 10 for one hour in 1% skimmlk, and

then i ncubated for 1 hour with polyclonal rabbit anti-CBD anti bodi es

di luted-by 1:500 in PBST. The speci nens were washed 3X10 mnutes in
PBST and then incubated for an hour W th goat anti rabbit 119G
conjugated with 5nmgold 15 particles diluted by 1:100 in PBST. The

speci nehs were washed 2x10 mi nutes with PBST and once in water. A
silver stain kit (BioCell Research té#oratories) was used for final
devel opment of the reaction. The speci nens were soaked in the conbi ned
solutions of the 20 kit for about 10 m nutes and then washed with plenty

of distilled water. The speci nens were observed under | i ght m croscope.

13. 2. Resul 'pemasional Application No: PCTH 3 D 1. The Effect of CBD on Pollen Tube

Form PCT/RO/134 (cont.)
Ametican Type Cuiture Collection
12301 Packlawn Drive

Rockville. MD 20852
us

Accession No. Date of Deposit
69283 April 12, 1993
75443 Aprit 12, 1993
75444 April 12, 1993

This is the replacement sheet
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G owt h Figure 19 shows the effect of CBD conpared

BSA (control protein) on pollen tube |ength. Different-letters
indicate statistically significant 30 differences between th Ilméhtube
| engt H_val ues (p < 0.05). It was evident that CBEW n tupe
grow h. BSA inhibited pollen tube growth probably by ect

In that respect, the results at 50 [err]g/mM are t |cant

where CBD treated 35 pollen grains produggd pol | en tubes al nost doubl e the

s IM :
1. An isolated cellulose binding domain
s comprising the amino acid sequence depicted in Figure

1.

2. A cellulose binding domain comprising
an amino acid sequence having at least 80% amino acid
10 homology to a contiguous portion of the amino acid
sequence depicted in Figure 1.

3. The cellulose binding domain of claim 1
having a binding affinity to cellulose or chitin

15 characterized by a K, ranging from about 1.5 M to
about 0.5 uM.

4. The cellulose binding domain of claim 3
in'which said cellulose or chitin is crystalline.
20

S. The cellulose binding domain of claim 4
having a K; of 1.2 uM or 1less.

6. The cellulose binding domain of claim 4
25 having a K; of 1.0 uM or less.

7. The cellulose binding domain of claim 2
having at least about 100 amino acids having greater
than 80% amino acid homology to a contiguous portion

30 ©of the amino acid sequence depicted in Figure 1.

8. The cellulose binding domain of claim 2
having at least about 50 amino acids having greater
than 80% amino acid homology to a contiguous portion

35 ©of the amino acid segquence depicted in Figure 1.

H“\“i\“l\l “Il\ ““s‘ “ \!“ Thig is the. replacement sheet
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- 76 - size of that of pollen grains treated with 50 [err]g/m
BSA.

In an attenpt to determ ne the node of 5 action of CBD,
poll en tubes (CBD treated and control) were stained with white
fl uor-escent brightener

(cal cofluor) to indicate crymggk&qggB&ﬁh_lxggl
conponents. Figures 20A and 20B denonstrate that CBD

t ubes produced non-crystalline pollen 10 tube tips as |Hﬂﬂ$ he
absente of the bright color at the tip zone. The a

crystalline cell wall at the tip zone_ hgs Lhe potential to facilitate
el ongati on. Col d-

9. The cellulose binding domain of claim 7
having greater than 90% amino acid homology to a

contiguous portion of the amino acid sequence depicted
s in Figure 1.

10. A recombinant nucleic acid éncoding a
cellulose binding domain comprising the nucleic acid
sequence depicted in Figure 1 or its complement.

10 .

11. A recombinant nucleic acid encoding a
cellulose binding domain comprising a nucleic acid
sequence having at least 60% homology to a contiguous
portion of the nucleic acid seguence depicted in

35 Figure 1 or its complement.

12. The recombinant nucleic acid of claim
10 which is a DNA polynucleotide.

20 13. The recombinant nucleic acid of claim
10 which is a RNA polynucleotide.

14. A polymerase chain reaction kit (PCR)
comprising a pair of primers capable of priming cDNA
25 synthesis in a PCR reaction, in which each primer is a
polynucleotide of claim 12 or its complement.

15. A recombinant nucleic acid comprising a
sequence of at least about 300 nucleotides having
30 greater than 60% homology to a contiguous portion of
the cellulose binding domain. nuclectide sequence
depicted in Figure 1 or its complement.

16. A recombinant nucleic acid comprising a
a5 sequence of at least about 150 nucleotides having

greater than 60% homology to a contiguous portion of

I llllll 1] lllll Il Illl
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I mmunol abeling of CBD treated pollen tubes (see 15 Figures 21A and 21B)
denonstrated that CBD was bound al ong the pollen tube but preferably at
the tip zone as indicated by the intensive dark dots at the tip

zone. "Again a strong indication that the absence of igBlketti §ﬁal plaved
cell wall at the tip zone was the 20 result of CBD. A poss
could be that CBD intercalated with the cellul ose flbe
formed, thereby inhibiting the crystallization process.

13.2. 2. The Effect of CBD on Root and 83 =

Root - Hai r
G ow h The effect of CBD on root growth of Ar abi dopsi s
t hal i ana seedl i ngs was determ ned, Figure 22. At Iom/concentrations
CBD pronoted el gngatian of ncentrations,
dramatical |y Ohg Oic‘}e""d’ sreo&‘mldé‘ﬁ’gt %%ﬁé’f’e%‘gg tFéF tBAReATT at i on (100

deplcted in Figure 1 or its complement.

5 17. A recombinant nucleic acid of claim 15
or 16 having greater than 80% homology to a contigquous
portion of the cellulose binding domain nucleotide
sequence depicted in Figure 1 or its complement.

10 18. Plasmid pET-cellulose binding domain as
deposited with the ATCC.

19. A recombinant vector comprising a
nucleotide sequence encoding a cellulose binding
1s domain of claim 1, 2, 8, 9 or 10.

20. A host cell transfected with a
recorbinant vector of claim 19.

20 21. Recombinant E. coli pET-cellulose

binding domain/BL21(DE3) as deposited with the ATCC
having accession No. 69282.

22. A cellulose binding domain fusion
25 Pprotein comérising a cellulose binding domain and a
second protein, said cellulose binding domain
comprising the amino acid sequence of Figure 1.

23. The cellulose binding domain fusion
3p pProtein of claim 22 in which the second protein is
Protein A, heparinase or an enzyme capable of

degrading an environmental pollutant.

24. The cellulose binding domain fusion
3 Pprotein of claim 22 in which the second protein is an

This is the replacement shect
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[err]g/m) of BSA had no effect. Different

statistically significant differences between
(<0.05). The effect on shoot

t he
t he roots,
- 77 - .

10

1s

20

25

30

|etters i ndi cat e

the root. | ength val ues
| ength revealed a simlar trend however

» di fferences between the treatnents were not d

T i
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HSP protein, HSP antibody, cross-reactive HSP-related
protein or peptide, or an antigenic protion thereof.

25. The cellulose binding domain fusion

protein of claim 22 in which said second protein is a
recombinant antibody.

26. The cellulose binding domain fusion

protein of 25 comprising cellulose binding domain-v,-
v“- .

27. The cellulose binding domain fusion
brotein of claim 22 in which

said second protein is a
hormone.

28. The cellulose binding domain fusion

protein of claim 22 in which said second protein is an
enzyme.

-

29. The cellulose binding domain fusion

protein of claim 22 in which said second protein is

selected from the group consisting of Protein A,
Protein G, streptavidin, avidin, Tag polymerase, non-
Taq polymerases, alkaline phosphatase, RNase, DNase,
restriction enzymes, peroxidases, glucanases,
chitinases, beta and alfa glucosidases, beta and alpha
glucoronidases, amylase, transferases, beta-lactamase,
non-beta lactamase antibiotic modifying and degrading
enzymes, luciferase, esterases, lipases, proteases,
bacteriocines, antibiotics, 'enzyme inhibitors, growth
factors, hormones, receptors, membranal proteins,
nuclear proteins, transcriptional and translational
factors and nucleic acid modifying enzymes.

This is the replacement sheet
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Gol d-i mmunol abeling of CBD treated Arabi dopsis t hal i ana seedl i ngs
(Figure 23) showed that gol d- | abel ing was restricted to the root and no
| abel i ng was shown on the shoot. Arabidopsis thaliana seedling

staining with white fluorescent brightener (cal cof | uor rhistvewers bk

the root is stained I ndi cating accessi ble cellul ose (Fi .
absence-of the bright color at the shoot indicates 10 that le
not penetrate the waxy cuticle t hus expl ai ni ng why CBD'W on
t he roots and not on the shoots. . gg - The inhibitory effect on
root el ongation by hi gh concentrations (1 x 10[err] to 1 x 10[err]
[err]g/m) of CBD 15 could be explained by a steric hindrance of the
cellulose fibrils thus preventing access of enzynes such as
endo- gl ucanases or xyl ogl3®anflassfidr pced lulose binding domain-

ProtAl as deposited with the ATCC.

s 31. A recombinant vector comprising a
nucleotide sequence encoding a cellulose binding
domain fusion protein of claim 22 or 23.

32. Recombinant E. coli pcellulose binding
10 domain-ProtA1/2097 as deposited with the ATCC, having
Accession No. 75443.

33. A method for the production of a

cellulose binding domain fusion product comprising:

15 (a) providing nucleit acid encoding
the cellulose binding domain fusion product, said
cellulose binding domain fusion product comprising a
cellulose binding domain and a second protein, said
cellulose binding domain being capable of binding

20 ¢ellulose or chitin with a high affinity and being
substantially free of other proteins with which it is
naturally associated, and said second protein
comprising N-terminal and C-terminal ends;

(b) transfecting a host cell with said
2s nucleic acid; and
' (c) culturing the transformed host
cell under conditions suitable for the expression of
sajid cellulose binding domain fusion product.

30 34. The method of claim 33 in which said
nucleic acid further encodes for a cleavage site
upstream of the N-terminal amino acid of said second

protein of said cellulose binding domain fusion
product.

ﬂmmmwwmmmmmmt
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ot her proteins that nodul ate cell elongation by
cellulose fibrils network. At |low 20 concentrations,

| oosening the rigid

CBD coul d either
decrease the crystallinity of the cell wall or alternatively
interfere with the xyl ogl ucan cel | ul ose |nteract|on51m$mﬁ@3§une
crosslinking of the cellul ose network.
described in this application 25 clearly denonstrate iﬂ of CBD
fusi on proteins for affinity purifications of prot nzymes
using cellul ose as the insoluble sol+ds@atri x. Furthernnre, t he CBD
fusion products offer a w de range of potential applications that would
be apparent

di scl osur e,

30 to one of ordinary skill in view of the above
including, _but not limted to, affinity

. _Separation nethods
and use in diagnostic RPts The method of claim 33)/4n wphicly Fadd

M CROORGANI ShBcléfc acid furthdhecenaddesi fuy viereleopesd tsdttani th t he

190

15

20

25

30

as

downstream of the C-terminal amino acid of said second

protein of said cellulose binding domain fusion
product.

36. The method of claim 33 in which said
nucleic acid further encodes for a first cleavage site
upstream of said N-terminal amino acid of said second
protein of said cellulose binding domain fusion
product and a second cleavage site downstream of said
C-terminal amino acid of said second protein of said
cellulose binding domain fusion product. '

37. A method of purifying a cellulose
binding domain fusion product comprising:

(a) contacting a mixture comprising a
recombinant cellulose binding domain fusion product
with an effective amount of cellulose under conditions
suitable for the formation of an insoluble binding
complex comprising cellulose and said recombinant
cellulose binding domain fusion product;

(b) isolating said insoluble

cellulose—~cellulose binding domain fusion product
binding complex; and

(¢} recovering said cellulose binding
domain fusion product from said insoluble cellulose-

cellulose binding domain fusion product binding
complex.

38. The method of claim 37 in which said
cellulose is replaced by chitin.

39. The method of claim 37 or 38 in which
said recovery comprises exposing said insoluble

AR AR VR

s the replacement sheet
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Anerican Type Culture Collection (ATTC), 12301
- 78 - Par kl awn Drive, Rockville, NMD on April 12, 1993, and
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cellulose-cellulose binding domain fusion product
binding complex to a releasing reagent and_isolating

the released cellulose binding domain fusion product
s from said cellulose or chitin.

40. The method of claim 39 in which said
releasing reagent comprises 6 M urea or 6 M guanidine-

HCl.
10
41. The method of claim 34, 35 or 36 which
further comprises exposing said cellulose binding
domain fusion product to a cleavage agent capable of
cleaving said first or second cleavage site or both.
15

42. The method of claim 41 in which said
cleavage agent is an enzyme.

43. The method of claim 41 in which said
20 Cleavage agent is a chemical cleavage agent.

44. The host cell of claim 20 which is a
bacterial host cell. '

25 45. The host cell of claim 20 which is a
mammalian host cell.

46. A diagnostic kit for the detection of a
substance of interest comprising:

30 (a) a cellulose binding domain fusion
product comprising (i) a cellulose binding domain
capable of binding to cellulose with high affinity and
substantially free of other proteins with which it is
naturally associated, and (ii) a second protein

35 capable binding a substance of interest;

(b) a detectable label; and

This is the replacement sheet
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have been assigned the indicated accession nunbers:

M cr oor gani snms
Accessi on Nunber E. coli pCBD- ProAl /2097 69283 E
coli pET-CBD/ BL21 (DE3) 69282 E. coli pCBD—ProtAI
75443 B. coli pET-CBD
The irivention described and clained herein i s nd@‘see 85§g%Rclcw
scope by the specific enbodi nents herein discl ose \Eﬁ
enbodi nment s are intended as illustration of sever he 15

i nvention. Any equival ent enbodi nents §4f i nt ended to be within the
rno

scope .of this invention. I|Indeed, us nodifications of the invention
in addition to t hose shown and descri bed herein will becone apparent

to those skilled in the art fromthe foregoing 20 description. Such

modi fications are also intefd¢d tellulose.

47. The diagnostic kit of claim 46 in which
g said cellulose is replaced by chitin.

48. The diagnostic kit of claim 46 or 47 in
which said second protein is Protein A, or an enzyme.

10 49. The diagnostic kit of claim 46 or 47 in
which said second protein is an HSP protein, HSP

antibody, HSP-related protein, peptide or antigenic
portion thereof.

15 50. The diagnostic kit of claim 46 or 47 in
which said cellulose binding domain fusion product
further comprises a ligand affiﬁity bound to said
second protein, said ligand capable of binding said
substance of interest.

20

51. The diagnostic kit of claim 50 in which
said ligand is an antibody.

52. An immunoassay method of detecting the
25 presence of a substance of interest in a test sample
comprising:

(a) incubating a test sample, which
may contain a substance of interest, with a sufficient
amount of a cellulose binding domain fusion product

3¢ comprising (i) a cellulose binding domain capable of
binding to cellulose with high affinity and

substantially free of other proteins with which it is

naturally associated, and (ii) a second protein

capable of binding said substance of interest, under
1 conditions that allow for the binding of said

This is the replacement sheet
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fall within the scope of the appended clai ns.
be understood that all base pair
sizes given

It is also to
and am no acid residue nunbers and

for nucleotides and peptides are appribsishet Bas®ash pReed 25
used for purposes of description. A nunb es are
cited herein, the entire disclosures of which are ﬁ'mqmgm,uﬁmerei n,
in thei,r entirety, by reference. '

- 89 -

substance of interest to said second protein of said
cellulose binding domain fusion product;
{b) adding an amount of cellulose
5 effective to bind the amount of said cellulose binding
domain fusion product used in step (a) to provide an
insoluble cellulose-cellulose binding domain fusion
product binding complex;

(c) separating said insoluble
10 ¢Cellulose-cellulose binding domain fusion product
binding complex from unbound components;

(d) incubating said insoluble
cellulose-cellulose binding domain fusion product
binding complex with a sufficient amount of a

15 Getectable label, said label capable of binding to
said substance of interest; and

(e) separating said insoluble
cellulose-cellulose binding domain fusion product
binding complex of step (d) from unbound components

20 @&and determining the presence or absence of said label,
to provide an indication of the presence or absence of
said substance of interest in said test sample.

53. A method of detecting the presence of a
25 substance of interest in a test sample comprising:
(a) contacting a test sample, which
may contain a substance of interest, with an insoluble

matrix capable of immobilizing said substance of
interest;

30 (b) incubating said insoluble matrix
with a sufficient amount of a cellulose binding domain

fusion product comprising (i) a cellulose binding
domain capable of binding to cellulose with high
affinity and substantially free of other proteins with
35 which it is naturally associated, and (ii) a second
protein capable of binding said immobilized substance

This is the replacement shest
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of interest, under conditions that allow for the
binding of said immobilized substance of interest to

said second protein of said cellulose binding domain
fusion product;

(c) separating sadaid insoluble matrix
of step (b) from unbound components;

(é) incubating said insoluble matrix
of step (c) with a detectable label capable of binding
said substance of interest or said cellulose binding
domain fusion product under conditions that allow for
the binding of said label to said substance of

interest or said cellulose binding domain fusion
product; and

(e) separating said insoluble matrix
of step (d) from unbound components and determining
the presence or absence of said label, to provide an
indication of the presence or absence of said
substance of interest in said test sanple.

54. The method of claim 53 which further

comprises (i) contacting said insoluble matrix of step
{c) with a sufficient amount of cellulose under
conditions that allow for the binding of said
cellulose to said cellulose binding domain fusion
product to form a cellulose-cellulose binding domain
fusion product binding complex, and (ii) separating
said insoluble matrix of step (i) from unbound
components, including unbound cellulose.

$5. The method of claim 54 in which said
label is capable of binding said substance of interest
or said cellulose-cellulose binding domain fusion
protein binding complex.

This is the replacemsnt shest

~
- i
Dater b JAN 1997

R O



Address of depositary institution including postal code and country) 12301
Par kl awn Drive Rockville, M 20852 US Date of deposit April 12, 1993

Accessi on Nunmber 69282 B. ADDI TI ONAL | NDI CATI ONS C. DESI GNATED
STATES FOR WWHI CH | NDI CATI ONS ARE MADE This Sheet Has Been Repl

T

-91 o

$6. The method of claim 55 in which said
label is capable of binding to the cellulose of said

cellulose-cellulose binding domain fusion protein
s binding complex.

57. The method of claim 52, 53 or 55 in
which said test sample comprises a bodily fluid.

10 58. The method of claim 52 or 54 in which
said cellulose is replaced by chitin.

58. The method of claim 53 or 54 in which
said insoluble matrix is an electrophoresis gel blot.

is
60. The method of claim 52, 53 or 54 in
which said substance of interest is a protein or
peptide and said second protein is an antibody against
said protein or peptide.

20

61. The method of claim 52, §3 or 54 in
which said substance of interest is an antibody and
said second protein is Protein A.

25 62. The method of claim 52 or 54 in which
said substance of interest comprises a biotinylated
probe bound to a protein, peptide, hormone, nucleic
acid or other probe-targetable molecule and said
second protein is streptavidin.

30

63. The method of claim 52, 53 or 54 in
which said label comprises a radioisotope, a
fluorescent molecule or an enzyne.

35 64. The method of claim 56 in which said

label comprises a cellulose binding domain fusion

This is the replacement sheet
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product comprising cellulose binding domain and
alkaline phosphatase.

s 65. The method of claim 56 in which said
label comprises a cellulose binding domain fusion

product comprising cellulose binding domain and horse
radish peroxidase.

10 66. The method of claim 64 or 65 which
further comprises adding a sufficient amount of a
substrate for said enzyme, which substrate is

converted by said enzyme to a detectable compound.

15 67. The method of claim 52 in which step
(d) is performed by incubating said insoluble
cellulose~cellulose binding domain fusion product
binding complex with a sufficient amount of a
detectable label comprising a labeled substance of

20 interest, said label capable of binding to any second
protein of said cellulose binding domain fusion
product°which remains unbound tc said substance of
interest, and in which step (e) is performed by
separating said insoluble cellulose-cellulose binding

25 domain fusion product binding complex of step (d) from
unbound components and comparing the signal observed

from said test sample relative to the signal observed
from a control sample.

30 68. The method of claim $2 in which said

cellulose binding domain fusion product is included in
a dip stick.

69. A dip stick useful in detecting a
35 sSubstance of interest in a test sample comprising a
cellulose binding domain fusion product, said

e This is the repiacement sheet
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cellulose binding domain fusion product comprising (i)
a cellulose binding domain capable of binding to
cellulose with high affinity and substantially free of
other proteins with which it is naturally associated,

and (ii) a second protein capable of binding a
substance of interest.

70. The dip stick of claim 69 in which said
second protein is selected from the group consisting
of Protein A, HSP protein, HSP antibody, cross-
reactive HSP-related protein or peptide or an
antigenic portion thereof, an enzyme, hormone,
antigen, and antibody.

71. A signal amplification system
comprising:

(a) a first cellulose binding domain
fusion product comprising (i) a cellulose binding
domain capable of binding to cellulose with high
affinity and substantially free of other proteins with
which it is naturally associated, and (ii) a second
protein capable of binding a chimeric probe, said
probe further capable of binding a substance of
interest; and

(b) a second cellulose binding domain
fusion product comprising (i) a cellulose binding
domain capable of binding to cellulose with high
aftfinity and substantially free of other proteins with -
which it is naturally associated, and (ii) an enzyme

capable of acting on a substrate to produce a
detectable compound.

72. A signal amplification system
comprising:

This is the replacement sheet
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{(a) a cellulose binding domain fusion
product comprising (i) a cellulose binding domain
capable of binding to cellulose with high affinity and

s substantially free of other proteins with which it is
naturally associated, and (ii) a second protein
capable of binding a chimeric probe, said probe

further capable of binding a substance of interest;
and

10 (b) labeled cellulose binding domain,
. said cellulose binding domain retaining its capacity
to bind to cellulose with high affinity and

substantially free of other proteins with which it is
naturally associated.

is

73. The signal amplification system of
claim 71 or 72 which further comprises said probe.

74. The signal amplification system of

20 ¢claim 71 or 72 which further comprises pebble-milled
cellulose.

75. The signal amplification system of

. claim 71 or 72 in which said probe is biotinylated and
25 sSaid second protein is streptavidin.

76. The signal} amplification system of
claim 71 or 72 in which said enzyme is selected from

the group consisting of alkaline phosphatase and horse
39 radish peroxidase.

77. The signal amplification system of
claim 72 in which said label comprises a radioisotope,
a fluorescent molecule or an enzyme.

I
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78. A drug delivery system comprising
cellulose binding domain associated with a drug, said
cellulose binding domain retaining its capacity to
bind to cellulose with high affinity and substantially
free of other proteins with which it is naturally

associated.

79. The drug delivery system of claim 80 in

which said drug is

conjugated to said cellulose

binding domain either directly or through a linker

moiety.

80. The
which said drug is

81. The
which said drug is
of Amphotericin B,
Clotrimazole.

82. The
which said drug is

83. The

drug delivery system of claim 78 in
an antifungal agent.

drug delivery system of claim 78 in
selected from the group consisting
Nystatin, Undecylenic Acid, and

drug delivery system of claim 78 in
an imidazole.

drug delivery system of claim 78

vhich may be administered parenterally, orally,
topically or by inhalation. '

84. The drug delivery system of claim 78
vwhich may be administered intranasally, opthalmically

or intravaginally.

85. The drug delivery system of claim 78
which is in the form of a solid, gel, liquid or

aerosol.

This is the replacement sheet

A, O R A pate: = B JAN 1097



- 81- 1. An isol ated cel |l ul ose binding domain conprising the
am no acid sequence of 5 the cellul ose binding donmain expressed by the
vector having the ATCC Accession No. 75444, TthSheetHaABeenRe
i sol ated cel | ul ose bi ndi ng domai n conprising an ani no aci d

having at | east 80% am no acid honology to a contiguous port' EM@ i"
am no acid sequence of the cellul ose binding domain expresse

vect or Jhaving the ATCC Accession Np.ggR2444. 15 3. The
cel l ul ose binding domain of claiml having a binding affinity to

cellulose or chitin characterized by a Klerr] ranging fromabout 1.5 [err]M
to about 0.5 r[err]M '

_ 86. The drug delivery system of claim 78 in
which said drug is effective against a disease or
infection caused by a yeast or fungal agent whose

s cellular membrane contains a cellulosic or chitinic
substance.

87. . The drug delivery system of claim 86 in
which said agent is Aspergillus fumigatus, a member of
30 the genus Candida or Monilia, or an epidermatocyte.

This is the replacement sheet
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4. The cel | ul ose binding domain of claim3 in which said cellul ose or
chitinis 20 crystalline. 5. The cel | ul qﬁlxsasﬁ)eietr}gi ng domain

of claim4 having a Klerr] of 1.2 [err]Mor Iess. 25 as Been Replacgh e
cel l ul ose binding domain of claim4 having a Klerr] of 1. Mmﬁﬂﬂ I,IMSS.
7. The cel | ul ose binding domain of claim2 having at |

am no 30 acids having greater than 80% am no acid honology to a conti guous
portion-of the am no aci d sequence 097the cel |l ul ose bi ndi ng domain
expressed by the vector having the ATCC Accessi on No. 75444.

Abstract

CELLULOSE BINDING DOMAIN

A cellulose binding domain (CBD) having a high affinity for
crystalline cellulose and chitin is disclosed, along with methods
for the molecular cloning and recombinant .production thereof.
Fusion products comprising the CBD and a second protein are
likewise described. A wide range of applications are
contemplated for both the CBD and the fusion products, including
drug delivery, affinity separations, and diagnostic techniques.

(No appropriate figure)
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35 8. The cel I ul ose binding domain of claim2 having at | east
about 50 am no aci ds having greater than 80% am no acid honology to a
contiguous portion of the am no
- 82 aci d sequence of the cellul ose binding domain expressed by the
vect ar having the ATCC Accessi on No. 75444, 5 9. The
cel l ul ose binding domain of claim7 having greater than 90% am no acid
honol.ogy to a contiguous portion of the am no acid sequence of the

cel l ul ose bindi ng domai n expressed by the vector having the ATCC
Accession No. 75444, 1726

10 20 30 40 30

GCA GCG ACA TCA TCA ATG TCA GTT GAA TTT TAC AAC TCT AAC AAA TCA GCA CAA

CGT CGC TGT AGT AGT TAC AGT CAA CTT AAA ATG TTG AGA TIG TTT AGT CGT GIT

Alo Alo Thr Ser Ser Met Ser Vol Glu Phe Tyr Asn Ser Asn Lys Ser Alg Gind
10

60 70 80 90 100

ACA AAC TCA ATT ACA CCA ATA ATC AAA ATT ACT AAC ACA TCT GAC AGT GAT TTA -
TGT TTG AGT TAA TGT GGT TAT TAG TTT TAA TGA TIG TGT AGA CTG TCA CTA AAT

Thr Asn Ser Ile Thr Pro Ite [ie Lys 1le Thr Asn Thr Ser Asp Ser Asp Lew>
20 30

110 120 130 140 150 160

AAT TTA AAT GAC GTA AAA GTT AGA TAT TAT TAC ACA AGT GAT GGT ACA CAA GGA

TIA AAT TTA CTG CAT TTT CAA TCT ATA ATA ATG TGT TCA CTA CCA TGT GTT CCT

Asn Leu Asn Asp Val Lys Val Arg Tyr Tyr Tyr Thr Ser Asp Giy Thr Gin Gly>
40 50

170 180 190 200 - 210
CAA ACT TIC TGG TGT GAC CAT GCT GGT GCA TTA TTA GGA AAT AGC TAT GTT GAT
GTT TGA AAG ACC ACA CTG GTA CGA CCA CGT AAT AAT CCT TTA TCG ATA CAA CTA
Gin Thr Phe Trp Cys Asp His Alo Giy Alo Leu Leu Gly Asn Ser Tyr Vol Asp>
60 70
220 230 - 240 250 260 270
AAC ACT AGC AAA GTG ACA GCA AAC TTC GTT AAA GAA ACA GCA AGC CCA ACA TCA
TIG TGA TCG TTT CAC TGT OGT TG AAG CAA TTT CTT TGT CGT TCG GGT TGT AGT

Asn Thr Ser Lys Vol Thr Alao Asn Phe Vol Lys Glu Thr Ala Ser Pro Thr Ser>
80 90

FIG.1A
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10 10. An isol ated nucleic acid encoding a cellul ose binding domain

conprising the nucl ei ¢ acid sequence of the cellul ose binding domain
expressed by the vector having the ATCC Accession No. 75444 or its
conpl enent . 15 11. An isol ated nucl eic acid encoding a cellul ose
bi ndi g domai n conprising a nucl ei ¢ acid sequence having at | east 80%
honol ogy to a contiguous portion of the nucleic aci d sequence expressed
by the vector having the ATCC Accession No. 75444 or its conpl enent .

20 . 12. The i sol ated mﬂaféé acid of claim10 which is a DNA

pol ynucl eot i de.

280 290 300 310 320

ACC TAT GAT ACA TAT GTT GAA TTT GGA TTT GCA AGC GGA CGA GCT ACT CTT AAA

TGG ATA CTA TGT ATA CAA CTT AAA CCT AAA CCT TCG CCT GCT CGA TGA GAA TTT

Thr Tyr Asp Thr Tyr Vol Glu Phe Gly Phe Ala Ser Gly Arg Ala Thr Leu Lys>
100

330 340 350 360 370
AAA GGA CAA TTT ATA ACT ATT CAA GGA AGA ATA ACA AAA TCA GAC TGG TCA AAC

TTT CCT GTT AAA TAT TGA TAA GTT CCT TCT TAT TGT TTT AGT CTG ACC AGT TIG

Lys Gly Gin Phe [te Thr 1le Gin Gly Arg Ile Thr Lys Ser Asp Trp Ser Asn>
110 120

380 390 400 410 420 430
TAC ACT CAA ACA AAT GAC TAT TCA TTT GAT GCA AGT AGT TCA ACA CCA GIT GTA

ATG TGA GTT TGT TTA CTG ATA AGT AAA CTA CGT TCA TCA AGT TGT GGT CAA CAT
Tyr Thr Gin Thr Asn Asp Tyr Ser Phe Asp Alo Ser Ser Ser Thr Pro Yol Val>

130 140
440 450 460 470 480
AAT CCA AAA GTT ACA GGA TAT ATA GGT GGA GCT AAA GTA CTT GGT ACA GCA CCA

TTA GGT TTT CAA TGT CCT ATA TAT CCA CCT CGA TTT CAT GAA CCA TGT CGT GGT

Asn Pro Lys Vol Thr Gly Tyr [le Gly Gly Alo Lys Val Leu Gly Thr Ala Pro>
150 ’ 160

FIG.1B
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13. The isolated nucleic acid of claim10 which is a RNA pol ynucl eoti de.

25 14. A pol ynerase chain reaction kit (PCR) conprising a
pair of, priners capable of primng cDNA synthesis in a PCR reaction, in
whi ch each prinmer is a polynucl eotide of claim12 or its conplenent. 30
15. An isol ated nucleic acid conprising a sequence of at |east about 300
nucl eoti des having greater than 80% honol ogy to a contiguous portion of the
cel | ul ose bi ndi ng domai n nucl eotj de sequence expressed by the vector

havi ng the ATCC Accession 35 No. 754%Z6r its conpl enent.
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- 83 - 16. An isol ated nucleic acid conprising a sequence of
at | east about 150 nucl eoti des havi ng greater than 80% honol ogy to a
contiguous portion of the cellul ose bi ndi ng domai n nucl eoti de sequence
expressed by the vector having the ATCC Accession No. 75444 or its
conplenent. 5 17. An isol ated nucleic acid of claim15 or 16
havi ng greater than 80% honol ogy to a conti guous portion of the
cel |l ul ose bi ndi ng domai n nucl eoti de sequence expressed by the vector
havi ng the ATCC Accession No.4§§ﬁ§4 or its conplenent. 10 18.
Pl asm d pET-cel | ul ose binding in as deposited with the ATCC.

FIG.3
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15 19. A reconbi nant vector conprising a nucl eotide sequence

encodi ng a cel |l ul ose bi ndi ng domain of claiml1, 2, 8, 9 or 10.

20. A host cell transfected with a reconbi nant vector of claim 19. 20

21. , Reconbinant E. coli pET-cellul ose binding donmai n/BL21 (DE3) as
deposited with the ATCC having accessi on No. 69282. 25 22. A

cel l ul ose bi ndi ng domain fusion protein conprising a cellul ose binding
dormai.n and a second protein, said cellulose binding domain conprising the

am no* acid sequence expressed by_the vector having the ATCC Accession
No. 75444. 5726

®
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- TIME (min)
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30

in which the second

23.

The cel | ul ose bindi ng domain fusion protein of claim22
protein is Protein A, heparinase or an enzyne

capabl e, of degradi ng an environnental

- 84 -

claim 22 in which the second
cross-reactive HSP-rel ated protein or

t her eof »

24.

pepti de, or
6/26
1 ¥
O O <r
aao

pol | ut ant . 35
The cel | ul ose bi ndi ng domain fusion protein of
protein is an HSP protein,

HSP anti body,
an antigenic portion
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5 25. The cel | ul ose bindi ng domain fusion protein of claim22

in which said second protein is a reconbi nant anti body. 10 26.
The cel l,ul ose bi nding domain fusion protein of 25 conprising cellul ose
bi ndi ng domai n-V[err]-Vjerr]. 27. The cel | ul ose bi ndi ng
domain fusion protein of claim22 in which said 15 second protein is a
hor none.. 28. The cel |l ul ose bi ndi ng domai n fusion protein of

claim?22¢«in which said

7/26

[PCin uM

FI16.6
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second protein is an enzyne. 20 29. The cel | ul ose bi ndi ng
domain fusion protein of claim22 in which said second protein is
selected fromthe group consisting of Protein A, Protein G streptavidin,
avi din, Taq pol ynerase, non-Taq pol ynerases, al kaline phosphatase, RNase,
DNase, 25 restriction enzynes, peroxidases, glucanases, chitinases, beta
and al pha gl ucosi dases, beta and al pha gl ucoroni dases, anyl ase,
transferases, beta-|actamse, non-beta | actamase, anti biotic nodifying
and degradi ng enzynes, |uciferase, esterases, |ipases, proteases,
bacteriocides, antibiotics, enzynme inhibitors, gromh factors, hornones,
receptors, menbr anal proteins, nuclear proteins, transcriptional and
transl ational factors and nucleic 30 acid nodifying enzynes.

30. Pl asm d pcel | ul ose bi ndi ng dggg%n-ProtAl as deposited with the ATCC

{

15
1/[P] (uM)

FIG.7

1/[pc]
(M)
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35 31. A reconbi nant vector conprising a nucl eotide sequence
encodi ng a cel |l ul ose bi ndi ng domai n fusion protein of claim22 or 23.

- 85 - 32. Reconbi nant E. coli pcellul ose binding
domai n-Prot Al / 2097 as deposited with the ATCC, having Accession No.
75443. 5 33. A nmet hod for the production of a cellul ose
bi ndi ng, domai n fusi on product conpri si ng:
9726
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(a) provi di ng nucleic acid encoding the cellul ose binding domain fusion
10 product, said cellulose binding domain fusion product conprising a

cel l ul ose bi ndi ng dormai n and a second protein, said cellulose binding
dormai n bei ng capabl e of binding cellulose or chitin with a high

affinity and being substantially free of other proteins with which it
is naturally associ at ed, and

and said second protein conprising N-term na
C-term mal ends; 15 (b) transfecting a host cell with
said nucleic acid; and

(c) culturing the transforned
host cell under conditions suitable for the expression of said
cel l ul ose bi nding domai n fusion product. 20 34. The net hod of
claim 33 in which said nucleic acid further

encodes for a cl eavage site
upstream of the N-term na

am no acid of said second protein of said
cel | ul ose bi ndi ng domai n fusion product. 25

10726
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35. The met hod of claim33 in which said nucleic acid further encodes for
a cl eavage site downstreamof the C-termnal amno acid of said second
protein of said cel l ul ose bi nding domai n fusion product. 30

36. The met hod of claim33 in which said nucleic acid further encodes for
a first cl eavage site upstreamof said N-termnal amno acid of said
second protein of said cel I ul ose bi ndi ng domai n fusion product and a
second ct eavage site downstream of said C 35 termnal am no acid of said
second protein of said cellulose binding domain fusion product.

- 86 - 37. A net hod of {qu2dyi ng a cellul ose binding donain
fusi on product

Thié is the replacemeant shest
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conpri si ng: (a) contacting a mxture conprising a
reconbi nant cel |l ul ose binding 5 domain fusion product with an effective

amount of cellul ose under conditions suitable for the formation of an
i nsol ubl e binding conpl ex conprising cellulose and said reconbi nant
cel l ul ose bindi ng domai n fusion product; (b) isolating
sai d insol uble cellul ose-cellul ose binding domain fusion 10 product binding
conpl ex;s and (c) recovering said cellul ose binding
domai n fusion product fromsaid i nsol ubl e cel | ul ose-cel | ul ose bi ndi ng
domai n fusi on product binding conpl ex. 15 38. The net hod of
claim37 in which said cellulose is replaced by chitin.

12/26

MULTIPLE COPIES OF CBD-AP OR
 CBDHRP |

CELLULOSE

G s s v ¢ &

CBD STEPTAVIDIN
BIOTINYLATED-PROBE

PROTEIN, HORMONE OR
NUCLEIC ACID

STAINED OR FLUORESCENT CELLULOSE

CBD-STREPTAVIDIN

BIOTINYLATED-PROBE

PROTEIN, HORMONE OR
NUCLEIC ACID

FIG. 11
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39. The nethod of claim37 or 38 in which said recovery conpri ses
exposi ng 20 said insoluble cellulose-cellulose binding domain fusion

product binding conplex to a rel easi ng reagent and isolating the

rel eased cel |l ul ose bindi ng domain fusion product from said cel | ul ose or
chitin. 25 40. The met hod of claim39 in which said rel easing
reagent _conprises 6 M urea "or 6 M guani di ne-HO . 41.

The nethod of claim 34, 35 or 36 which further conprises exposing said 30
cel l ul ose bi nding domain fusion product to a cleavage agent capabl e of
cleaving said first or second cl eavage site or both.

13726

MULTIPLE COPIES OF CBD-AP
OR CBD-HRP

CELLULOSE

7 s s 90 % o o ev 0 o

CBD-ProtA

PRIMARY IgG
PROTEIN OR HORMONE

- STAINED OR FLUORESCENT CELLULOSE

ONONONUNNNYN NN

S 2SI SN Y T Ry S A SN . S
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CBD-ProtA

PRIMARY IgG
PROTEIN OR HORMONE
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42. The nethod of claim4l in which said cleavage agent is an enzyne. 35
- 87 - 43. The nmethod of claim41l in which said cl eavage agent

is a chemcal cleavage agent . 5 44, The host cell of claim
20 which is a bacterial host cell.

14726

kDa. a b ¢ d
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45. The host cell of claim20 which is a manmal i an host cell. 10

46. A diagnostic kit for the detection of a substance of interest
conpri si ng: (a) a cel lul ose binding domai n fusion
product sconprising (i) a cellul ose bi ndi ng domai n capabl e of binding to

cellulose with high affinity and substantially free of 15 other proteins
with which it is naturally associated, and (ii) a second protein capable
bi ndi ng a substance of interest; (b) a
det ect abl e | abel ; and 20 (c) cel I ul ose.

15726

FIG.14A
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47. The diagnostic kit of claim46 in which said cellulose is replaced by
chitin. 25 48. The diagnostic kit of claim46 or 47 in which
said second protein is Protein A, or an enzyne. 30 49. The
di agnostsic kit of claim46 or 47 in which said second protein is an HSP
protein, HSP anti body, HSP-related protein, peptide or antigenic portion

t her eof , 50. The diagnostic kit of claim46 or 47 in which
sai d cel-l ul ose bi nding donain 35 fusion product further conprises a-ligand
affinity bound to said second praotein, said |Iigand

16/26

FI1G.14B
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capabl e of binding said substance of
- 88 - 51.
ligand i s an anti body. 5 52.

the presence of a substance of interest

I nt erest.
The diagnostic kit of claim50 in which said

An i mmunoassay net hod of detecting
in a test sanple conpri sing:

{7726
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(a) i ncubating a test sanple, which may contain a substance of interest,
with a sufficient anmount of a cellul ose binding domain fusion product
conprising (i) a 10 cellul ose binding donmai n capable of binding to
cellulose with high affinity and substantially free of other proteins
with which it is naturally associated, and (ii) a second protein capable
of binding said substance of interest, under conditions that allow for the

bi ndi ng .of said substance of interest to said second protein of said
:cel lul ose bindi ng domai n fusion product ; (b)
addi ng an anount of cellul ose effect|@$ Egzblnd the amount of said
cel | ul ose bi ndi ng domai n fusion produ din step (a) to provide an

i nsol ubl e cel I ul ose- cel l ul ose bi ndi ng domai n fusion product blndlng
conpl ex; 20 (c) separating said insoluble

:cel lul ose-cel |l ul ose bindi ng domain fusion product bindi ng conpl ex from
unbound conponents; - (d) i ncubating said insoluble

cel | ul ose-cel | ul ose bi ndi ng domai n fusion product binding conplex with

a sufficient amount of a detectable |abel, said | abel capable

a b c

CBD
an

FIG.16
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25 of binding to said substance of interest; and (e)
separating said insoluble cellulose-cellulose binding domain fusion
product, bi ndi ng conplex of step (d) from unbound conponents and determ ni ng
t he spresence or absence of said |label, to provide an indication of the
presence or absence of said 30 substance of interest in said test sanple.
53. A- net hod of detecting the presence of a substance of interest in a
test sarple conprising: 35

19726

FIG.17
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- 89 - (a) contacting a test sanple, which may contain
a substance of interest, with an insol uble matrix capabl e of

i mobi |i zi ng said substance of interest; (b) .
i ncubating said insoluble matrix with a sufficient anount of a 5 «cellulose
bi ndi ng domai n fusion product conprising (i) a cellulose binding domain

capabl e, of binding to cellulose with high affinity and substantially
free of ;other proteins with which it is naturally associated, and (ii)
a second protein capable of binding said i mobilized subst ance of

interest, under conditions that allow2i(pf2ghe binding of said imobilized
substance of interest to said second protein of said cellul ose binding

dormai n fusion product; 10 (c) separating said
insoluble matrix of step (b) from unbound conponent s;
(d) i ncubating said insoluble matrix of step (c) with a detectabl e |abel

15 capabl e of binding said substance of interest or said cellul ose binding
domai n fusion

FIG.18
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product under conditions that allow for the binding of said | abel to said
subst ance of interest or said cellul ose binding domain fusion product;

and (e) separating said insoluble matrix of step (d)
from unound 20 conponents and determ ning the presence or absence of said
| abel , to provide an indication of the presence or absence of said
substance of interest in said test sanple. 54. The net hod
of claim 53 which further conmprises (i) contacting said insoluble 25 matrix
of step (c) with a sufficient ampunt of cellul ose under conditions that

allow for the bi nding of said cellulgse to said cellul ose binding

domai n fusion product to forma c@iV@Gse- cel | ul ose bi ndi ng donmai n
fusi on product binding conplex, and (ii) separating said i nsol ubl e
matrix of step (i) from unbound conponents, including unbound cell ul ose.
30 55. The met hod of claim54 in which said | abel is capable of
bi ndi ng sai d substance of interest or said cellul ose-cellulose binding
domai n fusion pr@t@GOn bHi ndi ng
O CeD
O BSA
550 -
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E ab
2
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—
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conpl ex. 35 56. The nmethod of claim55 in which said |abel is

capabl e of binding to the cel lul ose of said cellul ose-cellul ose binding
domai n fusion protein binding conplex.
- 90 -7, ¢ 57. The nethod of claimb52, 53 or 55 in which said test
sanpl e conprises a bodily fl uid.

22/286

FIG.20B
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5 58. The nethod of claim52 or 54 in which said cellulose is
repl aced by chitin. 59. The nmethod of claim53 or 54 in
whi ch said insoluble matrix is an 10 el ectrophoresis gel blot.

60. The nethod of claimb52, 53 or 54 in which said substance of interest

is a . protein or peptide and said second protein is an anti body agai nst
said pretein or peptide. 15 61. The method of claim52,53 or
54 in whi'ch said substance of interest is an anti body and said second

protein is Protein A

23726
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20 62. The met hod of claim52 or 54 in which said substance of
I nterest conprises a bi oti nyl ated probe bound to a protein, peptide,
hor mone, nucleic acid or other probe- targetabl e nol ecul e and sai d
second protein is streptavidin. 25 63. The method of claim
52, 53.0or 54 in which said | abel conprises a radi oi sot ope, a

fl uorescent nol ecule or an enzyne. 30 64. The net hod of claim56
i n which said | abel conprises a cellul ose binding dormai n fusion product
conprising cellul ose binding domain and al kal i ne phosphat ase.

65. The met hod of claim56 in which said | abel conprises a cellul ose

bi ndi ng 35 domai n fusion product conprising cellul ose binding donmain and
horse radi sh peroxi dase.

24/26
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- 91 - 66. The nethod of claim64 or 65 which further

conpri ses adding a sufficient anount of a substrate for said enzyne,

whi ch substrate is converted by said enzyne to a det ect abl e conpound.

5 & 67. The nethod of claim52 in which step (d) is perforned by
I ncubating said i nsol ubl e cel | ul ose-cel | ul ose bi ndi ng domai n fusion
product binding conplex with a sufficient anount of a detectable |abel
conprisi-ng a | abel ed substance of interest, said | abel capabl e of

bi nding to any second protein of said cellulose binding domain fusion

pr oduct 25726

FIG.23
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10 which remai ns unbound to said substance of interest, and in which step

(e) is perforned by separating said insoluble cellul ose-cellulose

bi ndi ng domai n fusion product binding conpl ex of step (d) from unbound
conponer®s and conparing the signal observed from said test sanple
relative to the signal observed froma control sanple. 15 68.
The nmetfood of claim52 in which said cellulose binding domain fusion
product s included in a dip stick. 69. A dip stick useful in

detecting a substance of interest in a test sanple conprising a
cel l ul ose binding domain fusion produc2g ggigd cel l ul ose binding donain
fusion product 20 conprising (i) a cellul ose binding domain capabl e of

binding to cellulose with high affinity and substantially free of other
proteins with which it is naturally associated, and (ii) a second
protei n capabl e of binding a substance of interest. 25 70. The

dip stick of claim69 in which said second protein is selected fromthe
group consisting of Protein A HSP protein, HSP antibody, cross- reactive
HSP-rel at ed

FIG.24
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protein or peptide or an antigenic portion there f OF-ABAG
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antigen, and ant i body. 30
syst em .conpri si ng: é ’ﬁﬁ‘ 08@3& -pdionpaged

domai n fusion product conprising (i) a cel I uI o g° BRaedi-#. @ap@atie&..:
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ot her protermns—wt it is naturally associ 3&?49? (i H)agadseaonphged -

protei n capabl e
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L. An isolated cellulose binding domain comprising the amino acid sequence of
5 the cellulose binding domain expressed by the vector having the ATCC Accession No.
75444,
2. An isolated cellulose binding domain comprising an amino acid sequence

10 having at least 80% amino acid homology to a contiguous portion of the amino acid
sequence of the cellulose binding domain expressed by the vector having the ATCC
Accession No. 75444.

15 3. The cellulose binding domain of claim 1 having a binding affinity to
cellulose or chitin characterized by a K, ranging from about 1.5 uM to about 0.5 ruM.

4, The cellulose binding domain of claim 3 in which said cellulose or chitin is
20 crystalline.

5. The cellulose binding domain of claim 4 having a K, of 1.2 pM or less.

25
6. The cellulose binding domain of claim 4 having a K, of 1.0 uM or less.

7. The cellulose binding domain of claim 2 having at least about 100 amino
30 acids having greater than 80% amino acid homology to a contiguous portion of the amino
acid sequence of the cellulose binding domain expressed by the vector having the ATCC
Accession No. 75444.

35 8. The cellulose binding domain of claim 2 having at least about 50 amino
acids having greater than 80% amino acid homology to a contiguous portion of the amino

—_—
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of binding a chinmeric probe, said probe further capable of binding a
subst ance of interest; and (b) a second

cel l ul ose bi nding domai n fusion product conprising (i) a 5 cellul ose
bi ndi ng domai n capabl e of binding to cel l-ulB@se with high affinity and

subst ant i %&h é%%le{l?é; (}ﬁﬁe %lllﬁa&ed'incﬂéggﬁfggig# é@épiéiség(}%f@w ivEcti)P hﬁﬁﬁg Eh?c!izgcg o

associ at ed, an enzyme ca I Ng on a su

produce aAdeassiondy. @5ééhpound. 10 : A signal anplification
system conpri si ng: (a) a cel lul ose bindi ng domain
fusion product conprising (i) a cellulose bi ndi ng domai n capabl e of
binding to cellulose with high affinity and substantially free of ot her

proteigs with I chpgb cbf ﬁhﬂ%\%ﬁﬁﬁ‘cﬁdﬁd?h lebhter fhaf %nﬂf eqn

capablg of 15 bi ndi % 8 gﬁ?%teﬂrhlrlc rg e,. sald probe téjllret er capabl e 81%0

bi ndi ng abemploey e @ contigueue pedion of the amino acid sequence of the cellulose binding
domain expressed by the vector having the ATCC Accession No. 75444.

10 10.  An isolated nucleic acid encoding a cellulose binding domain comprising the
nucleic acid sequence of the cellulose binding domain expressed by the vector having the
ATCC Accession No. 75444 or its complement. -

15 11.  Anisolated nucleic acid encoding a cellulose binding domain comprising a
nucleic acid sequence having at least 80% homology to a contiguous portion of the nucleic
acid sequence expressed by the vector having the ATCC Accession No. 75444 or its
complement.

20
12.  The isolated nucleic acid of claim 10 which is a DNA polynucleotide.

13.  The isolated nucleic acid of claim 10 which is a RNA polynucleotide.
25

14. A polymerase chain reaction kit (PCR) comprising a pair of primers capable
of priming cDNA synthesis in a PCR reaction, in which each primer is a polynucleotide of
claim 12 or its complement.

30

15.  Anisolated nucleic acid comprising a sequence of at least about 300
nucleotides having greater than 80% homology to a contiguous portion of the cellulose
binding domain nucleotide sequence expressed by the vector having the ATCC Accession

35 No. 75444 or its complement.
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(b) | abel ed cel | ul ose bi ndi ng domai n, said cellul ose binding donmain
retaining its capacity to bind to cellulose with high affinity and
substantially free of other pr ot ei with which it is naturally

associ ated. 20 73. The sigynal anplification systemof claim

71 or 72 whi Cr}é“”ﬂﬂso m.ce% cid co hQnQ ence 6Pat least about 15074 The
S ? el mf?? or %% I'C

signal anplification systemo ! urther conprises
pebbl e- ninktledtides havinggreater tha80% homologysto a configuaysqestionahine cellgeson

syst em ofy;.ci-ai . 7 . i : . . . ar 4
second p rbgfdé?% H‘}léglél?{rugl&%ggg %%Q@bﬁ& SPrdsd B e vector havih@tHe WTATHLRETorS 2l
No. 75444 or its complement.

5

17.  Anisolated nucleic acid of claim 15 or 16 having greater than 80%
homology to a contiguous portion of the cellulose binding domain nucleotide sequence
expressed by the vector having the ATCC Accession No. 75444 or its complement.

10
18.  Plasmid pET-cellulose binding domain as deposited with the ATCC.
15 19. A recombinant vector comprising a nucleotide sequence encoding a cellulose
binding domain of claim 1, 2, 8, 9-or 10.
20. A host cell transfected with a recombinant vector of claim 19.
20
21.  Recombinant E. coli pET-cellulose binding domain/BL21 (DE3) as
deposited with the ATCC having accession No. 69282.
25
22. A cellulose binding domain fusion protein comprising a cellulose binding
domain and a second protein, said cellulose binding domain comprising the amino acid
sequence expressed by the vector having the ATCC Accession No. 75444.
30
23.  The cellulose binding domain fusion protein of claim 22 in which the second
protein is Protein A, heparinase or an enzyme capable of degrading an environmental
pollutant.
35
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76. The signal anplification systemof claim71 or 72 in which said
enzyne is 35 selected fromthe group consisting of alkaline phosphatase and
horse radi sh perOX|dase

- 93 - The signal anpl Pfication systemof claim72 in

whi ch said Iabel C | 0i.sat ope 1 paresgent le Qr an
enzyme, Qﬂ%eﬁ fosd pingieciaaj st e hin o AR R 27 M ity hoRE
bi ndi ng (iﬁdi‘tﬁinﬂs af $ISH @okgh, MSHhantibody, cross-reactive HSP-related protein or peptide, or

an antigenic portion thereof. '

5
25.  The cellulose binding domain fusion protein of claim 22 in which said
second protein is a recombinant antibody.
10 26.  The cellulose binding domain fusion protein of 25 comprising cellulose

binding domain-V;-Vy,.

27.  The cellulose binding domain fusion protein of claim 22 in which said

15 second protein is a hormone.

28.  The cellulose binding domain fusion protein of claim 22 in which said
second protein is an enzyme.
20

29.  The cellulose binding domain fusion protein of claim 22 in which said
second protein is selected from the group consisting of Protein A, Protein G, streptavidin,
avidin, Taq polymerase, non-Taq polymerases, alkaline phosphatase, RNase, DNase,

25 restriction enzymes, peroxidases, glucanases, chitinases, beta and alpha glucosidases, beta
and alpha glucoronidases, amylase, transferases, beta-lactamase, non-beta lactamase,
antibiotic modifying and degrading enzymes, luciferase, esterases, lipases, proteases,
bacteriocides, antibiotics, enzyme inhibitors, growth factors, hormones, receptors,
membranal proteins, nuclear proteins, transcriptional and translational factors and nucleic

30 acid modifying enzymes.

30.  Plasmid pcellulose binding domain-ProtAl as deposited with the ATCC.

35 31. A recombinant vector comprising a nucleotide sequence encoding a cellulose
binding domain fusion protein of claim 22 or 23.
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a drug, said cellulose binding domain retaining its capacity to bind to

cel lul ose with high affinity and substantially free of other proteins
with which it is naturally associ at ed. 10 79. The drug delivery
systemof claim80 in which said drug is g@pnj ugated to said cellul ose

~binding domain either directly or through a |inker noiety.
80. The drug delivery systemof claim78 in which said drug is an
antifungal 15 aZent Recombinant E. coli pcllulose HindingrdomaiteProtAV/P08Y a5 depasited| ai m

78 in whighy r he group consi sting of
Anphot eri Ci n% fﬁg‘?q’ﬁ ng%ﬁcﬁ& OII\ekfr)n C ?:I d, and Cotrinmazole. 20

5
33. A method for the production of a cellulose binding domain fusion product
comprising:

(@  providing nucleic acid encoding the cellulose binding domain fusion
10 product, said cellulose binding domain fusion product comprising a cellulose binding
domain and a second protein, said cellulose binding domain being capable of binding
cellulose or chitin with a high affinity and being substantially free of other proteins with
which it is naturally associated, and said second protein comprising N-terminal and
C-terminal ends;
15
(b) transfecting-a host cell with said nucleic acid; and

(c)  culturing the transformed host cell under conditions suitable for the
expression of said cellulose binding domain fusion product.
20

34.  The method of claim 33 in which said nucleic acid further encodes for a
cleavage site upstream of the N-terminal amino acid of said second protein of said cellulose
binding domain fusion product.

25

35.  The method of claim 33 in which said nucleic acid further encodes for a
cleavage site downstream of the C-terminal amino acid of said second protein of said
cellulose binding domain fusion product.

30

36.  The method of claim 33 in which said nucleic acid further encodes for a first
cleavage site upstream of said N-terminal amino acid of said second protein of said
cellulose binding domain fusion product and a second cleavage site downstream of said C-

35 terminal amino acid of said second protein of said cellulose binding domain fusion product.
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82. The drug delivery systemof claim78 in which said drug is an

I m dazol e. 25 83. The drug delivery systemof claim78 which may
be adm ni stered parenterally, oral Lygetaopically or by inhalation.
84. The drug delivery system of claim 7§ whi ch may be admi nistered 30

i nt Iy, t hal t I Th
rug del very st ek TRt RN ERTHIGEG tikding domRiR pon PIOEL. gol |
l'i qui d or camprsiag:. 35

(@) contacting a mixture comprising a recombinant cellulose binding
5 domain fusion product with an effective amount of cellulose under conditions suitable for
the formation of an insoluble binding complex comprising cellulose and said recombinant
cellulose binding domain fusion product;

(b)  isolating said insoluble cellulose-cellulose binding domain fusion
10 product binding complex; and

{(c)  recovering said cellulose binding domain fusion product from-said
insoluble cellulose-cellulose binding domain fusion product binding complex.

15
38.  The method of claim 37 in which said cellulose is replaced by chitin.

39.  The method of claim 37 or 38 in which said recovery comprises exposing
20 said insoluble cellulose-cellulose binding domain fusion product binding complex to a
releasing reagent and isolating the released cellulose binding domain fusion product from
said cellulose or chitin.

25 40.  The method of claim 39 in which said releasing reagent comprises 6 M urea
or 6 M guanidine-HC]1.

41.  The method of claim 34, 35 or 36 which further comprises exposing said
30 cellulose binding domain fusion product to a cleavage agent capable of cleaving said first or
second cleavage site or both.

42.  The method of claim 41 in which said cleavage agent is an enzyme.
35

e This is the replacement sheet

| lllllll L] IIIN Hlll H llll oate: 30 APR 1988



- 94 - 86. The drug delivery systemof claim78 in which said

drug is effective agai nst a di sease or infection caused by a yeast or
fungal agent whose ceIIuIar nenbrane contains a cellulosic or chitinic
subst ance. 5 The drug gelivery systemof claim86 in

whi ch said agent s Asp |Ilus fum gatus, a menber of the genus Candida
or Monilia, or43n eph b@ém?pqu)gg,ql@m 41 imwhich said cleavage agent is a chemical cleavage

agent.
5 44, The host cell of claim 20 which is a bacterial host cell.

45. The host cell of claim 20 which is a mammalian host cell.

10
46. A diagnostic kit for the detection of a substance of interest comprising:

(@ a cellulose binding domain fusion product comprising (i) a cellulose
binding domain capable of binding to cellulose with high affinity and substantially free of
15 other proteins with which it is naturally associated, and (ii) a second protein capable binding
a substance of interest; ‘

(b) a detectable label; and

20 (c) cellulose.

47.  The diagnostic kit of claim 46 in which said cellulose is replaced by chitin.

25
48.  The diagnostic kit of claim 46 or 47 in which said second protein is Protein
A, or an enzyme.
30 49.  The diagnostic kit of claim 46 or 47 in which said second protein is an HSP

protein, HSP antibody, HSP-related protein, peptide or antigenic portion thereof.

50.  The diagnostic kit of claim 46 or 47 in which said cellulose binding domain
35 fusion product further comprises a ligand affinity bound to said second protein, said ligand
capable of binding said substance of interest.

S This is the replecement sheet

HIIIIII ﬂllll IIIll Illll Il b 30 98 08



15 20

- 88 -

51.  The diagnostic kit of claim 50 in which said ligand is an antibody.

5 52.  Animmunoassay method of detecting the presence of a substance of interest
in a test sample comprising:

@) incubating a test sample, which may contain a substance of interest,
with a sufficient amount of a cellulose binding domain fusion product comprising (i) a
10 cellulose binding domain capable of binding to cellulose with high affinity and substantially
free of other proteins with which it is naturally associated, and (ii) a second protein capable
of binding said substance of interest, under conditions that allow for the binding of said
substance of interest to said second protein of said :cellulose binding domain fusion
product;
15 '
(b)  adding an amount of cellulose effective to bind the amount of said
cellulose binding domain fusion product used in step (a) to provide an insoluble cellulose-
cellulose binding domain fusion product binding complex;

20 () separating said insoluble :cellulose-cellulose binding domain fusion
product binding complex from unbound components;

(d) incubating said insoluble cellulose-cellulose binding domain fusion
product binding complex with a sufficient amount of a detectable label, said label capable
25 of binding to said substance of interest; and

(e) separating said insoluble cellulose-cellulose binding domain fusion
product binding complex of step (d) from unbound components and determining the
presence or absence of said label, to provide an indication of the presence or absence of said

30 substance of interest in said test sample. '

53. A method of detecting the presence of a substance of interest in a test sample
comprising:
35
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- 89 -
(a) contacting a test sample, which may contain a substance of interest,
with an insoluble matrix capable of immobilizing said substance of interest;

(b)  incubating said insoluble matrix with a sufficient amount of a
cellulose binding domain fusion product comprising (i) a cellulose binding domain capable
of binding to cellulose with high affinity and substantially free of other proteins with which
it is naturally associated, and (ii) a second protein capable of binding said immobilized
substance of interest, under conditions that allow for the binding of said immobilized
substance of interest to said second protein of said cellulose binding domain fusion product;

10 .

15

20

25

30

35

()  separating said insoluble matrix of step (b) from unbound
components;

(d) incubating said insoluble matrix of step (c) with a detectable label
capable of binding said substance of interest or said cellulose binding domain fusion
product under conditions that allow for the binding of said label to said substance of interest
or said cellulose binding domain fusion product; and

(e) separating said insoluble matrix of step (d) from unbound
components and determining the presence or absence of said label, to provide an indication
of the presence or absence of said substance of interest in said test sample.

54.  The method of claim 53 which further comprises (i) contacting said insoluble
matrix of step (c) with a sufficient amount of cellulose under conditions that allow for the
binding of said cellulose to said cellulose binding domain fusion product to form a
cellulose-cellulose binding domain fusion product binding complex, and (ii) separating said
insoluble matrix of step (i) from unbound components, including unbound cellulose.

55.  The method of claim 54 in which said label is capable of binding said
substance of interest or said cellulose-cellulose binding domain fusion protein binding
complex.

56.  The method of claim 55 in which said label is capable of binding to the
cellulose of said cellulose-cellulose binding domain fusion protein binding complex.
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78. A drug delivery system conprising cel l.ul ose
bi ndi ng domai n associated with a drug, said cel | ul ose bi ndi ng donmain
retaining its capacity to 5 bind to cellulose with high affinity and
substantial ly free of other proteins with which it is naturally
associ at ed. - 90 -

10

15

20

25

30

35

57.  The method of claim 52, 53 or 55 in which said test sample comprises a
bodily fluid.

58.  The method of claim 52 or 54 in which said cellulose is replaced by chitin.

59.  The method of claim 53 or 54 in which said insoluble matrix is an
electrophoresis gel blot.

60.  The method of claim 52, 53 or 54 in which said substance of interest is a
protein or peptide and said second protein is an antibody against said protein or peptide.

r

61. The method of claim 52,53 or 54 in which said substance of interest is an
antibody and said second protein is Protein A.

62.  The method of claim 52 or 54 in which said substance of interest comprises a
biotinylated probe bound to a protein, peptide, hormone, nucleic acid or other probe-
targetable molecule and said second protein is streptavidin.

63.  The method of claim 52, 53 or 54 in which said label comprises a
radioisotope, a fluorescent molecule or an enzyme.

64.  The method of claim 56 in which said label comprises a cellulose binding
domain fusion product comprising cellulose binding domain and alkaline phosphatase.

65.  The method of claim 56 in which said label comprises a cellulose binding
domain fusion product comprising celtulose binding domain and horse radish peroxidase.
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79. The drug delivery systemof claim80 in 10 which said drug is

conjugated to said cellul ose binding domain either directly or through
a |linker noi ety. 9'Ehe drug delivery system of claim
78 in 15 which said drug is an antlfungal agent . 81. The

he gt oup. condet i nipe et fLiein o or 65 WP e Contbis g o3RI O,

20 d ot rammamobea substrate for said enzymeg whichTubstrate is ebaverpest by sg!@ ergyad tocd ai m 78

in

10

15

20

25

30

35

detectable compound.

67. The method of claim 52 in which step (d) is performed by incubating said
insoluble cellulose-cellulose binding domain fusion product binding complex with a
sufficient amount of a detectable label comprising a labeled substance of interest, said label
capable of binding to any second protein of said cellulose binding domain fusion product
which remains unbound to said substance of interest, and in which step (¢) is performed by
separating said insoluble cellulose-cellulose binding domain fusion product binding
complex of step (d) from unbound-components and comparing the signal observed from
said test sample relative to the signal observed from a control sample.

68.  The method of claim 52 in which said cellulose binding domain fusion
product is included in a dip stick.’
69. A dip stick useful in detecting a substance of interest in a test sample comprising a
cellulose binding domain fusion product, said cellulose binding domain fusion product
comprising (i) a cellulose binding domain capable of binding to cellulose with high affinity
and substantially free of other proteins with which it is naturally associated, and (ii) a
second protein capable of binding a substance of interest.

70.  The dip stick of claim 69 in which said second protein is selected from the
group consisting of Protein A, HSP protein, HSP antibody, cross- reactive HSP-related
protein or peptide or an antigenic portion thereof, an enzyme, hormone, antigen, and
antibody.

71. A signal amplification system comprising:

(a) a first cellulose binding domain fusion product comprising (i) a
cellulose binding domain capable of binding to cellulose with high affinity and substantially
free of other proteins with which it is naturally associated, and (ii) a second protein capable

IIIIIIII IE ) IIIII ll IIII
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whi ch said drug is an i m dazol e. 25 83. The drug delivery
systemof claim78 whi ch may be adm ni stered parenterally, orally,

topi cal'ly or by inhalation. 84. The drug delivery system
of claim78 30 which may be admi nistered?i ntranasally, opthalmcally

7 "' ol Biodhed shimere profniaid pipbg St CRRARTE ¢ ityfiink b st '
and

(b)  asecond cellulose binding domain fusion product comprising (i) a
5 cellulose binding domain capable of binding to cellulose with high affinity and substantially
free of other proteins with which it is naturally associated, and (ii) an enzyme capable of
acting on a substrate to produce a detectable compound.

10 72. A signal amplification system comprising:

- () a cellulose binding domain fusion product comprising (1) a cellulose
binding domain capable of binding to cellulose with high affinity and substantially free of
other proteins with which it is naturally associated, and (ii) a second protein capable of

15 binding a chimeric probe, said probe further capable of binding a substance of interest; and
{b) labeled cellulose binding domain, said cellulose binding domain
retaining its capacity to bind to cellulose with high affinity and substantially free of other
proteins with which it is naturally associated.

20

73.  The signal amplification system of claim 71 or 72 which further comprises
said probe.

25
74.  The signal amplification system of claim 71 or 72 which further comprises

pebble-milled cellulose.

30 75. The signal amplification system of claim 71 or 72 in which said probe is
biotinylated and said second protein is streptavidin.

76.  The signal amplification system of claim 71 or 72 in which said enzyme is
35 selected from the group consisting of alkaline phosphatase and horse radish peroxidase.
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96 - 86. The drug delivery systemof claim78 in which
said drug is effective agai nst a di sease or I nfection caused by a yeast
or fungal agent whose 5 cellular nmenbrane contains a cellulosic or chitinic
subst ance. - 93 -

77.  The signal amplification system of claim 72 in which said label comprises a
radioisotope, a fluorescent molecule or an enzyme.

5 78. A drug delivery system comprising cellulose binding domain associated with
a drug, said cellulose binding domain retaining its capacity to bind to cellulose with high
affinity and substantially free of other proteins with which it is naturally associated.

10 79.  The drug delivery system of claim 80 in which said drug is conjugated to
said cellulose binding domain either directly or through a linker moiety.

80.  The drug delivery system of claim 78 in which said drug is an antifungal
15 agent.

81.  The drug delivery system of claim 78 in which said drug is selected from the
group consisting of Amphotericin B, Nystatin, Undecylenic Acid, and Clotrimazole.
20

82.  The drug delivery system of claim 78 in which said drug is an imidazole.

25 83.  The drug delivery system of claim 78 which may be administered
parenterally, orally, topically or by inhalation. ’

84.  The drug delivery system of claim 78 which may be administered
30 intranasally, opthalmically or intravaginally.

85.  The drug delivery system of claim 78 which is in the form of a solid, gel,
liquid or aerosol.
35
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87. The drug delivery systemof claim86 in whi ch said agent is
Aspergillus fum gatus, a nenber of 10 the genus Candida or Mnilia, or an
epi der mat ocyt e.

- 94 -

86.  The drug delivery system of claim 78 in which said drug is effective against
a disease or infection caused by a yeast or fungal agent whose cellular membrane contains a
cellulosic or chitinic substance.

87.  The drug delivery system of claim 86 in which said agent is Aspergillus
Jfumigatus, a member of the genus Candida or Monilia, or an epidermatocyte.

10
15
20
25
30

35
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Abstract

CELLULOSE BINDING DOMAIN

A cellulose binding domain (CBD) having a high affinity for
crystalline cellulose and chitin is disclosed, along with methods
for the molecular cloning and recombinant production thereof.
Fusion products comprising the CBD and a second protein are .
likewise described. A wide range of applications are
contemplated for both the CBD and the fusion products, including
drug delivery, affinity separations, and diagnostic techniques.

(No appropriate figure)
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