1 PROTEI N SEPARATI ON DEVI CE CROSS REFERENCE. TO RELATED APPLI CATI ONS
This application clainms the benefit of U S Provisional Patent
Application Nunber US 60/530,608, which,is 5 incorporated herein by
reference. FIELD OF THE | NVENTI ON Thi slinvention relates to a device
for the separation of proteins, in particular the separation of |ow
nol ecul ar wei ght proteins from high nol ecul ar weight proteins, in a
10 fluid sanple, in particuPBRPTRIBi 95 BARAERION| DEWIGANPl e; a method
for using the device and to proteins obtainable by way of such a

ot hod. BAGKEROLRE: G Erb NENTHEN e, sty ol the huran prot eore

in particular the human serum pro n area of great
interest, especially wth respect to the pharnmaceutical industry,
with its Thhbs eapplalcatol drlerta fys dilseasenafihi OF QO €alrJBIKEI S

St udyi ng Is proteone presents a mpjor challenge due to the varying
concentral%%]éoen%goﬁ‘p@ﬁecac ﬁ?‘H@?ﬁr &%t@ﬁ@%ﬁ r ifA1c20 iFhese
concemrm%@@té@%l@&@w%f@&%;en orders of nmagnitude.
Most of the pharmaceutically useful proteins are of the | ow

nol ecul ar__wei ght type and are found in low concentrations. Hunan
serum i s SAFHTE & Qﬁoﬁ-&”f?@@d%\‘ bl ood with its 25 constituent cells

(erythrocytes and | eucocytes) and clotting factors renoved. The

protein epnGentLaLkop0f ot e um,i al 0 the range of from
50 to 70my/ m . Approxi mat. elllg‘;e%?%g}o 8f %Fﬁl“u%%prfggfeitﬁei N
(30 to 3bWgteiipsandnlpertisulgl thet scpaphmtibn 2f TBRr RodEEuaL | east

10, 000 prateins_in, hupan_serum, but st, approxi mately 95% ‘are at
very Iomﬁ%%ﬁ?gnP%gFF%ﬁg §ﬁ8mh§§83 PE&EHHF€EUW§Fgﬁéi@ﬁP eipgr énafpl e,
i nteiPeukini@ tamphekein bekthbhiarmate8188d6a% nfegt iop),bas,a

a

ol ecul ar %ﬁigh% of 5 21kDa and is present in serum at _
concent r'atFoR%ot°F PGHRF; tha ewéent adi b bProbbhnst obtalnadke shpf

magni t udealess RN aSREHABA! bumi n.
BACKGROUND OF THE INVENTION

~ The study of the human proteome, in particular the human
15 serum proteome, is an area of great interest, especiélly
with respect to the pharmaceutical industry, with its
potential to identify disease or biological markers.
Studying this proteome presents a major chéllenge due to the
varying concentrations of the constituent proteins of serum.
20 These concentrations can vary by apprbximately ten orders of
magnitude.‘ Most of the pharmaceutically useful pProteins are
of the low molecular weight type-and are found in low

concentrations.

Human serum is typically comprised of blood with its

25 constituent cells (erythrocytes and leucocytes) and clotting
factors remqved. The protein concentration of the serum is
usually in the range of from 50 to 70mg/ml. Approximately
70% of this protein is serum albumin (30 to 35mg/ml) and 10%
is IgG (5 to Tmg/ml). '



One of the nost popul ar methods for examning the proteone is to use
t wo- di nensi onal el ectrophoresis (2DE). Typically, 10 this involves
the separation of proteins by their isoelectric point and then by

t heir nol ecul ar wei ght by SDS- PAGE. 20E is advantageous as it has
the potential to separate several thousand proteins as spots on one
gel. The spots 15 can then be excised fromthe gel, digested with

trypsin amcredenti Hitedeasing olyBODI JHdmaid i X anglst e hASYut most,
desorption ionisation mass spectroscopy). Qher nmethods used in the
separ at | 6RPEPEPRGESILEs IPfc| Bde Rt giveset flovhmwedntquitdons and have

chromat o p LDL~ surf.ace- ced | aser. 2Q .desorption
ionisatigﬁ%ngéééggéggrg%% p§%'kb§g§éfsﬁgﬁ%§3 ﬁﬁ%ﬁﬁﬂ§“ﬂ§ﬁh?f¢%lﬂﬂﬁkﬁ¥
a processgoof inpiemmatibnnahdgprand featiceSuliad B hita RN=sPedifdit of
renoval 2?% roteins of interest that are associated with other

prot ePns“t Bt are H8tPHEFSFREefBstSran shvmARPrORNTHE tHRVERT GQTTHal ;
present hn¥gAtLLPr hd ekn..s ratl I onpri_si a
chaper one prot%?ﬂ ?Eﬁ%%i??sgéﬂ%ﬁEaEgﬂbggggﬁﬁ.%%I%gghggﬁg% g%ﬁchggphe
present faventabmupioyvi des a protein separation device conprising

G oEL i nmmobilised on a 30 substrate in an optim sed orientation to

bind at e r i d,to provide mnimal steric_ hindrance

bet ween &%?6gi%§#gIﬁ%§£gﬂ%§?%%fégagﬁogﬁiEhraeFGP%ﬁéPgagﬁﬁcPFOFﬁgme

pr esent isnmnndsnltwmndihﬁnéﬁoﬁipt@lécﬁ@@@h@ké@ﬂsszbﬁf,Cpﬁpbﬁ%hﬂgy
(RoE* inqggéLise%-on a. 5 substrate, wherein the specificity of G oEL
i s dff ectiEf P P18 SEPPFOPR. Of nPaABERBF RA¥pebeirt he present

i nvent i oins g IaHtdES: Godurit el - tign, deyi ri, sl Ebps—
i mmobi lised on a sgﬁstrasg?jﬁﬁgfgﬁégthgg%ge%Fgggﬁ?gpo?g%Q%EE£§sEDS
changed B3 10 specificity of another chperone protein. In yet

anot her aspect, the present invention provides a protein separation

pr ot o1 n o] o et g o B P R ERbE o recr s b ana
t he substevgirelwidsisanch@roteins as spots on one gel. The spots
15 can then be excised from the gel, digested with trypsin and
identified using MALDI-MS (matrix—-assisted iaser desorption
lonisation mass spectroscopy). Other methods used in the
- separation of proteins include high-performance liquid
chromatography and SELDI-MS (surface-enhanced laser

20 desorption ionisation mass spectroscopy) .

However, these methods usually involve a process of
prefractionation and can result in the non-specific removal
of proteins of interest that are associated with other .

proteins that are not of interest.
25 r SUMMARY OF THE INVENTION

The present invention provides a protein separation device

comprising a chaperone protein immobilised on a substrate.

In another aspect, the present invention provides a protein
separation device comprising GroEL immobilised on a

30 substrate in an optimised orientation te bind a .target



15 specificity of GoEL is directed to a particular target protein.
The present invention also provides, in-another aspect, a protein
separation device conprising GoEL immobilised on a substrate in
optim sed orientation to bind a target protein 20 and to provide

m ni mal steric hindrance between G oEL and the substrate wherein the
specificity of GoEL is changed to a specificity of another

chaper onepperiot i rendhe presente ifivanta DNseds0c PhONEISS cel Begwé%ﬁt her
aspect, aG% hod, of isol ati ng at | east one protein froma bi ol ogi cal

25 sanpl e A g Feost&p&cof: a) denaturing a biol ogi cal sanpl e
containing at least one protein; 4 b) applying the biological

sanpl e cant ayii t e e i chaperone protein
i mmobi | i sed on lggsaﬁt;fs‘%rrailfg. §(§: eieg(')l gﬁ?ﬁé’e&af ne‘é%? b %%‘f%‘#%s 2
from t he P®Usiigl sgipeaktiiboi devhcehe colpapierione QreRBi NiméB 1 TEHDYi dW 5
the biol Q@i cal _sanple fromthe chaperone protein imobilised on the
subst r5gt %,91%%%&&%)(3’oHﬁgfﬁilﬁglcgﬂesﬁ‘?gllé&ﬁlt&né’%rQﬁ‘&% 3 ohizdnted to a
chaper ongaptoteinar p@oThenpresent invention also provides, in another
aspect, A nethod of identifying a biological marker in a biological
sanpl e Cﬁnprising the steps_of: a) applying the biological sanple
cont ai ni n§ £REtBFEI 8gPeal: Hee kevresena dhapertdmes proteides ramphidtesed .

on a subgtpat8iiodd : hsol.ating. ' gi,cal rker, fromthe
bi ol ogi cal fjf I U}téo oﬁg%lh%éc %ﬁefr%snfeggr @Fgﬁ% lc‘fST‘OP S Thé

bi ol ogi carbsbnpte, f vomrehe dhmpaantrpcotei b Gawetrd)i ORI HNe

at | egst ; in_fromthe gcq’la erone - 20 protein i mobilised on

t he subs%ﬁ%?leﬂ%gfp?%sael}ﬁt}i% HpeoﬁoﬁFsBrBFSG‘Fdes, i n anot her

aspect, a nmethod of diagnosis conprising the steps of: a) applying a

bi ol ogi cit peinplroth@masdddist i) eeEsEAt A1 nGBARSLANS RLALELN 5

i mmobi | i sed on a substr.ate; \ , ‘
protein separation device comprising GroEL in an optimised
orientation to bind a target protein and to provide minimal
steric hindrance between GroEL and the substrate wherein the

15 specificity of GroEL is directed to a particular‘target

protein. -

The present invention also provides, in-another aspect, a
protein separation device comprising GroBEL immobilised on a
substrate in optimised orientation to bind a target protein
20 and to provide minimal steric hindrance between GroEL and
the substrate wherein the specificity of GroEL is changed to

& specificity of another chaperone protein.

The present invention also provides, in a further-aspect, a

method of isolating at least one protein from a bioclogical

25 sample comprising the steps of:

a) denaturing a bioclogical sample containing at least

one protein;



25 b) isolating a protein fromthe biological fluid on the chaperone
protein; 5 c¢) renoving the biological sanple fromthe chaperone
protein; d) obtaining the at | east one protein fromthe chaperone
protein, and e) Conparing the concentration of the at |east one
protein 5 fromthe first subject with a reference concentration
obtained froma second subject. BRI EF DESCRI PTI ON OF THE FI GURES

Figure | gjyand | b. ithe Reptd é@ﬂ[ﬁﬂ]c [?:l\!? of

wild-type GoEL. 10 iguggp2a and 2b.”S omsg?ﬁgﬂ%ep |§%9§Q%%éﬁ%ét%%d

DNA codons of G oBleasiviong Aspdraiat e cshiyséidng gsl-aié1in Cyst ei ne,

Fi gure 3a and 3b. Shomiﬁ.g% pepti de sequence and DNA codons of G oEL
|

with the nutations Tl 560 9P Ay FHRE T3 %y | ne201- Tyr osi ne,
Prol i ne202- Aspartate and 15 Aspat at e490-Cysteine. Figure 4a and 4b.

Shows the)peptide segnencegandeD¥A gREQRS orf FAREL W £t he o

mut ati_ons Tyrosinel 99-1sol euci ne, Tyrosi ne204-1sol eucl ne,
Leuci Re234- - | sol eubitRéCI1EadicifAudsy ors diheucihmmerone protein;
Leuci ne259- ~Phenyal ani ne, 20 Val i ne263- 3Leuci ne and

Val i ne2644 Phenyl al apj,ng; aRd:w, ASpart -.g%stei . _Figure,5. Shows
a pol yacryl ani de gel oflcgoEL-ngﬁg%gﬁgﬁb S :%%%ﬁﬂﬁné§ﬁn¢ perone
fractions of a colpmtefgimmolbiiShews ca pokyatbphaitds gela of G oEL

in awld-type 25 double heptaner ring configuration of -840kDa from
el ut ed actions of, a.colunn. 6__Figure 7.. Shows the results of an

ATPase aééay of H%%F$ﬁ§+%?g€h%}ﬁEligﬁﬁ%bPPFsEﬁogﬁlﬂeﬁFﬁﬁMFQ@n beads.
Figure 8. Shows thehspgstibhis wfodephotein fol ding assay by

bi oti nyl ated GroEL i nmobilised on NeutrAvidin beads. 5 Figure 9.

Sho a polyacrylam de gel. of purified GoES in eluted fractions
froﬁ?% 6@??wﬁfe%%§ﬁu%9ﬁ.ft%%“éﬁl?P!BgPVéﬁﬁén éh fRetheghanpseitef A
G OEL whesthdd i i dseeh Opi NeW rdvb 9681 88208arker in a biological

sample comprising the steps of:

a) applying the biological sample containing the biological

marker to a chaperone protein immobilised on a substrate;

15 b) isolating the biclogical marker from the bioclogical #£luid

on the chaperone protein;

¢) removing the biological sample from the chaperone protein,

-and

d) obtaining the at least one protein from the chaperone

20 protein immobilised on the substrate.

The present invention also provides, in another aspect, a

method of diagnosis comprising the steps of:

a) applying a biological sample from a first subject to a

Chaperone protein immobilised on a substrate;

25 b) isolating a protein from the biological fluid on the

chaperone protein;



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 10 MATERI ALS A bi ol ogi cal
sanpl e may be obtained froma human subject. The sanple is
preferably a fluid but may al so be sone other biological extract. It
will be appreciated that the applicatPon of the invention is not to
be limted to humans 15 but can be used on a biol ogical sanple from
any animal. The fluid may conprise, but is not limted thereto,
serum  cBr ebnospigathé |l ol ogt dale, sampiR ef a5Ri £B8t ch&b88bne protein:
bi ol ogi cal fluids, extracts, tissue extracts or other "~ m xture of
protei ns.,,20 CHAPE P I NS Chaperone proteins bind to non-native
(denat ur &d) 9%?%%%@%%5%5%% ST PEOG bR 50T Hahe t ehapartna
functional peordof maddpn. This is achieved in nost cases through the
expenditure of ATP. Oiginally identified by their 25 increased
abundance fol |l owi ng heat shock, chaperone proteins in general

recogni s&) éxqueerad gy dihsp esias s waftdoes off tion-amaltdass; @pechest&in
protekns a I -cqvalent,  interactions with them stabjlising
t hem ggai ng%&}rp q]qrepgvlé:%% %Iugjjr?ﬁtt iwrjr%F‘i g ﬁ&d{]eergeﬁqeorﬁorﬁ‘eqlﬁh%%tﬁnt he
pol ypept i deottthameolirons a isecoray sepgestdriven by an ATP- directed
conformati onal change in the chaperone protein, permtting

subsequent steps of polﬁgegtide folding to occur. 5 When such steps
fail to proceed to a nativé PBAFBERBEIPHOE KEECFACURES and rebi ndi ng
by the sane or other chaperone protein can occur, allow ng another

Oppor t Unfiyuf@rif and adiiCtdnes, £ O mRiLeN. t o heteached. pbif ferent
cl asses of chaperones are directed to binding 10 specific non-native
st at es. ?%rw¥$é%ﬁﬁﬂﬁ and Hsp60 (chaperoni n) chaperones
recogni se, respectively, extended and collapsed conformati ons, which

ar e Tpurel ofd esPenRd Ny .Y sl ' | sure of .t
pol ypepti de chain or %}g/bl Sélled &iﬁkgﬁ?le%gg?ee g%g({“ﬁeen%eolﬁ/%%p%dﬁoﬁiﬂnﬁ
central Endresih davingTheppmisdnt 490y enbisdni theteas waidMartvges Dhe | he

chaperone's ability to recognise a non-native state of a protein to

SEDarat%ﬁkﬂ&% @%0%55U3kﬂo%h%h%eEh8rBES%QEGPE%ﬁﬁgnéé1é%d DNA codons
of GroEL with the mutations Leucine 200—>Arginine,
Serine20l—Tyrosine, Proline202—>Aspartate and

15 Aspatated®0—Cysteine.

Figure 4a and 4b. Shows the peptide sequence and DNA codons
of GroEL with the mutations Tyrosinel9%—Isoleucine,
Tyrosine204—+isoleucine, Leucine234—Isoleucine,
LeucineZB?—elsoleucing, Leucine259—%Phenyalanine,

20 Valine263-rLeucine and Valine264—Phenylalanine and

Aspartated430—>Cysteine.

Figure 5. Shows a polyacrylamide gel of GroEL monomers of

~>7kDa from eluted fractions of a column.

_Figure 6. Shows a polyacrylamide gel of GroEL in a wild-type
25 double heptamer ring configuration of ~840kDa Ffrom eluted

fractions of a column.



bi ol ogi cal sanpl e. Advant ageously, chaperones are also able to sel ect
non-native proteins by their nolecular weight. 20 This feature of
chaperones is also exploited to isolate | ow nolecular wei ght
proteins froma biological sanple. Advantageously the present
invention will work with any chaperone protein. The chaperone is
preferably selected fromthe group 25 consisting of FBpIOO Hsp90,

Hsp 70, Hsipfiteaard Simaliks Hﬁesr fufift Yzﬁﬂ%l A’ﬁﬁ@é i ke.
Pr ef er abl y, t he chaperone es be gn 60 ¢C aperone o¥ ?%e group |

chaper onif-atyigel atesy erpEef embbylleteei c:tmp@md:fmvfedmbaoéédd he
chaperonin type possessing peptide- dependent ATPase activi ty Most

30 prefer he e i for | e, G oEL.
PreferabF?gbéF Sﬁgﬁge£ﬁﬁ 5%%PiFFv8 ads&A° q iﬁ%@ﬂ%ﬂ(ﬁﬁ$ﬁbéﬂbr
The co- szabmlinlyaytbd GEOEL exaipbel i the of- NehARSROM ML KILRES or a
fragment thereof. Al though the mechani smof G oEL in proteln f ol di ng
i's megl F5 docuEented inthe art, it wll be appreciated, by those of
skil | tABTFePevaitvaird p‘?%‘??hbameﬁleo@ﬁﬁg ofr opesied echzloms sm i s

a theor ye@adeghglégy%}té of-Shoyl d construed as being limted
to any particular theory in the ar or that proposed herein. 10

G oEL (also referred to as Hsp60) is of the group | chaperonin type.
The t er ni habRrbhi nig éfterisl sttt Goubb€ thengeshbudiswr ot babrthesen

pr ot ei ns; al | t hese proteins present as
3 1Rk O%Jb%é/d COMfd 3% Ay c?/ é% !

hept arreri C, e-ring assen pronote the fol ding of
proteins froma non 15 native or denatured state to the native state.

The structure of GDEEBRIIEDaMERIFECTION d@ckatorheskriaghi on of
identical or closely related rotationally symetrical subunits. The

ringsy ofy G0kl define a central, generally cylindrical, 20 cavity
t hat functroens—n two condltlons In a first operative condition,
G oEL is open at an end of the cylindrical cavity to allow ingress

of non- Aataivd qurictd] Bsmpl?éhﬁtag’ptbl&l S @VEEGH Wi himanf baxsole

hydr ophc}l?ll C I|n|l Ioca% Ln an api cal domain of each subunlt In

the ring samp is preferably a fiuid but may also be some other
blologlcallextract. It will be appreciated that the
application of the invention is not to be limited to humans

15 but can be used on a biological sample from any animal. The

fluid may comprise, but is not limited.thereto, serum,
cerebrospinal fluid, urine, nipple asﬁirant, other
biological fluids, extracts, tissue extracts or other

mixture of proteins.

20 CHAPERONE PROTEINS

Chaperone proteins bind to non-native {denatured) states of
other proteins and assist them to reach a functional
conformation. This is achieved in most cases through the
expenditure of ATP. Originally identified by their

2% increased abundance following heat shock, chaperone proteins
in general recognise exposed hydrophobic surfaces of non- |
native species of proteins and form non-covalent

interactions with them, stabilising them against



25 structure. The hydrophobic lining binds to non-native proteins in
a nultivalent interaction between their respective exposed

hydr ophobi ¢ surfaces. In a second operative condition the binding of
ATP, to an equatorial domain of-GoEL together with a
co-chaperonin, 30 G oES, at a location in an apical domain of G oEL
per se induces a conformational change.in the ring structure. 9

G OES i siadyaat aebelsmabt idetiddggddieisian. of RPrOLeinsr €apt ured by
G oEL to -57kDa or |ess. The conformational change preferably :
conpri seRO}FRERHE B Jhe RS ofin Ferseyvensapi €al veloney nsn ohTBach
of the sgouni i i S ure r | 1, L a global change
to the intern% n%r}febufrﬁ(;‘%ltdhﬂﬁce%\}{#%{e 83/ iﬁ%%li%ﬂé clza@??y}grci' Meavi ty
i ncr eas gselimi voingresuhs st shepf olfd motlypepel ds etb1df dg byo FOES: .
The hydr.gphobi c surface at, .the apical domain is then elevated and
twi sted %L}Cd}nsttr?é’snﬁﬂaﬁ%@rmeﬁﬁh ypept i Rt e G e e bR i de
to be releaspd tith0 e rBAMSIAg GVEhE JhiRe G ddhesS difiberon

predom nantl’y hydrophilic in character, favouring t

exposed FRATEEFh Glsinc © cawim o addiotr ings ad otshaan dogdver tprroinot i for of t he
native f. 1 I tide. 15 The non:native protein may
undergo%%%%ﬁm%&gﬁdg%g c;ﬂé%t%grog %gn °r EFEY eci)y G oEL until the

pol ypeptide has refolded into its native state. The capture and

r el ease Didferenpercflassed offy chhpesanes Gzofd qireicidy oo BAarhfdierent a
Go LD protei.%.. Prefer%blﬁ)é, G oEL is_used in its wild-type double

ri ng[ 20 SEEFGCEGr BOBF "a ¢RapErBRERA: AFPEr mata RISy, HerutL angy Hswp60
utili _sedchaﬁ@rahmgl)_echagatraﬂeél ¢ echbiR9siOr Me REHiRG Of okl dmy
conprise a heptaneric ring and the “other ring nmay conprise a

di meri canfy PﬁEF‘PE?eﬁeFPEﬁ@FméFlopént‘alhérf:ih: agte oeda merine sgtorutingle

25 G oEL;pBY 8,503 ) c ise ric,ri.ng of .
W1 Uyps O SEr ahd A A OF BRoCher EnduenoRET IAFoL R oy
exanpl eglebbl sencsabunet obi hdéngopyodeii der iGCE ce@nafrh 1may flwrshires.

conprise a double ring assenbly wherein one or both rings conprise
one18r ARCCepUBURL! nlLAM O Lo EPARTLON 03 20 BASRNL TV PO
ability to recognise a non-native state of a protein to
separate that protein from other proteins present in a
biological sample. Advantageously, chaperones are also able
to select non-native proteins by their'mole‘cular weight.
20 This feature of chaperones is also exploited to isolate low |

molecular weight proteins from a biological sample.

Advantageously the present invention will work with any

chaperone protein.

The chaperone is preferably selected from the group

25 consisting of Hspl00, Hsp9%0, Hsp70, Hsp60 and small Hsps,
for example Hsp25 and the like. Preferably, the chaperone
may be an Hspb0 chaperone of the group I chaperonin type.
More preferably., the chaperone may be of the chaperénin type
possessing peptide-dependent ATPase activity. Most

30 preferably, the chaperonin may be, for example, GroEL.



10 For exanple the rings may contain one or nore of each of the a,
(3, ¥, S, s, ~or 0 subunits of CCT (TCP-1) or one or nore subunits
of rubisco subunit binding protein. Alternatively, G oEL may
conprise a double ring assenbly whereigh the or 5 each ring conprises
one or nore subunits fromother chaperonins. GoEL used in the
present invention nmay take any of the forns |listed above, including

f ragments-Of- ,Charer p ei,ns, .a G i.on. t her . 10_The
chaper oni n@féar oELe'eﬁa?}%‘eELotE)n?gi &r?gdi{‘lr g}%e?%lcr oblsfagiaéésjb%tr%%ﬁ "gle l’lec‘_fl e
from t héagtoup cdhe soirfigcobrbmeyebiea dd anchada;, s @xanpl e,

t hose of_,Escheri,chi %sgg Thernmus spp. _ Streptococcus spp.,

St aphy| SEEEETOTdHp. GrBARi PFug SppImente f6d5iG spp., Spi rillum
spp., Lactobacillus spp., 15 Mycoplasma spp., Pseu dononas spp.,

Strept omiceSugBPthe WOEXARDAG! 8FI OPLERPin BRCHRIM 485 SRR 1AW Ge11
Clostridiumspp.. GOEL is preferably. Isolated from Escherichia

coli > Aprcepgpatedely GreERrhnyibeviidl beedpbremiafeebudy thersphi | us
or Costkidhumdifficil SUBSTRAT e trate is preferably a
sol i d s%ﬁﬁ%glrlt m&f k{'%eggfﬁ%@ggrar' ’eaigﬁ?gpggeT%gﬁ Owgoé’rr?&’ﬁéﬁ“‘it ur ed
from anpeshihabineisnat eeaty kanoancie thosatebnskhbliiidn ddreart, for

exanpl e a | astics material . Typically, supports of *the array type
25 may 88116?69?‘&@5\/6??%% %ﬂéﬂ%%@ &P 3Q¥fRessicrdest édrsioryspat $heon

the subgttabe, thot PSFBdsddaPEoiein of the chaperone type to be
i mmobi | i sed t hereon. ese surfaces may be conprised of noieties

selected fromthe group consisting of, inter alia, nitriloacetic
aci H0 cEFBBkylat e’ refrurachdiy B0 e hes, isi bifcahes groapbdny!

diiMdangglégr%erB%gdesrhTh%]ml gtr te may_be ro'de;::llli Lth an
hydr ophopi}g barrier ™ coating. Sui tcalt'g%‘J éjé% st 5?%?3:130?‘%&’% OVEYF? e
pr esentrimy esitwrtware, thatortheeanplres t bl 0s cheperavaiyl abhpricem
G pher%%léjrc%\?%r:Y 5|3éN-f"Ut r%}ﬁ%ﬁ% beads available from Pierce. )
NODI El THEGSA TPREFS FERt as heptameric, doublefrlng
assemblies that promote the Ffolding of proteins from a non-—
15 npative or denatured state to the native state. The
structure of GroEL is arranged in a back-to-back fashion of
identical or closely related rotationally'symmetxical

subunits.

The rings of GroEL define a central, generally cylindrical,

20 cavity that functions in two-cohditionsL In a first
operative condition, GroEL is open at an end of the
cylindrical cavity to allow ingress of non-native proteins.
The opening is provided with a flexible hydrophobic lining
located in an apical domaiﬁ of each subunit in the ring

. 25 structure. The hydrophobic lining binds to non-native

proteins in a multivalent interaction between their

respective exposed hydrophobic suxfaces.

In a second operative condition the binding of ATP, to an
equatorial domain of -GroEL, together with a co—chaperonin,
30 GroES, at a location in an apical domain of GroEL per se

induces a conformational change in the ring structure.



The chaperone protein of the present invention may be nodified in
order to alter its properties. For exanple, the chaperone may be
nodified to inprove its binding to a target 10 protein or inprove
fol ding functions. Typically such nodifi9ations are achieved by

del eting, introducing or nutating specific codons in the DNA/ cDNA
sequence of the chaperone. Typically this may be carried out using

site- direcels ﬁmta@m&mﬁd@eoﬁ%tgsdﬁtegg%gtgugﬁgegg§gsOga%_% %%
performed_ b ol rase chain reaction or some ot hér “suftablé fethod
known to cfef%{—s"gr%glr%kiqqomn EPe~arkDa) erwlebsbe appreci ated that
nodi fications made to the am no acid sequence of G oEL may be of the

conser vatinee doHe ' a Lrution of polar-to-polar
non-pol ar to non fg&g%ﬁg%ﬁbgﬂg%% é??%é%%f%? ??%£+%§?EUE§? en bloc

Al t er nat [pSSRemdn o fc Gise weatdry easithst | dothia DRS SBYeDen "Beerho Lifinits

am no «aci. guence of GroEL. For exanple, polar to non-po
fe T tz’teel tat oS M Fid o i §5 R nbn ot | Gl Wegueditanoé 6 offle may

resi due gUb

be 70- 80¥nt25nhommlkiogeus oo 30 ddA Ny 1 4. 1H18s,58quence may be 90- 95%
honol ogous to SEQ ID No. 2. Alterngggbel ft$ﬁ§§§%¥ﬁd3%%+ - setfifence

may be 962V9FY 9BCEPAg98, honvlcdgmes o BEQID o -fRd 1hd is closed
Horol ogyshybpi,di LONn I ".and " honp] ogous" refers to sequence
simlarity 2 é@%‘%wﬁ%%@gﬁp&ﬁ% e it i leglomain
Honol ogyleahhse dbtenbtedednty teaspad RS2 ROSH Yyd L LNE, o 5
o]

al i ghed ences. A degree of honol ogy between nuclerc aci r
bet \/\ggn %% SRR &Y gsthe replinclel 69 6f thkdeamerbemtaf the

i dent i catermtramtedwgy Nuotget Ldes+ar ;ami i.ds_.at sitions shared
by the sequences. A£Q¥he termis Egeégnhggeﬁgéggmﬁﬁgpgﬁg'&M ophilic
sequence LhHGRHI o BV Br Bnot hbe bOrseguenicexpbstlie Hiyee opa@uences

are subgﬁﬁﬁdzggﬂaifggy' d.the functional .activity of the
sequences i s conserve d as %@@dt%%rgfﬁ?p figlt 8F n-bRoRgLageusTativest

not i nf &he @gdivmedriatey: rel at edness) Two nucl ei ¢ aci d sequences are
consi dered substantially identical if, when optimally 15 aligned

. < 0
(Wt 9aps RPRIMTLGEdL ﬂy% efﬁ“%éyaﬁnégﬁgé gggytrggé%s of capture
and release by GroEL until the polypeptide has refolded into
its native state. The capture and release may be performed

by the same GroEL protein or by different a GroEL protein.

Preferably, GroEL is used in its wild—type double riné
20 structure of a chaperonin. Alternatively, GroEL may be

utilised in a single, heptameric, ring form.

One ring of GroEL may comprise a heptameric ring and the
other ring may comprise a dimeric, trimeric, tetrameric,

pentameric or a hexameric structure.

25 GroEL may also, for example, comprise a heptameric ring of
‘wild-type GroEL and a ring of another chaperonin protein,

for example, rubisco subunit binding protein or cCT.

GroBEL mayafurther comprise a double ring assembly wherein
one or both rings comprise one or more subunits from other

30 chaperonins and each ring may be a heteromeric heptamer.



sequence simlarity or identity, or if the sequences share defined
functional notifs. In alternative enbodi nents, sequence simlarity
inoptimally aligned substantially identical sequences may be at

| east 60% 70% 75% 80% 85% 20 90% ¢ 95% As used herein, a given
percent age of honol ogy between sequences denotes the degree of
sequence identity in optinmally aligned sequences. Substantially

conpleneﬁpargxampleith@ctﬁsgarmagugbgkgi@cbﬁ% JN mMULR ARG Ch of he
conpl ement of one nolecule is substantially 25 identical to the othher

mol ecul e% Tho Mdlete @cd® brspbuhein osequencesrane eenshdebedmore
substantgabt¥.%den iqﬁy if mhgn coptimally aIi%ned, t hey share at

| east abdut 705 sequehte S dRHPPRY T PANAEPEr REPTFADenbAdLAERRS ively,
sequenceGidenthdy dBwprify £Xa be. ] % .east 80% at

| east_-85% at deleast_QOQb orBg%gFegéﬁé9%§§é%%§?ngP%%F#§n§%ﬁtO5f
sequence?aCh F iR ARSI oPnedent noye neybbeitendyehedtising a

vari ety cﬁgpégéggﬁgl1ns, such as the local honology algorithmof Smith
.13 and Wat'erman, 1981, Adv. Appi. Math 2: 482, the honol ogy

al i gnnment al gorithm of Needl eman and Winsch, 1970, J. Mdl. Biol.

48: 443, Givlsemrech ihothei pirkasddly ittt &f RepreQRe a0¢ &F PORD,

1988, Prcp. Nﬂ&]. éfag. Sci ., USA 85: 2444, and 5 the conputerised

i npl ement atons S6F% RRSE al ddtGHURNY sirapmert &APf GESTHIAhe FASTA and

TFASTA igrdtha nW, seaashAyCenghl G 391 tiars Backage, Genetics Conput er
G oup, Madison, W, U.g.A.) Sequence I dentity may al so be
BLAST al gorithm described in Altschul et al.,

detgrnin%%busing t he

19987 J hgpichareyonin| Groik: aea. ke (Qisiaigiachefpuil & shietkateful dource
settinggklecoalit Ya&LE ).na .BLAST anal.ysi.s may be avail abl e
.t hrough the Nat i onal {%%n@géﬁj%g[go&%&%lgé‘gﬁoIodrkgﬁai%tfeo?jr%ﬁr@n ARtR%Rgh
t he int éPAeexamphet pthidswweAcHsalleninitiageyy)., TeerBlASHAl gorithm

i nvol ve i i ifyin igh._scoring 15 sequence pairs (HSPs) b
i dent i féffﬁlﬁf’ghg?ggﬁms é”o? .glt%ﬁ’&xyﬁo\ﬁf’cugcﬁst ﬁ@ﬂ(}uerf%ﬁ%ﬂ&qzd@]csg@ﬂha% y

ei ther Fapchspirsasisiy sere:ipes bpye-valuebidueshal ¢score T when
aligged with a word of the sane length in a database sé%hénce. Tis

referre%yf8pl§§m?h%%ﬁeig%ﬁﬁﬁﬂﬁ@@ﬁaﬁoﬁapsepﬁ@ﬁﬁmﬁgﬂﬁﬂaﬁ somi.ti al 20

nei ghboos hopdpyetéh-hirt Ssct, agaseeds foL iy A lsc:%%rjt_%gﬁ%m spp.- .
GroEL is preferably isolated from Escherichia coli.
Alternatively GroEL may be isolated from Thermus

thermophilus or Clostridium difficile.

20 SUBSTRATE

The substrate is preferably a solid support of the array oxr
bead type. These may be manufactured from any suitable
material known to those of skill in the art, for example =
plastics material. Typically, supports of the array. type
25 may be provided with = variety of surfaces, located in spots
on the substrate, to permit the protein of the chaperone
type to be immobilised thereon. These surfaces may be |
comprised of moieties selected from the group consisting of,
inter alia, nitriloacetic acid, carboxylatés, quaternary

30 amines, silicates, carbonyl diimidazoles and epoxides. The



to find | onger HSPs. The word hits are extended in both directions
al ong each sequence for as far as the cunulative alignnent score can
be increased. Extension of the word hits 1in each direction is halted
when the followi ng paraneters 25 are netl the cumul ative alignment
score falls off by the quantity X fromits maxi num achi eved val ue;
the cunul ative score goes to zero or below, due to the accunul ation

of one animmienegely Use 9586V08eA | Head! hGRUE rpLpe;end of
ei t her uence i s reache The BLAST al aorP?E ggégﬁgters Bow T

and X det 196t he sensiti vi ty and speed of the alignment. The BLAST
program nmay use as defaults a word length (W of 11, the BLOSUMG2

scoring RRLAILY% dleni kof f 992, Proc. Nati. Acad. Sci.
USA 89: 105‘F1t5 109 g’)lb%%ff tae{gdgnnen % B %IF 5%1“3%%%&%‘(?%1%)66% 10

(or 1 or forlegbmp0eQl e -QH3 a_conparison
of both strands. One rreasurggsof the statlstlca(fi\gq ({‘{%I??t? Tbet ween

t wo séqu@ﬁééé”ﬂﬁéﬁh@ t ReaBlsASP =l Igarlid hrdrs Riwrsemml | est sum 5
probability (P(N)), which provides an indication'of the probability

by whi chygpipte f)@ﬁv\ggnTh\éo d% or amno acid sequences
woul d oc nts of the invention,

nucl eoti de or am no aC| d sequences are considered substantially

i denti caTh¢ fchéperidns matbéetmsu:m Rhebaidddnt iihvetamakiSen,of the
test seguences i.S Ies% hﬁn about 1, preferably | ess than about
0.1, nore’ Gretet aot yOFesE FRaAliBsuits. Groperdimsst Fpmafeeq'aarb:ll;e | ade

than abotitagh0fd iy abekoat kved g t el gicc aqid
seqﬁ ces 15 are substantially conpl %ﬂl ﬁ?gsyqﬁ% éjﬁ%l arget

sequenceOURMY 9 ZEREPBachobeheg Grdet inoder amgbycaumynmmm or

pr ef er abloHiStild NIYH bridisation to filter- bound
sequences under moder a%f) %%%??ﬁagwycgﬁg ?I]‘BLHS Y FOdGHTgY &Fpl e, be

per f or M@ Gat igas s eN:iHRGY cd%sedinnﬂg/edemﬁVcaﬁAS gg%@ggC@SQ@ ,thq%bml\/l
EDTA at wa 0 SSC/ 0. 1% SDS at 42C (see Ausube

et al. (cg’%?ﬁer%%gsg g %:rae#[y P*Fz%%%c%?g P& wBreéafapub; @rségg sWoe- 1,

G een aumemlendngummeaaﬁ, | 9ot e -@nded0BY M%&sgef%eﬁgsmabnﬁe New

Yor k, AIternatlveI , hybridi zation™t
55 %formeg EE polymerase cg;lnyreactlon or some other

suitable method known to those of skill in the art.

Tt will be appreciated that modificatiohs made to the amino
acid sequencé of GroEL may be of the éonServative type, for
example, substitution of polar-to-polar, non-polar to non-
20 polar or aromatic-to-aromatic residues. Alternatively non-
conservative substitutions may be made to the amino acid

sequence of GroEL. For example, polar to non-polar residue

substitutions.

The modified amino acid sequence of GroEL may be 70-80%
25 homologous to SEQ ID No. 2. The sequence may be 90-95%
homologous to SEQ ID No. 2. Alternatively, the amino acid

Sequence may be 96, 97, 98 or 992 homologous to SEQ ID No.
2.



25 filter-bound sequences under stringent conditions may, for

exanpl e, be perforned in 0.5 M NaHPO4, 7% SDS, 1 nM EDTA at 65C, and
washing in 0.1 x SSC/ 0. 1% SDS at 68C (see Ausubel, et al. (eds),
1989, supra). Hybridization conditiongz2my be nodified in accordance
wi th known net hods 30 dependi ng on the sequence of interest (see
Tijssen, 1993, Laboratory Techniques in Biochem stry and Mol ecul ar

Bi ol 09y momol¥BLVALE2LLeR My Nucl eic Acid Probes, Part |, Chapter 2
"Overvi e i idization and the strategy of 15

nucl eic acid probe assays", Elsevier, New York). Cenerally,

st ri ngentHewadegy bnsndr 8hembéd o sto red ealzotlo 36duemee thanlathey

t her mal e tin ipoi nt fgr. t he spgcifi c sequence at a defined ionic
strengt h %n‘ﬁe‘;ﬁ% -5 ASTH +AR8d ke EPnPUCHE 1Ex B S Mot ©CBA6EL" i ncl udes
vari ant siob 1@y | vt GheEkepekypaRY 8¢, bR aﬂﬁ?éﬁghdéégwﬁﬁgm the

including truncations and fragnments; “insertion

i ncl udi rﬁglft%lg@éﬁqmlﬁ;@é%ﬁ ded dadrfasbdnhopodbeiynbetaabat htidlédns,
for exa site-directe ants ., 10 and allelic variants. As used
her ei n, 'p%l yépl}-egot@lcJd eeggrlmgﬁg}{én?%ﬂaﬁﬁ%?nﬁﬁ'ﬁnés dciryectiegartie’ of

| engt h orummst -df deisdeticnbl or RELELEAYT Alicl 8085 ded! ¥EOgY] A8 T Q% &L
phospho%lnati an),, and . include: natural proteins; synthetic or
reconbi NS petha RS Aandtpeptraesnasswel RBsathaybein hwlwmd es

(e-0.  achashon PEOelds O i NBLR, DAL N5 OREROT LL BN, FoDr sling., al |
or part of a polypeptide of the invention and a sé ond porEfl 0
conpli sisegUgRcanitifo tds dvweprptendesmnanostiestapt DAL N Ddempepidide) ;

nodi fie i.d incl udi ng for. 20 e | e peptoi ds havi ng one or
nor e no%?%'%g g@ﬁ}f:ltgrlro&?gls ag?%l‘(/lty s%%g;?r?el‘f’ FYCeE. 35 ety

| i nked" t{ast heedeptirddn, aitk papth dHGRELd§Sus TYRbERl Ayt therdrotein or
pol ypeptid be isqlated or substantially pure or reconbi nant. -

The mdFVP@&FE@ﬁ@’—"ﬁaﬁ SHES K t hoth© 171t ¢ crcid heequpmices are

i ntroduebhendeted BRORANHiL 16} aYAde; Sifera O8O 1inked
gl yﬁgsyl ation site in which thé} N1 nke‘v(sié g‘fy'cgwsy %té%%l%%ltlg}(i s a

hi gh>nephbdgBetypeith Bpps Pampdted) a Wompl sty pet glemas Hahitos 0%
site; apegG¥hati OMmBhbe+fOh identity, or if the sequences share
defined functional motifs. In alternative embodiments,
sequence similarity in optimally aligned substantially
identical sequences may be at least 60%, 70%, 75%, 80%, 853,
20 90% or 35%. As used herein, a given pércentage of homology
between sequences denotes the degree of sequence identity in

optimally ali gned sequences.

Substantially complementary nucleic acids are nucleic acids
in which the complement of one molecule is substantially

25 ddentical to the other molecule. Two nucleic acid or protein
sequences are conside:ed substantially identical if, whéh
optimally aligned, they share at least about 70% seqﬁence
identity._In alternative embodiments; sequence identity may
for example be at least 75%, at least 80%, at least 85%, at

30 least 20%, or at ;east 95%. Optimal alignment of sequences
for comparisons of identity may be conducted using a variety

of algorithms, such as the local hdmology algorithm of Smith



exanple, a nyristoylation site; a nethylation site; a 30
phosphoryl ation site; a sulphation site and a prenylation site, for
exanpl e, a farnesyl or geranyl site. 16 Preferably, nodification of
t he chaperone protein may be perforngd to: a) optinise the
orientation of the imobilised chaperone and minimse steric
. hindrance between the 5 chaperone and a solid substrate; b) direct

t he tar getd Speeiriian t yL 91t hdwhapey bneiatan?l: c18a) tigie thend Bsget

speci fici,t.y of the chaperone._In order to optimse the orientation of
t he Gol%_llcgﬁﬁ‘ﬁ@&oﬁlrgo ﬁ%&%%#@%@ eti¢ Himgriance? 7 s phodiaday be

substi t Wied . wgth & Otsid exidye, (SEQ -3 ' tdan.
introduc;s awfehi 64I groupesi%n t he equaét%?%l%eoymr?gr}%f&g%&e%ﬁoél
thiol @leupipmpn,f dO88earias.f Ak t] t Aead heSdant riosIcs 012 404 ,bizgid n
at this,site. This _i.s advantageous .as i mmobilisation of 15 G oEL _on
2n Pt o Bt SR T e RO EO P SR S (DR Hench
i nt er ackboaabgt BEET FIYL iFASHEC ahed TEA @70El @Rd 1 SIFERkAH R 1 cs

nmoi ety |ocated on an array or a bead. To direct the target
speci fi ePEyvaFet RACEROEL ERAPELSRI FONLIe mMAratiron #aldds200- WA, g,

Ser201-4d ¥ and P +ASP - ;420 | e 3)d Nfroduce, intq th
api cal donal npbf§% g%gt%%urlugjtéggéftg?em(?%g%asoc)gﬁser%l?gm&ﬁ%ii H&lﬁl& i%P,e
RGD, spBBR$T calgrrihbm,i deegribetadinl Biafsopiat &M .|,NLe0I Nsr.ang 1 .

i tapt i | ] -to0-cell d Il -matrix int ti ; d h

beer? | BEPT ca b #ROCAPI (B RHI FhRgPUpHe Sa56y EeHaUati 8RS ERRGSAN S0 25

conpri sgoftwrexase! ferEbemPhydengsibints BCR and BgDan@g%Pleare
nodadi

al so recogni sed by integrins. This is advantageoUs as_ I cation
of G oBtTPIhpi Vatkiapadi Geateswsorh8ivaegbnoleopeciihforpttionbe

0 1 ect el MANfS e SPEELELC, OLOURL 0D, /Bl #Bh RIQLELASR) it !
bi ndi nPldgihial asfr nymchapel vee Giedti hdehhefptagent.ghnyesting in
ordgs 9 hRQlAl §& SPeChLLS) PO N0 O F AT LY 0L PLOYE DS 1 engtn w
in the quexy sequence that either match or satisfy some
positive-valued threshold score T when aligned with a word
of the samé length in a database sequence. T is referred to
as the neighbourhood word score threshold. Initial
20 neighbourhood word hits act as seeds fo£ initiating searches
to find longer HSPs. The word hits are extended in both
directions along each éequence for as far as the cumulative
alignment score'can be increased. Extension of the word hits
in each direction is halted when the following parameters
25 are met: the cumulative alignment score falls off by the
quantity X from its maximum achieved value; the cumulative
score goes to zero or below, due to the accumulation of one
or more negative-scoring residue alignments; or the end of
either sequence is reached. The BLAST algorithm parameters
30 W, T and X determine the sensitivity and speed of the
alignment. The BLAST program may use.as defaults a word
length (W) of 11, the BLOSUM62 scoring matrix (Henikoff and
Henikoff, 1992, Proc. Natl. Acad. Sci. USA 89: 10915-10919)



5 To alter the target specificity of G oEL, the nutations

Tyr199-1le, Tyr204-'lle, Leu234-'lle, Leu237-1le, Leu259->Phe,
Val263-' Leu and Val264-'Phe (SEQ ID No. 4) may be made in the apical
prot ei n-bi ndi ng domain of G oEL. Thesei nutations result in the

repl acenent of the substrate 10 binding specificity of GroEL, a group
| chaperonin, with that of Thernobsone,.a group Il chaperonin. This

S advalagendiecass| ot ous Ehgecaptibg B! Be TRALLed Ghobly gl
targets that were previously unavailable to wld-type G oEL.
Al t er nat® V&l yor di HEL nox af i ©A81 hmyMbB, néidé, t end5ar ephpaeitbe of both

substrat i.ndi ng, specificity of G oE ith. or .rubi sco subunit
bi ndi ng Sgcrlgﬁlrgc?%'. %ﬁﬁosm?%s%ﬂ%aﬂ aB%%uEkﬁgFFlggo%mﬁﬁﬁrﬁﬁé between
possi bi iy sfqudmescasethgaphdlr BL.AST PL OLELNEhAY 1 ¥aALhQUSHE ©1 88+ Of 1y

G oEL on an array or a bead. The array or bead may conprise one or
20 ot e REFFEEEAE R ((Fe@V ot - mit bt drxpoRles M et ndicabeiyn dHrthe

I B LSt ; i I i | d-t f .
Grofl abdearid T by ot el P TR R oRe rite it i er Trine
second acriay serubead sConprlididgswr fibly tdeincd ypen of 1 patadedy& OEL. 25

PREPARATIHQ\I OF THE PI%VC\)AT | N SEPARATI ON DEVI CE The protein separation
devi ce PR REIBRGLRCETWHY R e Numlettidn vhyamber et |y

- take theehoercel aRealdodsi®ler@d bﬁﬁﬁisﬂn%gﬁ %él@@:{%aeiggi# Stﬁé,lpport

known to those skilled in the art. 18 ea¥ray or
pref-8r aBplpeeparen Paokeddddant dmia hoondrer monuf @t ttihertsst

i nstruct] picakly, r__an.array thisin% t he steps of: a)
rehydratg%ﬁgégﬁ-grgo%gn%reé Ss]’épto A8 25 e d o ]{%elé%j? ef%‘S? n-hape about
reconmefdéd boféeprefiprbbagi Ngsshe AL HowdIE. CPROtEhMiids@

chaper one and. c).lncubating the array overnight in an humdifier.
Pr efera%F?Feﬁag%yl%%fFﬁ Q%‘F“G%Q?B’:‘trr&y 2 -l oaded on to the or 10 each
spot. More preferably 2 to 8g/m, nore preferably 4 to 8lig/m, nore
pr ef er abhyabtéonFdigéminaneawosh phHefkeral hude i £f: S Qe de

Ioafgd ggéOséggtggtfgfgysgg&pleméntary is that the two se
' quences
hybridize to each other under mbderately stringent, or
preferably stringent, conditions. Hybridisation to filter-
bound sequences under moderately stringent conditions may,
for example, be performed in 0.5 M NaHPO,, 7% sodium dodecyl
20 sulfate (SDS), 1 mM EDTA at 653°C, and.washing in 0.2 x
SSC/0.1% SDS at 42°C (see Ausubel, et al. (eds), 1989,
Current Protocols in Molecular Biology, Vol. 1, Green
Publishing Associates, Inc., and John Wiley & Sons, Inc.,
New York, at p. 2.10.3). Alternatively, hybridization to
25 filter-bound sequences under stringgnt conditions méy, for
example, be performed in 0.5 M NaHPO,, 7% SDS, 1 mM EDTA at
65°C, and washing in 0.1 x SSC/0.1% SDS at 68°C (see
Ausubel, et al. (eds), 1989, supra). Hybridization
conditions may be modified in accordance with known methods
30 depending on the sequénce of interest (see Tijssen, 1993,
Laboratory Technigues in Biochemistry and Molecular Biology
—— Hybridization with Nucleic Acid Probes, Part I, Chapter‘E

"Overview of principles of hybridization and the strategy of



The array nmay be incubated in an humdifier at 4C overnight.
Preferably, from0.25 to 3 pnole of proteinis imobilised 15 on the
or each spot. More preferably 0.5 to 2 pnole, nore preferably 0.5 to
1.5 pnole and nost preferably 1 pnole df5 protein is inmobilised on
the or each spot on the array. BIO.O3 CAL SAMPLE DENATURATI ON The
protein in a biological sanple for use in the present 20 invention

may be deMétleied asichgprotagent saget echedafiom the, @5 PLP. C@%%lsﬁl[}g
heat, reducing agents, oxidising
dthen

of chaotrgpic agents, detergents, ,
agents, . ﬁoagsjé}qqqﬁd&@éﬁh% AR | Tl anted o cat | dmutr 8% @ridber
chaot r opitheageRir-m¥aY mke+s 6l r g i di.ne hydrochl ori de,
guani di ne_t hi oc;anat (Ian, ureag?cﬁtq}%uf%%a,%g%d%ﬁ%% i Mamf @

amoni umcSfiipest dondc Prefearctil \artcheoilet er gent may be, for exanpl e,
sodi um dodecyl sul phate. Preferably, the reducing agent may be

sel ectsed zfr ALt h] it (d.eland' s reagent )”, di thi oerythritol
and 2Es SAﬁe(r&ggﬁggét h%%%%.S’Pr% e PR SR o)X hd nederesnapient s

hydr ogenofienaxide. Grdik bbolpebtalieSamy e é%gﬁ%:d%%%te% by a
conbi nati,on.of . the above-nentioned denaturing agents. st’
pr ef er abl)CLHBING; broRFRioBaNpRE Feagmeattsrednsprtionsexaapl €, a

buffer 184690P&AS] t] ent . for  exanple, EDTA
dithiotreitol and %ﬁ@%ﬁsh%ggé |8P516’€?P1:Pr§eﬁi gPggitesfiosanpl e i s

denat ur eBTPbeimboiulisitic-@thonss For thangeratutatop-bythen,:Ines
bi ol pgi calys i’g)éle][‘%qy he ﬁubsequent l'y diluted in binding butfer.
This step al I'ows e 15 Hehat ur ed protein to partially renature and
pronote the binding of the protein to G oEL. At high salt

concent réat i wrs] Heorelewanmpbel yipdoyed Sk ﬂggﬂgdgﬂg bﬁhntgﬁ algﬁqgtropi o
effect of the salt j&Itoo great for G oEL to bind to the denatured
prot ein. rSACATONCEE DENATSIRE PROTEP 85— Reds BROL@GATAL SAVPLE

Ref erri npdicfildaguion 1@. ¢ he fmBehady s protein separatjpn . by G oEL
isillustrated. G oEL | sgtshownl conj u%%a?%% %%t%h%sﬁﬁéﬂfi Wb b@%ﬂ
The beadd'Swdified PfbvEal| pastaigont esbithetic or recombinant

15 polypeptides and peptides as well as hybrid molecules (e.g.
a fusion protein or chimera having one portion comprising
all or part of a polypeptide of the invention and a second
portion comprising an amino acid sequence from aﬁothér
protein or peptide); modified peptides, including for

20 example peptoids having one or more non-amino acyl groups
(g.v., sugar, lipid, etc.) covalently linked to the peptide;
and peptidomimetics. Typically the protein or polypeptide

may be isolated ox substantially pure or recombinant.

The modi?ications may include, without-limitation, the
25 introduction of a proteolytic cleavage site; an N- or O-
linked glycosylation 'site in which the N-linked
glycosylation site is a2 high mannose type, a hybrid type or
a complex type glycosylation site; an acylation site, for |
- example, a myristoylation site; a methylation site; a
BQ phosphorylation site; a sulphation site and a prenylation

site, for example, a farnesyl or geranyl site.



a colum. The G oEL may first be prined with ATP (T = ATP). 25 The
denatured substrate fromthe biological sanple may be introduced
into the colum, after being partially renatured, for binding to
G oEL. The renatured substrate nay intkfact with the cis cavity of
G oEL. The protein may then be encapsulated. In the absence of G oES,
G oEL can partially 30 encapsulate proteins to 82kDa or greater

(ChaudhuPreetrably, 2bd20042t18ht eF WashtAEPEY oh@MRMe, Hl; et %F}Sbtehat
have bound non-specifically, the captured protein(s) are released by

the addiPFHROEFE itP 't he presence of co-factors My2+ and K. Wen
protein separation is carried out in the presence of 5 G 0ES the

protein i 'imte%ﬁthln" and. he-prptei.n_s rati.on
devi ce ac)(szor ding tot el%v%é%}i gglfgrgiclgw%ggi ﬁ&%ﬁ&aﬂk‘}&oﬁﬁié%ﬁm ogi cal
sanpl e comrzmny dehatiuriod. ser sterns. hThérbhokopbeakeganpke is

preferably suspended in physi ol ogi cal buffer. The bi ol ogical
sarrpﬁ%(’a r%%}/aneéL% iaﬁ%uﬁatséglﬁtﬁu?ﬁﬁrﬁ%i ein separation device for
between 1 to 5 hours and nost preferably for about 4 hours at

anbi ent b)room t engerabit &hAl t£FHat | ¥ed ¥ rider i ngrbatLopLReL | s
from10 to 20 m nutes. Any non-s%%%:i f}'?%: JBi ndi n% can Ee re%%%dg%y
washi ngat”ﬁje 15 protein separation device in a suitable buffer. The

captured proteins of interest may be rel eased by ATP in the presence‘

of My2+.and K+. The.protein t A e _processed using,
f or exgqrrpl e, using a su?lteab e ou?péué)@c gt\e/ll%]g@%\r/%%ll 2bF eCHPRR OFor 20
exanpl e, Ci phergen(r). USES The protein separation device in

accor dakBe OWPEN theoprémaése thwentiarnatabe fisgfel GroEL hehaperonin

i dentyi fLeat Lon:of _Di .cal . markers for djsease. For exanple, the
pr 0{1 tgi nhggpggg% ll(a%ﬁQZ%{%g\ﬂ%ché‘ e ‘—’}Bscoei’atAeSp&?Béf &L 1T oRRs bt e
sufferimgthrantas pasidesl dsEd sEAS® .t 29t are 00| yuexPL &8s Satk +dhddies
di seased tat e when refﬁéenced with a normal subject. Alternatively,

these i §oF§iL8 Protihe HEf FEURTEeLadx florsday o @@l exBresdibi n
the di sgasef 8&p} efo2lexample facilitate the introduction of biotin

at this site. This is advantageous as immobilisation of
15 GroEL on an array or a bead can be achieved by taking
advantage of the interaction between biotin located in GroEL

and a streptavidin moiety located on an .array or a bead.

To direct the target specificity of the GroEL chaperonin,
the mutations Leu200—»Arg, Ser201—Gly and Pro20Z2—Asp (SEQ
20 ID Wo. 3) introduce, into the apical domain of the subunits
of GroEL, a consensus binding motif, RGD, specific for the
integrin family of proteins. Integrins are important in
cell-to-cell and cell-matrix interactions; and have been
implicated in cell signalling. The above mutations may also
25 comprise, for example, the binding motifs RCD and RYD, which
are also recognised by integrins. This is advantageous as
quification of GroEL in the apical domain allows the target
specificity to be directed towérds'a specific group or

family of proteins.



The protein separation device nmay be useful to test the protein
conposition of a biological sanple, with particular reference to

bi ol ogi cal markers, prior to and subsequent of an adm nistration of
a pharmaceutical or neutraceutical 5 camound. The results could give
an indication, for - exanple, of the side effects of a particular
conpound. This may find application in the screening of

phar maceutt cdlllobe @@@tﬂ@@ﬁﬁé@aéhegpn&qgngﬁd;m? Ig&gffi@oﬁc?% ation

device mgy al so be useful in the 10 prognosis o I'sease state. The
protei n sSePErErcea dafirce ey udeain straen dmphicolodissd in

mar kers ipoahi [ npl e prior, during and after treatnent of
a di sease st ggggggg gg’gg’sré&l e Bf 19 %5 Jag?)ﬁ'i“tﬁ Al sReqlfdet msntein
regi me 'or fpmoligcolf. ptbtHigsarotei n separati on device may further be

used to diagnose a disease by assaying for changes in the relative

concegtriti Oﬂ? of f’arrportant bi ol ogi cal markers in a biological
sanpl &. vantahebtisl FATERE sPesént aifvemt diraRly fibed mudettiicmsar 20

appl i cat PR di hs of dise associated with proteins

t hat havteﬁ_?ﬂ%%gf Qﬁ%e’d Sor r@(h:_t IlgL,e’f &?@iﬁ@eﬁ'hc}%maﬁ%%es_ sel ect ed

from cystée249-birasi s v-A ZhelaRy, s 4 64~.+%‘.i’i%hy(§§§a;3:"ﬂ”“ 29" 28y
e

di sease, spinocerebellar ataxia type ., primary 8cl &/ oBP¥

and anydt? dpfic imatEhralapicstl prosesn-Masidipreiemabhy oFherpeesent
i nventi I&eca lsoenc_is in thgtdi. agnosi s of transm ssible spongiform
encephal opat hi es.- Tor exafipte- tFebbss ErB-L3sRBE Y sakbe svhstante

Cr eut@f diithdiakobspd sigrise; t (es 5t GRONL S habsShs! T éﬁagie%ﬁ&nsmgfcﬂ”&
Fatal F lial.lnsomia, Kuru, Atypical 30 Prion D Sease, Bovine
Spongi f Or A ERCe JHA TP Rrapre> IFerhapesponyi f ofhis is
EncephalzepahhygeBiansd sst bl hal opat hy oni.c
Wasting D seaseg,e Exoti ¢ Ungul a%g%%e%%fgggﬁagﬁygh?h%oﬁﬁfﬁgnGrOEL
separ at i%n t@&gRES gt ureterpibevusesll y ouhaohat @bl eros ey NBaL £ pEEany

denat ur ed ool ogh gal. ggﬂﬂ, .- T{\lg followi ng exanple is offered by
way of illustration and  not! by’ VOEFUF?HgﬁﬁJBﬁ}_’ be made to
15 replace the substrate binding specificity of GroEL with CCT

or rubisco subunit binding protein.

This is advantageous as it allows for the possibility of
increased capture of proteins by various forms of GroEL on
an array or a béad. The array or bead may comprise.one or
20 more different types of mutated GroZL. Alternatively, fdr
example, a first array or a bead may comprise only wild-type
of GrokEL and may be assayed with a biological sample in
parallel with a second array or bead comprising a further

type of mutated GroEIL.

25 PREPARATION OF THE PROTEIN SEPARATION DEVICE

The protein separation device in accordance with the present
invention may conveniently take the form of an array.or a

bead or other suitable solid support known to those skilled

‘in the art.



EXAMPLE 1 This exanpl e describes the purification of a nodified G oEL
protein. 10 CELL CULTURE Approximately 6 litres of an E. col
bacterial cell culture transformed with an expression plasmd
conprising G oEL was incubated in Lurlisa broth (Invitrogen) in a
shaker (250 rpm) at 37 C. Wen the optical density of the culture
reached 15 0.6,. 1nmM of | PTG (isopropyl-d-thiogal actopyranosi de) was
added t oThdiea £l Wre beENe 1l 18 £ WRS1 § %@Mﬁ@%ﬁ%&é& @anddrilen
4-5 hours. Bacterial cells were subsequently arveste By

centri f Ughg MM A00e K 3 rort n0cimmut es Eyplicahbycefbr pet | etisayer e
stored - , PURI FI_CATI ON OF GRCEL A frozen cell pellet was
resuspegg eld@%%“’zf’%%% gﬁ%u&‘% r° APP[F50 MM T ris-HCL pH 7.5, 1nM DTT,
0. 1nM PMSF ( phenyl net hyl sul fonyl fluoride) and 1nmM EDTA]. The cel
suspensian was pagsagdidatdugh dhd reNGibRY egfothresd + 88 SoZ X i tdhan,
internal cell pressure of 1,000 psi to obtain a cell |ysate. The
cell Aysate was céht FhRudegoFeImlasdduEigdior 0.5 hour. The
supernat ant was isol ated and suppl enmented with 20% amoni a sul phat e.
The supennat ent Sal i Ake .t | .-t oyopear |

hydr oph%rt))i c int e\rNth i gﬁ@cgpﬁnﬁhﬁﬁﬁd%% g’réa%'t.lit“)c/)lnt,l‘E J%p%na)%{eﬁﬂ?g’

col um was pre-eqéitfli brated with 23% ammoni a sul phate and 20%

nmet hanol in buffer A. The injected sanple was allowed to reach

equi li bpyumfor 1 Jt.es,.., The colum was then washed with.the
buf f er %\5 Subsquré%f y?E%BSOEEe\Aggr&yutoéT&rBy}g anlélc?fngj &L -

| inear gradient of ammoni a sul phate, i.e. a gradient of 23%to 0%
in buffereferkblyed ftacl 0@EFmEoBraGRLRE Ba9ELMaE ROOIEd rand G oFL
was 10 reconstituted into its double heptaneric ring configuration
by pPeceprhatiay- therpoptefiefabilyi @nsoi AuGPH AR paWieRabey 4 to
supplenggtfq%mﬁth 5nNINgC12 and 3nmM ATP. The precipitate was

pel | et eW120, B PLF ERERPLEUSpEAdEHTY L BRff BEsA tostairabhy 10%
01y by dh SO 80 %e 1P INRLCBLLY Bal! bECEA2, G20 Ul ture

The array may be incubated in an humidifier at 4°C overnight.

Preferably, from 0.25 to 3 pmole of protein is immobilised
15 on the or each spot. More preferably 0.5 to 2 pmole, more
preferably 0.5 to 1.5 pmole and most preferably 1 pmole of

protein is immobilised on the or each spot on the array.

BIOLOGICAL SAMPLE DENATURATION

The protein‘in a bioclogical sample for use in the present

20 invention may be denatured using reagents selected from thé
group consisting of ch@otropic'agents, detergents, heat,
reducing agents, oxidising agents,flaser—induced

denaturation and sonication.

Preferably, the chaotropic agent may be selected from
25 guanidine hydrochloride, guanidine thiocyanate, urea,

thiourea, sodium thiocyanate and ammonium sulphate



250 mg of > 95% pure G oEL, see Figure 5 and 6. Figure 5 shows a
coonmassi e- st ai ned SDS- PACE gel of fractions froma butyl-toyopearl
hydr ophobi ¢ interaction colum. GoEL was purified to - >95% purity.
Lane 1 = Mol ecul ar wei ght marker 20 (SeeBl ue Pre-stained Standard,
fromlnvitrogen Catal og code: LC5625) |anes 2-8 are, respectively,
2,4,6,8,10, 14,16 pg of total |oaded protein. Figure 6 shows a
coomassi ret@i-fieth, BALI etBAGELgel, i N bty of ..
reconstituted G oEL- 490- 14. g%anesal gj\r%id %Or&g%ﬁ%g@%tdlﬁogﬁﬁ%dﬁaefﬂﬂ
nati ve GFoEaB2490 respectively. Lane 3 is a nol ecul ar wei ght marker
(H gh nolecular weight markers for native el ectrophoresis from

Aner shang bi ' es,. product code; 17-0445-01). G 0oEL-490 was then
conj uga':@eld %rsfféo bt?ﬁ%i%%ﬁu%le%%sagﬁat Faxt 88 FELearPdséraBtivity and
pr ot ei n dioitdicrtg s DipeT t {@belad® Jhec566005L 1 Hutgd t -
function as an ATPase and to be capable o? pr ot el %%g%r}rqg?lsg%d 2

Fi gure PSHERECGHETL24 Figure 7 denonstrates the ATPase activity

of G oEL490 on NeutrAvidin beads using an Enzchek phosphate assay
kit fromrerekggtlar #ohas; {:Gat de: FE-66 G%IEach dat a int is
the average of tv\k;/c{;1 separ atelexrgg# ?‘%é%?gefg%g 13’aézlh %?e?}%%{f’%f‘g%O was
used for the activity assay. Figure 8 shows the substrate folding

abi | ityT8f biekpodswlomameute Adydibe bbaest urddeos WD st émb end ol st ngr
refold denatured m tochondri al

al at o Ty P B SACe C{RBEY, LRy T ool ole RERERF 45 0mEne

Stani fobihlegiehl, széPde 1G Gechidatay poy nteds &hgdepeat ];Q_Lf]féﬁp

sepapate_ex erjnments. gri efly, native mivDH wi | have the ability to
CWE)EELSJ(%Y) 8t CBESAMIE0 2REDE (e 10D xmd4on@DTAY t he presence

convert

of oxaliveeRsate tdhergho ReShbl e ey activity was
confirnmed by a reduction PEEICID at 34§r?%’ovmt Dﬁgdseﬁect to the 15

cont rol PgtrRI FlI CATI ON OF GROES G oES was purified using a DEAE anion
exchang%h% TP EBRYr 8aTPLE. 16oHpNBLArSiorived alictt Gr S 28 xpnassian

G oEL. expr cogran ot aon B e MY K% 0 SR e BB R Pan e ot or
French iﬁhﬁﬁﬂqﬁ? fhtubatetnabig@CnfiobuZ@er. This step allows the
15 denatured protein to partially renature and promote the
binding of the protein to GroEL. At high szlt
concentrations, for example, above 5M guanidine HC1l, the
chaotropic‘effect of the salt is too great for GroEL %o bind

to the denatured protein.

20 ISOLATION OF DENATURED PROTEINS IN A BIOLOGICAL SAMPLE

Referring to Figure 10, the mechanism of protein separation
by GroEL is illu;trated. GroEL is shown conjugatéd onto a
NeutrAvidin bead. The beads would typically be located in
a column. The GroEL may first be primed with ATP (T = ATP).
25 The denatured substrate from the biclogical sample may be
introduced into the column, after being partially renatured,
for binding to GroEL. The renatured substrate may interact
with the cis cavity of GroEL. The protein may then be
encapsulated. In the absence of Gréﬁs, GrﬁEL can partially

30 encapsulate proteins to 82kDa or greater (Chaudhuri et al.,



m nutes to coagul ate heat sensitive proteins present in the |ysate.
The coagul ated proteins were then centrifuged at 12,000 x g for 20
m nutes. The supernatant was decanted and 25 injected i nto DEAE
colum equilibrated with buffer A Theg supernatent was allowed to
equilibrate with the colum for 20 m nutes. The colum was then
washed with buffer A and G oOES was eluted using a |linear gradient of
0 to O0.6dMNaCl »4 ' " b ons,containi G oES
were i denti%‘\j?ed %ﬁ/ﬁéggéﬁég ggo%ggggdﬂgg%%g?i Fﬁ?gdﬁ?‘ﬁ?glg%%&

hept aneri@n-2@eqidrifdedunat i one | 0aFotratnpnoee sulk phakeei pel bes@bsepce
of NgCthheand C%A‘EIP Té%i ally h6 |itres of bacterial cell gulture will
gi ve approxidntery™ r% Bt theseg pEeRCer PECOsERCHPEEr ¥YE. angi Blre 5
shows a meeMEssite-ist ak el 00f 1 t aini r ' el.ut ed
froma colum. These fr?_gf:%i ons ﬁﬁeg%%??rﬁhe% g‘g @E)%—%%i&{%e bAe#>
95% pur &XGEEndhe presedeulis liwighd barkess, kD amed Belwar e
consecutive fractions froma colum (5 m each). EXAMPLE 2 10 This
exanpl emgescri t Lsal.ation, of, proteins.froma , . bio]ogical sanple
usi ng tﬁgl%pg%lto ggansg%g%z:%%ré THevi ¢ & FCHESHT AN Wi n 2 i trcss Ay

i nventi br. iSenbatedswiteh et folay fd1ureinglled ath SN Bag e RNQLRI N
separation,device conpri.sed G oEL i mubilised on a bio-chip 15 array

such asPERGE§E dvai FaB1 B1PIOGIGHneiagan(a )L o e israkson] srpreadeds in
beads, &0phex¥appbgiMeut HAViEdN b%f@bio@@#ﬁ%@%%éﬂg%@ '?&aér;%ee' Al

other reagents were obtained from Signma rotern separation
devitBe WaSubrepdrettasthel Powseiz0 sappretiivat elovitsmEd)Mtaywekn 1

G oEL49 e h D10 -( Aner sh desalting colum in
PBS- EDT%O\(A%Sh %f?“ec? %B%gs g?teeigré%&%m%ﬁ \Rg)g’)% dt 3%%}}%& &F pRbient
PBS- EDT#ebuf f @npexanta: ni ng1hieehizrn-ibRDF, based ior-uuf ACHEFEGAS 1 s
gui del idﬁ(:as S{Qrt recommended usage. The biotinylation reaction

a2 ¢

proceede I"EtFBhSPn -2 hours. This was confirned using a
spectroneter at an absorbance of 343 nM Excess biotin was renoved by

usi ng aAPPlibriessaddifig: COl HfMng can be removed by washing the
15 protein separation device in a suitable buffer. The captured

proteins of interest .may be released by ATP in the presence
of Mg?* and K*.

The protein separation device may be pxdcessed using, for
example, using a suitable output device available from, for

20 example, Ciphergen®.

USES

The protein separation device in accordance with the présent
invention may be useful in the idéntification of‘biologicai
markers for disease. For example, the protein separation

25 device may isolate proteins from a patient suifering from a
particular disease that are only expressed in the diseased
state when referenced with a normal subject. Alternatively,
these isolated proteins may be under-expressed or over-

expressed in the diseased state.



Bi oti nyl ated G oEL-490 was then conjugated onto NeutrAvidin beads by
i ncubating the protein with the beads for. 1 hour in 26 PBS buffer
(pH 7.5). 10 M of the NeutrAvidin nmediumis sufficient to conjugate
-75-100 ng of G oEL-490. Beads conjugatédd with G oEL-490 were then
packed into a colum. The beads were washed with 5 col um vol unes of
5 buffer W(50 nmM Tris-HC, pH 7.5, 100mM KCL, 5mM MyCl2, 0.1 mM DTT,

0.3 M ENFA) .precdd 0w segpd 1S oM siiivig st Bd1e, \A%med
with 2 colum vol unmes of buffer Wsupplrgir)fyent ed M\j\;l‘%ﬂhm%o V\n%%&l' to
remove aRy PSumd SERRRfEdR poteiiofogimaE samdlle, Thelcganti cvdsr
then wash ] 8 .col I 10 of buffer W The col um was
t hen readj%q':fe\(l%are rnlh}éae.t%gi rggfo\éﬁﬁ%gﬁ%gé‘&iﬁh%Na?ldjeoﬁatt& SrSuhgessenss of

denat ur atnoadobinfifsérat@udng vdn ad bheriicbe WIMEBDA 8R4 @80t 1 cal

di t hi gt hr ei to'é at _anbi ent roomtenperature for 1 hour. The serum
was t Ren“GfPGREE 30786 FEPYLFA BPRAChg e ey insliEBGAMITY forHCL, pH
7.4; 10ndMcMaEh 2, b@MVHKCL) gand [ Ly _ |4 on _to the col ym.
The serum vvag-_ll eft on the col uﬁ%gg?%r %LZFSampr%'f&ggﬁg‘?ﬁec@&pﬁﬁﬂd\ms%gﬁén
washed virel fondopnmhicabionesnofhbuktercWingt ofheherazetuthibs1wagh

step pr j &G oEL-490, 20 regardless of their state of
f ol di ng%%?ﬁ%%ggﬁgg%gghgo%gij S-with 3 colum vol unmes of buffer W

suppl emented with 3nmM ATP. Eluted fractions were coll ected and

protei n Hieaksroeetn deperatined dyvBEA asgauiEbnyit nogen) - ;& Hhed
fractions of int e%gst were pool ed and proteins were concentrated for
25 identiFTERIToN Usi AgttFRRTY thrbaat oghapﬁyomss sSpatttbsuogyvidFae

dat a Ob&ﬁﬂyﬁﬁka&hﬂ%@dtéhﬁér@%nn§§93b9518§ﬂg35!389k Est%%S%?%gg%?gical

LC-M5-Ms results, the protein separatio evice o
i nvent i GRTRRAF Jeherat edupieg iarfdraiteontfaptee3D dhan cevenss obedte

froma Ripl.ogical 1 e-{seg, Table 1) with 27 respect toa, -
conventional net hoa of jgfnlr(l’saf: m%PI%vP T et aF t%?%ﬁ?nﬁr'b?%}%%,o¥or
exanpl epopdioddll.trati on (See Table 2) Also the distribution of
capture protein species is nore even than those by gel filtration

(TaRlze %h%ﬁ%fgﬁgfizgéparation device may further be used to
diagnose a disease by assaying for changes in the relative
concentrations of important biological markers in a

biological sample.

Advantageously, the present invention may find particular

20 application in the diagnosis of disease associated with
proteins that have not folded correctly, for example those
diseases selected from cystic fibrosis, Alzheimer’s disease,
emphysema, Huntington’s disease, spinocerebellar ataxia type
3, primary lateral sclerosis and amyotrophic lateral

25 sclerosis. Most preferably the present invention may be
used in the diagnosis of transmissible spongiform
encephalopathies, for example, Creutzfeld-Jakob Disease,
variant Creutzfeld-Jakob Disease, Gerstmann-Straussler-
Scheinker Syndrome, Fatal Familial Insomnia, Kuru, Atypical

30 Prion Disease, Bovine spongiform Encephalopathy, Scrapie,

Feline Spongiform Encephalopathy, Transmissible Mink



5 Al publications and patent applications cited in this
specification are herein incorporated by reference as if each

i ndi vi dual publication or patent application were specifically and
indi vidual ly indicated to be incorporat?d by reference. The citation
of any publication-is for its 10 disclosure prior to the filing date
and shoul d not be construed as an adm ssion that the present

i nvent i ofnicephafl operitliyt,| éthitanantedsat engubhs akd j catboDC byndiTrtiee of
pri or igvgntEOE: Al t hough the foregoing invention has been descri bed
in sone “I5TPORCARPWY way of illustration and exanpl e for purposes
of clarity of understanding, it is readily apparent to those of

ordi nar yre&i proteibh@edblrati dd HivOle 1S, 18AGHNIS O Il S 6 is01a e
invention that certain changes and nodifications nay be made tﬁergto
wi t hout BEPEEIRFg frEsmAnNe dspiatiurent Isicojeyicfalt el appended cl ai ms.
It must be noted that as used in this specification and the appended

claing, $he siygular forns 4a, " "an.. and "the" include plura

ref erence uﬁ?%@g tﬁég0§%E§§%%cﬁ§hfﬂv%af%f&?éyaybfﬁgFﬁﬁ&ﬁﬁl@ﬁP8§saHd
def i ned mtthéswivgeyablf Lemhnktabnand 25 scientific ternms used herein
have the sane neaning as comonly understood to one of ordinary

skill in.t t.to which this invention belongs. 286 EE mm E =s
ma S ﬁﬂgﬁ§ﬁ§{=1n12 nree Ena.=cEmmIlI m. am E =y 7' si
aiakE Gc_'hm~+=aEEmCUCY .. TNmMOn 1r0 " a
m O MItY. o @x@rlpI@ ads B Yo 85 MeBeEprd MR tAbATo £a2MQuPr 1.eB &roET,
" protein.

10 CELL CULTURE

Approxim.ateiy 6 litres of an E. coli bacterial cell culture
trgnsformed with an expression plasmid comprising GroEL was
incubated in Luria broth (Invitrogen) in a shaker (250 rpm)
at 37° C. When the optical density of the culture reachéd
15 0.6, ImM of IPTG {(isopropyl-d-thiogalactopyranoside) was

added te the culture. The culture was then incubated for a
further 4-5 hours. .Bacterial cells wére subsequently
harvested by centrifugation at 4000 x g for 10 minutes and

the cell pellets were stored at -80°C.
20 PURIFICATION OF GROEL

A frozen cell pellet was resuspended in 45 ml of buffer A
(950 mM Txis-HCL pH 7.5, 1mM DTT, 0.1lmM PMSF
(phenylmethylsulfonyl fluoride) and 1lmM EDTA]. The cell
suspension was passed through a French press three times

25 with an internal cellﬂ pressure of 1,000 psi to obtain a cell
lysate. The cell lysate was centrifuged at 20,000 x g for
0.5 hour. The supernatant was isolated and supplemented with

20% ammonia sulphate. The supernatent was then injected
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Eluted ffactions containing GroEL were pooled and GroElL was
10 reconstituted into its double heptameric ring configuration
by precipitating the pooled fractions in 70% Ammonia
sulphate supplemented with S5mM MgCl, and 3mM ATP. The
precipitate was pelleted at 20,000 x g and resuspended in
buffer A containing 10% glycerol and stored at —80°C.

15 Typically 6 litres of cell culture will yield approximately
250 mg of > 95% pure GroEL, see Figure 5 and 6. Figure 5
shows a coomassie-stained SDS-PAGE gel of fractions from a
butyl-toyopearl hydrophobic interaction-column. GroEL was
purified to ~ >95% purity. Lane 1 = Molecular weight marker

20 (SeeBlue Pre-stained Standard, from Invitrogen Catalog code:
LC5625) lanes 2-8 are, respectively, 2,4,6,8,10,14,16 nrg of
total loaded protein. Figure 6 shows a coomassie-stained
native PAGE gel showing the purity of reconstituted GroEL-
490-14. Lanes 1 and 2 represént 10 and 5 ug of native GroEL-

25 490 respectively. Lane 3 is a molecular weight marker (High

Vmolecular welght markers for native electrophoresis from

- Amersham biosciences ,product code: 17-~0445-01) .

GroEL-490 was then conjugated onto NeutrAvidin beads and
tested for ATPase activity and protein folding properties.
30 The reconstituted GroEL was to function as an ATPase and to

be capable'of protein folding, see Figure 7 and Figure 8.
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%é%blé)denatured mitochondrial malate dehydrogenase (mMDH) .
The assay protocol was taken From Staniforth et al., 1994.
10 Each data point is the repeat of two separate experiments.
Briefly, native mMDH will have the ability to convert NADH
(OD at 340nm) to NAD' (no OD at 340nm) in the presence of
oxaloacetate. Therefore, positive GroEL—490 activity was"
confirmed by a reduction in OD at 340nm with respect to the

15 control.
PURIFICATION OF GROES

GroES was purified using a DEAE anion exchange column
(Biorad). E. coli transformed with GroESvexpression plasmids
were grown in a similar way as E. coli transformed with

1 20 GxroEL expression plasmids. However, the cell lysate
cbtained after French pressing was incubated at 80°C for 20
minutes to coagulate heat sensitive proteins present in the
lysate. The coagulated proteins were then centrifuged at
12,000 x g for 20 minutes. The supernatant was decanted and

25 injected into DEAE column equilibrated with buffer A. The

supernatent was allowed to equilibrate with the column for
20 minutes. The column was then washed with buffer A and
GroES was eluted using a linear gradient of 0 to 0.6 M NaCl
in buffer A.

30 Eluted fractions containing GroES were identified by SDS~

PAGE, pooled and reconstituted into its heptameric
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EXAMPLE 2

10 This example describes the isolation of proteins from a
biological sample using the protein separation device in

accordance with the present invention.

Serum was derived from a human blood sample. The Protein

separation device éomprised GroEL immobilised on a bio~chip
15 array such as those available from Ciphergen@tor GroEL

conjugated to beads, for example NeutrAvidin beads,

available from Pierce. 2All other reagents were obtained

from Sigma.
The protein separation device was prepared as follows:

20 Approximately 75mg-100mg of GroEL490 was passed through a
PD10 (Amersham) desalting column in PBS-EDTA (5mM) buffer.
Desalted GroEL490 was biotinylated in PBS-EDTA buffer
containing biotin-HPDP based on manufacturer’s guidelines
for recommended usage. The biotinylation reaction proceeded

25 to completion in ~2 hours. This was confirmed using a

spectrometer at an absorbance of 343 nM.

Excess biotin was removed by using a PD10 desalting column.
Biotinylated GroEL-490 was then conjugated onto NeutrAvidin
beads by incubating the protein with the beads for 1 hour in
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ME 'm . 54£l9§ margeerum was denatured using 25u) of denaturation

buffer (6M guanidine-HCl, 2mM EDTA and 10mM dithiothréitol)

-

at ambient room temperatﬁre for 1 hour.

The serum was then diluted 30-50 fold in binding buffex

15 (50mM Tris-HCl, pH 7.4; 10mM MgCl,; 10mM KCl) and immediately
loaded on to the column. The serum was left on the column
for 20 minutes. The column was then washed with 10 column

volumes of buffer W.

At the end of this wash step proteins bound to GroEL-490,

20 regardless of their state of folding, eluted from the column
with 3 column volumes of buffer W supplemented ﬁith 3mM ATP.
Eluted fractions were collected and protein peaks were
determined by BCA assay (invitrogen). Eluted fractions of
interest were pooled and proteins were concentrated for

25 identification using Liquid Chromatography Mass

Spectroscopy.

The data obtained showed that by means of comparison as
based on LC-MS-MS results,'the-protein separation device of
the present invention can generate more information (more

30 than seven-fold) from a biological sample (see Table 1) with
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even than those by gel filtration (Table 1 and Table 2).

5 All publications and patent applications cited in this
specification are herein incorporated by reference as if
each individual publication or patent application were
specifically and individually indicated to be incorﬁorated
by reference. The citation of any publication is for its

10 disclosure prior to the filing date and should not be
construed as an admission that the present invention is not
entitled to antedate such publlcatlon by virtue of prior

invention.

Although the foregoing invention has been described in some
15 detail by way of illustration and example for purposes of
clarity of understanding, it is readily apparent to those of
ordinary skill in the art in light of the teachings of this
invention that certain changes and modifications may be made
thereto without departing from the spirit or scope of the

20 appended claims.

It must be noted that as used in this specification and the
appended claims, the singular forms "a," "an," and "the"
include plural reference unless the context clearly dictates
otherwise. Unless defined otherwise all technical and

25 scientific terms used herein have the same meaning as
commonly understood to one of ordinary skill in the art to

which this invention belongs.
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Cl fVIGo O PPPPQPPPPPPQPQQPPQPPPPPP
QNN AN tReb0D1ELaMN Jieecoffaining at the least one

protein to a chaperone protein immobilised on a substrate.

-UAV

¢) isolating the at least one protein from the biological

sample on the chaperone protein;

10 d) removing the biological sample from the chaperone protein

immobilised on the substrate, and

e) obtaining the at least one protein from the chaperone

protein.

2. A method of isclating a protein of interest from a

15 biological sample, comprising the steps of:

a) applying the biclegical sample contaiﬁing the protein of
interest to a chaperone protein immobilised on a
substrate, whereby the protein of interest binds to the

chaperone protein;

20 Db} washing the substrate to remove protein that is not bound

to the chaperone protein;

c) applying ATP to the chaperone protein to release the bound

protein of interest; and
d) recovering the protein of interest.

25 3. A method of diagnosis comprising the steps of:



NP Xza-n.~a aisi ~ai | istaaaaaais L EGZ ~z mZz Ccrz
cc~ccc cZZ allm@E @@ LA@@ E) mmmmm'+') Omma IO le~
tt ,S, V$$I~tNpoCpam htoynf OlaNNYO tT) p1InIDV YV~ m
Nfa.mM{ N Vh4Zi NnmNIIO-mmNO) m1{O- 10 CJ 0 1(O- N np~
laJ> POnmO NPV CA.-V QC PmmNC mml~-mPPVN'rn
5 arnrn'arnmo)arnrn'a’'e) rn"m'c)'0Ornarnmo) a m34
CLAIMS: 1. A nethod of isolating at | east one protein froma

bi ol ogi cal sanple conprising the steps of: a) denaturing a biol ogical
sanpl e containing at | east one 5 protedn; b) applying the biol ogical
sanpl e containing at the | east one protein to a chaperone protein

i mobi | i sed o®) a sudpRlylagea biglogisal samme t fremata | frabt subjestptot @i n

from the biol ogical e r i.n.. 10 d) renoving
t he, bi ol ogi cal sarrp?li r(!())'r% g‘%éé'gE@%&%@%@agﬁﬂoéﬁﬁaﬁ?ﬁmbi |ised on the
substrate, ano) e) oisblatingng tgreteit fremstthendigitgital reantiplen bhe the
chaperone protein. 2. A net h?d of isolating a protein of interest
froma 15 biol ogi cH1aRSEoRs RO Bnpri sing the steps of: a) applying:
the bi gl ogi cad) Sa”pllé?ndé@rf& fHeHiBgicAPsathSiedidin fe cﬁéHeﬁéﬁéErdt&n?

chaperone protein i mobilised on"a substrate, whereby the protein of
i nterest bindd to t¢aingiaiherarieast eteeprpteindram thaashapgronadretelst r at e
to renove protein t is not bound to the chaperone protein; c)

appl ying ATP to the chaperone protein to release the bound protein
of interest; end d)coreparirgy thegcerimenmatioriof tied at héast este p2eid.fron
method of diagnosi Sth(é Ir rsiu%}e%?vﬁt ea rse gr%%cgfcbngeSntration obtained from a
10 second subject.
4, A method as claimed in claim 2 or 3 in which the biological
sample is denatured prior to step a) of each method.
5. The method according to any one of claims 1 to 4, wherein
the chaperone protein is selected from the group éonsisting of Hsp100,
15 Hsp90, Hsp70, Hsp60 and small Hsps.
6. The method according to any one of claims 1 to 4, in which
a Hsp60 chaperone is a group one chaperone. .
7. The method according to claim 6, in which the group one
chaperone is GroEL.
20 8. The method according to cléim 7, in which GroEL is.in a
single ring configuration. |
9. The method according to claim 7, in which GroEL
comprises a back-to-back double ring configuration, wherein one ring
is heptameric and the other ring is dimeric, trimeric, tetrameric,

25 pentameric or hexameric.



a) applying a biological sanple froma first subject to a chaperone
protein inmobilised on a substrate; b) isolating a protein fromthe
bi ol ogi cal sanple on the chaperone protein; s c) renoving the

bi ol ogi cal sanple fromthe chaperone protein; d) obtaining the at

| east one protein fromthe chaperongsprotein, and e) conparing the
concentration of the at |east one protein from the first subject

with a {gf erencergangephbdti@b bRl Redchiaom 2, 10 Becondroubj ect. 4.
A nmethod as claimed in claim2 or in which the bi ol ogi cal sanpl e

i s denatemmisgsi 6F hersaepriy e &Ehvikehbipe sSrafife a1t Fodi&€cor di ng

to any gone Qfirehai-fBod bR:4 piesigi.n  the chaperone protein is
selectégpfron1the gr%uﬁ c%%é?stlﬁg of Hspl00, 15 Hsp90, Hsp70, Hsp60

and smal| Hsps. 6. The nethod according to.anﬁ.one of claims 1 to 4,
in whichl- a Hspe®BhehspbheRea¢ecrdigiolip shdlBhaderhe’rizh the net hod
accokdi g 4,0 GlAkbBini Brébiad {heBHAUB eRBun FHAPBIANER; bt cEeeRL. 20
8. Tﬁe nef%oé%ggcord%%gﬂ¥o cIafh17P'in mhichu%}oEL isqﬁhpgo singl e
ring corf i@l-ation. 9. The method according to claim7, in which

G oEL conprises a back-to-back double ring configuration, wherein

one ring is hephgEehlehddthddrilieol ENGikS7 di LGl cH ldideil €,
tetrameric, 25 pentaneric or hexarferic. 36 10. The nethod according
to cl aieanpriseswhi epUiE oEEing GIAREPAY Hhehepr apiee i X Mafd ENES| d- t ype
O OEL alghfriideNneObrAROLDCLSNARY GRLR BLALE! &y e et hod
accordinggﬁgﬁglapﬁ1lﬁ, ?n mﬁﬁc the 5 ot her chaﬁg%%ﬁfﬁ'protein IS
rubi sco subunit binding protein or CCT. 12. The nethod according to
cl al®n 734 n whi cRher BEEhOG g sEfdataoghbpinr 1fg Hssandty aAF8r ei n one
or both_ rinp rj 0 uhunjt s, from,ot her. ghaperonins.
10 13. ‘THe %Zopﬁ%gggc?:%gd?%gncf%e C a:%rlﬁglg,’ Ph %iaégk’ea th (réihng cont ai ns
one or smmmiafs biiecar.S, s, or 8 subunits of CCT. -

14. The method according to claim 12, in which each
ring contains one or more subunits of rubisco subunit

15 binding protein.

15. The method according to claim 12, in which each

ring is a heteromeric heptamer.

16. The method according to any one of claims 7 to 153,

in which GroEL is in operative association with a co-factor.

20 17. The method according to claim 16, in which the co-

factor is GroES.

18. The method according to any one of claims 1 to 17,
in which the chaperone is obtainable from a microbial source

selected from bacteria and archaea.

25 19, The method according to claim 18, in which the
microbial source is selected from the group consisting of
Escherichia spp., Thermus spp. Streptococcus. spp..

Staphylococcus spp., Bacillus spp., Leptospira spp. .,



14. The met hod according to claim 12, in which each ring contains
one or nore subunits of rubisco subunit 15 binding protein. 15. The
met hod according to claim 12, in which each ring is a heteroneric
heptamer. 16. The net hod according to any one of clains 7 to 15, in
which G oEL is in operative associagfon with a co-factor. 20 17. The
met hod according to claim 16, in which the co- factor is GoES. 18.

The net hoth-acter Hord ,t 0288¥bHAL] Dis éapS.rrsMgzcbplégma égp whi ch the
chaperone is obtainable froma mcrobial squrce  selected from

bact er | BS¥HPRAATSEP - 255 1OSP AN GRA 1168 - ac EBFHRRE T FPP8, i n

whi ch t Bec &b S A alopS oK &eCi §s 881 @GIEGHH! om the group consisting of
Escherichia spp., The=us spp. Streptococcus spp., Staphylococcus

spp., Bacillus spp., Leptospira spp., 37. Spirillumspp.,

Lact oba{1 | us spﬁ%_,e WEg%qia%‘ﬁ%P%cb‘ﬁ?Q _t°P§éEH’§n:b¢1asl% : ,Cb_Stt_rh@pt onyces
spp. 5 Cosymebactar isgd. SAPcrobBaCctLhicdes sSBBchaRi-k3 Hsididi um spp.
20. The nethod according to claim 18, in which the 5 Escherichia

spp. mcrobial source is Escherichia col hrf“ 2% The vg"fitccgﬂ()d accordi ng
to claih1s, in whechethed AFRRIAINS S, ChRERoh? al 1R d i%eTher nus
t her nophid Mfus spp. THEr8BLADGAGEH dishgrkenakathedBoph i ch the
Clostridiumspp. mcrobial source is Clostridiumdifficile. 10 23.

The net hod according to any one of cl ai 1l to, 22 i.n, which the
substrate i s a sOPEd"EEPROricH e 4°r Sy 3oF ?%ea&flt‘g}b“e& 5% The
met hod Acso it @pel ahit2shidn i tBecisybsidahe drfmndkact ured
froma plastics material. 15 25. The nethod according to claim 23 or

24, -0n ich the_ su t .of the arr type is ovj ded with
sur%gceﬂ] or i mrreft?iel ng%‘?%na%‘?oﬁdld}go%y i ﬁng O?‘ﬁeg%h% aelrr?)%g ttsfpgz’

t her eonin wHi.chlt@enmetibotira&es oisliangdlddckappo2b, of ntivdi adrayher surface
i's corrg?rﬁi%fd of noieties selected fromthe group 20 consisting of
nitril i"@B5ci d, avidin, st reptavi din, carboxylates, quaternary

am nes, silicates, carbonyl
24. . The method according to claim 23, in which the

substrate is manufactured from a plastics material.

15 25. The method.according-to claim 23 or 24, .in which
the support of the array type is provided with a surface for

immobilisation of a protein of the chapérone type thereon.

26. The method according to claim 25, in which the

surface is comprised of moleties selected from the group
20 consisting of nitriloacetic acid, avidin, streptavidin,

carboxylates, guaternary- amines, silicates, carbonyl

diimidazcles and epoxides.

27. The method according to claim 26, in which the

surface is provided with a hydrophobic barrier coating.

25 28. The method according to any one of claims 1 to 27,
in which the biological sample is selected from the group
consisting of cerebrospinal f£fluid, urine, nipple aspirant,

other biological fluids and extracts.



di i m dazol es and epoxides. 27. The method according to claim26, in
which the surface is provided with a hydrophobic barrier coating. 25
28. The nmet hod according to any one of claims 1 to 27, in which the
bi ol ogi cal sanple is selected fromthe group consisting of
cerebrospinal fluid, urine, nipplegspirant, other biological fluids
and extracts. 38 29. The nethod according to any one of clains 1 to

28, imghich thgggi@éa%&aacc%@mha ks depabid efk R -ahs! €28 98e

denat ur.an't sel ec from the group consisting of chaotropic agents,
det er geimt ghigbathandiebegitaly sagesesissdguatarrd mn l#dd 1gaeéranfg to
claim [ icC haotl 2,280t ; d ;
guani di%r?eélatﬁyf rch %‘??%%? guaniCIE :eng tﬁ?o%?/g%g%el,ﬁﬂu?gta,% tatﬁ?gg}%g,
sodi umagehitecydabergamds anmsail amdsgkghaiey Sdentfhe net hod accordi ng
to claim30, in which the 10 detergent is sodi um dodecyl sul phate.

32. Jh thod aggfgr i 149,29 o1 81 Whi Sy t he ggﬂcitgagent i's
sel e“rf:t ?’ﬁr omt hgﬁgrlg%{p}g%%gas&fésoﬁ %ao};o djl’%tMT}{l1 ot h’rg'l tc")JFh d eﬁand' S
r eagentchacdirbhiioeageht i 1 olbeamglactrdr Eaph ostdraivbine 15 33. The net hod

di ¢ . : _ . ) ‘ Py
ol o T IBE 80 et chabByERace, LA CRrG el SO0
agent s tds oclvanaed andcirmonidtn sulddhaifhe net hod according to claim?

wherein G oEL is inmmobilised on the substrate in an optim sed

orientag,ion to i t RLOL el 1P Rroyj m. Qi el

: . : 1 r
steric l| ndr ance%g%?ﬂnw%gﬁ %’E%%grll EIt {:1(2 ([s']u strat'e. n3¥.hq$ﬁe nmet hod
accldr didegetrgeptai s Sddium dedectylGsuEphats. engi neered by site-directed
mut agenesi s to substitute Aspartate490 with a cysteine. 25 36. The

met hod gecor di N0rt0 £ A4l dnbcd:Bilhl €6 Ligin HHSULL Whadncygkei ne 1's
reacted with biotin to forma biofin-cysteine conjugate. 39 37. The
met hod =gt dnggent clai srl38;teidn fwhinchhe herowr ctdnsiefdngi A€ conj ugat e

s rea%ﬁ%%h@tﬂ&&@t@f ﬁdié&éhémé reagent), dithicerythritol and 2-

mercaptoethanol.

15 33. The method according to any one of claims 1 to 28,
in which the biological sample is denatured by a combination

of any one of the denaturing agents as claimed in claim 29.

34. The method according to c¢laim 7 wherein GroEL is
immobilised on the substrate in an optimised orientation to
20 bind a target protein and to provide minimal steric

hindrance between GroEL and the substrate.

. 35. - The method according to claim 34, in which GroEL
is engineered by site-directed mutagenesis to substitute

Aspartate490 with a2 cysteine.

25 36, 'The method according to claim 35, in which the
substituted cysteine is reacted with biotin to form a

biotin~cysteine conjugate.



streptavidin noiety | ocated on a surface of a substrate. 38. The

met hod according to claim7, wherein the 5 specificity of GoEL is
directed to a particular protein. 39. The nethod according to claim
7, in which GoEL is engineered by site-directed nutagenesis to have
the substitutions, |eucine 200 to argbnine; serine 201 to glycine,
and proline 202 to aspartate. 10. 40. The method according to claim
39, in whieh the s idetthb@nsctstdDihice alaiint 8gy i bnbimiktmo ot i f
into a protein binding domain of GoEL. 41. The thod according to
claim7, RheFbRTCYHEI o ePIRaRty BF GRHEENS: HAAGRE T5 % hiYt ei n
speci fi ci t¥r@htadRianaidier yChapatfdCoPIDiRidFack2of THEsiBE hitke.
according to claim4l, in which GoEL is engineered by site-directed
nmut agenesi s to have the  substitutions., TyrQqsi ge 199 tp | sol euci ne;
Tyrosine 284 to | sOi%ed&tned BEGEFAEDA (T3 Eol eubPRES I Lttt ne 237
to 20 ksokgueineeideWH 1802091 50dPhenydalwniangar¥atiuner 2620t €in.
Leuci ne and Valine 264 to Phenyal anine. 43. The nethod according to
claim41l or 42, in which _the substjtutions are_nade in.the, apical
prot ei n-bPAdi ng  dotd Fe&RO 8EE9I‘%35H914“?° -%Fm&%%&@b?lai%‘%t% s
claim42 grgddectdd WY Ghtet-RersubstiduidpiiesigepkackatBetsabstrate

bi ndi ng specificity of GoEL, a group | chaperone, wg& t hat of

t her nosonBUbECLERGANS | 1eHERBROARY B 2UHNITRE FECABA 4ttorling to
claim7, wherehd @flsroiindr banged depdravwa=an optim sed orientation
to bind a“target protéin and mnimal steric hindrance between G oEL
and the substrate when G oEL is i mpbilised an e subsirate_and its
5 specPii 8Pty for aSamgefofr 8EEPRATRI d‘?cfégtaéﬂ‘ %g’alﬁa?’%f‘@iﬁl%l?e -
target pretetdeudfonshgitretied asconekdqd i dicldng hotwieieta & oEL in
an optimsed orientation to hind a target protein and to provide

i ni mal sPEPFRLIMi HehHMGe dpBewBeAIFBBE and the 10 substrate wherein
the specificity of GoEL for a target protein i-s changed to a
specificigy,of anothgy reltdper aBeorfind etdl.claim 7, wherein the

specificity of GroEL is-changed to a protein specificity of

15 another chaperone protein.

42, The method agcording to claim 41, in which GroEL
is engineered by site-directed mutagenesis to have the
substitutions, Tyrosine 199 to Isoleucine; Tyrosine 204 to
Isoleucine; Leucine 234 to Isoleucine; Leucine 237 to

20.- Isoleucine; Leucine 259 to Phenylalanine; Valine 263 to

Leucine and Valine 264 to Phenyalanine.

43. The method according to claim 41 or 42, in which
the substitutions are made in the apical protein—binding

domain of GroEL.

25 44, The method according to claim 42 or 43, in which
the substitutions replace the substrate binding specificity
of GroEL, a group I chaperone, with that of thermosome, a

group II chaperone.



47. A protein separation device conprising a chaperone protein

i mobi lised on a substrate, wherein said substrate 15 is a solid
support in the formof an array and wherein said chaperone protein is
i mmobi li zed on predeterm ned discrete 1|ocations on the array. 48.
The protein separation device as claiggd in claim 47, in which the
chaperone protein is selected fromthe 20 group consisting of Hspl0O0,
Hsp90, Hspé0, Hspb6 SR ; The ;B ot el R Separatl :
devi ce as (?:’I ai med Prnl?é;?nal m d4§CEl|§EaJ\7\?|§?:%o t(ﬂ‘e lepéO c_ﬁaperone (?ésb e{Ls
group oneachapgednee haB@ aTheppioiesd separation Yevbiadas tiwdeted [in
claim 25 4 ar, . QNE. 0 T,
protein sgpgtr:%p?o%w%g&nég%als S(Bfggf‘?reglffn C Egﬁ n%l%t 69 8‘% L %n%'{% is
in a singbebstngteoridarg@ratiions bS@mcHhEL prdtom rthsepabatr@hecmwdcns:sas
claimed in_cla oELcorrprls ck-to-back. douhl e
i ng 30 cORFPGET Gl OO Ao BT RS one P T T |16 PYCaReR £oaRdbehe Ot ar
41 ring tardeveptetedd. meric, tetrarrerl c pentaneric or hexameric.
53. The protein separation device as clainmed in claim 50, in which
G oEL co i ses an he r|cr|n Idt e rJg
of anot he %chaperonilhné3 r{t% acgﬁ ﬁ%v%ro ‘%ﬁl sépgr% l|e%)1r11a@eV|che r{;s
cl ai med i ancbatimi &3] d:clie\M‘ttEd:lﬂothoObi’t&ﬂ a:ftquremanOpemneamdl'so

rubi sco subuni bj ndl rotel in s aration -

vt ocC acbRPRlde arr Nl R21E BeRbrfic vt e b ko iacERe St Lol e

ri ng agseptbytindes eﬂfbreﬁ.IihEtQEa bptbi FiaDsy cz:cmuzmom. ane ar tapget
subunits fromopther .cha er%nl ns. 56, _The e| n f}§ ! tion device
o

as cl ai ned PHetE at fn CHEEI95d Eonfc APeGthl ¢4 WFEHT e of

the a, 15p&et&in~ or 0 subunits of CCT. 57. The prot ei n separation
device as clainmed in claim 55, in which each ring contains one or

nor e subun17ts of rubisco.subunit tnd|(§1eqV pcreotc%lmnrlgizsm Taecgéoére&_pe
separati oft’ ttevi ce a5 FHKSEd SPRAEF BRI + P g P

‘protein immobilised on a substrate, wherein said substrate
15 1s a solid support in the form of an array and wherein said
chaperone protein is immobilized on predetermined discrete

locations on the array.

48, The protein separation device as claimed in claim
47, in which the chaperone protein is selected frém the

20 group consisting of HsplO00, HspS0, Hsp70, Hsp6l and small
Hsps. |

49. The protein separation device &as claimed in claim

48, in which the Hsp60 chaperecne is a group one chapercne.

50. The protein separation device as claimed in claim

25 49, in which the group one chaperone is GroEL.

51. The protein separation device as claimed in claim

50, in which GroEL is in a single ring configuration.

52. The protein separation device as claimed in claim
50, in which GroEL comprises a back-to-back double ring

30 configuration, wherein one ring is heptameric and the other



20 55, in which each ring is a heteromeric heptamer. 59. The protein
separation device as clained in any one of clains 50 to 58, in which
G oEL is in operative association with a co-factor. 60. The protein
separation device as clained in claim .25 59, in which the co-factor
is GOES. 61. The protein separation gevice as clained in claim any
one of clainms 47 to 60, in which the chaperone is 42 obtainable from

a mcrobi ;o cBreliect edihée o1 bacdtalame riandpanthiaedic @k The
protein separation device as claimed in ciaim 61, in which the

m cr obi alhe®aRsEiq-s sel ected fromthe group 5 consisting of
Escherichia spp., Thernus spp. Streptococcus spp., Staphylococcus

spp., Baciilus spp.phel BRHOERA I fersdiationSRlklibe Uas SPPaimddicirhaGiikhl us
spp., Mycopl asma spp. Pseudononas spp., Streptonyces

Cor ynebac$ imEpich GrpRbt PP fF DERGABEBSE H?%rﬁﬁﬂﬁldfﬁyé’ﬁ

The prot e 1, SeRA{ Al M ndeVECendEndt alHBrbR 18l BroteHe, in which the
Escherichia spp. mcrobial source is scherichia coll. 64. The

protein separation device as clainmed in cIa|n1 62, in jch t

Thernus sPp. ni cr oitEl PEBLEER FP AR IATS eféc?h%?nﬁbﬁ+m :”Béﬂafﬁe

protein separgl iaf Gehee odfes! 4B diinClhablt:2is| Pumbed dubinit
Clostridiumspp. mcrobial sourceis dostridiumdifficile. 66. The

protein sepdiad Grd@ncezaSCE aimed in any 20 one of clains 47 to
65, in which the support is provided wth a surface for

i mobi | i sg4j on of A pkeikBiAf séheracitapeeneet ¥pecLeneonin &haikhe
protein separation device_as clajnmed in claim 66,
surf aé@ i20copriliedh Grofbi epres 328 e%tdé’dlbl%r\mgn??ﬁ%m@r%dﬁierem

consi sti ng, Of 5Ny Q%%fsl Coft e aYididh ndlreephiBuh gt B, £EaH hopndhat es,
quaternary am nes, silicates,” carbonyl diim dazoles and epoxides.

68. The p¢hﬂﬁﬁﬁpnﬂﬂﬁaratlon deV|ce as clainmed in claim 66, in which
the surface is provided with an hydrophobic

56. The protein separation device as claimed in claim
55, in which each ring contains one or more of the «, B, ¥,

15 6, g G or 8 subunits of CCT.

57. The protein separation device as claimed in claim
55, in which each ring contains one or more subunits of

rubisco subunit binding protein,

58. The protein separation device as claimed in claim

20 55, in which each ring is a heteromeric heptamer.

59. The protein separation device as claimed in any
one of claims 50 to 58, in which GroEL is in operative

association with a co-factor.

60. The protein separation device as claimed in claim

25 59, in which the co-facteor is GroES.

6l. The protein separation device as claimed in claim

any one of claims 47 to 60, in which the chaperone is



30 barrier coating. 43 69. A protein separation device conprising a
chaperone protein imobilised on a substrate, wherein said chaperone
protein is GoEL and said GoEL: (a) is in a single ring '
configuration; 5 (b) conprises a back-to-back double ring
configuration, wherein one ring is heptaneric and the other ring is
dimeric, trinmeric, tetranmeric, pentaneric or hexaneric; (c)

- 0
anot Léfesﬂgﬁzﬁﬁ%ﬁfgﬁeﬁ' %095?%%1 Lo G9BLLadOca i of

wher ei n oardozrchpoiah rings conprise one or nore subunits from ot her
chaperonins. 70. The protein separation device as claimed in claim

15 69, whgsein, T(h‘é)ﬁ O?b%&‘é’gﬁﬁ%e RELOBLN DN 0F 81 fedh Sipy FHAI;SCO

subuni t blndlng protel protein separation deV|ce as
cl ai ned i flel b mhigd, thieeménebial (shyrasadls sehgcetedt fiors Wree gougor e

of the. a L S 72

separ at5 i oﬁo%ﬁ%len%afsf’c glcﬁe F%H%I%g % %\% e{g % Stggsgéogéaﬂnsnrl ng
cont ai ns epe. Drsuﬂphyi$wbunusssppf,rEﬁnzﬂimsswppnptLapndﬁwmﬁiﬂanpyfn

73. The péé)tlel sepsaratlg Eeﬁé f\sc ai e - S mén569 wher ei n,
in (d), o PP1 nEFEFSRRT T ¢ %eﬁ?ﬁﬁér y'3§ e %Pofeln
separat|OHsd@NwmmnaHnnmp slngépﬁ&my¢eﬂnﬂpﬁ|,s€drgneaaetémuwmugpp n an
opti m sed or%ent ion to &é % C%E%zproteln and to provide .

m ni mal sPefr %ﬁfﬁﬁheaﬁgt h-G &h¥the substrate. 44 75. A
protein separation device as clainmed in claim 74, in which GoEL is
engi n&er eé3 by site&%brembédinnmwﬁgmﬂﬂsksdbwisabssith&ﬁmé@pﬁrkﬂkﬁaeo

with a cysteine. p separation.device,as clained in claim
5 75, % n e o one R sbel ERr B ERE B PERRE R S B 0 to
form a bi béchexidiied m@ldonj ugate. 77. A protein separation device as
claimed in claim :

64. The protein sesparation device as claimed in claim
62, in which the Thermus spp. microbial source is Thermus

15 thermqpﬁilus.

65. The protein separation device as claimed in claim
62, in which the Clostridium spp. microbial source is

Clostridium difficile.

66. - The protein separation device as claimed in any
20 one of claims 47 to 65, in which the support is provided
with a surface for immobilisation of a protein of the

chaperone type thereon.

67. The protein separation device as claimed in claim

66, in which the surface is comprised of moileties selected
25 from the group consisting of nitriloacetic aéid, avidin,

streptavidin, carboxylates, quaternary amines, silicates,

carbonyl diimidazoles and epoxides.

08, The protein separation device as claimed in claim
66, in which the surface is provided with an hydrophobic

30 barriér coating.



76, in which the biotin-cysteine conjugate is reactable with an
avidin or streptavidin noiety |ocated on a surface of a 10
substrate. 78. A protein separation device conprising G oEL

i mmobi |l i sed on a substrate, wherein the specificity of GoEL is
directed to a particular protein. 79.s4#A protein separation device as
claimed in claim 15 78, in which G oEL is engi neered by

site-diregged nut a0eieskdnt Sepave:r 1die MLkl EU&%Qi@iné et O
arginine;serine 201 to glycine, and proline 202 to aspartate. 80. A
protei n sepafeth cHpRiildsedsor| & HtF HLRter aheredn 79214 (CRARAP e

subt it ut ialgfl@téiq{ radyce-an Lot egrd sygding notif into a protein

bi ndi ng domain of GroEL. 81. A protein separation device conprising
G oEL immobilised on a substrate wherein the specificity of G oEL

i s changefB} o a prdteil® 3peén¥leifyPDvicontdeRERtEéMper one 25 protein.
82. A protein separation device as clainmed in claim 81, in which

G oEL bs ehgi neer e@daprikks- di pest-ad-Hadkagenssksrigghave the
substitutions, Tyrosine 199 to |soleucine; T}érom ne 204 to
| sol euci nePPHidiate 0P34 "hETr 88 | &% &iidihd S PERERRBT DR 7aRY Yhsp |G ne;

Leuci ne 2p0,4 qS451iuPé1%%¥i| akanine:, aldm@e?83, t peheligbPe: &gl Valine
264 to Phenyalanine. 83. A protein separation device as clained in

cl ai m 81 hewrsaiiifisai d GroEL conprises substitutions made in the 5
api cal protein-binding domain of GoEL. 84. A protein separation

device as(g)] ai med iddnphdikBs 83, hdptaMurGl LhagSybsiiiatipns depirace

. the substrate bindin specificity of G oEL, a group | chaperone,
with thatawd 2t oRBOtReHr SRAPYHCTERaPEPGREn7 10T85. A protein

separation device -conprising GoEL arranged to have an optim sed

orientati g to bi nGomptadkgsta @R riard 28sBiBB, $heféin Nidwlrcance
between G oEL and the substrate when G oEL iis imopbilised on the
subst r at P FHYS SOERELFEI PY° fUF MPHSSYELNpEst EFFMi ST ected to a

particul ahaperonins.

70. The protein separation device as claimed in claim
15 69, wherein, in (c), said another chaperonin protein is

rubisco subunit binding protein or CCT,.

1. The protein separation device as claimed in claim

69, wherein, in (d), each ring contains one or more of the

o, B, v, 8, g, £ or 6 subunits of CCT.

20 72, The protein separation device as claimed in claim
69, wherein, in (d), each ring contains one or more subunits

of rubisco subunit binding protein.

73. The protein separation device as claimed in claim

69, wherein, in (d), each ring is a heteromeric heptamer.

25 4, A protein separation device comprising GroEL
immobilised on a substrate in an optimised orientation to
bind a target protein and to provide minimal steric

hindrance between GroEL and the substrate.



15 target protein. 86. A protein separation device conprising G oEL
in an optimsed orientation to bind a target protein and to provide
m ni mal steric hindrance between G oEL and-the substrate wherein the
specificity of GoEL for a target 20 protein is changed to a
specificity of another chaperone protein. 1 SEQUENCE LI STI NG <110>
Agency for Science, Technol ogy and Research <120> Protein Separation
Devi ce <138> 51571-p pret2en YSp8PAHLMh Gricelat>c2808ed 2id%1a4160> 8
<170> Patentln version 3.3 <210> 1 <211> 1647 <212> QyA <213>
Escheri chf & cbliwhicy S59ELr 35 SeRpineq ey five 5459331 &86ER wi | dt ype DNA

sequence pgdffandsa QAL agekaiaanacHd Be Allioooiaar gasgstenidg
t gaaaattct gcgcggcgta 60 aacgtactgg cagatgcagt gaaagttacc ctgggtcaga

aaggccgtaa cgtagttctg 120, gataaatctt t t gcacc gaccatcacc .
aaagat ggt §°t t t ccgt ty@TOL§LHadSPR BN gb&ﬁgcgﬁéﬁﬁ ttyctiain

aaacat ggg¥ s gcos agatag thaaaagsagtut §€ CdpdRane?4€@ rg608860aLEL biotin
ct gcaggcga cggtaccacc actgcaaccg tactggctca ggctatcatc 300

act gaaggt Bt HeEb gt YO GcCye§HdtS st FuttlFa t ggacct gaa acgt ggtatc 360
. gacaaagctg ttaccgctgc agttgaagaa ctgaaagcge tgtccgbacc gtgctctgac 420
t ft a?agctgaﬂ tgct C?glgtprfo%tiafbapﬁra*@mtmqtcecagaegaaﬁ@dcgm agpiiana 45180
ct gat cgct g _aagcgat gga caaagt cggt aaagaaggcg .ttatcaccgt tgaagacqgt 540
accggtctg 6agg%c tﬁﬁh?g?ﬁggfc@%@%@?%%ﬁ%”&ﬁ??@géﬁgﬁe?gbggﬁiggﬁmGOO
tctccttacint £RIEAACAA Q466PERRRAE n ABCOCRPIRG s2RC! BHadaAguEESE teRlL 660
ctgctggctg acaagaaaat ctccaacatc cgcgaaatgc tgccggttct ggaagecgtt 720

gccaaafcagulgeatletgct gctgatcatc gct gaagat g tagaaggcga agcgctggca 780
actctggttg ttaacaccat gcgtggcatc gtgaaagttg ctgcagttaa agctccgggc 840
78. A protein separation device comprising GroEL

immobilised on a substrate, wherein the specificity of GroEL

is directed to a particular protein.

79. A protein separation device as claimed in claim
15 78, in which GroEL is engineered by site-directed

mutagenesis to have the substitutions, leucine 200 to

arginine; serine 201 to glycine, and proline 202 to

aspartate.

80. A protein separation device as claimed in claim
20 79, in which the subtitutions introduce an integrin binding

motif into a protein binding domain of GroEL.

- 81. A protein separétion device comprising GroEL
immobilised on a substrate wherein the specificity of GroEL
is changed to a protein specificity of another chaperone

25 protein.

BZ2. A protein separation device as claimed in claim
81, in which GroEL is engineered by site-directed

" mutagenesis to have the substitutions, Tyrosine 189 to
Isoleucine; Tyrosine 204 to Isoleucine; Leucine 234 to

30 Isoleucine; Leucine 237 to Isoleuciné; Leucine 259 to



ttcggcgatc gtcgtaaagc tatgctgcag gatatggcaa ccctgactgg cggtaccgta 900
atctct gaag agatcggtat ggagct ggaa aaagcaaccc tggaagacct gggtcaggct 960
aaacgcgttg tgatcaacaa agacaccacc accatcatcg atggcgtggg cgaagaagct
1020 gcaatccagg gccgtgttgc tcagatccgt cagcagattg aagaagcaac
ttctgactac 1080 gaccgtgaaa aaot gcaggasgcgcat agcg aaactggcag
gcggcgttgc agttatcaaa 1140 gtaggtgctg ctaccgaagt tgaaatgaaa
gagaaaaaaghéage G ;agacdaeck g3 120 Ohe iACRC @AGCTa i get DY dio
agaagaaggc gtagitgctg gtggtggtgt tgcgctgatc 1260 cgcgtagcegt

ct aaact gge"t Yt ggt cagaacg aagaccagaa cgtgggtatc 1320
aaagttgcac tgcgtgcaat ggaagctccg ctgcgtcaga tcgtcctgaa ctgcggcegta
1380 gaassgtctg ttgtigelcan eapsgitban Qoagecgacglgtnedtbegilaim 81
ttacaacgca 1440 caacc aag aatacggc atc ac at gtat

t ggacccaatPeEeHYt cBBPF%?%%t%PQ%ﬁﬁi Bé B@ éﬁf
QCtQQCQtgapiéﬁiQQ@ﬁﬁﬁjpﬁaﬁaﬂﬁétaoﬂéﬁﬁ<x@tﬁﬂﬁﬁgacc tgccgaaaaa

cgat gcagct gacttaggcg ctgctggcgg catgggtggc 1620 atgggtggca

t gggcggcat gatgtaa 1647 <210> <211> <21 <21 ,
Escherlchéé col i i§§69t92§1§eﬁfgﬁt¥%ﬁu W%CQZ§§> é?b%égpiqcﬁ ani no

aci d sequepgcein ik ZnMekubbai Ml dys ﬁ@qa\éal th¥sshbet e AsThdAsy
Ala Arg Val Lys net- 1 5 10 15 Leu Ar Val Asn, Val Leu Al a Asp

Al a Val LyResaficiiy (ofu Gerflpoa 28 2P ﬁr‘ﬁlaL ReEopfy Kihh ARV val Leu

Asp Lys SgheRfsddd, Al 3:Btp TrchdFerAhdS Ile Thr Lys Asp Gy Val Ser
Val Ala Arg G n Ile G n Leu Gu Asp 50 55 60 Lys Phe A u Asn Net

Ay Ala G p Mt Val S G u Val Al a, Ser 65 70,75 80 Asn As
A x AD B hep P PROCRAR $RPaATGL G AsTie SRRFASERTIBEOES G n Al A

e Ile Tarr&hgeddts: u:ﬁweLxm dbeiNased dr Al aBiynNeb HsHd 406dfE 110

Wo%tA?LmH_sN% le/s Lys Ala Val Thr Al a_Al a Val
protein dand minhimal steric hindrance between GroEL and the
substrate when GroEL is immobilised on the substrate and its
specificity for a target protein is directed to a particular

15 target protein.

86. A protein separation device comprising GroEL in an
optimised orientation to bind a target protein and to
provide minimal steric hindrance between GroEL and the
substrate wherein the specificity of GroEL for a target

20 protein is changed to z specificity of another chaperone

protein.



115
Al a
Thr

G@n
dy
Al a
Lys
235
Ay
I1e
Asp

Lys
Val

350
355
Al a
Au

120 125 du Gn Lau Lys Ala Leu Ser Val Pro Cys Ser Asp Ser Lys
Ile 130 135 140 Ala Gn Val Ay Thr Ile Ser Ala Asn Ser Asp G u
Val'"Ay Lys 145 150 155 160 Leu Ile Ala Qu Ala Met Asp Lys Val
Lys Gu @y Val Ile Thr 165 170 175 Val GQu Asp Ay Thr Ay Leu
Asp G u Leu Asp Val Val du Gy 180 185 190 Met @ n Phe Asp Arg
Tyr Leu Ser Pro Tyr Phe Ile Asn Lys Pro 195 200 205 Gu Thr dy
Val Qu Len Au Ser Pro Phe Ile Len Leu Ala Asp 210 215 220 Lys
Ile Ser Asn Ile Arg Gu Met Leu Pro Val Leu Qu Ala Val 225 230
240 Ala Lys Ala Gy Lys Pro Leu Leu Ile lle Ala Au Asp Val GQu
-245 250 255 Gdu Ala Leu Al g Thr Leu \@I Val Asn Thr Met Arg Gy
Val Lys 260 265 270 3 Val Ala A'a var Lys Ala Pro Gy Phe @y
Arg Arg Lys Ala Met 275 280 285 Leu G n Asp Ile Ala Thr Leu Thr
G y<Tiep Viaency| BrHere@ey MEebnol@@0at0Bes380:H le Ay Met Gn Leu Gu
Al a<Trr1Jr> IiagteG u Aspt,LauD GI_%/ Gn Ala 305 310 315 320 Lys Arg Val
| e“RSh LCYT AR FRHAT A OST® 11e I1e Asp Gy Val 325 330 335 Qdvy
A u<Aoa Abgyille An Ay Arg Val Ala An lle Arg Gn Gn 340 345
Ile Au Gu Ala Thr Ser Asp Tyr Asp Arg Qu Lys Leu Gn Gu Arg
360<865 U¥/H0/7oasq8ys Leu Ala Gy Ay Val Ala Val Ile Lys Val dy
Al a=370 395°383° Thr du val Qu-Met Lys Gn Lys Lys Ala Arg Val
Asp.Aba keu 385 390 395 400 His Ala Thr Arg Ala Ala Val Gu Qu
Val vVal Ala Gy Gy Ay 405 410 415
<170> Patentin version 3.3
<210>= 1
<211l> 1647
«<212> DNA
<213> Escherichia coli
<220
<221> misc_feature
<223> GroEL wildtype DNA sequence
<400> 1 _
etggcagceta aagacgtaaa attcgghtaac gacgetegtg tgamastget gogoeggegta 6Q
aacgtactgy cagatgeoagt gamagttace ctcggtecga aaggecgtaa cghagtictg 120
gataaatctt teggtgeace gaccatoace aaagatggtg ttteoecgttge tegtgaaate 180
gaactggaag acaagttega aascabgggt gogeagatgg tgaaagaagt tgectcetaama 240
gegaacgacy ctgecaggega cggtaccacce actgeaaceg tactggotoa ggectateatc 300
actgaaggte tgaaagetgt tgehgeggge atgmaccoga tggacctgaa acgtggtatc 360
gacaasgcotyg ttaccgetge agttyaagaa ctgaaagege tghtecegtace gtgetetgac 420
tctaaagega ttgeteaggt tggtactate tocgetaact cegacgaaac cgtaggtaaa 480
ctgategetg aagcgatgga caaagtcggt aaagaaggeg ttatcacegt tgaagacggt 540
accggtetge aggacgaact ggacgtggbt gaagghatge agttegaccg tggotacotg 600
toteottact teateaacaa googgaamact ggegoagtag aactggaaag ccogttcate 6560
ctgetggetg acaagaaaat ctecaacatc cgegaaatge tgceoggttet ggaagecogtt 720
geccaazgoag goaaaccget getgatcatce gotgaagatg tagaaggoga agegetggea 780
actetggttg ttaacaccat gogtggeatc gtgasasgttg ctgcagttas agctooggge 8490
tteggegate gtegtasage tatgetgeag gatatcgeaa cectgactgg cggtacegta 200
atctotgaag agatcggtat ggagetggaa aaageoaacce tggaagacct gggteaggot 960
aaacgegttyg tgakbcaacaa agacaccacce accatcateg atggegtggy cgaagaagot 1020
geaatcocagy googhghbtge tcagatdegt cageagattg magaageaac ttotgactac 1080
gacogtgaaa aactgcagga gegogtageg aaactggeag goggegttge agttatesaa 1140
gtaggtgetg ctaccgaagt tgasatgaaa gagaazaaag cacgegtiga agacgoocty 1200
cacgcgacce gtgetgnggt agaagaagge ghggttgetg gtggtggtat tgegotgate 1260
cgogtagegt ctaaactgge tgacctgegt ggteagaacyg aagaccagea cgtgggtate 1320
aaagttgeac tgegtgcaat ggaagctceg ctgegicaga tegtoctgaa ctgoggogaa 1380
gaacogtetyg ttgtigotaa caccgttaza ggeggegacy gecaactacgg ttacaacgea 1440
gecaaccgaag aatacggcaa catgategac atgggtatec tggacccaac caaagtaace 1500
cgttetgete tgeagtacge ggettetghtg geotggoctga tgateacecac cgaatgcatg 1560
gttaccgacce tgcococgasaaa cgatgoaget gacttaggog ctgetgacgy catgggtgge 1620
atgggtogea tgggeggcat gatgtaa 1647
<210> 2
<211l> 548



Val Ala Lau Ile Arg Val Ala Ser Lys Leu Ala Asp Leu Arg Ay G@n 420
425 430 Asn Gu Asp A n Asn Val Gy Ile Lys Val Ala Leu Arg Ala Mt
GQu 435 440 445 A a Pro Leu Arg dn Ile Val Leu Asn Cys Ay Au Gu
Pro Ser Val 450 455 460 Val Ala Asn Thr Val Lys Ay Ay Asp Gy Asn
Tyr Ay Tyr Asn Ala 465 470 475 480 Ala Thr Au GQu Tyr Gy Asn Met
Ile Asp Met Gy Ile Leu Asp Pro 485 490 495 Thr Lys Val Thr Arg Ser
Ala Leu An Tyr Ala Ala Her Val Ala d 500 505 510 Leu Met Ile Thr
Thr Au Cys Met Val Thr Asp Lau Pro Lys Asn Asp 515 520 525 Ala Al a
Asp Leu Ay Ala Ala Jdy Gy Mt Gy Ay Met Gy Gy Mt 530 535 540
Ay Ay Mi,.Mp545 <210> 3 <211> 1647 <212> DNA <213> Escherichia
coli 4 <2PB> ms2lromih Seif eature <223> G oEL- Asp490Cys DNA sequence
<220> <221> nutation <222> (1468)..(1470) <223> GACto TCG <400> 3
at ggcagct@®3agacgt aaa attcggtaac gacgctcgtg tgaaaat gct gcgcggegta 60
aacqt act G cadil - yaaagl ace, clogatccoa aaggocgiaa cotagtictg 120
gataaatctt fcggtgcacc daccatcacc aaagatggtg tttccgttge tcgtgaaatc 180
gaact ggaagroacaagtt cga aaacat gggt gcgcagat gg tgaaagaagt tgcctctaaa 240
gcgaacgaler dtgégicyasc Yot Avc abe cay thge aae adk ag tvghaks arsggct at cat ¢ 300
act gaaggtc tgaaagttgf tgctgcggge at ddacccga tggaccti§aa acgtggtatc 360

gacaaageid kliPAEH06108.A9L! 9ARERAR A6 9R239C IS, LU GRILACG, gt gct ctgac 420
20 25 30

Pro Lys Gly Arg Asn Val Val Leu Asp Lys Ser Phe Gly Ala Pro Thr
35 40 45

Ile Thr Lys Asp Gly Val Ser Val Ala Arg Glu Ile Glu Leu Glu Asp
50 55 60 )

Lys Phe @lu Asn Met €Ly Ala @ln Met Val Lys Glu Val Ala Ser Lys
65 70 75 80

Ala Rsn Asp Ala Ala Gly Asp Gly Thr Thr Thr Ala Thr Val Leu aAla
85 20 o5

Gln Alza Ile Ile Thr Glu Gly Leu Lys Ala Val Ala Ala Gly Met Asn
100 105 " 110

Pro Met Asp Leu Lys Arg Gly Ile Asp Lys Ala Val Thr Ala ala Val
115 120 125

Glu Glu Leu Lys Ala Leu Ser Val Pro Cys Ser Asb Ser Ly= Ala Ile
130 135 140

Ala @ln Val Gly Thr Ile Ser Ala Agn Ser Asp Glu Thr Vai'Gly' Lys
145 150 155 160

Leu Tle Ala Glu Ala Met Asp DLys Val Gly Lys Glu Gly Val Ile Thr
165 170 175

Val Glu Rep @ly Thr Gly Lewu Gln Asp Glu Leu Agp Val Val @lu Gly
180 185 190 '

Met Gln Phe Asp Arg Gly Tyr Leu Ber Pro Tyr Phe Ile Asn Lys Pro
135 200 ‘205 '

Glu Thr @Gly Ala Val Glu Leu @lu Ser Pro Phe Ile Leu Leuy Ala Asp
210 215 220

Lys Lyg Ile Ser Asn Ile Arg Glu Met Len Pro Val Leu Glu ala Val
225 230 235 240

Ala Lys Ala Gly Lys Pro Leu Leu Ile Ile Ala Glu Asp Val @lu Gly
245 250 255

Glu Ala Leu Ala Thr Leu Val Val Asn Thr Met Arg Gly Ile Val Lys
260 265 270



tctaaagcga ttgctcaggt tggtactatc tccgctaact ccgacgaaac cgtaggtaaa 480
ctgatcgct g aagcgat gga caaagtcggt aaagaaggcg ttatcaccgt tgaagacggt 540
accggt ct gc aggacgaact ggacgtggtt gaaggtatgc agttcgaccg tggctacctg 600
tctccttact tcatcaacaa gccggaaact ggcgcagtag aactggaaag cccgttcatc 660
ctgctggctg acaagaaaat ctccaacatc cgcgaaatgc tgccggttct ggaagccgtt 720
gccaaagcag gcaaaccgct ggttatcatc gctgaagatg tagaaggcga agcgctggoa 780
actctggttg ttaacaccat gcgtggcatc gttaaagatg ctgcagttaa agctccggge 840
ttcggcgatc gtcgtaaagc tatgctgcag gatatcgcaa ccctgactgg cggtaccgta 900
at ct ct gaag agat cggtat ggagct ggaa aaagcaaccc tggaagacct gggtcaggct 960
aaacgcgt gl gatgaacaayagasacean$ me Al GalbCcld4al.Q064t 499 G0aagaagct

1020 gcaatccaggsgccgttttgc tcagatccgt cagcagadst g aagaagcaac
ttctgactac 1080 accgt gaaa aactgcagga gcgcgtagcg aaact ggcag
gcggegt t §E §gF 4R %é%. i%ﬁ’e Syt Yy %Fa‘@ég%i’ég@ert@adﬁtlgaaa
gagaaaaaag cacgcgttga agacg@cctg 1200 cacfégaccc gt gct gecggt
agaagaaggre gigget gl G=Qd@g9agt 1heeae idally 1l 01, c6ahagcat
ctaaact gges t gacct gcgt g@tcagaacg aagaccagaa cgtgggt at z28320.

aaagttgcac tgcgtgcaat ggaagctccg ctgggtcaga tcgtcctgaa ctgcggegaa
1380 gag E'céfg%tq Eélgtv T?lgl;[@gf%gy% At gt %g? Tﬁﬁgégédacpjpggéé’@% acgg

ttacaacgca 1440 gcaaccgaag aatacggcaa catgatctgc taaggt atcc
t ggacccaely chaaft arcaial 500 cic gl atHOhT At J@agtac 06y Gastdigt gt g
gct ggcct ga t gat cadtfac cgaat gcat g34%560 gttaccgacset gccgaaaaa
cgat gcaggf, gactiaggcg ctgc cat tggc 1620 _ at gggtggca
t gggcggeat g%t gﬁ;gﬂl1%37£&<%%g%§§Ae&ﬁ£%%‘% YB% 24n SRY 22213>
Escherichia coli <220> <221> msc feature <

> G oEL Asp49QCys

am no acYad seqliesnt® AkFG>CLPP41>26 TE 22229 40@)y a(4£80) <223> D to
C <400> 4 M Ala Ala Lys*Z&p Val Lys Phés@y Asn Asp Ala Arg Val

Lys Vet mul Sralfhilén hUA e Coh YAl afSR/aly bED A 250, A @ Val

Val Thr d4ssu Gy 20 25 3$bob5 395 400
His Ala Thr Arg Ala Ala Val Glu Glu Gly Val val Ala Gly Gly Gly
405 410 415

Val Ala Leu Ile Arg Val Ala Ser Lys Leu Ala Agp Leu Arg Gly Gln
420 425 4390

Asn Glu Asp Glno Asn Val Gly Ile Lys Val Ala Leu Arg Alz Met Glu
435 440 ‘ 445

Ala Pro Lew Arg Gln Ile Val Leu Asn Cye Gly Glu Glu Pro Ser Val
450 455 460

Val Ala Asn Thr Val Lys Gly Gly Asp Gly Asn Tyr Gly TyrrAsn Ala
465 479 475 480

Ala Thr Glu Glu Tyr Gly Asn Met Ile Asp Met Gly Ile Le;u Asp Pro
485 450 495

Thr Lys Val Thr Arg Ser Ala Leu @ln Tyr Alz 2Ala Ser Val Ala Gly
500 505 510

Leu Met Ile Thr Thr Glu Cys Met Val Thr Asp Leu Pro Lys Asn Asp
515 520 525

Ala Ala Agp Leu Gly Ala Ala Gly Gly Met Gly Gly Met Gly Gly Met
530 535 "~ B4

Gly @ly Met Met
545

<210> 3

<211> 1647

<212> DNA

<213»> FEscherichia coli

Lys



Pro Lys Gy Arg Asn Val Val Lau Asp Lys Ser Phe Gy Ala Pro Thr 35 40
45 1le Thr Lys Asp Ay Val Ser Val Ala Arg Qu Ile Au Lau Gu Asp
50 55 60 Lys Phe Qu Asn Met Ay Ala G@n Met Val Lys Qu Val Al a Ser
Lys 65 70 75 80 Ala Asn Asp Ala Ala Ay Asp Ay .Thr Thr Thr Ala Thr
Val Lau Ala 85 90 95 dn Ala lle Ile Thr Qu Ay Leu Lys Ala Val Al a
Ala Ay Met Asn 100 105 110 Pro Met Asp Lau Lys Arg Ay Ile Asp Lys
Ala Val Thr Ala Ala val 115 120 125 u Qu Lau Lys Ala Lau Ser Val
Pro Cys Ser Asp Ser Lys Ala Ile 130 135 140 Ala Gn Val dy Thr

Il eSer Ala Asn Ser Asp Qu Thr Val dy Lys 145 150 155 160 Lau lle
Ala G u AbkgedVet Asp Lys Val Ay Lys Gu Gy Val |le Thr 165 170 175
Val 3 u Aspi-(d gisthieatdry Lau G n Asp Qu Lau Asp Val vVal Qu dy 180
185 190 MBE3>d WOMSMQC%r@TA@Wm}qe Lau Ser Pro Tyr Phe |Ile Asn Lys
Pro 195 200 205 'Gu Thr Ay Ala Val Qu Lau Gu Ser Pro Phe Ile Lau

Lau Al a é§£>1>23191t§91§ 220 Lys Lys Ile Ser Asn Ile Arg Gu Met Lau Pro
(1428 230 235 240 Ala Lys Ala Gy Lys Pro Lau Lau

Val Lau Gkzp-Al amMaI..

Ile Ile Aez>-GarcAsprdtal G u Ay 245 250 255 G u Ala Lau Ala Thr Lau
Val Val Asn Thr I\/Et Arg Gy Ile VaI Lys 260 265 270 Val Ala Ala Val
Lys Ala gg%c%y LY. AR ajri‘ a Matg 275 28%?%2985 Lau G n
Asp |le AL 5 Et citﬁgitg 0 300
‘lle @ ygmaaﬁtﬁ e ﬁ e ° A 21 305

310 315 s%@tgia;ls aAp@t\mIa aakatigbgt Asgcaw@g Agpaagmgtnsgcc ch‘haé. e 2o o Asp

a y val goaggega cggtaccacce actgoaaceg tactggetea

tagacctgaz
tgtecgtace
ccgacgaaac
ttatecaccgt
agttogaceg
aactggaazg
tgecggttet
tagaaggcoa
ctgecagttaa
cococtgactgy
tggaagacet
atggcgtagy
aagaagoaad
geggegttge
cacgaegtiga
gtggtggtgt
aagaccagaa
tegbeoctgaa
geaactacgg

ac qaddgy %aaagctgt

‘gacaaagcty

toctaaagoga
ctgategatg
accggtetge
tetaettact
ctgetggetyg
gecaaageag
actctggtig
tteggegate
atctetgaag
azaacgcgttg
gcaatcecagg
gaccgbgaaa
gtaggtgetg
cacgegacog
cogegtagegt
aaagttgeac
gaaccgtetg
geaaccogaag
cgttcktgete
gttacogaceo
atgggtggea

<210> 4

<211> 548
<212> PRT
<213>

<220
<221>
<223

220>

<221
<222>
<223>

<400> 4

BITE
(290)
D te C

ttaccgotge
ttogctecaggt
aagegatgga
aggacgaact
tcatcaacaa
acaagaaaat
goaaacegct
ttaacacecst
gkcgtazage
agateggtat
tgatcaacaa
gocgtgttge
aactgcagga
ctaccgaagt
gtgetgeggt
ctaaactgge
tgegtgoaat
ttottgctaa

-aatacggcas

tgcagtacge
tgcogaaaaa
tgggeggeat

misc_feature
GroEL BAsp450Cys amino acild gequence

.. {490)

tgetgaeggge
agttgaagaa
tggtactatc
caaagtcggt
ggacgtagtt
gocggaaact
ctecaacatco
getgatecate
gegtggeate
tatgectgeag
ggagctggas
agacaccaqc
tocagateegt
gogegtageg
tgaaatgaaa
agaagaaggc
tgacetgegt
ggaagetocyg
caceghtaaa
catgatcige
ggcttctgtyg
cgatgeageh
gatgtaa

Escherichia coli

atgaaccega
ctgaaagoge
tecogetaact
aaagaaggey
gaaggtatge
ggegcagtag
cgcgaaatge
gotgaagatg
gtgasagttg
gatatogcoaa
aaagcaaccc
accatcatcg
cagcagattg
aaactggoag
gagaaaaaag
gtagttgctg
ggtcagaacg
ctgogteaga
ggcggegacyg
atggotatce
getggeootga
gacttaggeg

tggaccoaac,

tgatcaccac
ctgetggogg

ggctateaia 300
acgtggtato 380
gtgotctgac 420
cgtaggtaaa 480
tgaagacggt 540
tggctacctyg 600
cecogtteate 660
ggaagceegtt 720
agegotggca 780
agetoceggge B840
cggtaccgts aoo
gggtcaggct 960
cgaagaaget 1020
ttctgactac lo08¢
agttatcaaa 1140
agacgocotg 1200
tgogetgatc 1260
cgtgggtate 1320
ctgcggogaa 1380
ttacaacgea 1440
caaagtaacc 1500
cgaatgoatyg 1560
catgggatgge 1620

1647

Met Ala Ala Lys Asp Val Lys Phe Gly Asn Asp Ala Arg Val Lys Met

1

5

i0

15

Leu Arg Gly Val Asn Val Leu Ala Asp Ala Val Lys Val Thr Leu Gly

20

25

30



Gy Qu du Ala Alalle @n Ay Arg Val Ala Gn lle Arg Adn dn 340
345 350 S Ile Gn Au Ala Thr Ser Asp Tyr Asp Arg Gu Lys Leu G n
Gn Arg 355 360 365 Val Ala Lys Leu Ala dy dy Val Ala Val Ile Lys
Val Ay Ala Ala 370 375 380 Thr Au Val Gu Met Lys Qu Lys Lys Ala
Arg Val Qu Asp Ala Leu 385 390 395 400 His Ala Thr Arg Ala Al a Val
Gu Gu @y Val Val Ala Gy Ay Ay 405 410 415- Val Ala Leu Ille Arg
Val Ala Ser Lys Leu Ala Asp Lau Arg Ay G n 420 425 430 Asn @ u Asp
Gn Asn Val Ay Ile Lys Val Ala Lau Arg Ala Met Gu 435 440 445 A a
Pro Lau Arg Gn Ile Val Lau Asn Cys Ay GQu Au Pro Ser Val 450 455
460 Val s#AbaryAsny Bk Adalvallyse1Gen LpyrAsierGne 88N21kY b G- Tyr Asn Al a
465 470 - 475 /80 Aa Thr Awdu Tyr Ay Asms Met Ile Cys Met Ay
Ile Lau As_Lg Pr‘roL 48A5 45:9L0 495 Thr Lys Val. Thr Arg Ser Ala Lau G n Tyr
Ala Ala Sef NAIAMPEY TBOET505 STOEATINEE FelerhfleTHe G u Oys Met
Val Thr Asp Lau Pro Lys Asa Asp 515 520 5 Ala Ala Asp Lau Ay Al a
Ala Gy Gy HuetclCayn Gey diptaid ginGley Wetryd3uoR £h0se Gt Ay Met Met
545 <210 5 <211> 16470 <212> DNA <21B3> Escheriohia moli <220>
c221> m sg_feature <223> G oEL apical domain RYD nodification DNA
<

Al
sequence 2n’26>5p< ?L%S"h‘?tlﬁtﬁSBnGly Thr ‘;‘Jgr Thr Ala Thr Val ggu Ala

Gln Alzs Ile Ile Thr @lu Gly Leu Lys Ala Val Alzs Ala Gly Met Asn
100 : 105 1io

Pro Met Asp Leu Lys Arg Gly Ile Asp Lys Ala Val Thr Ala Ala Val
115 120 125

Gilu Glu Leu Lys Ala Leu Ser Val Pro Cys Ser Asp Ser Lys Ala Ile
130 135 140

Ala Gln Val Gly Thr Ile Ser Ala Asn Ser Aep Glu Thr Val Gly Lys
145 150 155 160

Leu Ile Ala Glu Ala Met Asp Lys Val Gly Lys Glu Gly Val Ile Thr
165 170 175

Val @lu Asp Gly Thr Gly Ieu Gln Asp Glu Leu Asp Val val Glu Gly
180 185 150

Met Gin Phe Asp Arg Gly Tyr Leu Ser Pro Tyr Phe Ile Asn Lys Pro
195 200 205

Glu Thr @ly Ala Val Glu Leu Glu Ser Pro Phe Ile Leu Leu Ala Aep
210 218 2290

Lys Lys Ile Ser Asn Ile Arg Glu Met Leu Pro Val DLeu Glu Ala Val
225 230 235 240

Ala Lys Ala @ly Lys Pro Leu Leu Ile Ile Ala @lu Agp Val @lu Gly
245 250 255

@ln Ala Leu Ala Thr Leu Val Val Asn Thr Met Arg Gly Ile Val Lys-
26¢ - 265 270

Val Ala Ala Val Lys Ala Pro Gly Phe Gly Asp Arg Arg Lys Ala Met
275 280 285

Leu Gln Asp Ile Ala Thr Leu Thr Gly Gly Thr Val Ile Ser Glu Glu
- 290 295 300

-Ile Gly Met Glu Leu Glu Lys Ala Thr leu Glu Asp Leu Gly Gln Ala
305 310 315 320

Lys Avg Val Val Ile Asn Lys Asp Thr Thr Thr Ile Ile Asp @ly Val
325 330 335

Gly @lu Glu Ala Ala Ile Gln Gly Arg Val Ala Gln Tle Arg Gln ¢ln
340 . 345 350



<222> (598)..(606) <223> CTGICTCCT to CGITATGAT <220> <221> nutation
<222> (1468)..(1470) <223> GACto TGC 7 <400> 5 atggcagcta

aagacgt aaa attcggtaac gacgctcgtg tgaaaatgct gcgcggcgta 60 aacgtactgg
cagat gcagt gaaagttacc ctccgtcaga aaggccgtaa cgtagttctg 120

gataaatctt tcggtgcacc gaccatcacc aaagatggtg tttccgttgc tcgtgaaatc 180
gaact ggaag acaagttcga aaatat gggt gcgcagat gg tgaaagaagt tgcctctaaa 240
. gcaaacgacg ctgcaggcga cggtaccacc actgcaaccg tactggctca ggctatcatc 300
act gaaggt ¢ tgaaagct gt tgctgcggge atgaafccga tggacctgaa acgtggtatc 360
gacaaagcgg ttaccgttgc agttgaagaa ctgaaagcgc tgtccgtacc atgctctgac 420
t ct aaagc td,ac t.toggtaccalc fccgctaact ccgacgaaac cgtaggtaaa 480
ct gat cgc'?lg ea%%e%%?%%a“éﬂ%&?%@%% %sga%ra?ag:g’cb’yst ﬁ% 82}%@6’3 ‘Dtrgaagacggt 540
accggt ot gc aggacgaact ggacgtggtt gaaggtatgc agttcgac cg tggctaccgt
600 t at gal tidetlvecauclactia Gecydaslactalgyeguagtragenaatggaaag
cccgttcatc 688 ctgctggetg HEaagaaaat ctcc¥dcatc cgcgaaat gc

tgccgot t 6, 39386t AL tyer 4 o ccgc atcatc

gct gaagat-;ggt agaaggcgaMeggé’gcqtlg&?ga%’ggﬁ%a%gggggigﬂgkipgg‘%%i@‘éat
gcgtggcatc gtgaaagtcg ctgcggttaa agcaccgggc 840 ttoggcgatc

gt cgt aaadés that Jar Jragrlgdtlatieycdn Gockigactigal cajgt ancgly ¢8990

at ct ct gaag agat cggt at*°ggagct ggaa aaddfaaccc tggaagaétt gggtcaggct 960
aaacgt gt v WEALERAAGAAAIACIECALE ﬁ&tﬁh%ﬁg% al JoLgt gag .t gaagaaget
1020 gcaatccagg geegtgttgc tcagakecgt cagcggattggoaa aagcaac &
ttctgactac 1080 gaccgtgaaa aactgcagga acgcgtagcg aaact ggcag
gcggegt t G &4t £5 Caadr1ad Gl@tI? gve ey e dee gragilat ¥rragtyaaa
gagaaaaaag cacgcgttga agatgcc 1200 cacgcgdecc gtgcetgeggt
agaagaaggrs gigokd ged ¢1gtggvehet abgegstdats, A0 Ccasotagcat

ct aaact ggc t¥acctgcgt ggtcagmacg aagaccagaae cgtgggtatc 1320
aaagttgc cgt gcaat aagctccg _ctgcgtcaga tcgtattgaa ctgcggcgaa
1380 gagélcé%cg %fth t"f‘%%ﬁ%g%ﬁ%éﬁ %ééiﬁggﬁﬁﬁéc%’rg‘tﬁ&ayiacgg
ttacaacgca 1440 gcaacggaag aataccgcaa catgatctgc atgggtatcc

t ggat cca¥e Taasyt auactry1 800 Asicgéd clgch€ Mgeagtracgenagst v61 gt g

gct ggecct ga tgat caccaé®tgaatgcatg 15600 gttaccgacc t4pscgaaaaa

cgat gcaggl, gactiag98c9. SLgct agg a 62 ggt ggca

t gggcggcat %%t gtlaaool_649c7 <210>&%§%%§9§%%& éer%ﬁ%g ey

Leu Met Ile Thr Thr @lu Cys Met Val Thr Asp Leu Pro Lys Asn Asp
515 520 525

Ala Ala Asp Leu Gly Ala Ala Gly Gly Met ¢ly ¢ly Met @Gly Gly Met
530 535 540

Gly @ly Met Met
545

<210> 5

<211> 1647

<212> DNA

<213> Escherichia coli

<320>
<221> wisc_feature
<223> GroEL apical domain RYD modification DNA sequence

<220>

<221l> mutation

<222> (593)..(5@6)

<223> CTAETCTCCT to COTTATGAT

<220>

<221> mutation
<222> (1468)..(1470)
<223> GAC to TEC



<212> PRT <213> Escherichia coli

G oEL api cal
(202) :
<223> Dto C <400> 6 Met Ala Ala Lys Asp Val
1510 15 Leu Arg Ay -Val
Leu dy 20 25 30 Pro Lys Ay Arg Asn Val

35 40 4588 I
55
65 70 75 sO Ala Asn Asp Ala

Leu Ala 85 90 95 Gn Ala lle

(200). .

Val

Lys
Ser
Al a
dn
Ay
Thr
Net
125
130
Ay
Au
Au

Arg
Val

Lys
Val

Al a
Al a
I'le
Pro
120
Ile
Val

Lys
Asp

Lys Met
Val Thr

Phe Ay Ala Pro Thr
ArgQu Ile Qu Leu Qu Asp 5
Lys G n Val
Agfo-Agy Thr Thr Thr Ala Thr Val
Grypciioya lzegndgysaaibia ciithadhacghl drt vy adWba &S BogahQta 10550110
gtﬁﬁag L SatAF t@aﬂaﬁﬂtec%sfpgh

Met Val

y@aa

Ghapadfmhbg Ittaezca’tﬂgc 1@51:9"&@313@&%\&%
E%"ii‘a?@@;

ctgatogo

accggtotge
tatgattact
ctgotggety

gocaaagoayg

actotggityg
tteggegate
atetetgaay
asacgkbgttyg
geaatccagyg
gaccogtgaaa
gtogggtgaty
cacgogadeo
cgegtagegt
aaagtkgeac
gaaccgtety
goaacogaay
cgttetgete
gttaccgaco
atgggtggea

<210> 4
<211=>
<212>
<21l3>

PRT

<220=>
<221
<223>

<220
<221 >
<2225
<223> ILsPp
<220>
<221
<222
<223>

<400> 6

Met Ala Ala Lys Asp

1

548-

mise Feature
GroEL apical

site
(490)
I te C

c&%

Al a Ser

<220> <221> misc feature

dormai n RYD nodi fication <220> -
<223> LSP to RYD <220> <221> site <222> (490)..
Lys Phe Gy Asn Asp Al a
Leu Ala Asp Al a
Val

Lys Asp Gy Val

Lys

| e Thr

Asn Val

<223>

<221> SITE <222>

(490)

Leu Asp
Ser

60 Lys Phe Qu Asn Met Gy

ad\l=aagdfabc dhkegddattAba Vado

115

a "é S%ﬁgawg PEBregysuSaeatasantSer 180e Al a

e

Vegetyrget diogtageyte
aagcgatgga caaagtcggt

aggacgaact
teatcaacaa
acaagaaaat
geaaaceget
ttaacaccat
gtogtaaagc
agatcggtat
tgatcaacaa
gecegtgttge
aactgcagga
ctacegaagt
gtgctgeggt
ctaaactgge
tgegtgeaat
ttgttgectaa
aatacggcaa
tgeagtacge
tgccgaaaaa
tgggeggeat

SITE
(200) ..

{(202)
to R¥D

.. {430)

5

ggacgtggtt
gocggaaact
ctocaacate
getgateate
gcegtggeato
tatgctgeag
ggagetygaa
agacadoace
teagateagt
acgogtagog
tgaaatgaaa
agaagaaggc
tgacctgegt
ggaagcetocg
cacegttaaa
catgataetge
agottctgtg
cgatgcaget
gatgtaa

Escherichia coli

e

tecegetaact
aaagaaggcg
gazaggtatge
dgcgeagtag
cgegaaatge
getgaagatg
gtgaaagitcg
gatategoan
aaaguaacce
actatcateg
cageagattyg
azaactggcayg
gagaasasag
gtggttgetg
ggteagaacg
ctgegtoaga
ggeggegacy
atgagtatce
getggoctga
gacttaggog

domain RYD modification

10

foe AT 2T ASPoREea

tgg

ccgacgaaac
ttatcacegt
agttecgacag
sactggaaag
tgecgatt et
tagaaggega
ctgeggttaa
coctgactagy
tggaagaccot
atggegtggy
aagaagoaac
geggegttge
cacgogbtoa
gtggtggtgt
aggaccagaa
tegtattgaa
gdaactacgg
tggateccaac
tgateaccac
ctgotggegy

tagoake

Asp Gf’u Thr

e LYS; [\gal Gy
aﬁbc ga&g y 4§©U n
cgtaggtaaa 430
tgaagacggt 540
tggetacagt 600
ccogticate 660
ggaagctgtt 720
agegetggea 780
agocaccggge B40
cggtaccgty 00
gggteaggct 960
tgaagaaget 1020
ttctgactac 1080
agttatcaas 1140
agatgccetyg 1200
tgcgetgate 1260
cgtgggtate 1320
ctgeggegaa 1380
ttacazcgea 1440
caaagtaact i500
cgaatgeoatg 1560
tatgggeggc 1620

Val Lys Phe Gly Asn &Asp Ala Arg Val Lys Met

15

Leu Arg Gly -Val Asn Val Leu Ala Asp Ala Val Lys Val Thr Leu Gly
25

Pro Liys Gly Arg Asn

35

20

40

30

45

Val Val Leu Asp Lys Ser Phe @ly Ala Pro Thy

1647



180 .

Lys
Leu
Pro
Leu
Leu
Val

Adn
300
305
Asp
Adn
Asp

Gn
H s
410
Adn
Al a
Au

185 190 Met G n Phe Asp Arg Gy Tyr Arg Tyr Asp Tyr Phe Il e Asn
Pro 195 200 205 du Thr Ay Ala Val Qu Leu Qu Ser Pro Phe Ile
Lau Ala Asp 210 215 220 . Lys Lys Ile Ser Asn Ile Arg Gu Mt Leu
Val Leu Qu Ala Val 225 230 235 240 Ala Lys Ala Ay Lys Pro Leu
Ile lle Ala Gu Asp Val Au Ay 245 250 255 G u Ala Leu Ala Thr
Val Val Asn Thr Met Arg Ay Ile Val Lys 260 265 270 Val Ala Al a
Lys Ala Pro Ay Phe Gy Asp Axg Arég Lys Ala Met 275 280 285 Lau
Asp Ile Ala Thr Leu Thr Ay Gy Thr Val Ile Ser Au Gu 290 295
Ile Gy Met. Gu Leu Gu Lys Ala Thr Leu Qu Sspp [rleuTsy”GlnliAla
310 315 m320ys Liks ofy 9aVabx VYal abl ol APr Ik rllelle
GyValgggSY%O????iﬁS Gy Qu Qu aA&oaIIeGnGBE)PArgVaIAIa
lle A)g An A n 340 345 . 350 Ile Gn GQu Ala Thr Ser Asp Tyr
Arg GUFEY SIS &h Cl HARY: MS55a360365 G A St &vdys Leu Al a
Gy Val Ala val 1letys-val Gy Ald°Aa 370 375 _e;gg;a gg(r) ;?92 -)1/8:)
Met A6 e ¥Sa by cf B Yl il U S . Al $8Ure
Al a %‘ﬁ Arg §A|a A a J\%lal %&%G_uﬂy Val Val Alaséddy Gy dy 405
415 Val _Ala Lau Ile Arg Val Ala Ser Lys Leu Ala Asp Leu Arg Ay
420%F08 % 388 ARe B CRsBIYGHT BEh AYalVabiAla | Ate GlystagapsoAl a Leu Arg
Met G u 435 440 445 Ala Pro'leu Arg Gn I18%al Leu Ant Cys Gy
A u BfonSensp/atu 402458400 aMAlLyAads ASH hhrvaYadialyys Ay Ay As
Asn Tyr d $15Tyr Asn Ala 485 470 475 480 125 :

Glu @lu Leu Lys Ala Leu Ser Val Pro Cys Ser Asp Ser Lys Ala Ile
130 1358 140

Ala @ln Val Gly Thr Ile Ser Ala Asn Ser Asp Glu Thr Val Gly Lys
145 150 155 160

Leu Ile Alz Glu Ala Met Asp Lys Val d¢ly Lys Glu Gly Val Ile Thr
165 170 175

Val Glu Asp Gly Thr Gly Leu Glun Asp Glu Len Asp Val val Glu aly
180 185 ! 130

Met Gln Phe Asp Arg ¢ly Tyr Arg Tyr Asp Tyr Phe Ile Asn Lys Pro -
195 200 205

Glu Thr Gly Ala Val Glu Leu @Glu Ser Pro Fhe Ile Leu Leu Ala Asp
210 215 220 :

Lys Lys Ile Ser Asn Ile Arg Glu Met Leu Pro Val Leu Glu 2la Val
225 230 2358 240

Ala Liys Ala Gly Lys Pro Leu DLeu Ile Ile Ala @lu Asp Val Glu Gly
245 250 255

Glu Ala Leu Ala Thr Leu Val Val Asn Thr Met Arg Gly Ile Val Lys
260 265 270

Val Ala Ala Val Lys Ala Pro Gly Phe Gly Asp Arg Arg Lys Ala Met
275 280 285

Leu Gln Asp Ile Ala Thr Leu Thr Gly Gly Thr val Ile Ser Glu Glu
290 295 300

Ile Gly Met Glu Leu Glu Lys Ala Thr Ieu @lu hsp Leu Gly @ln Ala
305 310 315 320

Lys Arg Val Val Ile Bsn Lys Asp Thr Thr Thr Ile Ile Asp Gly val
325 330 ’ 335

Gly @lu Glu Ala Ala Ile @ln Gly Arg Val Ala Gin Tle Arg @ln Gln-
340 3458 " 350

Ile Glu Glu Ala Thr Ser Asp Tyr Asp Arg Glu Lys Leu Gln Glu Arg
355 380 - 365



Ala Thr Qu Gu Tyr Ay Asn Net Ile Cys Met Ay Ile Lau Asp Pro 485
490 495 Thr Lys Val Thr Arg Ser Ala Leu Gn Tyr Ala Ala Ser Val Al a
@y 500 505 510 Leu Met Ile Thr Thr Qu Cys-Met Val Thr Asp Leu Pro
Lys Asn Asp 515 520 525 Ala Ala Asp Leu Ay Ala Ala Gy Ay Met Ay
Gy Mt Ay Ay Met 530 535 540 Gy Gy Met Met 545 <210> 7 <211>
1647 <212> DNA <213> Escherichia coli <220> <221> m sc feature
<223> & oEL i ncorporation of chaperoneggroup Il apical domain - DNA
sequence <220> <221> mutation, <222> (595)..(597) <223> TAC to ATC
<220> <221> mutation <222> (607)..(609) <223> TAC to ATC <220>

<221> mutad b9 1h0 10 22281y C1P Wz ;(1;0@;1 527 TG, <220> <221>
mut ati on <§2:2§1190Le .. (zﬁ]a);g % §y TC <%28§' %321> nmut ati on
<222> (775). (777)

Thy Glu Val Glu Met Lys Glu Lys Lys Ala Arg Val Glu Asp 2la Leu

385 380 3g5 400 .

His Ala Thr Arg Ala Ala Val Glu @lu Gly Val Val Ala Gly Gly Gly
405 : 430 415

Val Ala Leu Ile Arg Val Alza Ser Lys Leu Ala Asp Leu Arg Gly Gln
’ 420 425 430

Asn Glu Asp @ln Asn Val dly Ile Lys Val Ala Leu Arg Ala Met Glu
435 440 445

Ala Pro Leu Arg Gln Ile Val DLieu Asn Cys Gly Glu Glu Pro Ser Val
450 455 460

Val Ala Asn Thy Val Lys @ly Gly Asp Gly Asn Tyr Gly Tyr Bsn Ala
465 470 475 480

Ala Thr @lu @lu Tyr @Gly Asn Met Ile Cys Met Gly Ile Lieu AsSp Pro
485 . 49¢ 4595

Thr Lys Val Thr Arg Ser Ala Leu Gln Tyr'Ala Ala Ser Val aAla Gly
500 505 510 -

Leu Met Ile Thr Thr @Glu Cys Met Val Thr Asp Leu Pro Lys Asn Asp
‘515 520 528

Ala Ala 2sp Leu Cly Ala Ala Gly Gly Met Gly ¢ly Met Gly Gly Met
530 535 540

Gly dly Met Met
545

<210 7

<2L1ls 14y

<212> DNA

<213> Egcherichia coli

<220>

<221> migc_feature

<223> GroBEL incorporation of chaperons group II apical domain - DNA
Sequence

<2205

<221> mutation
<222 (595} .. ({597}
<223> TAC to ATC

<220

<221> mutation
<222 {607)..(609)
«223> TAC to ATC

<220
<221> wmutation



<223> CTG to TTC <220> <221> nutation
GITGIT to CITTTC <220> <221> nutation

<222> (787)..
<222> (1468). .

<223>
<223>

(792)
(1470)

GAC to TGC <400> 7 atggcagcta aagacgtaaa attcggtaac gacgctcgtg

t gaaaat gct gcgcggcgta 60 aacgtactgg cagatgcagt gaaagttacc ctcggtcaga
aaggccgtaa cgtagttctg 120 gataaatctt toggtgcacc gaccatcacc
aaagatggtg tttccgttgc tcgtgaaatc
aaacat ggtt gcgcagat gg tgaaagaagt
ct gaaggcga cggtaccacc actgcaaccg
act gaaggt c tgaaagctgt tgctgegggc
gacaaagct gobt agedst 6039t t gaagaa
t ct aaagcgee2tt gctxaggtct ggt act at c

ct gat cgct

accggtctg

660

aagcgatgga caaagt cggt

cgaact ggacgtggtt
tctoct at clas §a$QQQCQngccggaaact

160 gaactggaag acaagttcga

tgcct ¢t aaa
tact ggct ca
at gaacccga
ct gaaagcgc
t ccgct aact
aaagaaggcg
gaaggt at gc
ggcgcagt ag

240 gcgaacgacg
ggttatcatc 300

t ggacct gaa acgtggtato 360
tgtccgtacc gtgctctgac 420
ccgacgaaac cgtaggtaaa 480
ttat caccgt tgaagacggt 540
agttcgaccg tggcatcctg 600
aact ggaaag, cccgttcatc

ctgciggct graAcaagaaaat ctccaacato cgcgaaat ga

tcccggttat' cgaagccgtt 720 gccaaagcag gcaaaccgct gctgatcatc
780 actctgcttt tcaacaccat

gt t aaagat
gct t ggcat]

1020 gc&

ttctgact ae,

gagaaaaaa 2Q?acgcgttga agacgccctg 1200
g ggtggtgt tgcgctgatc 1260

agaagaag
Q gtcagaacg aagaccagaa cgtgggtatc 1320

‘ctaaact gggeat

2?%lgaa

ol

24t o

SR

_ga agcgttcgca

g.¢tgcagttaa
gtcgtaaaggzLatg@Igp@& gat at cgcaa
at ct ct gaag agat cggt at ggagct ggaa
aaacgcgtt%2wgatcaacaa agacaecacc

L

agctccgggc 840

ttcggcgatc

ccctgactgg cggtaccgta 900
aaagcaaccc tggaagacct. gggt caggot 960
accatcatcg atggcgtggg cgaagaagot

ttgc tcagatccgt cagcagattg aagaagcaac

a aactgcagga gcgcgtagcg aaactggcag
gcggcgttgc agttatcaaa 1140 gtaggtgctg ctaccgaagt tgaaatgaaa

cacgcgaccc gtgct gcggt

cgcgt agegt

aaagttgcac tgcgtgcaat ggaagctccg ctgcgtcaga tcgtcctgaa ctgcggcgaa

1380 gaae%gtctg ttgttgctaa caccgttaaa ggcggcgacg gcaactacgg

ttacaacgggg i cagirae gaesEog gaﬁta@atwt aegggraiaCC 60
tggacccag&‘-”gg@%@% ?g?t aﬁﬁ% @?%“’? éﬁgﬁ% R
=Y cc [oJs] 180
got ggcct g&d—.%&@&ﬁ&@@uﬁgaﬁ gﬁ@% aa a4
cgat QC<’?1£315f“59’5‘§@‘ﬁIMI &g@@ggagbg@gggﬁggc Gaf@%&@'?«a&:ﬁ ca %QQQEQQC 300
t gggc ggcact'tg % &aaafgqut tgctgeggge atgaaccaega tggacctgaa acgtggtate 360
gaca agetg ttacegetge agttgaagaa ctgasagege tgtcogtace gtgctotgas 420
tctaaagcga ttgcteaggh tggtactate tcegetaact cecgacgaaac cgtaggtaaa 480
ctgategetg aagogatgga caaagtceggt saagaaggeg ttatcaccgt tgaagacggt 540
accggtetge aggacgaact ggacgtggtt gaaggtatge agttcgaceg tggeatcotg 600
tctectatet teatcaacaa gocggaaact ggogeagtag aactggaaag ccegtteate 660
ctgetggety acaagsaaat ctccaacatco cgogaaatga tcccggttat' ‘cgaagecgtt 720
gccaaageag gcaaaccget gotgateate getgaagatg tagaaggega agcgttegea 780
actotgotit tcaacaccat goegtggeate gtgaaagttg ctgcagttaa agetecggge 840
tteggegate gtegtaaage tatgotgoag gatatcgeaa coctgactgg cggtacegha 900
atctetgaag agateggtat ggagetggaa maageaacec tggaagacct .gggtcagget 860
aaacgegtig tgatcaacaa agacaccace accatcatcg atggoeghggg cgaagaaget 1020
gecaatccagy gocgtgttge teagatacgt cageagatty asagaagcaac ttetgactac 1080
gaccgtgaaa aactgoagga gegogtageog aaactggecag goggogttge agttatcaaa 1140
gtaggtgetg ctaccgaagt tgaaatgaaa gagasaaaayg cacgoegbtga agacgeoety 1200
cacgegacae gtgetgeggt agaagaagge gtgotigeotg gtggtogtgt tgegetgate 1260
cgegtagegt ctaaactggo tgacetgogt ggtcagancyg zagacvagaa cgtgggtate 1320
aaagttgcac tgegbtgeaat ggaagotoeg cigeogtoaga tegteoctgaa ctgeggegaa 1380
gaaccgtetg tigktgetaa caccgttaaa ggcggegacg geaactacgg ttacaacgea 1440
geaaccgaag aatacggcaa catgatotge atgggtateco tggacccaac caaagtaacc 1500
egttctgete tgeagtacge ggottetgtg gotggectga tgatcaccac cgaatgeatg 1560
gttaccgace tgoogaaaaa cgatgeaget gacittaggeg etgotggegy catgggtgge le20
atgggtggea tgggeggeat gatgtaa 1647
<210> B8
<211> 3548
<212> PRT
<213> Escherichia coli




<210> 8 <211> 548 <212> PRT <213> Escherichia coli 11 <220> <221>

m sa feature <223> G oEL incorporation of chaperone group Il apical
domain - am no acid sequence <220> <221> site <222> (199)..(199)
<223> L to | <220> <221> site <222> (203)..(203) <223> L to |

<220> <221> site <222> (234) .. (234) <223> L to | <220> <221> site
<222> (237)..(237) <223> L to | <220> <221> site <222> (239)..(239)
<223> L to F <220> <221> site <222> (263)..(264) <223> W to LF

<220> <221> site <222> (490)..(490) 3>Dto C <400> B Met Al a
Ala Lys Asp Val Lys Phe Ay Asn Asp Ala Arg Val Lys Net
<220>,

<221> misc feature
<2235 OroEL incorporation of chaperone group IT apical domain - amino

acid segquence

<220>

<221> sSite

222> (199)..{1%99)
<223> L to I

<2205
<221> site
<222> (203) ..(203)

<223> L. to I

<220

<221> site

<222 » {(234)..(234)
<223 L to I

<2205

<221> gite

<222> (237)..(237)
<223» L to I

<220>

<221ls site

«222> (238)..(239)
<223» L t0o F

<220>

<221> site

<2Z2> (263)..(264)
<223> VV to LF

<220

<221> gmite

<222> {490} ..({290)
<223> D to C

<400> B
Met RAla Ala Lys Asp Val Lys Phe Gly Asn Asp Ala Arg Val Lys Met
1 5 ' 10 15

Let Arg Gly Val Asn Val Leu Ala Asp Ala Val Lys Val Thr Leu Gly
20 25 30

Pro Lys Gly Arg Asn Val Val Leu Asp Lys Ser Phe Gly &la Pro Thy
35 40 45

Ile Thr Lys Asp Gly Val Ber Val Ala Arg @lu Ile Glu Leu Glu Asp
50 55 60

Lys Phe Glu Asn Met Gly Ala Gln Met Val Lys Glu Val Ala Ser Lys
65 70 75 80

Ala Agn Asp Ala Ala @ly Asp Gly Thr Thr Thr Ala Thr Val Leu Ala
85 20 55



Leu
Ay
Ile
Val

Ay
Au
Lau
Gn
140
145
Val

Asp
_Pro
Au
Ile
Al a
du
265
Met
Ser

10 15 lieu Arg Ay Val Asn Val Leu Ala Asp Ala Val Lys Val Thr
Gy 20 25 30 Pro Lys Gy Arg Asn Val Val lieu Asp Lys Ser Phe
Ala Pro Thr 35 40 45 Ile Thr Lys Asp Ay Val Ser Val Ala Arg Qu
AQu Leu u Asp 50 55 60 Lys The G'u Asn Met Ay Ala G n Mt
Lys Gu Val Ala Ser Lys 65 70 75 80 Ala Asn Asp Ala Ala Gy Asp
Thr Thr Thr Ala Thr Val Leu Ala 85 90 95 12 dn Ala 21e Ile Thr
Gy Lau Lys Ala Val Ala Ala Ay Mt Asn 100 105 110 Pro Met Asp
Lys Arg Ay Ile Asp Lys Ala Val Thr? Ala Ala Val 115 120 125 du
Leu Lys Ala Leu Ser Val Pro Cys Ser Asp Ser Lys Ala Ile 130 135
Al azE RV Il u Thr Val dvy Lys
150 f%ﬂsaﬁ%%he%é s %ﬁﬁ?ﬁﬁ%ﬁ@% f%l”ehpﬁnl_ys Gudy
Ile Thr 165 170 175 Val GQu Asp Ay Thr Ay Lau Gn Asp Qu Leu
Val ¥t Ml fsEhpu W8(Rrb8ELlY1 D Mat Lfd AlPNeAgpr Ang aGh wall e Lau Ser
Ile The 11&%Asn Lye Pro 1% 200 205 Gu¥hr Ay Ala Val Gu Lau
Ser By0qikh I u 0,215 220 L L Il e Ser Asn
Arg G mﬂ.‘eﬂet&s‘allL ILZS I%rqg Ll\?gl g_j%: %\185% é?s aS%’aE:l; %5% Lﬁ%%‘lazége 240 Al a Lys
Gy Lys Pro Lau Lau Ile Ile Ala Qu Asp Val Gu Ay 245 250 255
Al a @a‘emﬂi EIRLY T80 HarsTndtadim S A 1Ay @Yy clt eyd/al Lys 260
270 V4l Ala Ala Val fys Ala Pro G y'Phe Gy Asp Argf%rg Lys Al a

2751286280 chaWi G ASB A &, T Y. Thr Val Ile
A e et R -ﬁ‘f’}]gf&f bRlay 1%3/5 s

Val ¢lu Asp Gly Thr @ly Leu Gln Zsp @lu Leu Asp Val Val Glu Gly
180 185 190

Met Gln Phe Asp Arg Gly Ile Lew Ser Pro Ile Phe Ile Azn Lys Pro
195 200 205

Glu Thr @ly Ala Val Glu Leu Glu Ser Pro Phe Ile Leu Teu Ala Asp
210 215 220 .

Lys Lys Ile Ser Asn Ile Arg Glu Met Ile Pro Val Ile Glu Ala Val
225 230 235 249

Ala Lys Ala Gly Lys Pro Leu Leu Ile Ile Ala Glu Asp Val clu Gly
245 250 255

Glu Ala Phe Ala Thr Leu Leu Phe Asn Thr Met Arg QGly Ile Val Lys
260 ‘ 265 270

Val Ala Ala Val Lys Ala Pro Gly Phe Gly Asp Avrg Arg Lys Ala Met
a75 280 285

Leu Gln Asp Tle Ala Thr Leu Thr Gly ¢ly Thr Val Ile Ser &lu @lu
280 295 300

Ile @ly Met Glu Leu Glu Lys Ala Thr Leu Glu Asp Leu Gly Glo Ala
305 - 310 315 320

Lys Arg Val Val Ile Asn Lys Agp Thr Thr Thr Ile Ile Asp Gly val
3256 330 335

Gly Glu Glu Ala Ala Ile Gin Gly Arg Val Ala @ln Ile Arg Gln Gln
340 345 350

Tle Glu Glu Ala Thr Ser Asp Tyr Asp Arg Glu Lys Leu @ln Glu Arg
355 360 365

Val Ala Lys Leu Ala Gly Gly Val Ala Val Ile Lys Val Gly Ala Ala
370 378 380

Thr @lu Val Glu Met Lys Glu Lys Lys Ala Arg Val Glu Asp Ala Leu
385 3580 3588 400

Hig Ala Thxr Arg Ala Ala Val Glu @lu Gly Val val Ala Gly Gly Gly
405 410 415



lle Ay Met Qu Leu Au Lys Ala Thr Lau Qu Asp Leu Gy @dn Ala 305
- 310 315 320 Lys Arg Val Vval Ile Asa Lys Asp Thr Thr Thr Ile Ile

Asp
Adn
Arg
Val

Lys
Thr
13

420
Met
Au
Asn
Met
Arg
Ile
Al a
535

Ay
Ile
du
Al a
Au
Arg
Val
425
Au
Pro
Tyr
Ile
Ser
Thr
Al a
540

Val 325 330 335 dy Au Qu Ala Alalle dn dy Arg Val Al a
Arg Gn A@n 340 345 350 Ile u Gn Ala Thr Ser Asp Tyr Asp
Lys Lau G n Gn Arg 355 360 365 Val Ala Lys Lau Ala Ay dy
Val Ile Lys Val Gy Ala Ala 370 375 380 Thr Ju Val Gn Mt
Lys Lys Ala Arg Val G u Asp Alf Lau 385 390 395 400 His Al a
Ala Ala Val Qu Gu dy Val Ala Ay Ay Gy 405 410 415
Ala Leu Ile Arg Val Ala Ser Lys Leu Ala Asp Leu Arg Ay dn
s _Val Lau Arg Al a
%gSAl%uql% gv%r%hdﬁéﬂr Xgé %X‘l l’*sepbé}”tj i Gﬁ "oys Ay du
Ser Val 450 455 460 Val Ala Asn Thr Val Lys Ay Ay Asp Ay
@y GFyrASAs%iLnAHSa Va)GBLYATDR 475 V4B0Lla Aba AThmlgmet @u Tyr Ay Asn
Cys Met**&ly 1le lieu ' ASH Pro 485 4904495 Thr Lys Val Thr
Ah@ Fl,,grg-_,e T 50 510 Leu Met
46b U %/%gl\%t%l %??%Ih%uigfon ?‘@eﬁﬁ\} E&‘G%“ Pﬁs%eﬁs 51 515 520 525
S;) Leu Gy Ala Ala dy Ay Mt Ay Gy Met Ay Gly Met 530

flawn N@F %tLYSij.y Gly Asp Gly Asn Tyr @ly Tyr Asn Ala
475 480

Ala Thr Glu Glu Tyr Gly Asn Met Iie Cys Met Gly Ile Leu Zsp Prc
4858 490 - 495

Thr Lys Val Thr Arg Ser Ala Lieu Gln Tyr Ala Ala Ser Val Ala Gly
500 5058 510

Leu Met Ile Thr Thr Glu Cys Met Val Thr Asp Leu Pro Lys Asn Asp
515 520 525

Ala Ala Asp Leu Gly Ala Alza @ly Gly Met Gly Gly Met Gly Gly Met
530 535 540

Gly Gly Met Met
545



