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Sol ubi i zation and Purification of a Target Protein

Fused to a Mutant Mal t ose-Bi ndi ng Protei n BACKGROUND
woRe@aisSaNt protei ns have many uses in bi ot echOUSYY7/009100

whenever | arge anmounts of pure protein are needed.

M crobi al expression systens such as Escherichia coli

(E. coli) and yeast are often the first choice due to

their low cost and high yield. Wen expressing foreign

proteins in E. coli, it is ot uncomon to encounter

probl enms of |ow | evels of expression and/or

i nsol ubsoiubilizationeapd Rwiificatioanof 8 TaOg Bretain s

expressed ' 4 | NS K-vay!
purified fﬁ:%éq ﬁgd%yrﬁ@dﬂomggto%gr %?%ﬁ%# nst%%t he cell
extract. To facilitate the expression and purification

of .a target protein, BACKGROQUNEINt is in conmmon use
is to fuse an affinity tag to the protein. A good

expiesspbiiaeh ArBtel hovh e SRR b Btk APIFYE,
w@érﬁé@éf‘laﬁfe Wehbufss RIFPLE peokeihi dif Acediedit Microbial

Inity purification that allows the target protein
exiprebsiqrusystenst sweh ascLespedchia aotfi (feucofihand yeast are

| - bi, ndi - T
N T S A e
e)%]rgs%gtr@rd;féignlf pf@t][eeilc/ggnm.oatt@ﬁﬂ_& igrmoliluumdtoimrr&)n tol i .

u role Q
engesinier frokianiaeE o (v els o QXSS PR ERG/PT fISolubility of

g Of¢t : [ ' r i

enf RG] EDREPI R BRI sl mel anoins
solabkgstit pnastibe perified ftdre thepnegdadrnofobthér proteims in the

protein in E coli (Fig. 1). MBP and NMBP_f usi on a,
celleyiatt do fariiasengie cxpkasPrL ARG Agr s oRion of & target
prBFéi‘Hméﬁ’Qrrf\%ﬁﬁoflﬁt‘ﬁdtxisqwé@ﬂrﬁhﬁﬁ a8¥ i9ftoFuseBArainity tag

gl'ticdse- "a - gl ucose pol ysaccharides such as anyl ose
tosthee photeinothgood affinity tag has properties that facilitate high-
level expression when fused to the N-terminus of the target protein,
as well as providing a simple one-step affinity purification that

allows the target protein to be purified from the expression mileu.

The maltose-binding protein (MBP) of E. coli is commpnly
used as an affinity tag for expression and purification of foreign
proteins produced in E. coli. The natural role of MBP is to bind
maltodextrins at the outer membrane porin and release them to the
MalEFK transport apparatus in the inner membrane. Fusion of the
C-terminus of MBP to the N-terminus of a target protein permits the
expression of the fusion protein in E. coli (Fig. 1). MBP and MBP
fusions can be purified in a single step by binding to a
chromatography matrix containing any of a number of glucose-
al—4-glucose polysaccharides such as amylose, starch or other
'maltodextrins (US Patent 5,643,758). Many proteins that are
soluble in their native host are insoluble when expressed as a
recombinant protein. For many of these proteins, fusion to MBP
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mal t odextrins (US Patent 5,643,758). Many proteins
that are soluble in their native host are insol uble

wok@n/1208py essed as a reconbi nant protein. For PemysSmn7/009100

these proteins, fusion to MBPrenders them sol ubl e
(Kapust & VWaugh, Protein ScL 8:1668-74 (1999)). The
utility of MBP as an affinity tag is tenpered by the
fact that depending on the p%oteln in a MBP-target
protein purification, some ftisions don't bind to the

redar e O SARIE AP st B BIaHan <Bev eS¢ o o3

?g‘gb en 20 can interfere with binding, especially
( or ﬁé\g target protein fusions that have an inherently

|l ower affinity. Researchers have used the structure of
VBP Thbenutilityl of dBBas@naaffimty itagoisdemperadily theefact

o gEnBi AR ] 58 oy, KLl ARy Bt i,

sd?h@ﬁus’i@ﬁsﬁi’&i’tftﬁﬂaa tolBnd)affiMRly poaEi% s welll ¥9 others. In

domai ns, a cleft between the donmi ns where the
aq)@lrtmcmrqraéeacﬁdy‘ NgReioMiG¢latergante sHCchi as Triten X100

%tﬁgbﬂu?%'c%g‘ﬁg%qfé#éeﬂﬁ‘yfﬁbglq Ry Q%EQ%W&%B?" @ﬁﬁ;gérget

contarns mnNus IS nane
pttoteps fositass beatvbavet dr inherdobly lvsvéo affinitya hi nge.
Two groups have used the structure to make directed

t h d t
e, BaSEarofiet PrkESSH e yrtir pBdIBE f§make directed
miRbtding EBrdébityiditét the . bin%?frﬁ*oﬁe’rbf@s%ﬁl\/l@ OTReyXray
8: 795-798 (2001 Tel mer & Shil Jour nal of Biol.

cryssal strrgtupa sf5MBRshas (QQETB)"FPOFEQ%W SpuﬁI@Oa%rpabadh
B 2B RGNS P GOREREB Yy s ifdins,

withea mleftebetweénttrnesddmamwnd@ thoe plol ysdgchdide binds.
reduces its utility as an affinity tag by increasi n'%a,
in,

The daregir thatentainethe Nd@rawrmsetsenﬁm%&hﬁbwedo
and the domain that contains the C-terminus is named the C

dbmain. Three loops cross between the two domains to form a
hinge. Two groups have used the structure to make directed
mutations to the region behind the hinges that increase the affinity
of MBP for maltose and maltotriose (Marvin et al., Nature Structural
Biology 8:795-798 (2001); Telmer & Shilton, Journal of Biol. Chem.
278:34555-34567 (2003)). However, this approach has an inherent
disadvantage, since the modifications to MBP increase the |
hydrophobicity of the surface of the protein and thus decrease its
solubility. This reduces its utility as an affinity tag by increasing its
tendency to render a fusion protein insoluble.

SUMMARY

In an embodiment of the invention, a modified MBP fusion
protein is provided that is characterized by an MBP amino acid
sequence having a mutation wherein the mutation causes the
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SUMVARY I n an enbodi ment of the invention, a nodified

MBP fusion protein is provided that is characterized
whygooan208BP ami no aci d sequence havi ng a mnut at i BOT/US2007/009100

wherein the nutation causes thenodified MBP fusion

protein to have at | east one property selected from

(i) an increased affinity for a maltodextrin substrate

and (ii) an increased solubi%jty when fused to a

target protein having limted solubility. I n a

S B R b 5 B G e PPl e
frBﬁlé '(ﬁeénth?eésé% 'afﬁhlﬂ)ﬂf@r é%a‘i’fbd&%t’?lﬁ‘s@@s@?at‘égéﬁdo(u) an

protein. For exanpl’e, the nutation may be | ocated
mcneased (SQiUbﬂltM whemfusedgoon targeli praein baviggimised
ratein

f.b-
SQIUBIYea: Mo fgnes Sbadiniint of 88 JhveRtishee mogified
Mf3llbr hB8ra pRbestioRNbcated iR th@Vﬁmg@Pe?Id‘r? berdiddretheleBs XI

may be fused to a target protein to forma fusion
and otWi or ima r@gaonf umthmah5 of a3 ofsldie protein. t"f’f-?al’t

etiutEn Faomitayor e b idatefinthd KBt aTh 2

retfiohh&ithin ero lﬁpbf stmsnadlthewbmmgyompvﬁw@a anmmthe
sequence selected from SEQ I D NO. 4 or SEQ 0

r

protein,. Tbgunastifieation mpy e §P§€|§icﬁ||¥e4\§ét3é/d°fr%¥ﬁ@EQ
IDNO 3 or SEQID NGO 5. The DNA nmay be incorporated
into a vector such as a pKLAC vector for expression

i n alrhasfurthel emnbbdimentdblive invgntiongrthe noodified MBP
an enbodlnent of the invention rQvi

may: DEULSEf HY St st rPEHALO; f@mj@e@&@a tﬁ'ﬂgan& ngay,
i
f%?%%%@?'%hiﬁﬂénéﬁﬁgé‘%ﬁ%%"é‘:éﬁen%fﬁ“e%‘”‘“e oIty of
anlesmmiodified MBE protcintfaseget tthe dangefiprobeii.f i ed MBP
fusion protein is permtted to bind to a matrix such
as a

In an embodiment of the invention, the modified MBP may
have an amino sequence selected from SEQ ID NO:4 or SEQ ID
NO:6 or a DNA sequence encoding the protein selected from SEQ ID |
NO:3 or SEQ ID NO:5. The DNA may be incorporated into a vector
such as a pKLAC1 vector for expression in a host cell such as a
Kluyveromyces or E. coli.

In an embodiment of the invention, a method is provided for
purifying a protein that includes: expressing in a host cell such as a
Kluyveromyces or E. coli, a fusion protein that includes any of the
modified MBPs described above and a target protein. The modified
MBP fusion protein is permitted to bind to a matrix such as a
polysaccharide exemplified by a maltodextrin. The fusion protein
can then be eluted from the matrix in a selected buffer to obtain the
purified protein.
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pol ysaccharide exenplified by a maltodextrin. The

fusion protein can then be eluted fromthe matrix in a
waedogarma buf fer to obtain the purified protei PCT/UR2087/009100

further enbodi ment of the invention, a nmethod is

provi ded for solubilizing a target protein that

i ncl udes expressing an MBP nutant fused to a target

protein so that the fusion protein is solubilized to

an extent greater than can b& observed in the absence

obs el atudhss SMkBRImAn 86 thanvERH T & Ethod is

| pPAViRlEeRs: sORIBIASIRy AXbY emﬁr%ttéﬁ{‘tﬁaﬂ/lﬁéluﬂfésséﬂé?ressmg an

nut ation. BRIEF DESCRIPTTON OF T
MBRwsutanicfiesed to aiéacgetbpr@telhéctltbat rtbeafmtslon protem is

t f L {
salitutired toena Ars iy eh Pafyfel h e HsE R
abSentd IhP bt MBP anRCtd el ¥xbent greatel tiear . observed
eluting the target protein in a maltosecontaining

usig arnand iHated M BPe Examphes pérrgwapp@ﬁemlw@rﬁ AFd 3V

I SR A A B PKaOf: Py pe oo wi ch

nodi fied MBPs. Fig. 2A: The DNA sequence (SEQ I D NO
1) encodi TEF OE IPPI FOrNE ANGSAL- c2X
Fig. 2B: The DNA sequence (SEQ I D NG 3) encodi ng the

Vo Bl b atiedvs 2 Sehamitic Hese Eifle thd glotal she' tua

Pifictich oPE XAt roteis P expetsSit FDmA ehicoddn
ﬁé Eié%l b Ng 6) .r% anres|| nwhemr;gm fldc\e/g MBP DINA andg an
\d

seditg @éq&@ﬂt:@ffob‘?'@:|Q4H?V&'ét93§h¢rful§éﬂ"&i pretgin &
sERUR ey BiREO amyRIRAdIN8NY BldTaPiePpPbEiR P hMhaltose-

containing buffer and then recovering the target protein from the
purified fusion protein by protease cleavage.

Fig. 2 provides sequences comparing wild-type MBPs with
modified MBPs.

Fig. 2A: The DNA sequence (SEQ ID NO:1) encoding wild-type
MBP (SEQ ID NO:2) from pMAL-c2X .

Fig. 2B: The DNA sequence (SEQ ID NO:3) encoding the MBP
mutant A9 (SEQ ID NO:4). Changes in the modified MBP sequences
are indicated in bold. '

Fig. 2C: The DNA sequence (SEQ ID NO:5) encoding the MBP
mutant G8-1 (SEQ ID NO:6) . Changes in the modified MBP DNA
and amino acid sequences are indicated in bold.

Fig. 3 shows a histogram comparing yields of protein using
wild-type MBP (pK01483), or modified MBPs (A9 or G8-1). The
yields of MBPs are provided in mg/500 mis of culture.



10

15

20

25

wi |l d-type MBP (pKO1483), or nodified MBPs (A9 or

&B-1). The yields of MBPs are provided in ng/500 ms
w@boocubdsoy e. Fi g. 4 shows on an SDS- PAGE gel t heCT/US2007/009100

purified product of MBPKI enow from pMAL contai ni ng

wi |l d-type MBP MBP A313V and S146T nodi ficati ons.

Pl asm ds: W= pl HL062, A313V=plH 1643/ S136T=plH 1644.

Lanes: CE = crude extract, FI = flow though, and E=

el uate. Equal portions of the indicated fraction were

| oaded in each | ane. A sij gni ficantly higher yield of
VvBP Figsi%dshevwss &Maia2DsPAGR 98! the putitiedbraducies MBP-

f ' : =
il 5 AL AR OLER178E BB 8 aSASY B
SMVBBTGBdifisations. RlasmifdseaNTabipdHA)6 X A318V-SPB-PAGE,
I ' t ff bilit f usi
s P85 ikl 64" Tamas: CGE vor vl Bk ot Tt Eppygh, and
Ef—-UéIiu%”temE%%mIdéértWﬁs R L difaiay FRAEIER Wwere loaded in

S146T=pl H1618; DM-pl H 1646. GAPDH fusi on pl asm ds:
eaah:-pane 1 @2 signiBcantlyl Mgteaoyiedd 46 TMBRFUS 2N, pOMEgIN Wvas

645. nes:,Jrtgotal cell tract. S=sol e Cl.
obiged AR ART 3 DBk nBPL ) e RyEHRE BB aiso
scd Titreidi cated fraction were | oaded in each | ane.

The ratio of soluble to insoluble protein was greater

f bot h t ant d_wi i d- MBPs,. _Fig. 7
01 B AN oTPRNRSeH i MNP BB eF1 T
e@&ss@nﬁh@@-&’w%gﬁw @F?E&ihh&% frb?ﬂé)?o)lﬁ.’u“ fication,
S ng a arryl 0ose resin olum, O a usi on pr otel n on

an SDS- PAGE gel. An enhanced yield of nodified NMBP
f usi Big. @ 05B1ST RS E [geJa shawing dhpreffechgnveplubility of

g DS 2 i S EEL RER, RS, GRPE. B
fusion plasmids: WT= pIH1616; A313V=pIH1617; S146T=pIH1618;
DM=pIH1646. GAPDH fusion plasmids: WT=pIH1625;
A313V=pIH1626; S146T=pIH1627, DM=pIH1645. Lanes: T=total
cell extract; S=soluble extract; I=resuspension of insoluble
material. Equal portions of the indicated fraction were |loaded in
each lane. The ratio of solublé to insoluble protein was greater for
both mutants compared with wild-type MBPs.

Fig. 7 provides the sequence of pKLMF2-PMASal (SEQ ID
NO:8).

Fig. 8 shows fractions from the affinity purification, using an
amylose resin column, of a fusion protein on an SDS-PAGE gel. An
enhanced yield of modified MBP fusion protein was produced by
expressing MBP (A313V)PMASal in Kluyveromyces lactis cells
carrying an MBP (A313v)-PMASal expression cassette.

Lane 1 - NEB Broad range markers, Ipswich, MA;
Lane 2 - crude extract load;
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Lane 1 - NEB Broad range markers, |pswi ch, MA, Lane 2
- crude extract |oad;Lane 3 - columm flowthrough;

waha0va/120809 col utTm wash; Lanes 5, 6 and 7, el utipCT/Msi0a7/009100

colum buffer + nmaltose. DETAI LED DESCRI PTI ON CF THE
EMBODI MENTS Terns that are used herein are di scussed
bel ow. "Wl d-type" MBP includes the MBP protein
produced by expression from? derivative of one of the
pMAL- 2 plasm ds that has a stop codon in the

pol y| i nke | e ,0KOL483. "Enhanced sol ubi i ty
of aLﬁPStéi' C&H&éaaﬁ% atPRAUGR MBP' is an increase in
the pgREN _O(f:o|§|%Hh}VgsﬁF otei n when conpared to that
same protein fused to w | d-t ype MBP. Solubility can be
expr baped Js6tand ratelutign wtlmmoéummtbelffelt +omalsose.
total anmount of that protein present before i nsol ubl e
rraterllﬂl:--r':i [[AeYe
| ncr eased 4
fusion protein" incl udes: an increase in the anount of

pr ot Eenmshthatbanelsviged hegsein areudiscussed helbvas a
mal t odextrin under a defined set of conditions. The

A U S R e
expeeisibhefrape @ deeivativel of iones ofittel pMALS2 plagraidsvthat has
a specified buffer to the total ampunt of that protein

a@ﬁpﬂ@éﬂ@@ inH& e BrhrinkanSosresample RISEilAE R s of the

i nvention provide MBP nutants which when fused to a

t ar geEnREALEHSSNBANGE of REpASldiRifuiser & at Afutait MBP” is an

proteln during expression in vivo and can al so i nprove
indreasefinnthe aptount of .snlubleipsotein wiremgompared to that

S s BB W, EB g Y a8 ek BRessea

the ratio of soluble protein to the total amount of that protein

present before insoluble material is removed, for example by

centrifugation.

“Increased affinity of a mutant MBP” or "mutant MBP fusion
protein” includes: an increase in the amount of protein that binds
to a solid substrate such as a maltodextrin under a defined set of
conditions. The efficaey of the affinity purification can be expressed
as the ratio of protein that binds to maltodextrin under the specified
conditions and is then eluted with a specified buffer to the total

amount of that protein applied to the column.

The present embodime'nts of the invention provide MBP
mutants which when fused to a target protein enhance the solubility
of the fusion protein during expression in vivo and can also improve
the affinity of the fusion protein during purification. The present
embodiments include mutant MBPs. that show increased binding to a
polysaccharide media, such as one that includes a maltodextrin,
when applied to the media under conditions where wild-type MBP
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pol ysacchari de nedi a, such as one that includes a
mal t odextrin, when applied to the nedia under

wa@oeouditeisons where wil d-type MBPshows partial bPemiuszmy7/009100

The nodified MBPs are then eluted fromthe nedia using
a solution of, for exanple, a soluble maltodextrin,
yielding at least 1.5 to 10 fold nore protein when
conpared to wi | d-type MBP. n order to discover these
i mproved nutants of I\/BP tec?1n| cal hurdles had to be

AR S W SV e
mre‘iﬂé“lf 'WL‘!@BPI 5 ég%?seié}hp@éeﬁﬁdlﬁbll’@ rA8Rlodeditth,

tore e solu Sion protein where sonication
yneiadmgt apiemsu tab tbot Otfaidenecalpropeini ftven icompaded to
SIS b$1%grs could interfere wwth affinity binding of

s discovered that by titrating the

detergent and the |lysozyne, it was possible to

i denltn' bydeheoagigconer athesednepréved imatants batM BPoftechmcal
hese lysis reagents to effectivel ékﬁ?reak up
hwaqlfe§ hird fteupe Rpicome yhighaital g %‘—'W@lﬁgfﬁeﬁ ques
whidH SRBBIE 2 FRRE U pEF R UmPEd L ge&é hethdlead!
at Nty properties, wel croplates were use :
reshdred éaviroved ntethieds édr breaking nm hostfomllsmmdele@ase

fu t dafilt t
sc&aﬁil?&”ﬁcﬁiﬁﬁ%z ﬁ?@'ﬁawbqﬁ %cf‘sﬁgef'gp%g ﬂ‘.’?gt'ﬁgﬂ!;for large
r
S O e Parers e [P e Sl ammrey.

bimaliing i afdMBR. att wieBRdiscovered tlaatutrmmvatingafgle ﬁ@tergent
f t d h

R O

ccﬁ%é/rﬁrtaﬁerpéﬁal €4 @ DFAPieiecly sd Péa?ghds typerréBhvely MRRak

fusi ons lorotel ns that bind poorl a matri x or where
upihastregl V\utl@wtone@aﬁwawenmmgeblafilrngraffwm

detergent. | n the exanples, two nutations (S146T and
A313M) oRlEr to screen for mutants with desired binding affinity

properties, 96 well microplates were used where each well
contained a micro matrix for binding fusion protein and a filter
apparatus removed contaminating materials in the filtrate. This
made possible rapid screening of large numbers of samples.

The screening methods for obtaining and testing modified
mutant MBP proteins as improved tags for purifying proteins are
described in the examples. Such modified MBPs that have a higher
affinity for a matrix solve the problem associated with wild-type
MBP of MBP fusions proteins that bind poorly to a matrix or where
binding is disrupted by the presence of non-ionic detergent.

In the examples, two mutations (S146T and A313V) are
described with the desired properties of improved solubility and
improved binding affinity to a polysaccharide matrix that were
isolated using the screening procedure. The S146T mutation is in
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described with the desired properties of inproved
solubility and inproved binding affinity to a
w@eloydasehar i de matri x that were isol ated usi nBCT/082007/009100
screeni ng procedure. The S146T nmutation is inthe C
domai n of MBP at the begi nning of b-sheet F. \Wen a
target protein that is insoluble is fused t o MBP
containing this nutation, thg solubility of the fusion
protei n is enhanced. The A313V nutation descri bed

| hird hi
this 6<dosngin REANEP A v Beslahing B shebeofs WRen 4 target
tmn Qﬁéﬁ%ﬁn@%‘luBl‘éslsﬁus%ftﬂtélNIBPTé&r&dTHIrfg 'tﬁfs ¥nutatlon

nces both the solubility and the affinity o
tHeisotubiitytef the fusion pkcpﬁeasssrfg'\lﬂaneegnmneaﬂéulﬁé/ inutation

E. li,,, th t t.ial el
dgserBetereinidotaradon e BRI Bngk, Peg L EnS} Erdsses
béﬁ&ééﬁuﬁrﬂi tW@HBh‘?éinsS@ﬁé@lﬁtéI}’y ”#thbé IbBPrBéﬁﬁéehyhellces

reater upwards With an ﬁ l[imt of total

Xl‘)@ﬂﬁblxll?t yhisimutatien eeanees @@t &hg solukilielandyshe
oMty YIS GPTorBI GBI EBE S Rk prbreihen e

ccﬁXﬁNEé ipsolitre nhaill beReattiallyi mncenmlﬁte l,yh bxpgassaae in DR
pol ynerases, T4 |igase, Antarctic osphat ase,
rdgen Qo Soble-AgOER st | Bh PRRHCHIAT FXBRPES, SPVbITEy may

o EGH SIS 35 el e oan somep . o st

soladbiidty.per oxi dase (#E8038) t he USER Fri endl y Cloning
kit, the K lactis Protein Expression Kit including

Eroobl T ReBBtER st Rere b b as S < Bfowaiar
appiicationl ﬁQh‘hIﬁi@lSGWVQZQDBal filed Apein 12006, aire

Bi ol abs, Inc. (NEB), |pswi ch, MNA Unifilter 800
ingorperated by reference.

EXAMPLES
Materials

Restriction enzymes, B-agarase, DNA polymerases, T4 ligase,
Antarctic phosphatase, Litmus 38, the pMAL Protein Fusion and
Purification System including pMAL-c2X and pMAL-c2G, amylose
resin (#E8021), anti-MBP monoclonal antibody linked to horse
radish peroxidase (#E8038), the USER Friendly Cloning kit, the
K. lactis Protein Expression Kit including the vector pKLAC1, host
strains TB1, ER1992, ER2502, ER2984, NEB 5-alpha, and NEB
Turbo, and synthetic oligonucleotides were obtained from New
England Biolabs, Inc. (NEB), Ipswich, MA. Unifilter 800 microtiter
microplates with filter bottoms were purchased from Whatman,
Brentford, England. The Minelute DNA Extraction and Qiaprep Spin
kits were purchased from Qiagen, Valencia, CA. Mega 10 was |
purchased from Dojindo, Gaithersburg, MD. Hen egg white
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mcroplates with filter bottons were purchased from

What man, Brentford, England. The M nel ute DNA
wEarazasoon and Q aprep Spin kits were purchasedr/gzmT/009100

Q agen, Val encia, CA. Mega 10 was purchased from

Doj i ndo, Gaithersburg, MD. Hen egg whitel ysozyne,

Coomassie brilliant blue R and acid washed gl ass beads

(425-600 micron) were purcG%ed from Si gna- Al dri ch,

St. Louis, MO Sea Plaque | ow mal ting tenperature

Iy EP B BOpHSP J A e A 2eTd \EBBBRa alass Deads
(4?‘5 “guis koA v&éf@%rc%‘s%kﬂ £odm Sgri&-RHKH adt enbuis,

S were purchased romeither Daiichi, Tokyo, Japan
MO Sea/PﬂaqgerfENG;vb)w roelisgdemparattire agapdee ovas)

PR ecsiom &%%ﬁ%&*é@%@ 2@?3?“ et Chased

oA i LT W o

HeurcmesnGA rb@eZD‘(/Wma&!Hl)t ge eﬁs‘r@m gither
fI F931 Fox et

i awtﬁéfé’e}@éxexf’% i%%%%&éo“?ﬁe

c&bitpae&é@f' ﬁotst%‘s"er ifteiditior CSaKteROWa28F3EchAded frems Roiche,

plasm d were_prepared using the Q aprep Spin_Kkit.

Ba&id&wwéﬁ"ﬁﬂ‘ﬂag%'ﬁ‘éﬁ \H@sségﬁfr é‘%i Wﬁﬁ Paychased Famin

InVjG5BEN Araflsoal TA] THE nERRET eihiFdrafty rRdlctase

D}QFRW&I}IH}S;? (Elnneppog?tﬁr‘}g)lgER WA rbmag‘vﬁsmt fmFt)nneInwtrogen
oresi.s _on a

(MG Bevbi e AR E; araB as Rt aet Al sl Stie (EOR et al-

%(?@ L%&hgswgrj Byl (@0?59 DNA using the M nelute DNA

traction kit, or ting it at 75C for 5 m nutes,
cooling to 37C and digesting with b-agarGCse for 1-2
Mquenm ng was

The Serracia marscesens nuclease was obtained as described
in PCT/US05/28739. Minipreps of plasmid DNA were prepa'red using
the Qiaprep Spin kit. Random PCR mutagenesis was carried out as
described in Fromant et al. Analytical Biochemistry 224, 347-353
(1995). PCR was carried out using Vent® DNA polymerase except
as noted. DNA fragments were gel-purified by electrophoresis on
1% Sea Plaque GTG low melting temperature agarose, cutting out
the band, and either purifying the DNA using the Minelute DNA
Extrattion kit, or melting it at 75°C for 5 minutes, cooling to 37°C,
and digesting with g-agarOse for 1-2 h. DNA sequencing was
performed on Applied Biosystems’s (ABI's) automated DNA
Sequencer model 3100 ABI, using Big Dye labeled dye-terminator
chemistry (ABI, Foster City, CA). SDS-PAGE was carried out
according to the instructions of the acrylamide gel provider, and
proteins were visualized by staining with Coomassie brilliant blue R
except where noted otherewise.
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performed on Applied Biosystens's (ABI's) autonated

DNA Sequencer nodel 3100 ABI, using Big Dye | abel ed
waly@stizesnd nat or chem stry (ABI, Foster City, Q&T/US2007/009100

SDS- PACE was carried out according to the instructions

of the acrylam de gel provider, and proteins were

visualized by staining with CoormSS| e brilliant blue R

except where noted ot herew SRy MBP was expressed from

ei ther pMal-c2X or pMal-c2Gor a derivative of

R WA P65 ol eiB e Bl 4 AL G B
déﬁqaa%eof of pHIAILERS, Phd niindrinitot o kst o

c2G derivative pSN
rmﬁaslona?sm:nea/d:'edeﬁﬁfsd%dw rb@%@umiaernnm thiet BMAYmiC 230 d

sqqueneni(ERILES 2730 AT 2B o2 Po e P P e Con (ark ID
NORal-6)3. dPhetpMALMERG @ehbatml BSOEIB78 Svagt@eaeedew
nut agenesi s was_carpri ed out usi n%&a f our priner

clﬁatvmrtbgu Blagmigbvdth Bsai @nd, BsT WL 5reatms| the pA@duct with

DY o? gii'gfe\xérggqélu%ﬁcﬁig égp‘%‘%‘) B'd\%gd 'Jtvﬁﬁﬁ"és'@nowed by

ligangdnuet creetef ardélbeiqmi\/ﬁhtrﬁnotrm maies gerneand
Purification System except in sone cases cells vvere
Iysgvvltha sozyne/ det er gent _sol.ution instead

|
soni gHecte d‘é' egrEesH MRS SRITIRd HSU}ﬂﬁ%‘H’ oprimer
POR! LR 55 |asedé§éﬁbe8f|ﬂp@[1@ﬁ &f %'In RRRIGR. A@QﬂR@search

of culture, and | oaded on a 2.5 cm di aneter colum

33 (ﬁnzaﬁnﬁaé“l@w Shi MBR) posk MER f%5|PIKEBr#@O§1W9fe purified

as, AR ed 1 sneTReb ity fe RF ye i aREErdfif Fibh T
P@ﬂﬂcbﬁ@d\esygﬂem cbﬁmam gomlé msepweﬂmmbumed with a

containing 1 of amyl ose resin., SDS-polyacryl am de
lygeryerey/de 96f\&§04um@§\ instepdfosenicatian 10~ 20%
gradi ent gels. For quantitation of gel bands, gels

wer e g¥d&dcale purifications were carried out with crude cell
extract prepared from 500 to 1000 mL of culture, and loaded on a
2.5 cm diameter column containing 15 ml of amylose resin (NEB
#E8021, Ipswich, MA). Small-scale purifications were carried out
with crude extract prepared from 67 ml of culture, and loaded on a
disposable polypropylene column containing 1 ml of amylose resin.
SDS-polyacrylamide gel electrophoresis was carried out using 10-
20% gradient gels. For quantitation of gel bands, gels were dried
between cellophane sheets and scanned using a Microtek III
scanner Microtek, Carson, CA, and densitometry carried out using
Image J (NIH).

Example I: Isolation of Mutants in MBP with Improved
Properties

Screening for improved vield after purification:



10

15

20

25

bet ween cel | ophane sheets and scanned using a M crotek
Il scanner Mcrotek, Carson, CA, and densitonetry
we@wiizsoout using Image J (NIH). Exanple | : PEDUS100D009100
of Mutants in MBP with Inproved Properties Screening
for inproved yield after purifica tion :Random
nmut agenesi s of the mal E gene from pMAL-c2x was
achi eved by error-prone PCR #si ng the primers: oligo
1: S GGAGACAUGAATTCAATGAAAATCGAAGAA (SEQ I D NG 9),
and oligo 2: 5 GGGAAAGU GCTTAATCCTTC%‘CICGAT SEQ I D
NO &é?%P@Pe muigeeResiser the male 9ene m%aMC&(Ie-d: X was
3 i-Rg- ' Tevql Kit,
2 EVER By The B ER S EthE puate
oligansf 5t GEASAGAd GRATWHCAATIGAJAATICGAAGAALB + 1 nM

100 ug/m anpjcillin, then |ysed by addi ng
(éﬁgq@%}%&%g%@'%ﬂ?'zo units of the S. marscens
nucl ease, incubating for 10 mn, then adding 0.1 m of

5 23GBRAAGIAATETTANET ERTCETTCGATE 8B 80 NO:a 050
uL anyl ose resin colum (NEB #E8021, Ipswch, MA) in a

Unifilter 800 microplate, and each weJ]l wa ]
ai t PERATROMBENED WiRerElanay int Bnpekized PNERE@BALSING
. " st i
it A, SR 1 MloW g el plnuficferl
instrtctiondolinansforohentsnnereegrasnnovernighérinel unéd B + 1

' 2 f 1 Lt v erdO ' a t
i S de +08l Al ABLAOTE crifh RS A BRI fro/m
lysb2paie @i 200udits| SMNE'S. 2 stenstnideapkaifcubating for
Ther noFi sher Scientific, Waltham MA) and I ncubated

16 7Bim then addiog Gre i ef 8%t BveRsl 28- vere t hen
enpti ed, washed twice with 20 MM Tris-Cl, 150 mM NadCl,

PH 7rRe (HEAP extracts were applied to a 50 uL amylose resin
column (NEB #E8021, Ipswich, MA) in a Unifilter 800 microplate,
and each well was washed with 0.7 ml of 20 mM Tris-Cl, 0.2 M
NaCl, 1 mM EDTA, pH 7.4 (column buffer), then with 0.7 mL of 10
mM sodium phosphate, 0.2 M NaCl, 1 mM EDTA, pH 7.2. The
protein bound to the amylose resin was then eluted with 0.2 mL of
10 mM maltose, 10 mM sodium phosphate, 0.2 M NaCl, 1 mM
EDTA, pH 7.2. The eluate was transferred to an Immulon 2HB
microtiter plate (ThermoFisher Scientific, Waltham, MA) and
incubated overnight at 4°C. The microtiter wells were then emptied,
washed twice with 20 mM Tris-Cl, 150 mM NaCl, pH 7.5 (TBST),
then blocked with 0.36 ml TBST + 3% bovine serum albumin for 1 h
at 37°C.

The wells were washed twice with TBST, then 0.1 ml of a
1:2000 dilution of anti-MBP monoclonal antibody linked to horse
radish peroxidase in TBST + 3% bovine serum albumin was added
to each well and the plate incubated at 37°C for 1 h. The wells were
emptied, then washed twice with TBST. The wells were developed



15

- 20

25

then bl ocked with 0.36 mM TBST + 3% bovi ne serum
albumn for 1 h at 37C. The wells were washed tw ce

wowah1IB®T, then fj.l nml of a 1:2000 dil ution BET/US2007/009100

anti - MBP nonocl onal antibody |inked to horse radish
per oxi dase in TBST + 3% bovi ne serum al bum n was added
to each well and the plate incubated at 37C for 1 h.
The wells were enptied, then washed twi ce with TBST.
The wells were devel opedw t 1t20. 01% o- phenyl enedi am ne,
0. 003% i;’Xdro%ﬁ peroxide in water. The detection

witdnB:0d mﬁgeedmraa;@@%‘%@hw@r@gmn{e@x'%w
WEEHFS TS ABRENTSRAISh SIS IBbEL) i B8 mL 4

H§S(ml anhd hﬁellsshmmedama;ymi slmeu:drwmhamtndtutady ats490 nm.
npared to wld-t ﬁge K{BP. These candi dates were Igr ot\“lw
Caila were segavered SHem e SIFYREFPRNAHIG FOpRMPIES that

sr‘? WeldCR ogrg\abﬂ?&'ﬁ AAH QutsH asesinddren & widalyipenmBp.

talne om nmut agenesi s Two i solates froma
Thebem@ndldatsimlem/gngwmandae&t@sbedcﬁmgoaﬂdn'eﬂue|I’Ulher
&éﬁ |Ies sequenced (Fig 2). One isolate, &B-1,
b ngo%'ﬂﬁ 5\1e a single nis-sense nutation, GL964C,
along with a silent nmutation. The G1964C nut ati on

Charsesnrpastsoh Grid sepairationcbfl neh nSHained MiBer Thadom
other 1solate, A9 was found to have three m s-sense
myleaangsls A1583G, A2419G and C2465T, along with a
silent nmutation. The A1583G A2419G and C2465T

mut adi da t
LSRG RITCBILEY, WUSEIS e 3AIREa s Binaing

apditiution profigsl BEgemequescedi(Eiga) . HApeiisplatenGRCR was
four%cqu tm%aavglal g”ﬁ'gqg r‘?\ré ke R'Lut%%ogn, G1964C, along with a
silent mutation.The G1964C mutation corresponds to the amino
acid change S146T in MBP. The other isolate, A9 was found to have
three mis-sense mutations, A1583G, A2419G and C2465T, along
with a silent mutation. The A1583G, A2419G and C2465T mutations
correspond to the amino acid changes N19S, K298E and A313V,
respectively.

Subcloning into pMal-C2X or pSN1578

Each isolate was amplified by PCR with the following primers:
oligo 3:
5/
GACTCATATGAAAATCGAAGAAGGTAAACTGGTAATCTGGATTAACGGC
(SEQ ID NO:11) and oligo 4:
5’ ATATAAGCTTTCACCTTCCCTCGATCCCGAGGT (SEQ ID NO:12)
The amplified DNA was ethanol precipitated, cut with Ndel and
HindIII in NEBuffer 4 (NEB, Ipswich, MA), and gel purified.
pSN1578 was cleaved with Ndel and HindIII and the vector
backbone was gel purified. The G8-1 and A9 fragments were mixed
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5" GACTCATATGAAAATCGAAGAAGGTAAACTGGTAATCTGGATTAACGEC
(SEQ ID NO 11) and oligo 4 : 5

WATWTAZBOT TTCACCTTCCCTCGATCCCGAGGT( SEQ | D NO  BC)/US10e7/009100

anplified DNA was ethanol precipitated, cut w th Ndel
and Hndlll in NEBuffer 4 (NEB, |psw ch, MA), and gel
purified. pSN1578 was cl eaved with Ndel and Hi ndl I
and the vector backbone was gel purified. The &B-1 and
A9 fragnments were m xedw th the pSN1578 fragnment and

| igated, and_the |igation was rm TBl .

WishoEhe PN b ZBrRGRERbANChIRaEe dnand: Fit HaRRIon was used
Agrfﬂ'ﬁfﬁ;fé?rgj 4 nﬁ:ﬁ?ﬁﬂiﬁ' nrégfiarfa‘iror@r aé‘gcﬁ't\‘gﬁ%ﬁ)rf:ﬁént

prime erinent has a stop codon
wis sdtﬂ,le:medacand earhed ;blHihﬁQGcfoprr@SehtamuﬁH 1593 for A9.

ThRAL PITISE t HOGSKRRBREE NERoR LB AN D Tect

réélﬂhg%ghéftb%ré\f@w@mém BN S8EHFREM procéé&?\g into the
encoded by the polylinker. A control plasmd

lacdmt Elagmegné afi IDMM-y pENWS, E\%éubélqm@raﬁuges@ dpodified

t ed b I VAL -
MER Hhat RS T hE S e R R e xR Atogsg bY
tHY PONAISk&ASA iddriteél plasrﬁi@@o%rnabywm@etylpe malegene
fragnent (Kl enow) and all four dNTP's, then t

fobloead cwaasshoacadgnawase@pwrwm rbemglamwngmMAL-QX in
tl'{é g@f\ﬁénlg& ﬁg\:wtere?\d aat/éEz%%% AN ¥bal

as na I's derivative produces an

o%&@ﬂ%@ﬁll@d i ul'smg HINAUpeld'rbgr& 1, daamge_‘\ﬁrawm

an 8 resj due extensi on encoded b the

(KignovwCoAnFoR | Sous ANTRE: therothe masthid wabdgreHiarized by
tr‘é%glg'gérm_ tur eég?epgﬁiégﬁﬁﬁ@c%'ﬂ@é ‘%&ﬁrlﬁ%é Bame

Yo gl ucose ahd 100 ug
reagingi ﬁrbrmletas malE) Giha ¢hissdetivativiupedduces an MBrR/I

reraiS D sk Alodicdd By BR1 BR6'AS! &ceBRFordd
residue extension encoded by the polylinker. This control plasmid
was named pK01483. E. coli TB1 containing pKO1483, pIH1596 and
pIH1593 were grown in a 500 mL culture of LB + 0.1% glucose and
100 ug/ml ampicillin to 2 x 102 cells/ml, induced with 0.3 mM IPTG,
grown for 2h at 37°C, then harvested. The cells were resuspended
in 25 ml column buffer (0.2 mL of 10 mM maltose, 10 mM sodium
phosphate, 0.2 M NaCl, 1 mM EDTA, pH 7.2)+ 10 mM -
mercaptoethanol, then lysed by sonication. The extract was clarified
by centrifuging at 9000 x g for 30 min, then diluted 1:4 with column
buffer and loaded onto a 15 ml column of amylose resin. The
column was washed with about 125 mL column buffer, and eluted
with column buffer + 10 mM maltose. The yields of MBP were
compared among the three strains (Fig. 3). The results confirm that
the modified MBPs showed an increased binding to amylose and
elution in appropriate buffers.
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in 25 mM colum buffer (0.2 nL of 10 nM mal t ose, 10 nM
sodi um phosphate, 0.2 M NaCl, 1 nM EDTA, pH 7.2)+ 10
workoolA20889 capt oet hanol, then | ysed by soni cat i pem/u3iee7/009100

extract was clarified by centrifuging at 9000 x g for

30 mn, then diluted 1:4 with colum buffer and | oaded
onto a 15 m colum of anylose resin. The col um was
washed with about 125 nL colymm buffer, and el uted

with colum buffer + 10 rer%a t ose. The yi el ds of MBP

SRR, SR R PAG te Bagere
néé@ésﬁ%&egrgiﬁ?%eh%wh S(?f e A uhrdht, the three

appr ers.In order to ascertain which of the
miltatio nsuhareosyisglonedesepasatedy \infopSNE bZ&s ecal leAblﬂ@G

f the A9. ' the th at
adayabNeonth b BClstion frtenat shdr b ARDS: (WBRH Bfitws
é’%l eaLeAficAtiOMaF dénhédeviiiehbatiite (AWisse )| dne m&sm
entification of clones which receive an insert).

and #8241 A Mmutatim seitherohad e ieffectaer reducedditie r/'eld of
MBS B Aoty glutcAlIbn. dabiiRefe dikaradd! ThereoddsT
e e iy
meitRgEnesis 5509 RMACER K S %&M@@Wbée ERshe grimers
o ST G LA G O A A 0eme *ﬁ?n%@ and

ohig o 16 :p5! ANTBACGIGISGATCTIHI TCACCAACTCTTC (SEQ ID NO:14)

SRR T T 0,
olfg &3t est G&\A‘Gmmemé’mhﬁg@@@cdhmweupm ND2RS)

was carried out with the purified N Ct erm nal

and ajigmBs AsCTRAGAAJIT: AMF%TEQGEFGG&T go 5 and
( g?ﬁ:igqﬂ"é) torAedtSRHd BIEhINASPER fridgieRt Prhand

assembly step was carried out with the gel-purified N- and C-
terminal fragments as the template and the primers oligo 5 and
oligo 8. The final PCR fragment was cut with BipI and Aval, gel
purified, and ligated to pMAL-c2X that had been cut with BipI and
Aval and gel purified. The ligation was used to transform TB1, and
plasmid was purified from the transformants and sequenced to
confirm the C2465T mutation. An isolate was chosen for further
study and named pIH1606.

In the construction of pIH1606, the stop codon at the end of
MBP was not conserved; this construct expresses MBP fused to the
LacZaa fragment. In order to compare the effect of the C2465T
mutation to its parent, A9, a stop codon was introduced after the
malE gene in pIH1606. The plasmid was cleaved with Xbal, filled in
with Klenow plus dNTP’s, and religated as described above for
pK0O1483. The C2465T derivative with a stop codon was called
pPR1610. Large scale MBP purifications of TB1 bearing this plasmid,
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purified, and |igated to pMAL-c2X that had been cut
with Bl pl and Aval and gel purified. The Iigation was
wais@d/ 12304 r ansf orm TBl, and plasm d was puri f i BAI/U8ZNT/009100

the transformants and sequenced to confirmthe C2465T
mutation. An isolate was chosen for further study and
named pl HL606. | n the construction of plHL606, the

stop codon at the end of NBP was not conserved; this
construct expresses MBP fuseg to the LacZaa fragnent

it o L 8 SRBEA S 5 S S R TR iR
yikll§ dWBPgﬁfL?m? in A HRAG b %%cBhﬁ%&hq‘dNﬂ%y QheaazdesT

w t h Xbal ed in with Kl enow plus d
Bt igat. eﬁhnssnuﬁatmrbebaa@@seamnpmaw MﬁPet@meamne
»gfga ?tlve with a stop codon was called pPR1610. Large
( ¥)vepP purifications of TBlI bearing this plasmd,in
paral l el with pKO1483 and A9, showed that all of the

i ncr fRYRdieR LY Bédatﬂé tBCofrapene MBAYSIA6T) te wild-type MBP
accounted for by the C2465T nmutation. This nut ﬂt b on

and MBEs(AB éﬁVﬁé”S‘i@”UP“M@ﬁ thatahaveisxaqths papplle
%‘?DCE’Q’QB% ?%551 EMBR (S T éw&nk Wirkdr Eﬁ’é’tehas

in derivatives that ave exact |
thmsahhelstop idar asopK Ol 483 was C@fnsltzﬂﬁct(esmem Ngel, Blpl

FrRBEVEBh e POA1 SAG 1A PUBTEE PRDGRACIor ok R RGbL 493
cd@ﬁnﬂvwdéﬁna@lpiuktcééeﬁ pM26AKOL493 cut with Ndel
Bl pl, creating plH 1619. Exanple Il: Increased

EYI eI d of I\/BP Fu3| on Pr otel ns A I\/BFP Kl enow I n order to

fusi on prote| n after purlflcatl on, ‘the gene encodi ng
the Kl qAgp-kidgwnt of E. coli DNA polynerase | was
cloned into pVAL-c2X, '

In order to test if the modified MBPs can increase the yield of
a fusion protein after purification, the gene encoding the Klenow
fragment of E. col/i DNA polymerase I was cloned into pMAL-c2X,
pIH1619 (S146T) and pPR1610 (A313V). The MBP-Klenow fusion
was chosen because it has an inherently low affinity for the amylose
column, and during the affinity purification some of the MBP-Klenow
protein flows though the amylose column without binding. The
Klenow portion of DNA polymerase I was PCR’d from the plasmid
pPolA, which contains the BgIII-HindIII fragment of the polA gene
(Genbank ecopolA:206-4127) cloned into pBR322 between the BglIl
and HindIII sites. PCR was carried out using the primers
oligo 9: 5 CCAGAAGTGACGGCAACGGTGATT ((SEQ ID NO:17) and
oligo 10: 5" AAGTGCGGCGACGATAGTCATGCCCCGCGC
(SEQ ID NO:18).

The PCR fragment was cleaved with HindIII and ligated to
pMAL-c2, which had been cleaved with XmnI and HindIII. The
resulting construct was named pIH1040. In order to reduce the
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Pl HL619 (S146T) and pPR1610 (A313V). The MBP-KI enow
fusion was chosen because it has an inherently | ow

wa@bdornedsyy f or t he amyl ose col um, and duri ng tPeT/US2007/009100

affinity purification some of the MBP-Kl enow protein
fl ows though the anyl ose colum w thout binding. The
Kl enow portion of DNA polynerase | was PCR d fromthe
pl asm d pPol A, which contains the Bglll-H ndllI
fragment of the pol A gene (( ﬁbank ecopol A 206-4127)

T S

s b i e

cahstrBCR vf/aag:rlfmﬂ(anhbycﬁ@;weﬂcmg angi lmamed @;I&ﬂ 110@211'

orRarnsosiieihe &lenRly FErE Ty Sh.Lohaecis BPRagI0 pno

pIHo6d®Y b?(PCR%ﬁ gt ppeimaesea Qénﬁﬂate ramd Thienptihgers

insert, the region from Xhol-to Hi ndlIl was repl aced
oligorl 1 h5’ G5FGA WTGP@%@@NG@FCMATCQFEGATG

S sequenci ng and naned plH
(ﬁgézhs#ﬁ@ nge enco %ng&t he Kl enow fragnent was cl oned
51 WAAGBAGIKTWA@GEGCIWAHGC@AGTQ@EQ PDaNCa 20)

terrplate and the priners-. . oligo 11: 5 GIGA | L
| ATGACAACTACGTCACCATCCTTGATG (SEQ ID NO 19) and
0' ' gﬁsmé%cé fragMERY ST m%m%%b@ectors
20) The PCR fragnent was cleaved with BanH, and

wlehre deavedswmr anémewmﬂlxmrlfm BxiEd, with the PCR

repinphEapndl et s Tt dtich b 89 Hkiue & ifan s i neR

Ti¥e (4p§M¢r@nMAy,rm@ Transforehgate wérer chbekedrfordhe
structure by restriction analr5|s and by expression_of

cerrechsbryuctaenby usstricing analyss agchpysppregsiontekthe
MEPKI848w fusion and analyzing by SDS-PAGE. The pIH1610-

Klenow construct was named pIH1643, and the pIH1619-Klenow
construct was named pIH1644.

Affinity purification of MBP-Klenow was performed using cells
containing pIH1062, pIH1643 and pIH1644. Crude extract, column

flow-through and eluate fractions from each strain were analyzed by

SDS-PAGE (Fig. 4). The eluted protein was quantitated by
measuring Azgo and quantitated using the predicted extinction
coefficient of the MBP-Klenow protein (Table 1). Cells bearing
pIH1643, carrying the MBP-A313V modification, yielded more than
twice as much fusion protein as those containing the wild-type MBP
or the S146T modified MBP fusion plasmids.

B. MBP-chitin binding domain:

In order to test if the mutant MBP’s ablity to increase the yield
of fusion protein from the affinity purification was a general

property, another fusion protein that has an inherently low affinity



10

15

20

25

Kl enow construct was nanmed pl H1643, and the plH
1619- Kl enow construct was naned pl H1644. Affinity

w@eoorfizesed i on of MBP- Kl enow was perforned usi nECT/®51087/009100

cont ai ni ng pl HL062, plH1643 and pl H1644. Crude

extract, colum flowthrough and eluate fractions from
each strain were analyzed by SDS-PAGE (Fig. 4). The

el uted protein was quantitated by nmeasuring A2so and
-quant itated usi ng the predict ed extinction coefficient

VBP- Kl
fog |qigIase vigs FRated; EhEMeRlAmga 1y ne Bt il cirtians
cHYBhEbidtAR gt HbAfains(MBPRCBI3) M eRtoHedbgtHeNpsfsmid pMB50
containing the wild-type MBP or the S146T nodified MBP

(FigsBon Appesd fracton PhtSwMB'?r(Eﬁlﬁof%gOGd?mtﬁ'n tepds to

Bi e 5 oy 28 LT, A 2B o dtercasen,

sipvlar t¢ MBPAKIETOW. gmepahnonocmppmearmblnmodingu on
%gotel n that has an inherently |low affinityfor anyl ose

{ABds\wam eleayed fiem the plrsmidiyging [dpal anghsacl,
arfdshelrBonient s mulindE" oMo Wag Riedged Withthe same
ethﬁn@l DthelsbaakgonEewastaﬂsdfs?mnﬁétlp\anm}tbegiwarfragments

6] t t
wérd iiated A RARIRNSH S Tadr R P 58 i preaulag iasmid
ngd{ Je?/mp,q Gﬂeaved fromthe pl asm d using Hpal and
ad, an

e fragnent was purified. pMB50 was cl eaved

W th the same enzynmes, the backbone was al so purifi ed
and Aﬁmltmurﬂagaéﬁﬂsomﬁ%lawasa@fpr med sisirg cells

cO e A5 S 1050 BB o 30 AL s

Theldlated pratoimwasVgaantitdted Hio Aedsuriagt Aggdf anm uglfg the
TRGiStH Rtk ce SRt R et MEBSCA BT dHe 2)
Cells bearing pIH1660, carrying the MBP-A313V modification,
yielded almost twice as much fusion protein as those containing the
wild-type MBP fusion plasmid.

Example III: Solubility Enhancement of MBP Fusion Proteins

Construction _of MBP_Fusions

In order to test whether the modified MBP’s retained the
ability to enhance the solubility of the protein fused to MBP, two
proteins that tend to be insoluble in E. coli, dihydrofolate reductase
(DHFR) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
were cloned into pIH1619 (S146T) and pIH1610 (A313V). As
controls, the same two proteins were cloned into pMAL-c2X and a
pPMAL-c2G derivative containing the mutations in the Telmer et al.
modified MBP named “"MBP-DM.” The vector encoding MBP-DM was
constructed as follows: First, a pMAL-c2G derivative with a
translationally silent Nsil site at nucleotide 2030 was constructed by
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predi cted extinction coefficient of the MBP-CBD

protein (Table 2). Cells bearing plHL660, carrying the
wao/BRIA3B8Y nodi fication, yielded al nbst tw ce BST/DBIN7/009100

fusion protein as those containing the wld-type MBP

fusion plasm d. Exanple Ill: Solubility Enhancenent of

MBP Fusion Proteins Construction of MBP Fusions | n

order t o test whether the mpdified MBP's retained the

ability t o enhance the soll flity of the protein

Fou R PIReapliaro Bt o ThedR BHFEP AR KR! Sna -
teg ing ?F%H’Véﬁs%@@oéﬂmt—% 9@%% (GAPDH), were

onéd 1nto pl HL619 ( S146T IH1610 (A313V). As
olcgmﬂr?hl 5! COATAGGATADGHAAAT CSARGAASS (5EQ IR NO 21)

ARSI ErHORTERAPALR e eroAarse L

(SBEGRDING: itlz_lvv@;e‘é Qe8P et eVite Wmammenﬁaglﬁtact and

as foll ows rst c2G derivative wt

the BHENArS OG0 §56 5 (e TREAT COATT GAAGRTA Lo APRAGEGCAAG

(S FEROL5) LU SR By 16 Sheertiho

fratyien® XTheECRIfraghserts aeré3gebpurified, then used as a
CCATAGCATATGAAAAT CGAAGAA Eh;él D NQ 21) and ol
‘I‘Wﬁ&&@@?ﬁtﬁi@w

tesnplatedm hespgim sNghggz}bV@pé oligo 8.

T HhAPERSBrh L N AR, BRI Kl hBe o Nt

ar(dBB@dRI N[hcfﬂ_iﬁl purdfiedi @MBLW@:QQ( us—z:;?ctaa\cecba\tiltal'\twltéel and
C

et pchoet PR and the bpi fpeEmAnEs s ey ang,

nqartteia L T8e Niddthss wad detBtaiFaficith ERIHE2] bﬂ/@rw

agnent was et hanol precipitated, cleaved Wit h
cudmrea:cmre grewgeland Mminipeep fMMA peepaneds sevaral

rbhbEifiBbeatatiRR R cRENSH e 3R Wike! SPene
correct size were obtained, but unexpectedly, all of them lacked an
EcoRI site. A representative of this set, named pPR1629, was
cleaved with Ndel and Aval, and the ma/E fragment was gel
purified. pSN1578 was cleaved with the same two enzymes and the
plasmid backbone was gel purified. These two DNA fragments were
ligated, the ligation was used to transform ER2502, and plasmid
DNA from one transformant was sequenced, and named pPR1633.
Second, the gene for the modified MBP called DM by Telmer and
Shilton was constructed by four primer PCR site-directed
mutagenesis as follows: The template for both the N- and C-
terminal fragments was pMAL-c2X. The primers used for the N-
terminal fragment were

oligo 16: 5’
TATGCATTCAAATACGGTGACATTAAAGACGTGGGCGTGGAT

(SEQ ID NO:24) and oligo 17: 5°
GCGGCGTTTTCCGCAGTGGCGGCAATACGTGGATCTTTC
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ligated. The ligation was used to transform ER2502,

overnight cultures were grown, and m ni prep DNA
w@e@paemo? Several transformants that had acgedT/e@s200@9100

Nsil site and were of the correct size were obtained,

but unexpectedly, all of themlacked an EcoRl site. A

representative of this set, naned pPR1629, was cl eaved

wi th Ndel and Aval, and the ,jgal E fragment was gel

purified. pSN1578 was cleaved with the sane two

(SHASB NG ). Tl RoTebmiBaL PEll Won S1ocinst it ghe
pﬁﬁféj—stghébafgf orm ER2502, and plasm d DNA from one

transforimant was sequenced, and named pPR1633. Second,
51 GEGBAAAALCGAEGOCGAAAEGTBRAMNICAT GAALAREr and

(S NEReh R BlERCE, ThedPis PRI aR os psrtoimes
uSIAgNtH& B UNified N-CapdnTh aeriingMBrdgmeats pWith- oo Il'@and

primers used for the Nterm nal fragrrent vvere oI|
oligo BaastheTrrmerccBIeRGR fragmentTwasceliuan s%@n't@ted

%@%@@%MM@W?&% %EﬁeaRV and

tréayed Wmh@meamtrmbhbspQMaSeMﬂ epligatioadwaist ised o
8:

RRAHRSWICTeATAOCRRARIRS P EEG N fitem one
tr%ﬁ)sf@rt?ﬁa ll:'VG‘Ss %ecﬁg&l@é&%mdhﬁﬁﬁ Wc@ﬁéfr@dfﬁf’n %‘Hd“ﬁamed

e puri |edN- C termnal fragnents with oligo
pRR1638. Rlagmid ANAHpPRIGE3 andrpPRACS S were: cleawed with

NBIéhan |'°h‘€adlr(?ct5%dt ted nd | i gat eFPéHtéﬁﬁ%g%?sgﬂ 6}??’%%/5

frBBﬁ*’?@r‘i‘@h@ﬁ'ﬁ pﬁRQd383Wér@n%éﬁPuHﬁ% métf 1s&adeHERgation

| psw ch , asm d from one
was used to transform NEB Turbo Plasmid DNA from one

transformant was selected for sequencing and named pPR1639.

The DHFR gene was PCR’d using pOTB7-DHFR as a template and
using the primers

oligo 19: 5’ GGATGG‘ITGG‘I‘I‘CGCTAAACTGCATCGTC (SEQ ID
NO:27) and oligo 20: 5' TATTAATCATTCTTCTCATATACTTCAAA

(SEQ ID NO:28), then treating the PCR fragment with T4
polymerase and dT for 15 m at room temperature. This treatment
produces a short 3’ overhang on each end of the fragment, a GG on
the upstream end of the DHFR gene, and an A on the downstream
end. The vectors pMAL-c2X and pPR1610 were prepared by cleaving
with XmnI, then treating with T4 polymerase and dA, which likewise
produces a 3’ CC overhang at the end of the malE region and a T on
the /lacZa end. The vector DNAs were ligated to the DHFR fragment
and the ligation was used to transform ER1992. For each vector, a
transformant was confirmed by restriction analysis and expression
of a fusion protein of the expected size analyzed by SDS-PAGE. The
pMAL-c2X-DHFR isolate was named pIH1616, and the pPR1610-
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transformant was sequenced to confirmthe construction
and nanmed pPR1638. Plasm d DNAs pPR1633 and pPR1638

wowoog/1zdseaved with Nsil and Aval, the plasm d perkbm®009100

from pPR1633 and the maf E fragnent from pPRL638 were
gel purified, ligated, and the ligation was used to
transform NEB Turbo. Plasm d DNA from one transfor mant
was sel ected for sequenci ng_éﬁpd naned pPR1639. The
DHFR gene was PCR d using pOIB7-DHFR as a tenpl ate and

[ h [ i : D" .
DHER sl RO PARRETITR AR CTBEPHS RS WaR RSN oo
SL&géloﬁédT?ﬁTEAﬁTI‘FfEr@@TJﬁ%ﬁEA@iFﬁ%%_ (\WES dIBated with Ndel

then treating the PCR fragnent with T4 EOl ynmerase and

ani Bipi, tite digest cum orrgeht and.thenbackpeaentimcluding the

d h 3' h . f .
DAFEHERR) Waad s Suh 3L SR Butltisth Br R gRonaY gup pith
NA&T adH 8191 A8 thevrsdiEewasgel pliFiedcTaesvediir bddkbone

and pPRlGld wer e preg_ared b¥ cleaving with Xml , then

wasdigateg t thernalk( fiagnase affdfhe Hgatipns KeRdske
g R Bor af IRCHREdy Bt ddifidanby BSuiBlEn analvei

and wms}smm lof DFEFSoT pootEin afnthe lexpaagedi sinevarsalyged by
to transform ER1992. c.at f t
ShasPeGE eyt ARG T ThadsER bt 355 Slighed

_in%%ﬁp&&?@?ﬂgrcg%ﬂ%{ﬁ@gﬁom FRPE63Yeana gFH POREYWRA %)1081 and

X-DHFR i sol ate was naned pl Hl ,
Salid geth o yifyiagotheHrRctanbackbaene frene ®RR HH6361emd the DHFR

frogmels o b 1ge i Ioakn e Rl FRdhels: The
lightI6:s twa 8 usEd 8o fhnsfdten tNEBURGHIW NEndi actaksagni ot was
FR gene) was cut out and gel purified. plHL596 was

canfirmednbxegquencipgpand fimesPRHLE46mas gel

purified. The vector backbone was ligated to the mal E

fragprEtGARBH the W 5GBfedtefdtd PCR using pIF931 as a
template and using the primers
oligo 21: 5’ GGATGGTGAAGGTCGGTGTGAACGG (SEQ ID NO:29)
and oligo 22: 5' TATTACTCCTTGGAGGCCATGTAGGCCA
(SEQ ID NO:30), then treating the PCR fragment with T4
polymerase and dT.

The vectors pMAL-c2X, pPR1610 and pIH1619 were prepared
by cleaving with XmnlI, then treating with T4 polymerase and dA as
described above. The vector DNAs were ligated to the GAPDH
fragment and the ligation was used to transform ER1992. For each
vector, a transformant was confirmed by restriction analysis and
expression of a fusion protein of the expected size analyzed by
SDS-PAGE. The pMAL-c2X-GAPDH isolate was named pIH1625, the
pPR1610-GAPDH isolate was named pIH1626, and the pIH1619-
GAPDH isolate was named pIH1627. The GAPDH insert was then
subcloned into pPR1639 by cleaving both pPR1639 and pIH1625
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transform ER1992. An isol ate was confirned by

restriction analysis and expression of a fusion
w@e@rarmsonf the expected size anal yzed by SDS- RAGES20a71009100

named pl H1618. The DHFR i nsert was subl oned into

pPR1639 by cl eaving both pPR1639 and pl H1616 with Aval

and Sail, gel purifying the vector backbone from

pPR1639 and the DHFR fragmenit11 from pl HL616, and

Ilgatlngthetvvofragnents he ligation was used to

o BR08 AR S L6200t AL B P BB 16
rﬁ*@h%céﬁ‘ibﬁﬁ fPé‘&ﬂérhm&d@ﬂ@ihggsa mcg@gtr Glgaa,dew@g

e priners Adigo 2
fraga@ns. Nthe tigation vwas gsegbto sransform NEB Turbo, and a

e N A e —

of THFULRSH Protei bf R exgitttet) siredanbyLek byesBS-PAGE, and

prepared by cleaving wwth Xml, then treating with T4
npoiethelHd®&4nd dA as descri bed above. The vector DNAs
were ligated to the GAPDH fragnent and the ligation

S%ﬂ?% ggﬁg%rbﬂléransform ER1992. For each vector, a
was confirmed by restriction anaIyS|s and
expression of a fusion protein of the expected size

anal AZ22Q rol cattgreafETBiheo MDIQQXh@A@iBHtl RYAd: Blagwids

«Eﬂﬁ@ﬁi ﬁﬁﬁeﬁé@e EEFRH SEIRY) L PR 6 e

APL ZEacﬁhﬁla@ﬁ?ﬂ'Kumrtcmmh@ aSDNA emcdding DHFR or
pPR1639 by cl eaving_both pPR1639 and pl H1625w t% AV§|
Géﬁ@lﬁa) waSggrowurtq >2ixr1& { mé kB AMpa dREMTED: W mM

LR Pe 15 SR e AR e atere
han\m'stédr by I‘d@!tmugatlozmdt 8(10(auxsgon_rmmmcmﬁugenﬁadmpellet
rre%%tsﬁale%tdle%nlnagan}/l I§58 I\ﬁxlprrls?-sﬁl, %rh 7.9, 50 mM NacCl,
0.75 mM EDTA, 0.6% Mega 10, 150 ug/ml lysozyme, and 20 Kunitz
units/ml Serracia marscesens nuclease, and incubated at room
temperature for 10 m. The resuspended pellet was designated the
total cell extract. A sample of 125 ul was removed and centrifuged
for 2 m at 14,000 x g. The supernatant was removed and
designated the soluble fraction. The pellet was resupended in 125 ul
of the same buffer, and designated the insoluble fraction. A sample
(5 ul) of each fraction was run on SDS-PAGE for each strain (Fig.
5). The gels were dried and scanned, and the amount of MBP fusion
protein in each lane was quantitated as a ratio of soluble protein to
protein present in the cell lysate before centrifugation (Table 2). For
both DHFR and GAPDH fusions, the A313V and S146T modified
MBPs enhanced the solubility of the fusion protein as compared to
wild-type MBP. Fusions made with the DM modified MBP, as
expected, showed reduced solubility compared to wild-type MBP.

Example IV: Use of an MBP Mutant in K. lactis



10

15

20

25

30

of a fusion protein of the expected size anal yzed by
SDS- PAGE, and naned plH1645. Solubility profile A 20
waorkoocabdsoy e of TBI containing the ei ght pMAL pPEEDIBZI®7/009100
((pMAL-c2X, plHL619 (carrying S146T) and pPR1610
(carrying A313V), each plasmd further containing a
DNA encodi ng DHFR or GApDH)) was grown to 2x1O 8/m in
LB anp, induced with 0.3 mM,LPTG incubated for an
addi tional two hours, then cells were harvested by

™ NaQl, 0.75 mM EDTA, O. G%Nbga 10, 150 ug/m' '
| yso‘meagerw@rﬂﬁ)d{ngl the mmuta:rmmaﬁeosacbladnmg Juredeirs,

AR o TS e b s

% @E% _of 125 ul was renpved and
cen I fug m at 14,000 x g. The supernatant was
oligo@3=xd ﬂr@WﬁG@éAﬁﬂ&IﬁA%‘EE%GMGT (SEQ

e s resupended in 125 ul of the sane buffer,
I[gﬂ)édédm@ﬁ‘é{ Qﬁgghg fnsol uble fraction. A sanple (5 ul)
5*()éc@e*rcfm@¢ﬁmmf@emmmm@*rmaccc

5) € gels were dried and scanned, and the
(SEQUIR ND:3BR il farwaod primier wastengineeargd to contain a

AL AR Suping s RN SRR ERlBlA ByPhfe Roak

cdrisdt $u seqbeihdeotita R e irAEtii ety precebls hElMa/E
and S146T nodi fi ed MBPs enhanced the solubility of the

gmeuarﬁqﬁ@némd% (upfiesliBgd) . oT NeIr@vEarpe RBMETFWES NS

d
fifeeteltg ConbaAchbE FelHictio, AR SiexbfBttext)
mhMediaequf fallowesd tytiMA emcddinigathe pCoteoytid reqoghlteon

IR Y SR BN N T T

stop codon was incorporated onto the reverse primer to allow for
the construction of in-frame C-terminal MBP(A313V) fusion
expression cassettes. The malE gene was amplified from the
plasmid pPR1610 containing the full-length gene, using Phusion
polymerase. The amplified gene was cloned into the HindIII and
Xhol restriction sites of the K. /actis expression vector pKLAC1 to
create a K. lactis MBP(A313V)-fusion expression vector (pKIMF2).
This cloning strategy results in the replacement of the K. /actis a-
mating factor pre-pro signal sequence in pKLAC1 with the malE
gene. Thus the MBP- and MBP(A313V)-fusion proteins will not be
directed to the secretory pathway but instead will be retained in the
yeast cytosol.

Expression and Purification of an MBP(A313V)-fusion Protein in K.
lactis

The gene encoding a truncated form of paramyosin (Steel et
al., J. Immunol. 145:3917-3923 (1990)) was amplified by PCR
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MBP( A313V), was anplified by PCR using the forward and
reverse prinmers, respectively: oligo 23 : 5

WOBOTAZBET TCCOACCATGAAAATCGAAGAAGGT ( SEQ | D NCrGLySENT 009100
oligo 24: 5
GCGCTCGACCTTG OATCGTCy ATCCGAGCTCGAATTAGICTGECGC (SEQ 1D
NO. 32). The forward priner was engi heered to contain
a Hndlll restriction enzy site (bold text) followed
by the Kozak consensus seq:}éﬁée (italics) that

i mredi at elé receeds the mal E gene initiation codon
ugingiehe fall Y‘Pngrfér'FWé:’r'se pri mer was engi neered to

t99124 N5 GAG AT ROCETATTCEG PAGTATG! ID
o'i?%‘ire% at Q?SSE%%TF E byTE%A encodi ?gdt he prot e(gﬁy?l c
NO=33randoligo 26:0f t he protease enterokinase (italic

AR R GRS T AARACKCERR CRET,

'IDle©”34 - TReMgraartBhfiftds Wad esigineered aeséortain a
cassettes e mal E gene was anplified fromthe

Xboamsm@@m site ( ttexk).nghe H’@Vﬁﬁﬁﬁ prMRmwWEsHengineered

Ph
ot PafEar A UE, ORI T Sire RIS By Rt Bedfypstpeam
oft tite RMASEN istopxgoders i(ftalicext). pKLAC to create a K
| actis MBP(A313V)-fusion expression vector (pKiI I\/F2)

! he The[dpihd strat s eb JoliBns: o 0Bl ilamyosin
g%@gﬂﬁé%gm‘ﬂ iffed BRdBLEFGEN eTh’éhﬁ%tg‘i'ﬁénWas d¥lble-

u3|on proteins wl be directed to the

dlg@srtedongma{hml/aqnduuoﬂlrm@&dpwﬁlmb@ thet Xhaddand Notd
raSREHST RS of R SRDT RSP et iR MIE TR o b am in;
franmé ¥osre betwearnthea-aeyennos(dt@aeheeN-terminus of
PMASal. The plasmid constructed in this way was named pKLMF2-

PMASal (Figure 7).

The MBP(A313V)-PMASal fusion vector (pKIMF2- PMASal) was
linearized by Sacll restriction digestion and the purified product was
transformed into chemically competent K. /actis cells using the K.
lactis Protein Expression Kit according its instructions.

Transformant colonies were selected on acetamide plates and
clones containing the correctly integrated MBP(A313V)-PMASal
expression cassette were identified by whole cell PCR as described
in the above kit.

A 20 ml YPGalactose medium (1% yeast extract, 2% peptone,
2% galactose) culture was inoculated with a strain of K. /actis cells
containing a multi-copy integrated MBP(A313V)- PMASal expression
cassette and grown at 30°C in an incubator with a shaking platform
for 4 days. The total cell content of the culture after growth was
determined to be approximately 8.2 x 10'° cells (or approximately
4.1 x 108 cells/ ml). Cells were harvested by centrifugation at
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al., J. Imunol. 145:3917-3923 (1990)) was anplified
by PCRusing the following priners: digo 25:

WG 2BTEIBBGAGAATTCCCCATTCGGTAGTATEH SEQ | D NO: 33pCEHNS2007/009100
oligo 26: TAAGAATGCGECCGCGC CGACGI TGTAAAACGACGGCCAGT
(SEQ ID NO 34). The forward priner was engi neered to
contain a Xhol restriction site (bold text). The
reverse prinmer was engineereg to contain a Nott
restriction site (bold text) i mredi atel y upstream of

gt by e S R FRES &t 5T ks WErg vidife pnce in

distifedRidtbr a8 drover tHe estcesbankdagment was
doubl edi gested with Xhol and Notl and cloned into the

Xhol _and Notl| restriction sites of t ressi on
vect 6@ theimeparatian pf aaWS'ﬁ%:?v she ‘F‘Q& Wé)@equwed in

a & hr DI 6?' lt(ﬂ?nay &l mh%é)fn RW%rEItU;%DSr%ﬁ&‘JSated at

constructe s nanmed
3TRCdorel T\)QurThéZelUBF\(VABeS‘\@r-VIGBDSdI b\f gsntle wentoifugation

PO el S ceRERRIGE SaR 2 FIteSr obRlITRe s were
réé“ds‘béﬂtﬁfﬂ ¢ald Yoenrmauené df 3 ImF ides-cofdl lamyfdsd conamif

lactis Protein Exgressn on Kit according its

buffer (@& MMsTrisr@nphof farR. 2 M dalds arld EBITéD: eantaining a

oSSR BB ) LR AR ok,

Ro¢clea) . f‘lrmi deyl sfuehe wad krdiiStersedesca ighass tabehandhplaeed
kit. A 20 m YPGal actose nedium (1% yeast extract, 2%

oméEe ortN eaYFYakrBsf 26t washesh gldws beadsd(44 pr6@0
iRl RS R AR N Rl SN Bt prokcen
by vorbexinBA0Ctinmesneads foateod miinute dalraklorg el ﬂy)sane
was transferred to a new tube and the glass beads washed 4 times
with 1 ml column buffer. The cell lysate and washes were pooled
and the cellular debris was removed by centrifugation. Cleared cell

~ lysate was diluted to 8 ml with column buffer.

For fusion protein purification, the cell lysate was passed over a 1.6
ml amylose resin column pre-equilibrated with 15 mi of column
buffer. The column was washed with 24 ml of column buffer and
bound protein was eluted in 0.4 ml fractions with column buffer
containing 10 mM maltose. Cell lysate and purified proteins were
resolved by SDS-PAGE on a 10-20% Tris-Glycine gradient gel.
Proteins were identified by SimplyBlue Safestain. Figure 6 shows
that the major eluted protein corresponds to the size expected
(68.5 kDa) for an MBP(A313V)-PMASal fusion protein.
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for 4 days. The total cell content of the culture
after gromh was determned to be approximtely 8.2 x

wa oo/ 1emhd s (or approximately 4.1 x 108 cel | s/ Pat/s2007/009100

Cells were harvested by centrifugation at8,000 rpm for

10 mnutes at 4 C. The cells were washed once in

distilled water to rermve the excess nedia. For the

preparation of a |ysate, e25c:el l's were re- suspended

ina2mnm solution of 10rrg7 lyticase in |

sorbitol and incubated at 37C for 1 hog q%bl Fe
Table as Yeaichr JURP ISR for Jd rtoPe aneo mlﬁ% Sa

mcro-centrifuge for 2 mnutes. Cell pellets were

gendeqqpp a tot afjey@l une of 3 nml ice-cold anyl ose
%%fs'im—s—rr—nv—mvrmcr ph 7.4, 0.2 MNaCl, 1 nM
pEDIBH2cont aWil ng a pr@{Aasesi nhi bitor cockt ai |
ﬁ_ﬁ)gﬂbet e(t ot ea i nhi bitor cocktail, Roche). The
P | ur A tran &PBad to a gl ass tube and pl aced
pB1649 Aseqeel vol e pgaci d washed gl ass beads
(425-600 mcron, Sigma) were added to the cell slurry
and cell's were broken by vortexing 10 tines, each for

a l mnute duration Cell lysate was transferred to a
TEEW URGeREr MBPIEBES rOICHARI-1PBa%hd MBIPA3YEY) 1

e cell lysate and washes were pool ed

and the ceI I ul ar debris was renoved by centrifugation.

plasmichd celMBPysat e wa¥Xieldi uted to 8 mi with col um
For sion pro ification, the cell

pllbkggcfe Y)ﬁ:sed overié ?'ﬁu% anyl ose resin colum
pIH €660 I |A)3ﬁ3vd with 2% .8lmgk col um buffer. The
colum was washed with 24 m of colum buffer and

bound protein was eluted in 0.4 m fractions with
columm buffer containing 10 MM naltose. Cell lysate

pofbined by SDS-PAGE on a
Tﬁg 2 %Sfjrlrhgﬂé%gf ﬁ/leé‘grﬂgg{o:nnP gge%!l Protei ns were
i dentified by IS=I npl yBI ue Saf est a| n. Fi gur e 6 shows

Plassnid he nx JISIPR Pretein:| lg t he size
pfifPEEed MBP-DHFR 36%
pIH1617 MBP(A313V)-DHFR 67%
pIH1618 MBP(5146T)-DHFR 67%
pIH1646 MBP(DM)-DHFR 25%
pIH1625 MBP-GAPDH 42%
pIH1626 MBP(A313V)-GAPDH 59%
pIH1627 MBP(5146T)-GAPDH 53%

pIH1645 MBP(DM)-GAPDH 17%
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(68.5 kDa) for an MBP(A313V)-PMDSal fusion

protein. Table 1. Yield of MBP-Kl enow for wld-type and
woarfizea VBP' s Dl asmid MBP Yield PIHL062 W OPGT/BIER07/009100

Pl HL643 A313V 2 ngs pl H1644 S146T 0.7 nys Table 2.

Yield of MBP-CBD for wild-type and MBP(A313V) plasmd

MBP Yield pMB50 WI 13.2 ngs pl HL660 A313V 21.8 ngs

Table 3. Solubility of MBP fusion proteins Plasmd

Fusi on protein % Sol uble PI '|2I¥616 VBP- DHFR 36% pl H1617

zé ;\% %R 67% pl HL618 MBP(S146T) - DHFR 67%

Wie ﬂtll'é aNgs DHFR 25% Pl HL625 NBP- GAPDH 42% pl H1626
MBP( A313V) - GAPDH 59% pl H1627 MBP(S 146T) - GAPDH 53%

1 DAH%ﬁEBWomHW@teunS(MBN)Wmsmg Aan MBP

nodi fi ed mal t ose-bi nding protein (MBP) conpri si n%
aEro AFid sequence Havies dMmvkafianwhgrephthgdpst t'P

%e[aéelﬂgg R ?ﬁédtl\bi@PrWﬂ' i ﬂfgé\q?’a?vg‘@?#é’iﬁe% %\/% an

ave an-_Increase 1n one o
mb’ré@s@@n tf leastyordenofa (lbindéxg rafﬁni;ns,bﬁcblr atmalmmbxtrin
solublllt when the protein has |i 'tf,d_ -
Stéhﬂtl'jétfh apd (z" goluRiliky éﬂ?mﬁhscemt&"adﬂ% ippited, solubility.
wherein the nutation is |ocated in the hinge region
between helices XI and XII or in a region within 10 A"
2.0A mdidlifietl MIBP prooreding to claim 1, wherein the mutation is

located in the hinge region between helices XI and XII or in a region
within 10 A of A313 of the protein.

3. A modified MBP according to claim 1, wherein the mutation is
located in the C domain or in a region within 10 & of S146, at the
beginning of B-sheet F of the protein.

4. A modified MBP according to claim 1, wherein the mutation is
A313V.

5. A modified MBP according to claim 1, wherein the mutation is
S146T.

6. A modified MBP according to claim 1, fused to a target protein to

form a fusion protein.

7. A modified MBP according to claim 6, wherein the fusion protein
has a solubility that is greater than the solubility of an unmodified
MBP protein fused to the target protein.

8. A modified MBP according to claim 1, comprising SEQ ID NO:4 or
SEQ ID NO:6.
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3. Anodified MBP according to claim1, wherein the

mutation is located in the C domain or in a region
wowdaohitzst® of S146, at the begi nning of b-sheePCFHUSL007/009100

the protein. 4. A nodified MBP according to claim 1,

wherein the nutation is A313V. 5. A nodified MBP

according to claiml1l, wherein the nutation is S146T.

6. A nodified MBP according t70 claim1, fused to a

target protein to forma fusi’on protein. 7. A nodified

MBP accor di n%}lt o claim6, wherein the fusion protejin

Inhe isolatesh ONAenerdingsagnesiied(MBR, qmpHISimg | /ERQ 1D
; H hgel.dvBP protein fused to the target
Ng'g{alg'fn. quAMn‘% 1fied MBP according to claim1,
conprising SEQID NO4 or SEQID NO 6.9. An isolated

encodi ng a nodi fi Pl comprising.. SEQ ID NO 3
10, AseeEtas RemeToing a DY eerSeRgr i Fjm,
according to claim9. 11. A host cell transformed with
a vector according to claim10. 12. A host cell
1 hcdohashgelldransformed wildy 8i vectos according riedcliadet 10.
cell is a transforned E. cofi host cell. 13. A host
cell according to claim1ll, wherein the transforned

1 D0A! hest lcellsa@cdriding ey W&uywhemnemémsa nsfrimed host
14. A host cell according to claim1l, wherein the

celbis artranspermed £150/idhast G8W. of purifying a protein
conprising: expressing in a host cell, a fusion _
protein conprising a nodified MBP according to claim1l

1304, RotBcedt agardeng; topelain tLilngvhbeeinotid trshdfdPmed host

fusion protein to bhind to a matri x; a]nd
cell is a transformed Kl/uyveromyces host cell.

14. A host cell according to claim 11, wherein the vector is pKIMF2.

15. A method of purifying a protein comprising:
expressing in a host cell, a fusion protein comprising a '
modified MBP according to claim 1 and a target protein;
permitting the modified MBP fusion protein to bind to a
matrix; and )
eluting the fusion protein from the matrix in a selected buffer
to obtain the purified protein.

16. A method according to claim 15, wherein the matrix is a
polysaccharide.

17. A method according to claim 15, wherein the carbohydrate is a
maltodextrin.

18. A method according to claim 15, wherein the modified MBP has
a mutation selected from A313V and S146T.
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eluting the fusion protein fromthe matrix in a

sel ected buffer to obtain the purified protein. 16. A
waoredohaghsexzcor ding to clai m 15, wherein the matPCRUSEOA009100

pol ysaccharide. 17. A nethod according to claim 15,

wherei n the carbohydrate is a maltodextrin. 18. A

met hod according to claim15, wherein the nodified MBP

has a nutation selected from,A313V and S146T. 19. A

met hod according to claim15, wherein the nodified MBP

conprises SEQ ID NGO 4. 20. A nethod according to claim

15, wherein the nodified MBP conprises SEQ | D NO 6.

1 iR odMe

%54 reEBloE L6 NG B9 ot LB, W BeRR 1S Migdiieg MBP
cOMOpPiseA2SER Bt NGddaccor d| ng to claima1lb5, vvher e| n t he

host cell is Kluyveronyces or E. coli. 23. A nethod

for solubilizing a target protein, conprising:

26 XAr @thod acedriihigeeb MRiint uEdvherairt eheehorlinéai mBFo

that in vivo the fusion protein is solubilized to an
campeisesgbB& &P NRXB.can be observed in the absence of

the nutant MBP and to an extent greater than observed

using a non-nutated MBP. 24. A nmethod according to

2Ll Al mezaodﬂbet@&mnghm alaind i163) WHErbas the Adbalified MBP is
mut ati on qQr_ an mut ation. 25. A nethod according

encpded by §§Q\I/ﬁ)e|'\'9 r3 PRSERJD NQA:3BP has an A313V

mut ati on and an S146T nut ati on.

22. A method according to claim 15, wherein the host cell is

Kluyveromyces or E. coli.

23. A method for solubilizing a target protein, comprising:
expressing a modified MBP fused to a target protein so that in vivo
the fusion protein is solubilized to an extent greater than can be
observed in the absence of the mutant MBP and to an extent
greater than observed using a non-mutated MBP.

24. A method according to claim 23, wherein the modified MBP has
a A313V mutation or an S146T mutation.

25. A method according to claim 24, wherein the modified MBP has
an A313V mutation and an S146T mutation.



