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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
Reconbi nant proteins have nany uses in biotechnol ogy,
5 whenever | arge anobunts of pure protein are needed.

M crobi al expression systens such as Escherichia coil
(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 not unconmon to encounter
probl ens of |ow | evels of edpression and/ or

insolubility of 10 the protein. Even_if the otelnls
expr essegolublilization pagaPudfication|af a TargesPr

fied f
purified fj Crﬁ%gﬁe@ﬂ%@ﬁa%gsrsm&ﬁﬁlm&témthe cel |

extract. To e expression and purification
of a target protein, one nethod that is in commbn use
is to fuse an affini t BAGKGROUND, otein. A good
affinity tag has properties that facilitate high- 15

| evelRé‘dﬁ?ﬁBﬁﬁér&antémsf naeé rh@nihesey Irﬁbmteulsnofogyhe
target protein, as wel grow di n

whenavey [3ge a'mmtérpft Mte TotsiR %é“% t E ﬁt °P
é&%@s%éﬁ%&?ﬁ %ﬁﬁhté’seEgéﬁ’éﬁéﬁﬁaoéblﬂ‘(E eéoI/)TBﬁd yeast are
e- I'n f

t os rotein (MBP) of E. coli .is
aften the farst sholes ayet'agthear lew siass ansh highy v'e'dww*qex
%Heskm{’&%@ﬁ zﬂrBE&?wgrin?@ RSRLIR IO P oR " RFEHTRFhAM tE-
is to bind mal todextrins
aricdurdeopreblemrsinfdow [yels oﬁmnressageam%?ﬁ ingofyfility of

Mal EE

R pttel] EVERY 1P REAIN e 'hprBbscd By BREYHIAins

skﬂutbéﬁ ipnotst begmriﬁed; frdme thepmysisdef othenhgroteingin the
(0]

Efebtraghy To ettt i pybhesBh Y plfficano 5 8target

611@95%2‘22%??‘5 @@ébhdﬁithiamscmktamn?]m u;teylscn‘o fuseuahaffiofty tag

th the Rrerein. AGORRPTBRBN AR 155 PEOPErIY PRdtraitads figh-

INOBY eRpRESHIBA WiHéh fased tolthilel N-ﬁe?rrmhelsrofrlalte targeg girotein,
are insol ubl e when expressed aseﬁafm"treco

35 well as nr@v-%a;a énmPh?ee@e PHEP % Bgr'gﬁa{IB"ﬁ@ﬁt

alfows 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, stafch 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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renders them sol ubl e (Kapust & Waugh, Protein Sci.
8:1668-74 (1999)). The utility of MBP as an
affinity tag is tenpered by the fact that dependi ng on
the protein in a MAP-target protein purification, 5
some fusions don't bind to the affinity matrix as well
as others. In addition, the presence of non-ionic
detergents such as Triton X100 and Tween 20 can
interfere with binding, especially for MAP-target
protein fusions that have aminherently Iomer
afflnltg Researchers have used the stru f N%P
rendEctiAmeaIanIa CKARMSH oM@ UGH: GVaERI SCAIS: 4P6BE
g¥@%g£ﬁ properties of MAP. The Xray crystal structure
has been reported by Spurlino et al., J. Blot

Chem 266:5202-5219 (1991 MAP. consj st s of t, wo
dormi FiBe ufility of MPEras pa; ity o b%m FGA e the dact

B‘?éty éﬁﬁénéfringn kthe otaih9 irfanm - i trotainnguitifieation,

N-term nus iI's naned the N donmin, and the dorral n

some tusions |ds>rtth§lr@ tethe /ignjty 'Wéﬁﬁa ahwed R RENGMS: In
%Bﬁﬁﬁor{ Qieelt %ﬁ&ohﬁ@db%@rg@i@@u%ht@s frefteh ax100
rou s have used the structure to nmake

andélfwedn Rf gan dngenf@ret wath bgrdmgb@ﬁpﬁsla"hrefqmmgestarget

fgmnﬁ{mﬁ '?ﬁg‘%?& ta'@%é'vef ?H' f\KeP%\B% \fv%'i' drahitgse and

trrose ( tructural 20
Bi ol ogy 8: 795- 798 (2001) Tel mer & Shilton, Journal of:
Bi ol . Repeanchers hayvesused the stouetyye of JRB\ & make directed

A ?l%‘?\'% iﬂaéro@"r ﬂd”lvﬁlgétle Elger: gﬂggﬁiﬁﬂBhﬂﬂ&m@ BﬁﬁB‘Fh eI'he Xray

nodi fi1cati ons ro OICItyO
crystalistractuns ot NBRhhas dieemnrepengd ta\e Haojqtsal., J.

B! Rilerh Y 2680905084567 199 ) M hndReaidralid Bofains,

y increasin ten ency to render a fusi
it alateﬂtrmmetérethésumﬂhsl whane chembiysaccharide émds

t di f P f q in_j
The 48, shalPanias hE MiratiRubig baflen tBlR Hotfdin,
éﬁglt?& %omnghaﬂ cbhwmtsrthfehte-tmmﬁhusns lcrfamted thieeC - 3-
nodi f.i e usi on ein a east, o
fAPBIRIPt | hERE deeRy CF?%TSEWGEH qihﬁa“r ﬁ@a“%'r"ﬁ f%f P& a
ARld R dBxb [droupsisdveausea el sﬂrincm“rel tic hregieedirected
solubility when fused to a tar rotejn havi n

mutpFlens< thi regipn beniack i hia increass thg affinity
bf“W cﬂ“mél&%é‘@ﬂﬂfmS&oﬁrlb@? (MEvih BY R | ededrecstredtural

e_region bet ween helices Xl and XIlL or in a

nt
Blodogy, 17O AOBUI00N): ALATes S STt et of Biol. Chém.

§¥§F%A§55tﬁ5@y\%l '092) %ﬁxmérogﬁ%egg?ﬁéﬁgﬁ%éﬁﬁﬁ%rent _

disapvantege Feinceithe MostBERoTs5oMBPfincHAse Ry bo
RPGLARSHREIY dPHheVs@Fadd Bt 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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10 In a further enbodi nent of the invention,

the nodified MBP nay be fused to a target protein to
forma fusion protein and may, for exanple, have a
solubility that is greater than the solubility of an
unnodi fied MBP protein fused to the target protein. 15
In an enbodi nent of the invention, the nodified MBP

may have an am no sequence selected from SEQ I D NG 4

or SEQID NO 6 or a DNA sequence encodi ng the protein
selected from SEQ ID NO 3 or3-SEQ I D NO 5. The DNA may
be incorporated into a vector 20 such as

FaediBed BBPSIR SrOtIN fodh AY AL JGATt QUBIPIRBeRY Selected
] Sﬁﬁﬁéﬁeé%redzaffﬁ'ﬁy for a maltbﬁeﬁ&nﬁ'%m@tamﬁ (i) an

the I'nvention a netho rOVI d for ur| Ig
mmesadmbmh\cwm‘sfumte@ta@ﬁtm@t%@ha\ém I\ted
I r
iy, | L4 TpERGEnlodimdrit of i (R RTbb! Gichibdiried
MBP hacar gmtarnm kKicatedtin thednmgeorem fagtwgenpheliees XI

pBFEhcRn i A Qi MR, £0FEbF Sy BEHA8 dtoten, For
Eulaiggqlgptlgﬁ ]??gtamsn hay- timloebuedacm EP?FWM orinian a
ragion within |1°4 4ros P6r ab shEhetdinfitd bf RRegL Eidtshe

P%t@ﬁ TRelhouiftefidd m&p bebipedaficalya AZa33e br (S 1463 .N
i ncl udes expressing an MBP nutant fused to a

target protein so that the fusion proteinis

sol ubid bZRGthér amBbdiRiEntdsreaieinvdition thd medisiedviagp

inthe 5 absence of the nutant MBP and to an extent

mawberfuspetood $argeldprrteiy ta fagm afusiosyPraein and may,

f Rath #heUblapiity of
FrEREP L aYE 3 SORRI s Esle I the NI RER
angunroglified MBR proteini fusadser ths trygeteproteiii.-ng and 10
purification of a target protein by expressing a DNA

encodi ng an MBP fused to a target protein, allow ng
t he fLrs'anrerpnbnﬁéaineritmfsﬂieenﬂevﬁiqn,tﬁhmdmcxdiﬁegllmse,may

lutin thetar et protei Nt aj
Bave i aitnorshran, st rted et are At T AF SERApe
NO:6f bed DNAI s&qtmmvaeencbdmy mepseteihwmd_ from GEQ ID
proyl des sequenges CRIPRN NG 1t L fvhe MERS WA & vector
such as a pKLAC1 vector for expression in a host cell such as a

Kluyveromyces or E. coli.

In an embodiment of the invéntion, 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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Fig. 2A: The DNA sequence (SEQ I D NO 1) encoding
wld-type MBP (SEQ ID NO 2) from pMAL-c2X .

Fig. 2B: The DNA sequence (SEQ ID NG 3) encoding the
MBP 20 nutant A9 (SEQ ID NGO 4). Changes in the

nodi fi ed MBP sequences are indicated in bold.

Fig. 2C. The DNA sequence (SEQ I D NO 5) encoding the
MBP nutant G8-1 (SEQ I D NO:6) . Changes in the

nodi fi ed MBP DNA and ami no aci d sequences are
indicated in bold. 25Fig. 3-4hows a hi stogram
conparing yields of protein using wild-ty

( pK01a8 3 fursherganbedin&pipsf the "ave@%) a wgﬁwéﬁ ds

. ,?_Jrob’%}% ﬁ(fres&ﬁ%mﬁﬁg @Q%téﬂrﬁtﬁgt il ddeLexpréssing an

the purified product
Mswmutmmmm qu:gebnr@ﬁmnrng thatdthe, pesiopmrofgip is

A0 L et on 50 dpseEa ol 002

@btseacé offhe=rrfutanttMBR gind tmansextent| greaser Ehamobserved

i Siefmutfead HE7 PPt of fniféidans ik R313v

Phat&ich wad/oban Sedeflrmmta&énsY nutant MBP than from
wild-type MBP (al so see Table 1). Fig. 5.

“Sequence 0 g’#?@ﬁ* Qﬁ:ﬁg 6&;91‘%&;&@ essi ng

MBP- CBD f - PAGE
gel s showi ng the effect on solubilit é of fusi ng
wi | d- Figrel showsdi SchetnaipdeseribHrrthe €leping-anedH

fust

SRl 58 o Cpl Arblarh PRReBrr (TP PR Sneae gy o
\MBB Ifldé6 26;a targetipoteinidlsying der ﬁpﬁlﬂmmtem to

LH164 e t I I -
SeiveNe pipgdeTets SRR Eh R proreafin g Rajrose
RohtapNeg Wufféreand dheat md:ofveam the target| padeth fronedbe
Iane Tpera i 0, of e 1o jnsol uble protein was

PRl BY AT O Senp SENRE Wl o- ¢y pe. NEPs.

20F| g 7 provides the sequence of pKLMF2- PVASal (SE%
| D NOFd.. 2 provides sequences comparing wnld -type MBPs wit

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 mls of culture.
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Fig. 8 shows fractions fromthe affinity purification,
usi ng an anyl ose resin columm, of a fusion protein on
an SDS- PAGE gel. An enhanced yield of nodified MBP
fusion protein was produced by 25 expressing MBP
(A313V) PMASal I n Kluyveronyces |lactls cells carrying
an MBP (A313v)-PMASal expression cassette. Lane 1 -
NEB Broad range markers, |pswich, MA, Lane 2 - crude

extract load; -6- Lane 3 - columm flowthrough; Lane
4 - colum wash; Lanes 5, 6-&nd 7, elution with colum
buffer + naltose. DETAI LED DESCRI PTI ON OF

THE EFgOE SEOMS &7 eamSDtS'r&t‘\QE gel e mg'if_éﬁqh pgeduct of MBP-
%{%&;@gﬁ SMAY. cont(:jaiBi)pg;" Wé)l'ddt\hyé’ﬁ?ﬁﬁa BPA348¢5ah8€

pr oduce expression froma derivative
sfi 46TeruidifibatipvL PlasphidsmWs =t pEI 1862, A3D—pHdba43n

| vl i : [ I 0 "dEaha
SIRen e LLaEe SR P SR et BT 2 PER thqughy, and
e encteageual portioaswfrtheoindicated fraptioneweraieaded in
dto th tein f i 1 d-
E8rRaphe: { wan e top PGy L0 BRETRRIElosf pLRfp s
gbedifned from AS 13V AutmuMBPaharhfronp waildityperdBer(also
before insoluble material is renoved, for exanple by

se@tlallegari on. 1s"Increased affinity of a mutant MBP"
or "mutant MBP fusion protein" includes: an increase
i n t hpigarMuBeqoénee of PMBEOISHQ TBsNOo 73 wssd for

bst r at h | t odextr) defined set
SKPEeTNG HE CHRGSITn CROGR DI (e e Aty

purification can be expressed as the ratio of protein
t hat Bigids. SDSFRAGHIgels showitd:the leffenbanri solubitity of

diti dis th i i fai b
ERPohom AR s B3 e B B SRR it
ﬂf&idﬁgolaﬁ/régds: W&mlmesmu_ hs,\tihktzaai\mpmf t@i?: sa4ier'rtv=emmm18;
rovli ge S | C en U‘R'E‘rd ge
E%f@?'ﬁléﬂﬁaw{’fef@tﬂ'bﬂﬁﬁmip%f tﬁé’ﬁ[&"% ’ grot ei n
ABHBNG- SHPL 6326} T146TIPpNPLEDH; OM=pIHLGHUBDLanes? T < tutal

affinity of _the fusion protein duri'E% gur',fi Cﬁ;ti?on.
qelk exteacti S esRlvbieextact dFiasusRRRTIPINEPOSOIERI€s how

hittePit eBqlhNBoPgoh8 ot the indicated fraction were loaded in
each lane. The ratio of soluble 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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pol ysacchari de nedi a, such as one that includes a
mal t odextrin, when applied to the nedia under
conditions where wild-type MBP -7- shows parti al

bi ndi ng. The nodified MBPs are then eluted fromthe
medi a using a solution of, for exanple, a soluble
mal t odextrin, yielding at least 1.5 to 10-fold nore
protein when conpared to wild-type MBP. 5ln order to
di scover these inproved nmutants of MBP, technica
hurdl es had to be overcone which include devel opi ng
t echni ques which enable a | arge nunber of sanples to
be hahk@ned -malgmrefaw-Earousitioved net hods for

br eaki QoUW -NQMnfrEWasht0 rel ease sol ubilized fusion
protein where sonication is nothracticaI for Iargg 10
€

scal eLpoesfS,camingn’ agtutigr with eplumne bueifen + malte
with affinity binding of MBP. It was di scovered that

by tit pETAILER DESCRIPTIIONOFTPTHE/ EMBOBDIMENTYS
possi bfeto rdentity e appropriate concentration and
ratio_of these lysis reagents to.effective break up
host d&8rms that Lﬁ”ﬁ%ﬁzﬁ%ﬁﬂ gre ﬁbﬁ%ﬁsﬁ’é BEIHY ng

affinity. 15In order to screen for nmutants with

desi r edwhdriped MBPI inctudes tpe MBR prot&inwetdduced by
m cropl.ate

. wer e, used.wher.e eac ] [ .
Reressian T B TVRHYE O DR B e eMALE aKifidk that has
APfJpAEdGor FRHEhal9hhRET, iri xample pkd 5483. t he '
filtrate. This nade possible rapid screening of |arge

nunbey f _sanmml - ani
obt ai nERGenRad RelTogy W PG ided hup il mpe- is an
indreagednt thgsafruruof §yluble proteinnghenecatepareéddd that

t he exanpl.e Sych ified hat,.ha j

P PrgLat 5 gD, Mol MERs SHUBIIEY Y Bl ifssed os
hé fratiol 6F S0l ld/BPotdin BPtHe! sotah amoohtiofishabatroteind
poorly to_a matrix or where 25 bindi ggfi s _disr l.i%tbed by
Presentebefrre ipsolide; paterigbissrpRyed, 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 efficacy 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 embodiments 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 MBPé 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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In the exanples, two nmutations (5146T and A313V) are
described with the desired properties of inproved
solubility and inproved binding affinity to a

pol ysaccharide matri x that were isolated using the
screeni ng procedure. The 5146T nutation is in the C
domain of MBP at the begi nning of p-sheet F. Wen a
target protein that is insoluble is fused to MBP
containing this nutation, the solubility of the fusion
protein is enhanced. The A31BV nutation described
herein is located in the third hinge region that

shays aartiabbinding.-(the MeditieddNRES agddian eliteg, from the
inkia g o ERROIEL] 187, Ry, d poluib mBltodiex®in,
yietdiog ar leask is 5 tohdA-fokpmeers protiedn aviyen mosepared (o

cQj Mtsq;e protein may be partially or conpletely
‘EQ rtgés?ed I'n the formof insoluble aggregates. In

particul ar exanples, solubility may 10 be increased brY‘
1.1 din grder to digraverdhgseimproygdemutapts obMBB, technical
n . L ‘
AEIBRHA 9 be ovefloe SHAEANRER.GS hevelgaghertpiass
Wwhichdenpble allargeauanber of isamplesite: b handiededige.

h : ISR ' :

T

solubilized3fusion privEeinPwbeeé soRication imooPpratticak fasrlarge

Syst [ | udi L-¢c2 - . 2

SQe P SR iets SR coBlnestfRreim il |

%deg roﬁfg?ltBP. {pﬁwa}g d%ﬁeyé%ﬁ?ﬂ) by ttiteatifgRtHe E_e::mhgent
oning kit, the K Thai rot ei n ression Ki.

PG ItDRINEOEY e, dt WS BRESIEIE AN Ry, U1, 3PPRIPTIESS 0o

Ercitratibr Bid rAEB Jr thiesBaysrntdyents obeffeétiviely break

synthetic ol igonucl eoti des were obtajned from New 25
m@%sd:qﬂﬁdwgggytnﬁg.atmée)icnnq%wgchsnmg Y-t er
800 mcrotiter nnicroplates with filter bottons were
pur chmsefddr onstfeinror, niRitants with desifeanbindihg affinity

M nel ut e tracti and O aprep in Kits re

PRARSTHE8 S WRl UG aRIatsa WRES HSCEAhRES SO0 Vg

%Htt%h@é@% & ReatirBdfor BIIMG FeSiohoprdtein 3adl §Futer
Ite

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 detergént.

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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-9- lysozyne, Coomassie brilliant blue R and acid
washed gl ass beads (425-600 m cron) were purchased
from Signma-Aldrich, St. Louis, MO Sea Plaque GIG | ow
mel ting tenperature agarose was purchased from
Canbrex, E. Rutherford, NJ. D sposable 5 pol ypropyl ene
col umms (#732-6008) were purchased from Bi oRad,

Her cul es, CA. 10-20% gradi ent gels were purchased from
either Daiichi, Tokyo, Japan _or InVitrogen/ Novex,

Carl sbad, CA. The Conpl etem B‘r ot ease inhibitor

cocktail was purchased from Roche, Basel, Sw tzerl and.

theyT gomeincaf MBR: 2k tha dagirring efi Brshect 5. When aotarget
gm\éh%at% (BTJBI%b'ié‘i?FUéEdW&Mﬁﬁ'céh%am‘hﬁ’?‘%%sﬁwdt@ﬂaﬁ)

B/7- DH was pur chased

t
tvecoBabiity uﬁethe/iﬂuswrg oretainds snhEnved. fTh;r:A:&llségmUtatlon
bR uBeg here 5 1led IR therthind HIRQE i g ERL BHESes
tetweiechethd twB@dro8ots, Zpetdficallyniiprtbesioop beétweed alises

d th
Kt I TR G h i R BadE e S p TRE I B
ak‘r“ nitp dfyfusicn pBoteEtheniwiary eRpdess3dg l—f&B@l ghlpeitei nsP(IREb
t \Y DNA I
27, 58 Rl B AT B e

fbl&ﬁtdﬂthb@hﬂﬁE%ggreb%té‘f?Ieraqmeul@T@)&ba)WpdImd témgbitlity may

enper at ure agar,ose, cu an r

be PEyreREd ko Drionar st HOWAHLS WEh BRaseRer etk i total
gbtub;pfy nmelting it at 75C for 5 m nut es, cooling to
37C, and digesting with p-agarGse for 1-2 h. DNA

sequenci ng was_ 25 perfornmed on | Bi_ osyst 'S

(Agl g\ﬁ ﬁ?ﬁ%&eéd @éﬁ%&%\’*’% ﬁ%l@@oﬁ% grq%lsi ng

Bp@l@dﬁah&hﬁmrww nB3BNilet ApaNiLa] 2006)Ere Foster
CA). SDS-PAGE was carried out according to the

ty, e
Fﬁf&ﬂ"PQE@ eshBYJeferRer yl ani de gel provider, and
proteins were visualized by staining with Coomassi e
brilliant blue-R 30 excEXAMRLESnot ed ot herew se.
-10- MBP was expressed fromeither pMl-c2X or

Eﬁl -é lZ-SG or a derivative of pMal-c2G The nunbering of
identify nutations in mal E refers to the base

nunber in the pMAL-c2X sequence &\g\gures 2A-1, 2A-2,
26- 1, RestrictioTenzymes, B-29aEEsE Rolymerases, Thdigase,

RESRACHABShIVEE FRRS BHEL Py A B
RutificBénpS stem daeludirg pMAL a2 andppMALat2Gf amylose
I T g N TICTAT
FadishaserdXidase (§EBUIB); tReiUSER 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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10 PCR nut agenesi s as described in Guan et al. Nucleic
Aci d Research, 33:6225-6234 (2005). MBP and MBP fusion
proteins were purified as described in the
instructions for the pMAL Protein Fusion and
Purification System except in sone cases cells were
lysed with a | ysozyne/ detergent sol ution instead of
soni cation. 15Large-scale purifications were carried
out with crude cell extract prepared from500 to 1000
mL of culture, and | oaded orf-a 2.5 cm di aneter col umm
containing 15 m of anylose resin (NEB #E8021,
lysemyute, Gaymassig bridianteblyer R Archasishyagbed ¢lassihapds

R A S G e

O)?t%miﬁmde GTGlownylebiseg tem perabDe pERYASE YWas de

st AL Corprefiany RPEheRArd; Ny Piibedbie L

wrﬁrfrdm{l%gefﬁlmﬂs Wﬁmweg Quades&I&ﬁm BioRag,
crote nner Cro rs
Herylesntr }%&i’?@&ra&?"hgﬁ Sriad §58§5€Nr€§‘ either

" GXAERI, T dKyd, J8pah @mm‘nt%g@rﬁumvéx NEirisbad, Oaprihesd

Propertigs Screening . for ed el d af
Gam ﬁlﬁE%Ttﬁl piptease MNGETERRRIAN 2en bufefiaged fomReche,
6558, 'tz Mihd CBImpPASB l@@hssﬁe@,dahywasrmirqma@ed fP6m

usi ng t he grl nersmm @é\‘!@"PB"Rﬁf g)?dugFRFe

ZoNA TlofP Y isFAGER WA Purdrbsd PRI Irﬁﬂﬁddén
gg\} ?DCR fragnents

were cloned into lin

@HEQBSR)thﬁgGAH@l'USERePNaérﬂﬂt?"'@beT% AFS31 (Fox et .

R R ST 00 o ni gt i 1 mL LB + 1 mu

| PTG and 100 ug/m anpicillin, then |ysed by adding
10 Iysozyne and 20 units of the S. marscens
nucl ease, incubating for 10 mn, then adding 0.1 m of

2% TweRe Sracia mardteseINGCIREEACAS Obta ma:p alsidntcrmed
a 50 uL anyl ose resin colum (NEB #E8021, | psw C

i PT(ISDB/ 2873805 hiRreas of Blosee GHANRse [PraRaed Using
46 BRapidg Bpth KitRAHdh PERThutagénedls3vds 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 Plague GTG low melting temperature agarose, cutting out
the band, and either purifying the DNA using the Minelute DNA
Extraétion 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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15 NaCl, 1 mM EDTA, pH 7.4 (colum buffer), then with
0.7 nmL of 10 nM sodi um phosphate, 0.2 MNaCl, 1 mM
EDTA, pH 7.2. The protein bound to the anyl ose resin
was then eluted with 0.2 nL of 10 nmM nal tose, 10 mM
sodi um phosphate, 0.2 M NaCl, 1 nM EDTA, pH 7.2. The
el uate was transferred to an Imulon 2HB 20 mcrotiter
pl ate (ThernoFi sher Scientific, Waltham M) and

i ncubat ed overnight at 4C. The microtiter wells were
then enptied, washed tw ce Woh 20 "M Tris-Cl, 150 nM

306 boMBivias: eRpERESE# o Pithen Aialss e orZRiBlngaG br s

g_%mawéh@ﬂpm;@@vi The ThFhbetingnolbases tefidentif2000
I lution of anti-MP nonocl onal antibody |i n&@ﬁtj&sx

mutasionsdineMalErrekerrte the bassmumbgrjgtherY
%%Hé%&? g?ﬁﬁﬁ_@&%%—q \Aeetﬁ&lt,vﬁéh,azﬂ 3 hecpl Ry bocy®eg 1D

s 'were enptied, then washed
NOS -6)) h TIBSPMALre2fetedvative bbdBewas_createg by
% O- e 0 . . )
BN AR N A sy OB o e it
DONR polymerdsekienowafragmentsplusr all fisga @b Ps, followed by

e R L T

hi gher binding and elution as conpared to wld-type
MBP. Sitesdireatat! tattagenasis waswkaraiad put aising & (pur primer

Eﬁg 'gil{%b?@&?!sgﬁs gine%icpiﬁieﬁq n2@laf! &t 40 Vucleic Acid Research,

separ atron o mut at i ons obt al ne
38t 62266284 (2005)g MBR iand MBR\fusien|proteinsr wera purified

R s i s Al

Pasification Systemieekcaphin some cases eelis iveerieolyse@1WaHG

al ong wi a silent nutation. The GL964C nutation
b(ﬁqzé(%%) ef%e%‘é°‘ém0rﬁb"t§$ﬁﬁg<9€f£?dlic%ﬁﬁh in MBP. The
other isolate, A9 was found to have 15 three n s-sense
mut at | ofge-sAARBPGrifilatioAE werk €3Ated outl with arude cell

i|ent nutation. The A1583G A2419G and C24657T
Bistiact AHEPaERY deamBna0d o T0Q i o fuffien AL boagesion 2
529 @ Uaimde s Yol urmanesitaiteihy. 1 SWhrcbpanmdosatiesin (NEB

Mal - C2X i i
G oK O PN 20Eeeh | ol e ATl Coefelour

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

Pro ies

Screenin i oved vield after purification:
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oligo 3: 5
GACTCATATGAAAATCGAAGAAGGTAAACTGGTAATCTGGATTAACGEC ( SEQ
ID NO 11) and oligo 4. 25 5'
ATATAAGCTTTCACCTTCCCTCGATCCCGAGGT (SEQ I D NO 12) The
anplified DNA was ethanol precipitated, cut with Ndel
and Hndlll in NEBuffer 4 (NEB, |pswich, MY, and gel
purified. pSN1578 was cleaved with Ndel and Hi ndl Il

and the vector backbone was gel purified. The &8-1 and
A9 fragnents were nmixed -'3I-with the pSN1578
fragnent and ligated, and the Iktgati on was used to

t r ansRapdemBMUtRganesis af shemakk osnerfrem pRAL-c2x was
:gré%ar:gg%w\aaréﬁawa@.@ﬂéh@%mﬂepé H1596 for G8-1

3 for rimer in this experinment

thOai s% o@Gé‘&RsGAUﬁ%'ETGM FeeMAAArame to

n from proceeding into the
f)éa%?ﬁragéﬁ %L? Thus, these subciones produce
a nodi fied MBP that ends after the amino acid se uence
5 G AL ARGCT T AATE GOTGECTGAT (86Q 181 NG 58 )
containing a wild-type mal E gene followed by a stop

COdO”P@ﬁQ‘r&%ﬁférftkiC\héﬁé BlorderitbNthadvited pNEBRUSA Ustng
pol yl i nker Detween mal E and | acZa vv| th X Ezg:tprhIF%Xbal

Frigadly Gleaing Kits folowiag Hoe yiary rge
n{s@ﬂf& ne, H"r%?t%}'&rrﬂ?ﬁtsaWeré%vﬂ'NEeeﬁn@HEGIH i Ii"ﬁL LB + 1

asm was recircularized treatment wt

m!@d&@G andslomugdﬂu(ﬁﬁpéci&inoﬁhsaddﬁeclrmt ﬁsdm@ 3 mg/mL
fﬁgﬁgg&c bhao .f%ﬁt ared ﬁyBEs*cé}gf hMé‘I‘é‘a‘_éé PR Qb ERESg $6r

onparable to t at pro é’a@i and A9,
tRavfi, then adding Bs1 dokokRtedyvern @foded by the
pol ylinker. This control plasmd was nanmed pkK01483. E.

coi | il cFapk A sRIfed BBpIBUEH RO dth}IGsEDRsin

were grown in ure of 1% gl ucose

miunm@NlE@/ MESQE cIpswighi MA) i addnifitter S0 Micrariaée,
f

hd B BN s o L0, 2B 20 A TEIEh 0.2 M

Na€i,et miBl BDMA, gfH 704 rfebhainnolseffen)o tlmnswmmaﬁ mL of 10
T 2
3B Boefasiacd iz RGELE AT alioh o Tthe
proteqt bovnsl tcdd_mé tﬁaingyli)b% resrr:] wdsuthery ehxteao?irmo;;z folc of
t u 24 Wi a

70 abimatise b i st PhesEipkene’? sACad
E?T{AWH\HSZ WEh Bas uatd mmhsﬁéi&eauocah Inmrniuldh arl-ﬂls 3nd
el uted w . ose. s
GHPBbelelake bHiEgt shercq ratfite MaIbEssy, MAS ahd o)
ihabaesd loveraRyHti dthaedarhehnidrotiter oklldhere! rtnmobmmtled,
i ncreased bin Tnzg)rto anyl gse_and 30 e|(ﬂtl n_in

washed twice with M Tris-Cl, 150 mM Na 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 mi 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
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-14- In order to ascertain which of the three
mut ati on(s) were necessary for increased binding of
the A9 variant, the three nutations were subcl oned
separately into pSN1578, a pMAL-c2G derivative with a
deletion internal to the mal E gene (which allows 5
easy identification of clones which receive an
insert). The A1583G and A2419G nutations either had no
effect or reduced the yield of MBP in the affinity
purification, and were di scdRded. The C2465T nutation
was recreated in isolation by 4 prinmer site-directed
Rk MAtYenephenyienegimmme,c ;_@(0@5% Ky drogen permiidedn

Ve RIS e 9Rgg By 24ige 7,025 k4 M

B>SOATACGGEENT WIarECASVACT spea rophQometically at#90 nm.

CEfi8yFare fechd SRRl Pitn YSRGS RO mantilo Hol sh PRI Erfar
ﬁﬁ\dWNgUI Ig_jg h&tr gﬁigcrj mmmfﬁﬁrﬂmﬂ dtsy lQ@fE@P.
FReltisrpdigarasiuere aronBand Felp e (e EohfiRRHHY g

gﬁﬂljuﬁ?g dred elutidn fragnents as the tenplate and the
primers oligo 5 and oligo 8. The final PCRfragrrent

ﬁfm:tagehegwlfl ed The Ilgatl on was used to transform
TB1, and plasmid was purified fromthe transformants

o0, SRR S o 0 YR heWih G ihEfkadt binding
ahgitl)éﬂﬁonlfgfigﬁ c\gnfretz s;:mlenned)(Fugni)].GDae |shkatst &8-1, was
R 16 hevap SR misHie it rdfibne LEAC p1dlY ith o
%lgeﬁ gﬁjtatmnC‘ﬂll‘i@&IEQm raUitation @iortéifpr?w(ﬁg tgata{?ir:m
366 chartos saaaThin, M otfte 5080 s8R, AAIES EauBd Ginave
%ﬁgegegﬁﬁégggeg rggsaeﬁ?gr& gueasm m%drge and ARK6ST) ghiney
With 5 o8 raERan sTOE ALRAOMALALEG GO ERIER], Mutations
é&%gP LtfHef bffthbYtid ¥ha Bglesheiigsnmqse aPldeABL Y,

n para wth pl1(01483 and A9, ‘showed that all

kEspecsivieltr ease in yield of MBP found in A9 could be
accounted for by the C2465T nmutation. This nutation

SshBeRingliaft pMatlGorforMBENIS78 val i ne (A313V).

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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5In order to be able to conpare MBP (S146T) to

w | d-type MBP and MBP (A313V) in derivatives that have
exactly parallel construction, a version of MP
(5146T) was constructed that has the same stop codon
as pK01483 was constructed. An Ndel, Bl pl fragnent
from pl HLI596 was purified and subcl oned i nto pK01493
10 cut with Ndel and Bl pl, creating plHL619. Exanple
Il1: Increased Yield of MBP Fusion Proteins A
MBP- Kl enow I n order to test-13f the nodified MBPs can
increase the yield of a fusion protein after

w:‘hﬁ the pSNI578 Fraareast ancbligaked, lra@ckrlya digation vasnesrd
8 vrnsTm o b RGN Breps Bafi i chEh ReB Yo e
Wafs: sz}rqtum?:??sdmamed@m 1596 fer ae(;mm @TH15 3 {er AS.
i imstn s ERER DR A hHT  aEetkion 1 thetcorrect
féc?m?gtnfg%uwn;c: pgewamfyt m;alEcmrlbnalatim'rt from proceeding inte the
B2 B ER ot PR, TR e Bt o B e

MBPOfRA efds bR rPle’asfine ddwRequkneecpIESR @hcdded)by
cl oned into pBR322 between, t he Bgl

€14 sy iotsersconrol BIPSTI GNtR] igsa HfYDe malE gene
iR byPa sEREONERNaSEetitiieted By Clcevihy PMIRLIGAX in
and 25 ol'igo 10: 5 AAGIGCGGCGACGATAGICAT
treEQolyiinker tgtwesne mak anddaeta Wik mﬂaW

| -ed & - j h d
Shoftaa ol e Sideido OA iy st g magrheare
tlenow) 21040 faur ANTBfs, thendinecplasmid was-regirgntarizad by

(Rt adich e MEasg® This ifei6aléct 8 bopiBdbipln the same
feariingHoare asimalrand this derivatiee ipraduges @uMiR ng

S5 RgREABIS B ot BB dUF B FURENDY eptheraM o
residue extension encoded by the polylinker. This control plasmid
was named pKO1483. E. coli TB1 containing pKO1483, pIH1596 and
pIH1593 were grown in a 500 mL culture of LB + 0.1% glucose and
100 ug/ml ampiciilin to 2 x 108 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 g-
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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5 pl H1619 by PCR using pPol A as a tenplate and the
primers oligo 11: 5
GTGATTTCTTATGACAACTACGTCACCATCCTTGATG (SEQ | D NO 19)
and oligo 12: 5 TTAAGGATCCTTAGIGCGCCTGATCCCAGT ( SEQ
I D NO 20) 10The PCR fragnent was cleaved with Barnffl,
and the vectors were cleaved with Xnml and BanHl,
purified, mxed with the PCR fragnent, and |i gated.
The ligation was used to transform NEB Turbo (I psw ch,
MA), and transformants wereléhecked for the correct

structure by restriction anal SIS and by expr i on of
the 181 WBﬂEth@@éﬁﬁf'@éﬂ avhlshcp "@ ?ﬁi&m

deCedtdiy T inkt sm?ﬁﬁgmhvaaﬁgw%ﬂolthbweeand

I enow constrltict was naned pl H1644
thauunys were subataned sepasiteky intowSbd SF8: fa PMAL-c2G

T e s
easy tdemsfi o_‘:rarl]tzemm edatioses avmchﬂ'eeeanmayzleael@ 3oe- PreR3G
e hrTlac BistithS hilieh fad o Srike Bf rkaleEqiihe yield of
MBP mtrnl@ Iafﬂmt?l;pfg@ur:altt;]@i Oﬂe ViR ﬂiae:aodequ Fhei G2465T
BRARE TR aS TR RR Bh ISR B 418 e Blrected PCR
%gbo%htéﬁmé??gt pmmaezxrmsm@ Ginstaternpiatieh avith | thet yrieners

e
A0 &t 5 T AR arARRCATCCARALS: F5B0THE o) ppd

?Ihé?o gt 9“AAWEC§C@@AWA@€AA@ECT!’!B ($€€) IDAN0: 14)

usi on protelnfromt af |n|tgﬂgur|fjcat|on was a

pReaaie BT Pripening PR irRImenti oRd it SIMATE:  has
?’en%? g déﬁﬁﬁg%@ﬁéﬁémcmﬂcemm (SEE) IBNO:15)

sed to the Bacillus circulans chitin

anddiligp 8ofiGT GABPATBINTGAAARESIIELEGTERA D asni d
(A N o it st pighEcrhe o
asserably stepy was céiried ogt 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
pKO1483. The C2465T derivative with a stop codon was called
pPR1610. Large scale MBP purifications of TB1 bearing this plasmid,
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5 simlar to MBP-Kl enow. The portion of pPR1610

encodi ng MBP(A313V) was cl eaved fromthe plasm d using
Hpal and Sad, and the fragnent was purified. pMB50 was
cl eaved with the sanme enzynes, the backbone was al so
purified, and the two fragnments were || gated and
transfornmed i nto ER2523. The resulting plasmd 10 was
nanmed pll-11660. Affinity purification of

MBP- CBD was performed using cells containing pMB50 and
pl HI660 harvested from 500 8- cultures. The el uted

protein was quantitated by neasurin § usi n
PhRa R Wt (POL 1 31 aTh Al GOWE REab el -t ficgase In
{%%P& %Egagg%ghﬁd% Ad %ot Ibe QS@éurﬁlQadedr“ﬂﬁQﬂe C2465TNg

V nodi fication, yielded al nbst tw ce as
muthtibos iTois pnotation shanpesalapineBidref MBP t@ B3R

ﬁ%@glon plasm d. Exanple Il11: Solubility .

]a ni ent of MBP Fusi on Proteins Constructi on of

MBP Fusions 20l n order to test whether the nodj

MBP' sl ordémntel benableka comnasediBRAGI40D QW] FYP9 MBP

|f1d tNigp Zﬁﬁ\?) frgaéﬁv BvugFfﬂag‘H%ﬁ ek&tthy pdrallef end to

i nsol rof ol ate reductase

mn):ctaon, gl versian @ém@(mépwas ComskEHfteddhat has

(S o By o e o e b
fragneeht frioon R SSBwWasdparifieland subslanest inte PKO1493

ST b BN rREBpg it Fe g o Lgetws"é' oM vas

const ruct ed as foI I ovvs_ Fi rStM a I\/A% CZG derl vat i ve

2030 was consfructed by -13- four prlner
site-gli Ma@sqgeﬁgw The tenplate for both the N and
na

Cterm fragnents was pMAL-c2X. The pri'mers oligo

L o S A A S Rch e o

g‘nﬂd%@n t%n#%?ﬂart @uﬁf éé‘l!lént tise I&etr%”éhﬁ@dimfg” #ETREnOW

the priners oligo

CaTmeTIChT FCani N ReKEeBeRd MaSSIPDeddnse PYAL-c2X,
%}Hﬂg&g (\fgelr Sﬁ’dt Iﬁ@f@ ¢ABASG: it TMBH-KiéR@WElision

nts re gel purified, then used as a

waspthasen hecmsmtsbaﬁlay! inharentlyHown affinitydes the agpylose
%&g?ﬁ& gh?‘?&@;ﬁn? ey %Wﬁkﬂ? E&li)@%@toﬁ’\ﬁfe ﬁé]ﬂ'?@énow

eave and gel
pmteirn ékdmwspmaugh ztbtemy&mve@mmwtmgt bindinge Jrpe

RIEh o oF v BNHEr4201 ASPRE G sGTe U b

pwolmni»ghtcmcd;mwi es therByglfI-blindIHfdagmentr efptHiENpolIA gene

epar Sev nsf or nan
foeRRark <soPoh Rp G Ty CoeBitp isp o BordiH 1RE Boi
agbag?mad{x Sites UPERPAES @éltrwiedadadat a$inighttre peichers an
co site. r epr ive
98 915 CROCAARTORGH GRARRECTIRRTY, fSeQB R 17) and
61“@(9 Nt s\RAGIES caBddACGATASBESASGECcGeBEd Wi th
same two _enzynes and the
(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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20 plasm d backbone was gel purified. These two DNA
fragnments were ligated, the ligation was used to
transf orm ER2502, and plasnid DNA from one
transformant was sequenced, and named pPR1633. Second,
the gene for the nodified MBP called DM by Tel mer and
Shilton was constructed by four prinmer PCR
site-directed 25 nutagenesis as follows: The tenplate
for both the N and G term nal fragnments was

PMAL- c2X. The primers used f16r the N-ternminal fragnent
were oligo 16: 5'

HEIEEAOT CORAENTES ToADETNASRGANS TSRt e Xh@! teddjn i 1T

- i Corre i PoIA. Thi
WEs b A Ritd®ha Lormsponding fragment from pPolA. This

dhstlict Was cheaked byl sdquenning ansknpmer odH 1§62 e

She R ntind b IRR e RRSTLAAS SlaRed PR ERRIGE0 and

' prHh 61 9%y BCRThsingspPOtA ps RORMatatgcand thedpEmeysng

Ph Y y ” h ) . |
akisa i of, Sk HATERAR A G TRER A TS T AT E°
gg,@grl;yj mgg)p%ﬁ@_tcﬂ@oamg:l igated to Lit s 38 :hatt_had
een linearize ic
B EEpARGAECCTIAGT o ST GARECLARt 1Srt 18 4Pt 2hEL
5-al pha (I pswich, MA), and plasm d DNA fromone to
t f t dt [ A0St (0
e R HCR-PoTR G § LRV SO L A Bk VSR
W%"ré &%ﬁé@ Qvith N idnABERAVE! purified phtixeddwithctie RER
romp 633 and the 'inal E fragment from P&}G?ﬁ{%«;re
frepnpent, fand ligpted: The ligatiamwas y3ed &R thaestrmy
{rp.g.%ﬁ»s-ggémxﬁﬁi MAS band RkasefodmiadWis fwera eneckéd for the

rmant "was”'sel ected for sequenci ng and naned

pRREEBStrUDterebyR esrictinasarairsis aRd Ry BOTERSTPRRIH0%

) g . The pIH1610-
@E%&@FWM‘F@E% % Iﬁ%é%lo'lg}e pand ol i go
REndW CORETARTWAS CEMZEATIATIAGS,Grad\ the m@ﬁiﬁl@rKlenow
140: .28 then_treati the PCR fragment with T4
5‘6‘?%%?@%‘3@"@&%’99??% at room tenperature. This
treatment produces a short 3' overhang on each end of
the fAEiitnpurficatiamof MBRmidenewnwasPeforRedoiping cells

inBl o062 A SRLHIGAR, Clide KRGS colum

' flow-thitchegh andatluate firadtions froiny eachsstraini wexe apalyged by

' | oduge . t he
SRS PRTR OFRE 6 T S WA huaesa By |0
wesasUrirniresh dodtduearditeRet resing theapieditted eytincemnwas
used to trapsf 992. For . 0 .

Eostticent ab e b RirReRe el QIS Do felR hearing .
BKR1 643} @arrying the MBP-A313V modification, yielded more than
twice as much fusion protein as those containing the wild-type MBP

or the $146T 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
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by SDS- PAGE. The pMAL-c2X- DHFR i sol ate was naned
pll-11616, and the pPR1610- -20- DHFR isol ate was
nanmed pl H1617. The DHFR insert was then subcl oned into
pl1-11596 as follows: plH1616 was cl eaved wi th Ndel
and Sip!, the digest run on a gel, and the backbone

(i ncluding the DHFR gene) was cut out and ge

purified. plH1596 was cut with 5 Ndel and Bl pl, and
the mal E was gel purified-1Fhe vector backbone was

ligated to the nmal E fragnent, and the |ons used
fop amwleseonas EREED. The, %BWH?%C’&B@@&PE? HEFiEplans

Jh*%ﬁhrﬁuﬁhl d%%léms(ﬁsﬁwsmné%ﬁﬁo@@d%%&h%@la@mnd pMB50

rotein of” the expected size anal SCS- PAGE, and

(mea)m ngJLBfram@nDPFw iErBP; CRRLfUSioN RBBEIntaTIStO
e REGuGK ) SifyiBge MR BUARG G aRiitpPRmctich2

PRREGID Mm -KlendMFRherpotion of pER1§ 19 eneodinng

wbATAR TR e Vs i dne MlRerl 9 Usice B dapsad
and eaf Reitands pantfibd)| piMB56. was Thea GPRHtlyéhe sampe

GBS i Bk 09 IES M, AR el

WERQIIHPrd¥PaA) trandfairmea idtb ER2523. The resulting plasmid
TATTACTCCTTGGAGGCCATGTAGGCCA (SEQ I D NO 30), then

weeAaMed RIE 1RGP f r agment with T4 20 pol ynerase and
dT. The vectors pMAL-c2X, pPR1610 and pll-11619
Ver e Affiey pdrifigatibazofi M8PACBD Was! perfbemed vaingngells |

PnieinnerpUbaD, and Aitary BarvEtEr s B Efyres;.
’;"e‘g?ﬁ}’r@“a"‘?f‘gﬁf fwhgrsx Quéhﬁt@tfew bylﬁ?éseannﬁgg??ﬁﬂd 25ing the
aredieHsoaicap foeRgRn or dhe MPB-CRBY PEF T TaRSE 2).
@éﬁ&esbsﬁna B P@Gb)’éé@i’gh%g ShE-NTBEEA3 THY middlification;APDH

I sol ate was naned pl Hl t he pPR1610- GAPDH i sol at e
yisidleshalTiopt FWTEGRS anCh rﬁtés'mamm earhaseseriainingthe

WAGERS pR! MBS isidh pISARRY! 1 nsert was then
Example III: Solubility Enhancement of MBP Fusion Proteins

onstruction 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
pMAL-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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30 subcloned into pPR1639 by cl eaving both pPR1639 and
pl HL625 -21- with Aval and Sal!, gel purifying the
vect or backbone from pPR1639 and the GAPDH fragment
frompl HL625, and ligating the two fragnments. The
ligation was used to transform NEB Turbo, and a
transformant was confirnmed by restriction analysis and
expression 5 of a fusion protein of the expected size
anal yzed by SDS- PAGE, and nanmed pl1-11645. Solubility
profile A20 m culture of -1 contalnlng t he éight
pMAL plasm ds ((pMAL-c2X, plH1619 (carrying 5146T) and
prRmme(cﬂte-sﬂir@gtq@ Pmsv)e temnlatg ﬁ%rrvaath Ghe by and C-

t%?%g%l E'E&IQN% uce%kl PW?P‘_’I\_’Z\S grown to

c;:ngnmateﬁi GGATAGMTGAAAAT@@M% (BEENIRNDS 20 e
L BERRGEs B S Tt e G ceRRTcadonGE | o

(lsECIrIDch 22) Hvéreauséo tol\trdate thea\lﬂ:evmmm EBDmeOt,G%!d

t g?'?'aé?%fsn‘al‘%% g/sc’g‘ iy cﬁéﬁ%ﬁe %RRGJ(?{#ER%% ] oom

(SEQIDaND:23) &ndlBligo 8 h\&reassmpeodrdaxmtthetc-mlsmmal

fhmamiaio b BOR Famentaguers g6 pupfial Tefofied 62 &,

t%ﬁﬁﬁl%@étlﬂ%e%érﬁwgﬁpﬁm&ﬂﬂwél Wirgeﬁﬁ edgbfﬂa’B anidubligo 8.
fraction. The pellet was resupended. i n 12 u "Yﬂh‘ T\Kjel
[

Thefingl PCGH framaeatew%%&wqw%q@@
8R&5aHh)% afp &@ﬁ@deML-O&mé léléd%dSD&lPﬁeEIfaﬁd

eacC Straln els were drie anned
EgaRk aedegﬁ;munfged A E161 NP EFRTBERLS Hars RISl SPthe
lﬁ&tgg: L S’t?oﬁ wad bgeeftosﬁ%thﬁ'rﬁ ER 250 ! veémight

ent in the cel Bsate bef ore
a;étunesfwgae |9b‘ﬂszﬂ:ﬂCb"EP|Dﬂe@r B Rrepanedh e\ eabH

tf{ ﬁ%ﬁ}m%ﬁt;ﬁeﬁré%]lfb\q %E&Pﬁ%ﬁq-ﬁé%ilf died aMePwere '?ffg.%%d

e SO usi on proteln as conpare
aurtect sige wefe obtaineds bxkdenexpectedly, B ebdhemetpgie an

Gl A5 At ESUACBE B SO e SRR
dfeaveéd twish Nd8I-and Aval, and the malE 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-

4

terminal fragment were

oligo 16: 5’
TATGCATTCAAATACGGTGACATTAAAGACGTGGGCGTGGAT
(SEQ ID NO:24) and oligo 17: 5’
GCGGCGTTTTCCGCAGTGGCGGCAATACGTGGATCTTTC
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Construction of a K lactis MBP(A313V)-fusion

Expressi on Vect or The gene encodi ng the nutant
mal t ose- bi ndi ng protein, MBP(A313V), was anplified by
PCR using the forward and reverse prinmers,
respectively: oligo 23: 5
GﬁpCAAgBS{:TTGCCACCATGAAAATCGAAGAAGGT (SEQ I D NG 31) and
oligo 5'

GCGCTCGACCTTGT CATCGT CATCCGAGCTCGAATTAGTCTGCEC ( SEQ 1D
NO 32). The forward primner -hers .engineered to contain a

Hi ndl I | t t (bol d
GiEaiD NBET TR b Fterar e B eby CoHap the

?'[mﬁgg ﬁ greceeds the mal E gene initiation codon

under | 1 ned The reverse primer was engi neered to

'@mmmceemmﬁﬁp%ﬁgw ChACAText )
{SB gm al onsgo‘{r{d%ﬁﬂobé’ PHE LLeABIPPERGYEE PepRirmies

the protease enterok| nase (italic
usidgueepiirified Neany. CMem):rgald‘pag@myts\m@h oligo 16 and

SR BP SR BN priifefs, i IR ERE Rias Beifand pretipitdtea
mmwg@ modagaes&m thar:h badebéeny d;neavme_dawpthu E¢eRV fargin
e PR Ao Ropaahatahd fid fapHon waRUIA RS ™
tvbABRSmM INEB ShelpHd (IbsWichpMA)) atitbplasratd DNA frorsi ore
RentHTTant APE SRRCR FO RobRFrCtne ERASTuEgioh §R4 haned
éﬁig’.gg)nglnatﬂﬁam tglrr]\g@Kbglkgg# @gu [fF?EL&B’? weret Heaved wuth
S a-nm

lsslgraend Avaglethe plasmid hackhppe f rom 3&8@3@ d'thgony:

mett re Riddg W&é%lﬂitﬂﬁﬁé@sli?\hﬂéd ndd bﬁ‘e:i‘lr@atlon

ecte e secretor at hwa |nst ead w |

wes msmiotq ﬁaﬂ%ovadsechr@wPiaw ONA fromnane
{’ %fdrﬁ?éﬂég\'ﬂvagfséact't\%oﬁﬁ:"%?%ﬂeﬁéiﬁ%%cf’h‘éh‘?éd‘ dPRi%39

rimers: oligo 2

S' GCCCTCGAGAATTCCCCATTCGGTAGIATG BSE%I D NO 33
Bre HER gene was PCR'd using pOTB7/- HFR as a tem Iate and

@&%%%W CACGACGTTGTAAAACGACGGCCAGT

oligo 19: 5' GGATGGTTGGTT 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 XmnlI, 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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5 (SEQ ID NO 34). The forward prinmer was engi neered to
contain a Xhol restriction site (bold text). The
reverse priner was engi neered to contain a Notl
restriction site (bold text) imedi ately upstream of
the PMASal stop codon (italic text). The cloning
strategy was as follows. The -750bp paranyosin 10 gene
was anplified and purified. The fragment was doubl e-
di gested with Xhor and Not1l and cloned into the Xhol
and Notl restriction sites #" the expressi on vector,

pKLMF2 creati ng anlnframef (ﬁlﬂﬁ
!?zﬂfar isplate wAs rtaffeeﬁmléﬂﬁlr?u @df‘se%h‘élaatg&% d
t; - RS Ndel
%@E&ﬁe& S%f*o pH1BSS. %YO'WSQQ%%%EQZF@;&%?S RGN (?F\ee

4 pKIBIPD - thendigeist m@som |éh§@'r, anstthg baglbopgstiprluding,
OHFRCarRM S L0Eqlband 66l Sidied; prAdspbARakaEAith,

Nael a“d%“ﬂﬁ"amda*m y oxlEbwas gelapenifigndher wector backbone
WA Yats Bﬂ EPRREAIRE i tRE! R tSLuSEd 26! e

es an ofles cont al*ni ng
@ahsmrnh fammr anesolvaae(mewﬁnmsaby éﬁptre@ts%ﬁnalyss

tt dentif i
Sl SPBERE Eh o TUBLoiEin AP SHE PRASIETRE analyzed, by
$HELPAGEI BnEnaheed pIAYE1STIree DHER Hisertiwas sybloned

Sl B T8 P A B ot o

' %EI %Pff?ﬁfg fHe 0@&@@{ backthe from pRRBEE9iandithe DHFR
| NCU

t t Ki | gt f 4 d T.
e G EabsEh L HG G i, T
fo
S B QUL 1, i o v

mmeémwyequﬁnﬁﬁn@gaﬂuwaﬂ PIHIL4®. 000 rpm for 10
mnutes at 4 C. The cells were washed once in

di sti+h&EABD AT géife WA ¥Ebjctte @ XOERGR NG pIF931 asar
t he L)_‘geparatl on of a |ysate, the cells were

paadysing §he RAMSEF uti on of 10 my/ nl |yticase
@gw'ﬁ'ls%'bdsﬁﬁlr WGM@MCG@@T@ANL@GC{GEQ houno 29)

wer e

vest e ent | e centrlfu ation (7,000
ang .aligo 23: &’ ﬁiPc'ﬂAfEBﬁH @I A Cel |

50" éﬁtfﬁé Hfédtrwntﬂfw m
(03D W, SenRredtng e pcR fraenewied o,
Poly réitesel and diM EDTA) cont ai ni ng a protease inhi b| tor
cocktail (Conpl eteTM protease inhibitor cocktail,

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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10 Roche). The cell slurry was transferred to a gl ass
tube and pl aced on ice. An equal volune of acid washed
gl ass beads (425-600 micron, Sigm) were added to the
cell slurry and cells were broken by vortexing 10
times, each for a 1 mnute duration. Cell |ysate was
transferred to a new tube and the glass beads washed 4
times 15 with 1 m colum buffer. The cell lysate and
washes were pool ed and the cellular debris was renoved
by centrifugation. Ceared€kll Iysate was diluted to
8 M with colum buffer. For fusion protein

withi AvakendrsalingetBrrifyipg-the Kstas QR from PRR}P3I
ﬁ?¢‘¥h8%§6ﬁ§u X; a?ﬁ’aé’ﬁ@“ﬁ%ﬁ@ﬁﬂl‘i‘dz@fﬂ&dgbth@ e tivoof

The col um was washed w th g4 m of
feagomentsufher ligatiom svariupedte; anakPran iNER TUFde. anga

frac |on [

EpREf PRIt ERlr e B e Rt B Shawy kol cieason
SIS fhsicn pmta:d@fzn%mpacfc@uwman@amcbbv %@S-PA&E and
Pr ot ej ns i\g gﬁl dentified. by SinplyBlue Safestain.

4 25 that the major eluted protein
corresponds to the size expected (68.5 kDa) for an
SHbNaY3pofReASal fusion protein. -25- Table 1.

Yield of MBP-Kl enow for wild-type and nodified MBP' s

pl asmi &g Hitéififre of TB1 containing the eight pMAL plasmids
((pMAL-c2X, pIH1619 (carrying S146T) and pPR1610 (carrying
A313V), each plasmid further containing a DNA encoding DHFR or
GApDH)) was grown to 2x10%/ml in LB amp, induced with 0.3 mM
IPTG, incubated for an additional two hours, then cells were
harvested by centrifugation at 3000 x g in a microfuge. Each pellet
was resuspended in 2 ml of 50 mM Tris-Cl, pH 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
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pll-11643 5 pl H1644 MBP WI A313V 5146T Yield 0.7 nys
2 ngs 0.7 ngs Table 2. Yield of MBP-CBD for w | d-type
and MBP(A313V) pl asm d pMB50 10 pl H1660 MBP WI
A313V

22,
Construction of a K. lactis MBP(A313V)-fusion Expression Vector

The gene encoding the mutant maltose-binding protein,
MBP(A313V), was amplified by PCR using the forward and reverse
primers, respectively:
oligo 23: 5’ GCCCAAGCTT GCCACCATGAAAATCGAAGAAGGT (SEQ
ID NO:31) and oligo 24:

5' GCGCTCGAGCTITGTCATCGTCATCCGAGCTCGAATTAGTCTGCGC
(SEQ ID NO:32). The forward primer was engineered to contain a
HindlIIl restriction enzyme site (bold text) followed by the Kozak
consensus sequence (italics) that immediately preceeds the malE
gene initiation codon (underlined). The reverse primer was
engineered to contain a Xhol restriction enzyme site (bold text)
immediately followed by DNA encoding the proteolytic recognition
site of the protease enterokinase (italic and underlined text). No
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 HindlIII 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 resulits in the replacement of the K. /actis a-
mating factor pre-pro signal sequence in pKLAC1 with the mal/E
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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Yield 13.2 ngs 21.8 nys Table 3. Solubility of
MBP fusion proteins Plasm d Fusion protein % Sol ubl e
pl HL616

-23-

using the following primers:
oligo 25: 5'GCGCTCGAGAATTCCGCATTCGGTAGTATG (SEQ ID

NO:33) and oligo 26: _
5’ATAAGAATGCGGCCGCTCACGACGTTGTAAAACGACGGCCAGT

(SEQ ID NO:34). The forward primer was engineered to contain a
Xhol restriction site (bold text). The reverse primer was engineered
to contain a NotlI restriction site (bold text) immediately upstream
of the PMASal stop codon (italic text).

The cloning strategy was as follows. The ~750bp paramyosin
gene was amplified and purified. The fragment was double-
digested with Xhol and Notl and cloned into the Xhol and Notl
restriction sites of the expression vector, pKIMF2 creating an in-
frame fusion between the C-terminus and the N-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 mi 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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pl1-11618 MBP(S146T)-DHFR 67% pl HL646 MBP(DM - DI FR
25% pl H1625 NMBP- GAPDH

-24-

8,000 rpm for 10 minutes at 4° C. The cells were washed once in

distilled water to remove the excess media.

For the preparation of a lysate, the cells were re-suspended in
a 2 ml solution of 10 mg/ ml lyticase in 1M sorbitol and incubated at

37°C for 1 hour. Cells were harvested by gentle centrifugation

(7,000 r.p.m.) in a micro-centrifuge for 2 minutes. Cell peliets were
resuspended in a total volume of 3 ml ice-cold amylose column
buffer (20 mM Tris-Cl ph 7.4, 0.2 M NaCl, 1 mM EDTA) containing a
protease inhibitor cocktail (Complete™ protease inhibitor cocktail,
Roche). The cell slurry was transferred to a glass tube and placed
on ice. An equal volume of acid washed glass beads (425-600
micron, Sigma) were added to the cell slurry and cells were broken
by vortexing 10 times, each for a 1 minute duration. Cell lysate
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 ml of column
buffer. The column was washed with 24 mi 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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MBP( S146T) - GAPDH 53% pl H1645 MBP(DM - GAPDH 17% - 26
- What is clained is: 1. A nodified maltose-binding
protein (MBP) conprising: an MBP ami no acid sequence
havi ng a nutation wherein the nutation causes the
nmodi fied MBP when fused to a protein to have an
increase in (i) binding affinity for a maltodextrin
substrate; and (ii) solubility when the protein has
limted solubility conpared2fo the wildtype MBP when

fused to the protein.
Table 1. Yield of MBP-Klenow for wild-type and modified MBP’s

plasmid MBP Yield
pIH1062 wWT 0.7 mgs
pIH1643 A313V 2 mgs
pIH1644 S146T 0.7 mgs

Table 2. Yield of MBP-CBD for wild-type and MBP(A313V)

plasmid MBP Yield
pMB50 WT 13.2 mgs
pIH1660 A313V 21.8 mgs

Table 3. Solubility of MBP fusion proteins

Plasmid Fusion protein % Soluble
pIH1616 MBP-DHFR 36%
pIH1617 MBP(A313V)-DHFR 67%
pIH1618 MBP(S146T)-DHFR 67%
pIH1646 MBP(DM)-DHFR 25%
pIH1625 MBP-GAPDH 42%
pIH1626 MBP(A313V)-GAPDH 59%
pIH1627 MBP(S146T)-GAPDH 53%

pIH1645 MBP(DM)-GAPDH 17%



2. Anodified MBP according to claim1, wherein the
mutation is |ocated in the hinge region between

helices XI and XIl or in a region within 10 A of A313

of the protein. 3. A nodified MBP according to claim

1, wherein the nutation |32éocated in the Cdomain or o
inaregion wwthin 10 A of "S146, at the begi nni ng of

| 3-sheet F of the protein. 4. A nodified MBP

according to claim1, wherein the nutation is A313V.

ed. MBP according to claim1, wherein the
Winat 'gténgﬂhlég %146T. 6. A nodified MBP according to

cI aim1l, fused to a target protein to forma fusion
1. ;érmce:lified raltasedaintlirgl prarRind MBR) comipeisthg anfMBP
erei.n the fusioon protein has a ,solubjlity that
amjPaadd seausnCRd Rena Mptan Aivatatome Mutatils tuses

thé’h%(?!ﬁ%élf MBpdyvhent eH%gﬁ?rBEQheﬁd‘haVé a%71rfcre§se fn S
nodi fie

MBP accordin arm 1, conprising SEQ
binding affinB¥@or [ N@Iﬁodeﬂnnﬁsubstmam,ednmmm mhdnilnhgw&en

nodi fi e I\/B_ according.to claim ri I
thivpratein has) T adrelUBTiLY conpaea;todormwIahiE: MEsghen
fué‘a‘:ﬁf gﬁé‘g)rﬁfélﬁl aim9. 11. A host cell transformed

W t a

tor according to claim10. 12. A host cell
according to claim 11, wherein the transforned host
cell is a transforned E. coil_ host cell 13. A host

2. é\emodaﬁs%m%@cper@ns.m qlaimyhepdiareimthe F&%@*&ﬂ‘r’é’d
loc%ge_c‘a AﬁechE Hlﬁg?llle il %E\WEQP ?’é’eesr?%ﬁ%sxﬁoélit II‘F? fegion

host C

witymtlcqr,&l@fpglm.thelﬁrotégmet hod of purifying a protein
conpri si ng: expressing in a host cell, a fusion

protein conprising a nodified MBP according to claim1l

3. a/f%gdllf?eﬁ:pﬁrBPOégéoqjdﬂig to claim 1, wherein the mutation is
located in the C domain or in a region within 10 A 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.



permtting the nodified MBP fusion protein to bind to

a matrix; and eluting the fusion protein fromthe
matrix in a selected buffer to obtain the purified
protein. 16. A nethod according to claim15, wherein
the matrix is a pol ysacchar -28 - 17. A nethod o
according to claiml1l5, wheg |n the carbohydrate is a

mal t odextrin. 18. A nmethod according to claim 15,

e L G e e e e R e
SEGEDN®@:6he nodified MBP conprises SEQID NO 4. 20. A

nmet hod according to claim 15, wherein the nodified MBP
conprises SEQID NO 6. 21. A nethod according to

9. i e, B EhPoflRB TP/ MER a&GaagE duiprsy
coﬁrﬁ‘iﬁhéSSB@éDeNO Bher $BOtIX&NO:5.s Kl uyveronyces or E.

coll. 23. A nethod for solubilizing a protein,
conprising: expressing a nodified MBP fused to a

10! A 98k QLR A INALIAAIR 1 Liify bhat i n vivo

usi on pro iS so 0 an~éxtent greater
t han can be observed in the absence of the nutant MBP
and to an extent greater t han observed usi nﬁ;
11nénhast eelbdransbormed wikhne vestPagecn @ing te £12imyil@. 23,
wherein the nodified MBP has a A313V nutation or an
S146T nutation. 25. A nethod according to claim 24,

1zmmirg§smc%lht%ca@ﬁumgq@ &Bfnhes, AR ePSIH3MhaTHiarisFormed chast
mut ati on
cell is a transformed E. coli host cell.

13. A host cell according to claim 11, wherein the transformed host

cell is a transformed Kluyveromyces 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.
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17. A method according to claim 15, wherein the carbohydraté is a

maltodextrin.

18. A method according to claim 15, wherein the modified MBP has a
mutation selected from A313V and S146T.

19. A method according to claim 15, wherein the modified MBP
comprises SEQ ID NO:4.

20. A method according to claim 15, wherein the modified MBP
comprises SEQ ID NO:6.

21. A method according to claim 15, wherein the modified MBP is
encoded by SEQ ID NO:3 or SEQ ID NO:5.

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

Kluyveromyces or E. coli.

23. A method for solubilizing a protein, comprising: expressing a
modified MBP fused to a target protein according to claim 1 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.



