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1 Pol ypeptide Purification Method Field to which the invention relates This
invention relates to a nethod for purifying pol ypeptides and to products
obtained by the nmethod. In particular, though not exclusively, the
invention relates to a nethod for purifying pol ypeptides which have to
fold before they are biologically active such as the tyrosine kinase
receptors TrkA, TrkB and TrkC and biologically active variants and

portions thereof (all referred to as "tyrosine kinase receptor-related

pol ypepti des") . BackgrouHﬂﬂynm@“kﬁﬁwéiﬂéokmﬁﬁgédreceptors TrkA, TrkB and
TrkC bind neurotrophins. TrkAis biologically active in that it binds
nerve Belolwhiak tR¢ inydk¥on vélades hi gh affinity. It is also biologically

active in that it binds neurotrophin-3 (NT3) with high affinity. TrkB and
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TrkC afRifpias caonsl@ggﬁada W60 RIQ20. fokRBéforeeteptny bishigially ectanprchsssha nunber
of regions or donmmins. The immunogl obulin-like domains (I1g) of th%%tyrosine
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the splice variant TrkAl g2.6, have therapeutic application. There is a

need tBagkgoemrd pol ypeptides derived fromthe tyrosine kinase receptors on
a | arfe swasiec kinasei watpioisy Trkdy, Trkd apdufike Bl newroirepiins. pr bikdc s on of

CFor  souepacnEaeRaR i3 vith pFe Grasih (LB RRISPEHGHATLG, TR Fosous

pol ype&&fogﬁla{}ﬁaam RRANRAs dRitERhly3 YUEsOwith Gk dB8nite TrtB ARG THIher t han
i n human' Ce systenms. However, thé expressed polypeptides such as_ TrkAl g2,
t he selsinddbthammauogtaphbirsi n Tk dindgobraion derivedtr kearotzanhic ifgefarc@NKoangbr k wi t h

' thar&eu}ohcreo){)h}ne-ﬁl d(I\&'lo4)b\eNitBr R%HC ggin?tjs/ a['rlgr(b Xlt)ilfll{ise 19’1“3 with high affinity. The
identification, cloning and sequencing of TrkB and TrkC are described in US6027927.
Each receptor molecule comprises a number of regions . or domains. The
immunoglobulin-like domains (Ig) of the tyrosine kinase receptor molecule are of
particular interest in therapeutic applications. More particularly, as disclosed in the
applicant’s co-pending patent application, WO99/53055, TrkAlg, and variants, such as the

splice variant TrkAig2_6, have therapeutic application.

There is a need to produce polypeptides derived from the tyrosine kinase receptors on a
large scale, particularly for therapeutic applications. Production of recombinant
polypeptides in bacterial expression systems is advantageous for several reasons,
particularly because relatively high yields of polypeptide can be obtained. Typically yields

can be ten times higher than in human cell systems.

However, the expressed polypeptides such as TrkAlg,, the second irmnunoglobplin—like
domain of TrkA, are difficult to work with in that they tend to be produced as a mixture of
| monomer, dimer and aggregate (i.e. aggregated dimer which may include monomer
amongst the dimer) In particular in the case of TrkAlg,, but also in the cases of TrkBlg,
and TrkCIgz, only the monomer is, however, active and therefore therapeutically useful. As

discussed in Robertson A.G. S. ef ol (Biochemical and Biophysical Research



nmononer, diner and aggregate (i.e. aggregated dinmer which may include

nmononmer ampngst the dimer) In particular in the case of TrkAlg2, but also

in the cases of TrkBlg2 and TrkClg2, only the nononer is, however, active

and therefore therapeutically useful. As discussed in Robertson A.G S. et

al (Bi ochem cal and Bi ophysical Resegrch 2 Communications 282 (1): 131-141
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S i1 tr abbgert chbhfrmgebn.fTis fatthedrfoklimy afier expressionds sometimeswefeard|taiaig of the
pol ype ‘tlde_ - it woul d be assuned that the pol ypeptide was al ready
correctiefoligeded as it was in soluble form TrkBlg2 and TrkCl g2, although
expressed in the sane way, were insoluble. They were solubilised in urea
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TrkClg,. They made the TrkAlg, as soluble protein, rather than in inclusion bodies, purified
it'by jon exchange, then hydrophobic interaction, ion exchange again and gel filtration. The
gel filtration step here was not to allow rcfolding of the polypeptide - it would be assumed
that the polypeptide was aiready correctly folded as it was in soluble form. TrkBlg, and
TrkClg,, although expressed in the same way, were insoluble. They were solubilised in
urea and dialysed to allow refblding and further purified by ion exchange. Solution of
crystal structures of the resulting TrkAlg,, TrkBlg, and TrkClg, revealed strand swapped
dimers i.e. dimers where strand A of one monomer is paired with strand B of another
monomer (see the accompanying Fig. 1). Fig. 1 shows a strand swapped dimer consisting
of two TrkAlg, monomers in which the A strand from monomer X unfolds and binds with
the B strand from monomer Y. Conversely the A strand from monomer Y unfolds and
binds with the B strand from monomer X. These are inactive. In their discussion it was
indicated that none of the dimers produced were capable of binding to the hatural_ ligands,
in contrast to the domains expressed as immunoadhesins in 293 cells (Urfer et al (1995)
EMBO Journal 14, 12, p2795-2805). The apparent NGF binding activity of the TrkAlg, -
immunoadhesin molecule conétructs in animal cells was probably due to the large

immunoadhesion scaffold (the F, portion of IgG) holding the TrkAlg, region in a correct



nononer (see the acconpanying Fig. 1). Fig. 1 shows a strand swapped di ner
consisting of two TrkAl g2 nononers in which the A strand from nononer X
unfolds and binds with the B strand from nononmer Y. Conversely the A
strand from nononer Y unfolds and binds with the B strand from nononer X
These are inactive. In their discusskon it was indicated that none of the
di mers produced were capable of binding to the natural |igands in
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(Nature, 9th Septenmber 1999 401, 184-188) could only produce a co-crystal
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One method of producing biologically active portions and derivatives of tyrosine kinase
receptor-related polypeptides in inclusion bodies in Escherichia coli is disclosed in Holden
et al (Holden, P.H. et al Nature Biotechnology, 15, July 1997 page 668- 672). This method
involves a dialysis step, after extraction of the polypeptide from the inclusion bodies, to
allow the expreséed polypeptide to refold, and results in a yield of only about 16 mg/litre of
polypeptide. W099/53055 discloses a similar method of purifying portions and d_erivatjves
of TrkA, including TrkAIgz,_ from E. coli inclusion bodies in which the extracted
polypepﬁde is also dialysed. This method leads to a yield of about ~ 50 mg/litre. This
method produces a prodﬁct which is relatively unstable, having to be snap frozen after

production, and before it can be used further.

t

As noted above, the methods described in Ultsch et al, W099/53055 and in Holden et al
involve a dialysis step. Dialysis is relatively disadvantageous in that it requires large
amounts of dialysis buffer in order to limit the concentration of polypeptide (usually to
about 0.1 mg/m]) and to limit aggregation of the polypeptide. The amount of dialysis buffer
involved precludes the use of a method of producing tyrosine kinase receptor-related

polypeptides involving dialysis on a commercially-useful scale.



al low the expressed pol ypeptide to refold, and results in a yield of only ‘
about 16 ng/litre of polypeptide. W99/53055 di scl oses a simlar nethod of
purifying portions and derivatives of TrkA including TrkAl g2, fromE
coli inclusion bodies in which the extracted polypeptide is also dialysed.
This method leads to a yield of abouf - 50 ng/litre. This method produces
a product which is relatively unstablfe, having to be snap frozen after
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allowing production of polypeptide at commercially useful levels. Third, the method does
not require a.separaté dialysis-based refolding step. Dialysis requires large amounts of -
;axpensive dialysis buffer since it requires refolding at low polypeptidé concentrations, and
a lengthy period of time for refolding. Methods involving a dialysis step require a recovery
step for capture of the polypeptide. This can be done for instance by ion exchange or
affinity separation. The use of ion exchange requires increased levels of NaCl to elute
product; thlS is disadvantageous in that it causes further aggregation of the polypeptide.
The use of affinity separation for example using a His fag on a nickel chelating column also
requires relatively high NaCl levels and elution with imidazole requires gel filtration to
remove. Fourth? the process is much quicker than prior art processes involving dialysis,
which is usually done overnight. Fifth, the proéiuct of the method is more stable. Rather
. than having to be snap frozen immediately after production, it can be kept normally .
.reﬁ'ige.:rated‘ (at about 4°C) and is biologically active for at least three months. As the
product has lower dimer levels there is less tendeﬁcy for aggregation seeded by dimers to
take place. Sixth, the product can be produced at higher concentrations (up to 650uM)
without strand swap dimers being produced. Seventh, as the polypeptide product is not in

contact with urea for the lengthy periods required during a dialysis procedure it is less



not require a separate dialysis-based refolding step. D alysis requires

| arge anobunts of expensive dialysis buffer since it requires refol ding at
| ow pol ypeptide concentrations, and a lengthy period of tinme for

refol ding. Methods involving a dialysis step require a recovery step for
capture of the polypeptide. This can be done for instance by ion exchange
or affinity separation. The use of iPon exchange requires increased |evels
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tyrosi ne kinase receptor may be native TrkA, TrkB, TrkC, or a biologically
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i ncl udi ng a honol ogue, © variant, or portion t eof~ Preferably the

pol ypephtivtereceptael ected from TrkAl g2 and TrkBlg2. Particularly preferred
pol ypeptides for production by the nethod of the present invention are the
| g2 subdonai ns of the TrkA, ~TrkB, and TrkC receptors. Mst preferably the
pol ypefbe dwlipsptide map beorxpraskety withea histidine tag sequence. The tyrosine kinase

sequence is preferably human. The tyrosine kinase receptor-related polypeptide may be
eXpress’ed in insolublb_ form. Preferably fhe tyrosine kinase receptor-related polypeptide is
expressed in bacterial inclusion bodies. The multimeric forms of the polypeptide may
include dimers. The polypeptide .is preferably able to bind a ligand of the correspoﬁding

native tyrosine kinase receptor with high affinity.

The separation step preferably involves gel filtration. The separation step is preferably
carried out at a salt concentration between 0 mM and 500 mM, and more preferably above
25 mM and below 200 mM, most preferably at a salt concentration of about 100 mM, for
example in the range 80 mM to 120 mM. The gel used in the gel filtration step is preferably
able to separate molecules having a molecular weight of about 12 to 40 kDa. The gel may -

be for example Sephacryl 200, SuperDex 75 or SuperDex 200.

- The separation step is preferably carried out at an alkaline pH. Preferably, the separation -
step is carried out .at a pH below one where denaturation occurs. For example, the step may
be carried out at typically between pH 8 and 9. Most preferably, the ﬁltratioﬁ step 1s
carried out at about pH 8.5. This is unexpected in .the case of TrkA as TrkAlg, has a
calculated P; of between 4.6 and 6.0 dependant on the program used for the calculation.



Preferred constructs may include additional C term nal sequence fromthe
corresponding native receptor. The pol ypeptide may be expressed with a

hi stidi ne tag sequence. The tyrosine kinase sequence is preferably human.
The tyrosine kinase receptor-rel ated pol ypeptide may be expressed in
insoluble form Preferably the tyrosine kinase receptor-rel ated pol ypepti de
is expressed in bacterial inclusion6bodies. The nultimeric forms of the
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however’; vary to the apparatus and conditions under which it is
oper at g8mm Arypicaliatthy multieeric TrkAlg, will comprise dimeric TrkAlg,.

The invention also provides a stable preparation of TrkAlg; obtained, or obtainable, by a
method according to the invention and comprising less than 20% of TrkAlg, dimer or
dimer aggregate, more preferably less thén 1% of TrkAlg, dimer or dimer aggregate, most
preferably less than 0.1% of TrkAlg, dimer or dimer aggregate.

The invention also provides a stable prepération of TrkAlg, obtained, or obtainable, by a
method according to the invention and comprising more than 80% TrkAlg, monomer, more
preferably more than 99% TrkAlg, monomer, most preferably 100% TrkAlg, monomer.

Preferably, the monomer iis substantially all in a biologically active form.

The invention also proyides a preparation of ~'TrkAIg2_6'obtained, or obtainable, by a
method according to the invention and comprising less than 20% of TrkAlg,s dimer or
dimer aggregate, more preferably less than 1% of TrkAlg, s dimer or dimer aggregate; most

» preferably less than 0.1% of TrkAlg, dimer or dimer aggregate.

The invention also provides a stable preparation of TrkAlg,¢ obtained or obtainable, by a

method according to the invention and comprising more than 80% TrkAlg,¢ MONOMET,



pol ypeptide is produced in a bacteria-based expression system According to
a preferred aspect of the invention there is provided a nethod of purifying
reconbi nant TrkAl g2 or TrkAl g2.6 frominclusion bodies in a bacteri al
expression systemin which nmononeric TrkAlg2 is separated froma m xture
i ncludi ng nmononeric and nultineric TrkAlg2 by a gel filtration step and
allowed to refold into a biologically active form Typically, the
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di mer aggregate. . The i.nvent| - L OV] b r i Qp,af

Tr kA g R BD oL  YE LS, Shtgi R bETRas sRHE TR SRAORK, Ml i on

- Aand compItEbIOmBRY fath [98%% BABIL ibh@Rerd nits0 preferably 10006 ErkBlgl atoabiyr.mor e
(than 99% TrkAlg2. 6 nononer, nost preferably 100% TrkAl g2.6 nononer.

Pr ef er Eotforablyhthenaonomer isi subssensiells allimp biplegicallygcivefosmogi cal |y active form

The invention also provides a stable preparation of TrkBl g2 obtai.ned, or

‘obt ai ngble, by a _nmethad according to.the . ntion conprising | t han
AT TR A R R A Y R
TrkBl ggneg}dgéccggd% g?heagﬂéﬁﬂﬁt £nd BRAprisily Rs R Y0Yiess THTD, finmk¥odef

TrkBl g aggr egat e. . )
dimer aggregate, more preferably less than 1% of TrkClg, dimer or dimer aggregate, most

preférably less than 0.1% of TrkClg, dimer or dimer aggregate.

The invention also provides a stable preparation of TrkClg, obtained, or obtainable, by a
method according to the invention and comprising more than 80% TrkCIg, monomer, more
preferably more than 99% TrkClg, monomer, most preferably 100% TrkClg, monomer.

Preferably, the monomer is substantially all in a biolo_gically active form.

According to another aspect of the invention there is provided a method of producing
immunoglobulin-like polypeptide monomers from a mixture of monomeric and multimeric
formé of the polypeptide, the method comprising expressing the polypeptide in a
recombinant exéression system and separating polypeptide monomers from multimeric
forms of the polypeptide in a separation step, the separation step allowing the polypeptide
to refold to a biologically active form. Thus the\ invention provides a method of purifying
immundglobuiin—like polypeptides which has some or all of the advantages described

above. The separation step preferably includes gel filtration.



The invention al so provides a stable preparation of TrkBlg2 obtained, or
obt ai nabl e, by a nethod according to the invention conprising nore than
80% Tr kBl g2 nononer, nore preferably nore than 99% Tr kBl g2 nonomer, nost
preferably 100% Tr kBl g2 nmononer. Preferably, the nonomer is substantially
all in a biologically active form The invention also provides a stable
preparation of TrkCl g2 obtained, or Sbt ai nabl e, by a nethod according to
the in i i &1 ess than 20% of TrkCl g2 dinmer or diner
‘aifxfeiét‘ BRcAPHofk Qgﬁgb ya)?nés

aggr eg , nhore"pre ess than 1% of TrkCl g2 di ner or diner

aggr egat e st referably |ess than .0.1.% aof. T i r..di oer
aggr egj\fléﬂ“’%@q Pf\gg'r‘lctt? Bhacﬁgré%m‘ﬁrw esmgensutoélg‘{q(lal %O%gﬁgghgﬁd’ (%)? ‘%&k@agz
obt ai ned,mgfe Y, ﬁﬂﬁ}afe‘?@m@i’o e fiiveeh QstoaRayids Fiputa X foe2iif whidh: on and

conpri si ng” nor e an 80% TrkCl g2 nmononer, nore preferably nore than 99%
TrkCl g2 nononer, nost preferably 100% TrkCl g2 nononer. Preferably, the

- nmononer_is substantially.all in a.bj i.cal |,y i Ve - j;ng to
anot herFigd;58evs B apHgo P‘ﬁ%‘?ﬂ“?%‘?‘?s Pﬁ&ﬁ%&r%ﬁ&@g § @)%@M% i ng
i muno 105 k&%ng ti NQUREsfeet (0% umixgr esof vrresAmy inc and
_nultingéggﬂhgggﬁé 0 Shg&%g1 peé??dggﬁthg éE?%od conpri sing ex réLsing t he
pol ypepinbeRed fofn); r@Ao(@)i Tz, etryrcatdi axd ik langtha faims efimrbetd; rig‘%ﬂébypepti de
nmononers frommultimeric forns of the Iégg tide in a separation step,
t he sepﬁ@&@@%ﬂﬂ§ﬁ§ﬁﬁéﬁﬁﬁw§ﬁSLVﬁgGEH”&B@gﬁp PPrefold to a biologically

active form Thus the invention provides a nethod of purifying
i mmunogl obul i n-1i ke pol ypepti des which has sone or all of the advantages

- descri g 3 ab¥eerlaphéT ©RPARBE ANFBLE Mgvhifesitlattaying rolpdetive ekperintentsat i on.

Bri ef DeScription of the draw ngs Methods and products in accordance with

t he i nweitlt 2 priowart dialysignisshadeand o methiod inacgprdarie Wih Mg IVenBdty  wit h ,
reference to the further acconpanying Figures 2 to 22 in which: Fig 2 shows
the amino acid sequences of (A) TrkAlg2 and TrkAlg2.6 ; (B) TrkBIg2
truncatgg 4 aRdefisd df taRBLMINstF i Bhe( fesul R dxpdmickidinseticie pH s ((MESSHHHHHH
SSGLVPRGSHVM in wunbolded fornm; and (C) TrkCl g2 truncated and full length
forms (in bold; pET15b sequences (MSSSHHHHHH SSA.VPRGSHM) i n unbol ded

form: Fig. 5 is a series of traces illustrating comparative experiments with volume of dialysis

buffer;

Fig. 6 shows results of mass spectrometry experiments on TrkAlg, 6His and TrkAlg,¢ 6His

produced by the invention;

5 Fig. 7 illustrates the results of binding activity studies for TrkBIg, 6His, with A: BDNF and
B: NT4;,

Fig. 8 illustrates the results of binding activity studies with TrkATIg,6His with NGF; ;

i

Fig. 9 illustrates the results of binding activity studies with TrkAlg, ¢6His with NGF;

Fig. 10 shows results of mass spectrometry experiihents on TrkBIg,6His produced by the

invention; : .

Fig. 11 shows results of PC12 cell neurite dutgrowth bioassay using TrkAlg, 6His;



Fig. 3 is a overlap of traces froman FPLC machine illustrating conparative
experinments wth a prior art dialysis nethod and a nethod in accordance
with the invention; Fig. 4 is a series of traces illustrating the results
of experiments in which pH was altered; Fig. 5 is a series of traces
illustrating conparative experinents9mﬁth vol une of dialysis buffer; Fig.
6 shows results of nass spectronetry”experinents on TrkAl g2 6H s and :
Tr KAl gRigh 16Hh6ws pesaliugathsh ¥pédiemetry erpériments-on TriCligh bHst pradesd thiyghe esul t s

of binding activity studies for TrkBlg2 6H s, with A: BDNF and B: NT4,,

Fig. smvenigtrates the results of binding activity studies with TrkAl g26H s
wth NG5, ; Fig. 9 illustrates the results of binding activity studies with
TrkAl g2. 66H s with NG-; Fig. 10 shows results of nmss spectronetry

experi FRN § iRtk Blegesiths 9f binaihigeetvibysthdies witk @rtGlan6Hisivgth NT-B; shows

results of PC 12 cell neurite outgrowh bioassay using TrkAl g2 6His; 9

Fig. 12 shows result of nass spectronetry experinents on TrkClg2 6H s

pr oduced Lt h inventi.on: H 3.1l e he results of binding

acti vi ?&ﬂ-gge}iﬂsg‘%te P %@%isé“%ﬁeﬁ?wéﬁsg. 14 illustrates the
predi cted mRNA structure of TrkAlg2 6H s; Fig. 15 illustrates the predicted
MRNA structure of TrkAlg2 noHis; Fig. 16 illustrates an exanple of

nut at i bies 15 dtpsirates| theprédieted mRANA sengivreof Toelgs noHisk Al g2noHi s; Fig. 17
illustrates the predicted nRNA structure for the nutant sequence shown in
Fig. 16; Fig. 18 shows an SDS- PAGE gel showi ng cell extracts fromE. col

expr esg{Ng14 hluskhdL 48 B2 of OflufatiBhs aBguifedd U6 NEeilimeWekpréksfong.of 16, Fi g.
49 shows results of nass spectronetry..experinents on TrkAl g2 noH s produced

Cby t heTrkA¥ggmntiign: , |
Fig. 17 illustrates the predicted mRNA structure for th¢ mutant sequence shown in Fig. 16;

Fig. 18 shows an SDS-PAGE gel showing cell extracts from E. coli expressing the
pET24a—TrkAlg2 noHis mutant sequence shown in Fig. 16;

Fig. 19 shows results of mass spectrometry experiments on TrkAlg, noHis produced by the

invention;
Fig. 20 shows results of PC12 cell neurite outgrowth bioassay u;ing TrkAlg, noHis;

Fig. 21 illustrates examples of mutations required to facilitate expression of TkaIgznoHis;

and

Fig. 22 illustrates examples of mutations requi}ed to facilitate expression of TrkClg,noHis.

Definitions:

“Polypepﬁde”: This term embraces proteins i.e. naturally occurring full length biologically

active polypeptides.



Fig. 20 shows results of PC 12 cell neurite outgrowh bioassay using
TrkAl g2 noH's; Fig. 21 illustrates exanples of nutations required to
facilitate expression of TrkBlg2noH s; and Fig. 22 illustrates exanpl es of
mutations required to facilitate expression of TrkClg2noHi s. Definitions:
"Pol ypeptide": This termenbraces proteins i.e. naturally occurring ful
| ength biologically active polypepti®les. 10 "TrkAl'g2": is a pol ypeptide
havi ng.t.he .agi no_acid sequ oWn: i LN..Fi . ttheroai th or
Ir{i(‘rﬁﬁzad & fqip&'l eptei\&le Em%g&a%@%o%?@ g%]g%ﬁbe %%lelﬁ‘ bdI¥hg Ihg 2XM

Wi t hout Si X am resi S un ined which lead to

t he vagiRdherWiios ifbueid Aleiohslgise smioodciE reaidpteumisrlined exhith laid to
conservative substitutions of one or nore anmno acid residues.in the

sequen te) vagiant/ BrkiAdpassandhemalpgigs Soreramiie 2y aresWhpAepeT e SURTEWIMS d/ or

purification such as the his. ta i . own in
unbol d&l °P%PrmmeFe grgno 35id mﬁ‘ﬂe@%&%ﬂgé‘%\%{egﬁgﬁk Iggl\éé%%gr\%u%% Ee pgcnegiStEg

Meani Ngshaol Bx el LaPortRuriioRichamue BE S histagwd thorbig.cleBagnskbqRéice
respectively. "TrkAl g2 6H s" represents variants including the Hs tag and
" Tr kAl gRowmo i wibotdedifesem Big. 2&r i ants not including the Hs tag. Sinmilar
ternms apply to corresponding variants of TrkB and TrkC and proteins
thereof. Specific Description Production of histidine-tagged Trklgs

Productd b CRaMthald kdk@Rokithe nasings kAthgafefenttits thokyqpentdsde
Reconbi Eg{rﬁlgzrrﬁlcgg%H}r% vvgs pr odgged %én E. %roli BL21 (DE3) cells using the

met hod shebess o Fige2B and 909&pBB08E.i n t he section headed " Expressi on of
TrkAlgi,2, TrkAlgl and TrkAlg2" and incorporating a 6-histidine tag to the
N-term nus of the polypeptide as shown in Fig. 2A. Reconbi nant TrkAl g2.6

\6H o V@BUBDBIRG rbfefrd WHrlafs IHBNMAE (heHI th @Al O AIBsslekkeiagnaf
Tr kKAl gz? ] go ype teseélle - b the” b de ]
variants not including the His tag. Similar terms apply to corresponding variants of TrkB

and TrkC and proteins thereof.

Specific Description
Production of histidine-tagged Trkigs

Production of recombinant TrkAlg; 6His and TrkAlg: s 6His p_o'lypepti(?e
Recombinant TrkAlg,6His was produced in E. coli BL21 (DE3) cells using the method

described in W099/53055 in the section headed “Expression of TrkAlg:,, TrkAlg: and
* TrkAlg,” and incorporating a 6-histidine tag to the N-terminus of the polypeptide as shown

in Fig. 2A. Recombinant TrkAlg,s 6His was prepared in a similar manner.

Purification and refolding of TrkAlg, 6His polypeptide

The harvested cells were resuspended in 10% glycerol, frozen at —70°C in liquid nitrogen
and the resulting pellet was passed three times through an XPress (AB Biox). The extract
was centrifuged at 10,000 rpm, 4°C for 30 min to pellet the insoluble inclusion bodies

containing the recombinant polypeptide.

The inclusion bodies were washed in 500 ml 1% (v/v) Triton X-100, 10 mM TrisHCl
pHS.0, ImM EDTA followed by 500 m! 1M NaCl, 10 mM TrisHCI pH 8.0, ImM EDTA
and finally 10 mM TrisHCI pHS8.0, ImM EDTA.



The harvested cells were resuspended in 10% gl ycerol, frozen at -70C in
liquid nitrogen and the resulting pellet was passed three tinmes through an
XPress (AB Biox). The extract was centrifuged at 10,000 rpm 4C for 30 nin
to pellet the insoluble inclusion bodies containing the reconbinant

pol ypeptide. The inclusion bodies were washed in 500 m 1% (v/v) Triton
X-100, 10 nM TrisHCl pH8.0, 1nmM EDTA followed by 500 M 1M Nad, 10 nmM

Tri sH H 8.0, .1nM EDTA,. an ' oL Ak Bh : T ERM. 11

The i%ﬁ‘gé‘?"g‘ﬁ‘%‘o?ﬁ@éve% WEY tehef‘ﬁ‘g‘r‘fgié%%é’ﬁ i'sed ﬁ%‘%@& %ﬁﬂpﬁg}é}%‘hat €, 30 mM

| mi daz @), (BM 4VefdclbRfttd by beriifhosticl, | N ethahididemtmiy sigabé osed i6place

Guani di nium may” al so be used in place of 8Murea throughout. The resulting

m xt ur ef 8fwkotdeghont.a 5 Ml Hi sTrap col um(Pharnmaci a), and washed with 50
m- 20 mM NaPhosphate, 30 mM I m dazole, 8M Urea pH 7.4. The purified

TrkAl g26H s was eluted with 25 . NaPhosphat e, . 300 ,mM | m ol e, 8M
Ur ea ?Eﬂ?ﬂ reppltingrmigiuge vag doagded 8%331‘@? %t?ﬁ%ﬂ @@J’P‘é@g‘ﬁ'ﬁ’?%&aﬁt anf‘r.‘ﬁaﬂ';}]%gzgﬁlﬁs
pol ypephi \le; . : | DY ifWasTrk ARReHdepl i ed to
a Supegb)ggez?dﬁ%lg%ﬁ*%) l#rt%? ioon co g%nfo}e’ gﬁgUﬁgg)ﬁll ??ﬁ}g&i n 2rO rri\/lmlplo

NaPhos phaleRitedl®h 0¥/ mi2CimMataRidsghate, 30hmM bhidarolbfMAhe(rght4)of  65cm
wi dth 2. 6cm and vol une of 345mL when pre-packed by the manufacturer. The

flow rate at maximum pressure was 2.5 m/mn. Ané a?gr%ggtrg &f .e. dinmer
aggr egan exler & altovdtherputified vesotbingnt, hkAlgioHis pokereptfie it iold ths gl 80 nin
and nononer el uted after, about,. 93 m ng The el Add ony tdae: of 2 Rotehn Wl |
be dgﬁ%—?ﬂd’é‘?ﬁo‘ﬁn sigp n’é{?l%lﬂi')erli’s applied {9, @, SER? Blﬁg %@p%ﬁhéﬂ%ﬁ% ic?lgﬂéi' Zaﬁé" This is
descr i hdBiud i 200U QUPHRGIAS TOD AiMRE1NUES BiTBHcecdRuins hids heighiont
(;;c;jf;),efflm ent of a protein, Ve is the volune at which the protein is eluted,
VO i s 66, wirlth Recwhandevoliene of 345r8hwhanprepagkedihy the manufacturer. The flow

rate at maximum pressure was 2.5 ml/min.

Any aggregate (i.e. dimer aggregates) eluted in the void volume. Dimer was eluted after
about 80 min and monomer eluted after about 93 min. The elution time of a protein will be
dependent on dimensions of column and is dependent on its size. This is described by the

following formula:
R=VO/Ve

where R is retention coefficient of a protein, Ve is the volume at which the protein is

( eluted, VO is void volume
where Ve =232.5ml VO is 122ml

122/232.5=0.53

t

- TrkAlg, 6His mor;omer on a SuperDex 200 gel has a retention coefficient of 0.53.

By way of comparison the polypeptide was also folded by dialysis first against 20 mM
TrisHC1, 50 mM NaCl, pH 8.5, recaptured on a His Trap column and eluted with 25 ml 20
mM NaPhosphate, 300 mM Imidazole, 8M Urea pH 7.4.

Purification traces from the Biocad Sprint FPLC (Biocad) which show elution of monomer,

dimer and aggregates of TrkAlIg,6His under various conditions were prepared. Figure 3



122/ 232.5 = 0.53 TrkAl g2 6H s nononer on a SuperDex 200 gel has a retention
coefficient of 0.53. By way of conparison the polypeptide was al so fol ded
by dialysis first against 20 nM TrisHCO, 50 nM NaCl, pH 8.5, recaptured on
a Hs Trap colum and eluted with 25 m 20 nM NaPhosphate, 300 nM

| m dazole, 8M Urea pH 7.4. Purificatjon traces fromthe Biocad Sprint FPLC
(Biocad) which show el ution of nono , dinmer and aggregates of

Tr KAl g286W$ aHNSRlay HatOYSmpRTRG E1LEAS oNETRARY, 6RI ek rEolliie by didlysishows an
overlay trace conparing elution of TrkAlg26H s with refolding by dialysis
(" Di al ($Pelypisandndyinith riefoaddig g »solamgoinuarmethod ageqréivg tactherigyagiono t he
i nventi " Sype "J. It wll be ,seen that the nmethod,of the inwention
pr oducé‘glur?? eé‘riﬁ?l \E:tv[ag‘?ﬁsgeo oo ﬁlbaltlg??erflet%ﬁﬁgtﬂéedmtv‘c;ﬁntf%eprﬁélfcg? higher % it Sf eo\sfs. The
- spli ce py@ohRPEonkparéd B2h6libiSartyRscdds.epared and purified in a simlar manner.
Effect of pH on elution of TrkKAl g26H s Tr kAl g26Hi s. was expressed in E. coli

. as descri bed above. Purified inclusion bodies were solubilised in 20 nM Na
Phosphdthe splaé vt ARG L6His 8% piepared bhd/pukifiadcin alsanildrineghnbry
centrifugation. The resulting nmutant was affinity purified on H sTrap
colum and eluted with 25 m 20 mM NaPhosphate, 300 mM I m dazol e, 8M Urea
pH 7. 4 EffeetofpHtoactlutionked rkatigdHims appl i ed to Super Dex 200 gel filtration
colum (Pharmacia) and equilibrated in 20 nM NaPhosphate, 100 nM NaCl, pH
8.5. The flow.rate was 2. mM/mn., The tine t or elution is '

: 2 . ] ke
det er migedigRHIS wags exprepied i in .COIP%%&%SCB‘?CWHFIE%P“P‘ stusionPodies Bef&t e are

i ndi cat.gad Al § ébﬁf 130 Y05 hmi ' ' ¥ Pt
res pec%@@gﬁ%ﬁ%@r esu at?%%gagd%3gen |I,rI1nl I é) I.i@’ m@%ﬁgﬁo%%g%ggﬁ Ib%’s of
(el ut i ogemtifuptiont, TBe GesultiBg Iamet Wasuffifie prueied bs HisTHtigs adlenthatd ¢ltted. 5 was
best with the greatest yield, |owest anmpunt of aggregat and ghest

| evel s V6th Abaeina? mMoNphasrhaje H0ambf dmidszples M drop P rF/%AI &é@ﬁqgte noner ,
Coact - SRCARIRGEIRLE apfild’ 1f CGefbAY 200 AL irat OO (PHABYSeP o1 €1
equilibrated in 20 ' mM NaPhosphate, 100 mM NaCl, pH 8.5. The flow rate was 2.5
ml/min. The time taken for elution is determined by size of protein. Peaks of monomer,
dimer and aggregate are indicated at approximately 93 minutes, 80 minutes and 50 mjnutes
respectively. The results are given in Fig. 4 whichshows the results of elution at pH7.4, 8.0, -
8.5 and 9.0. The results indicate that pH 8.5 was best with the greatest yield, lowest amount

of aggregate, and highest levels of monomer.

.C()mparative Example: Separation of TrkAlg;,6His monomer, dimer and aggregate
with refold by dialysis. Amount of dialysis buffer required. Subsequent analysis by
elution from SuperDex 200.
TrkAlg,6His was expressed in E. coli. Purified inclusion bodies were solubilised in 20
mM NaP};osphate, 30 mM Imidazole, 8M Urea pH 7.4 and clarified by centrifugation. The
solution was affinity purified on HisTrap column and eluted with 25 ml 20 mM
NaPhosphate, 300 mM Imidazole, 8M Urea pH 7.4. TrkAlg,6His was folded by dialysis
(using 1 litre, 2 litres or 4 litres) overnight against 20 mM TrisHCl, 50 mM NaCl, pH 8.5,
recaptured on a HisTrap column and eluted with 25 ml 20 mM NaPhosphate, 50 mM
EDTA, 8M Urea pH 7.4. Final analysis was using a SuperDex 200 gel filtration column
‘ equilibrated in 20 mM NaPhosphate, 100 mM NaCl, pH 8.5. Flow rate was 2.5 ml/min.
é~4 litres were required for washing. 4 litres gave the highest yield of monomer. This



el ution from SuperDex 200. TrkAlIg26H s was expressed in E. coli. Purified

i ncl usi on bodies were solubilised in 20 mM NaPhosphate, 30 mM I m dazol e,
8M Urea pH 7.4 and clarified by centrifugation. The solution was affinity
purified on Hi sTrap colum and eluted with 25 mM 20 MM NaPhosphate, 300 ni
| m dazole, 8M Urea pH 7.4. TrkAl1926Hi s was folded by dialysis (using 1
litre, 2 litres or 4 |litres) overni gH against 20 nM TrisHCI, 50 nM Nad ,
PH 8. 5,01 0% € RERIALE FoRhed oFbafféaRe GOIATY @RYsiSidiotst Wel For2fdlling Of Y
NaPhosphat e, 50 KM EDTA, 8M Urea pH 7.4. Final analysis was using a

Super Dexp28edgelypeptider at i'on colum equilibrated in 20 mM NaPhosphate, 100
mMviNaCl, pH 8. 5. Flowrate was 2.5 m/mn. 2-4 litres were required for
washing. 4 litres gave the -highest yield of nononer. This 13 shows how

| ar ge \Rsisulifieaye showuffEg. ar e needed if dialysis is to be used for refolding
of the expressed polypeptide. Results are shown in Fig. 5.

Char acterisation of TrkAlg26H s and Tr kAl g2. 66H s Produced by Method of the

I nvent i(%hrIE'@rﬁ%ﬂ%ﬁéﬁPﬂcﬂ%ﬁig 2BHT5 kAR, 613 Prodvdedlbyolkitbod & thpol ypept i des
were sy to MALDI TOF mass spectronmetry and the results are shown in
Fig. 6. e nol ecul ar mass of the pol ypepti des was determ ned using a PE

Bi osystens \Voya - R rix%- kSt ptLan. Tt e-q0f - Fl i ght
(VAL D 708, PR Tectes & Ok B s (RT Ebp B Ry e
Mat ri X )AL WITOR MBS shdchsRbly RAEHRTEMIE hitahbwh én Bl 6. The holecoheanty oft i on of
| my/ 1001 in a 50:50 mixture of acetonitrile and 0.1%trifluoroacetic acid.

0.51 ofthspotppeptidecivasdatirninedrusingrol | Bipsssiems Viegagesmit 8181 Mesix-Assistedanp e

S andat st i ot i oty ) 536 et B 2o Bl BB G B ey
i near gandhli NSy NTAO ARER! B4 Ghas Y BLIMOrefardb H0PMic avidext ract i on

time of ecs a | aser intensity of 2700. The nol ecul ar wei ght  of
Tr KAl g 26hbemtration o Ung/100pbén A55023F ndistuBa of abdtenitrde aindod1% trifluoroacetic

acid. 0.5pl of sample and matrix were spotted onto the sample plate. The sample was

calibrated against‘Calmix 3 (PE Biosystcnis) run as a close external standard. The spectrum
was acquired over the range 5000-80,000Da, under linear conditions with an accelerating

voltage of 25,000V, an ex_tractioﬁ time of 750nsecs and laser intensity of 2700.

The molecular weight of TrkAlg,6His was found to be 15,717.96 Da. This is almost
exactly as predicted by theoretical calculation of the molecular weight (15716.3 Da, after
loss of the N-terminal methionine, which we have previously found to be removed in

proteins incorporating the 6 histidine tag from the expression vector pET15b).

The molecular weight of TrkAlg,s6His was found to be 16,575.3 Da. This is almost
exactly as predicted by theoretical calculation of the molecular weight (16,574.4 Da).

Stability
TrkAlIg,6His and TrkAlg,6His p_roduced‘ as described above has remained stable when
kept at 4°C for three months and has retained its biological activity.

Improvements in stability may be achieved using conventional additives such as glycerol.



exactly as predicted by theoretical calculation of the nol ecul ar wei ght
(15716.3 Da, after loss of the N-term nal nethionine, which we have
previously found to be renoved in proteins incorporating the 6 histidine
tag fromthe expression vector pET15b). The nol ecul ar wei ght of
TrkAl g2. 66H s was found to be 16,575.3 Da. This is al nost exactly as

predi cted by theoretical cal cul ati onl®df the nol ecul ar wei ght (16,574.4 Da).
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bi ol ogi cal , activity. lngrovenents in stability nmay be achi eved using
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adni ni sfumbdrprand THe(sacraR DR rfentoms svity glagomiceglesiindes ped agtionnBFItakyi n

signals to t rain. .and | bres do not, .Spon L :

noci cep‘f’?r\‘?éw&g‘ﬁirb%?wltgﬂi?)ﬁf)fb&{ e gp?lﬁg?gﬁﬂgﬁ%i éslg?ﬁ%ggh?h%g gﬂLgs
(responsj, bl fien, 2108 YAVBARE CFANSHRBHEMRH. Nl ©aha AS fiBiFBRASIocTEEVg 26H S
was injected on days 2,3 and 4 with 0.45g into hind |linb and knee on

gui nea Pihgy trAfehin Gailr Kidh4P 6-the, bradhi ol ané fuiibtesrds ndie Spodtgerusulsringyy ,
abol i shed  CFA-induced increases in_follow ng freguency and in 5P t aneous
fi ri ng.nOFifieBtivee dxstrong oHfihalite oBlEiis asiigRlaien alsn dronght 1a e “responsible’ for

inflammatory and neuropathic pain in humans.

TrkAlg,6His was injected on days 2, 3 and 4 with 0.45ug into hind limb and knee on
guinea pig. Adding TrkAIg,6His, which sequesters the endogenous NGF, abolished
CFA-induced increases in following frequency and in spontaneous firing. This meant

complete cessation of abnormal pain.

TrkAlg,6His was therefore able to inhibit pain response in CFA induced pain fibre firing in
guinea pigs.

ii PC12 cell bioassays °

Biological activity of TrkAlg,6His produced by the method of the invention was tested by
PC12 neurite outgrowth bioassay. PC12 cells are a rat phacochromocytoma cell line which
- grow neurites in response to the presence of NGF, which binds receptors present on.the cell
surface. PC12 cells were plated out at 2x10* cells per well in complete DMEM medium
(including 100 units/ml penicillin, 100 pg/ml streptomycin, 10% horse serum, 10% Foetal
Calf Serum (FCS) and 2 mM glutamine) on collagen-coated 24-well plates. NGF was
added at 1ng/ml and TrkAlIg,6His was added at varying concentrations. Results are shown
in Figure 11, photographs of neurite outgrowth after 48 hours. Cell§ were fixed before



TrkAl g26H s was therefore able to inhibit pain response in CFA induced pain
fibre firing in guinea pigs. ii PCl2 cell bioassays Biol ogical activity of
Tr KAl g26Hi s produced by the nethod of the invention was tested by PC 12
neurite outgrowt h bioassay. PC 12 cells are a rat phaeochronocytoma cel
line which grow neurites in response to the presence of NG, which binds
receptors present on the cell surfaté®. PCl2 cells were plated out at 2x104

cells per well.in.conplet . i LAg g} bt S icillin,
100 o mroiFapi I8 AT G PR Rl R G INGR I T P 1R o
mv gl utaniciele AgoMth A8aNt Soah auk 2,01k s aldad.es. NGF was added at .ing/n
and Tr kAl g26Hi s was added at varying concentrations. Results are shown in
Fi gure 11, photographs of neurite outgrowth after 48 hours. Cells were
fixed bRkAIs6HS wahbtefrapbie tgpreFen. netrii ssonthsinnespontedo N inthe R Gt h
ing/mM NGF and Fig. 11 B shows no neurite outgrowh when 1.25m TrKkAI g26Hi s
is added!l Imek Al g26Hi s was therefore able to prevent neurite growth in
response to NGF in the PCl2 cell line. Sub-cloning of the TrkBI g26Hi s
domain The TrkBI g26Hi s protein conprises residues 286 to 430 of the mature
pr ot ei rsulreidniiasofahe TukBhg6HR Hommén dues at the NH2 terninus which
constitute the histidine expression tag and associated thronbin cl eavage

Sequencf,, f%%%ﬁ(@%é}@ Eorh od rkRh2 68k o 90w therdsturPBRteinpindiiaed from

- 2AP- pBl uescr , a non catalytic formof human TrkB cl oned by
us (Al lfafhet 2 Bles{di994) thadH-osuhians whih qestiugathy histidineexpresinwstas Bdech)
i ncorporated a Ndel ;site in the for L . .
 ( CGCAT ATErSEACEARORITCACAVEET CTTISRAT %Aj cgﬂ%g?})b%rrkglgzg@snd?rﬁaem Teverse
primer: @@CGGH%E% < kB A Qlon-chiytRORBrir sfhigian/BkB
subcl onPe in po”p @hﬂ” gen), “using rI\Idel ~and BanHl sites, to
cloned by us (Allen er al (1994) Neuroscience 60 p825-834). Primers (MWG Biotech)
incorporated a Ndel site in the forward primer
(CGCATATGGCACCAACTATCACATTICT CGAATCTC), and a BamHI site in the

reverse primer:
(G_CGGATCCCTATTAATGRRCCCGACCGGI ITTATC).

The PCR product was subcloned into pEF15b (Novagen), using Ndel and BamHI sites, to
create the expression vector pET1 5b~TrkBIg'; 6His.

/o A truncated version of TrkBIg,6His, shown in Fig 2B, was also produced in exactly the
: same way but using the amino acids 286-383. This form was co-crystallised with i‘Fs ligand

NT4 and an X-ray crystal structure solved.

Production of recombinant TrkBlg; 6His polypeptide

Electro-competent E. coli BL21 (DE3) cells were transformed with pET15b-TrkBlg,, and
“expression was carried out In accordance with Ihe_ pET (Novagen) manual. After
transformation, E. coli cell lysates were analyéed by SDS-PAGE for expression of the 18.5
kDa protein. TrkBlg,6His protein was expressed at high levels in the urea-soluble fraction,
but not in the other fractions. 2ml of 2YT broth (céntaining ZOOpg/mi ampicillin) was
inoculated with a colony and grown at 37°C to mid log phase. This was used to inoculate

50ml of 2YT broth '(containing 200 pg/ml ampicillin), which was grown at 37°C to mid log

<



create the expression vector pET15b-TrkBlg2 6H s. A truncated version of
TrkBI g26H s, shown in Fig 2B, was al so produced in exactly the sanme way
but using the am no acids 286-383. This formwas co-crystallised with its
ligand NT4 and an X-ray crystal structure solved. Production of

reconbi nant TrkBl g2 6H s pol ypepti de,El ectro-conpetent E. coli BL21 (DE3)
cells were transfornmed with pET15b-TrkBl g2,. and expression was carried
~out in ;&ﬁ@@rmﬁms%échtotm@cuhﬁa' 5 (ivey afjEY) bixth (entaiih @00 ppmansipcitiadi on, E. .
coli cell lysates were anal ysed by SDS-PAGE for expression of the 18.5 kbDa
pr ot ei rwhith k@5 gror to Pr entisrhdansisy efhP e sQimm: Img T@\/‘&Ssaqdﬁd tqiwduce

urea-soluple fracti t _not in the othe ct broth
(cont aifiP Eﬁf@sﬂﬂn %F% Wfaﬁ?)gr\ﬂgn NS ]‘llt}l EE’;t[tgefdévw a co O%§E%% grovvn at
37C to ffhp é@d@h@@% glydekst aﬂ@%oﬂérﬁ&i B80°C (rsq;eub@) ePelk@herflys2Y byhaaidy
(containi ng 200 pg/ M ampicillin), which rown at 37Cto md |og 16

phase. 3rhires Warsughs awl Xipeess,rbeu Iwaﬂ@dBWIIth 29 elstD kasphate buBers{PHi 31@ 200

/m |l f 600
Tt 1| PRBT R e Pl a0t ey & Tt Bl B i 18 NAeE Grian
over ni gl ogtd A1 Solubib ﬁlalﬁé‘lr Y@%ﬁn@%&@ﬁﬁb&ﬁé&oﬁaﬁﬁh@ﬁ@&d@ﬁ préteib0% gl ycer ol and

frozen at -80C (8 pellets). lets were |ysed by passing 3 tines through
an Xpress, then washed with 20 nmM sodi um phosphate buffers (pH 8.5),

cont ai nin C 1% Triton X-100, and finally IM NaQ .
Thi's ?ﬁ%‘f’é atsf lg@sgﬁéﬁ‘é PH@Q’FB?‘E\EI eavi ng i ncl usi on bodi es contai ni ng

i nsol ubI e protein. Refolding of TrkBlg26H s pol ypepti de I nsol ubl e

Tr kBl g26séleblp TokBligibHis ptodin eontiined nethe instusiindrediss avas selorssd fromeths ellst r om t he

|1 t h Xpr hed | ubl fied
(Fﬁcl Esﬂ\#ﬁh B’&g]é%sgv@%ewasgﬁ? E&\??q%tog’gﬁgﬁlhf tl\t,/ﬁI eiﬁ%ﬁwfedrggélbﬁ%bgggs B 11 e
phosphal,gbiled8-ir, sMMurda3- BEfE apb@etiMnAdotiun bhosphateonpiiet s, pﬁﬁ)Mel nase

inhibitor cocktail tablet (Roche) and incubated at roomtenperature for 2
hour s vp-nfer@ptiethensiakithq “Gom@eatdimotinas irdybitse coskthi ttihlelt Echar a8M ur ea.

TrkBl gzlgytllbséte%ract) trgtl)rg tg\rlggeratlflg I’or %dhoct)l?s %1&‘ gsf':-rll-trléle Eha?unc k%M E}%lamgnmum may be
substituted for 8M urea. TrkBlg,6His protein was purified on a HisTrap nickel column

| (Pharma01a) under reducing conditions (20 mM sodium phosphate, pH 8.5, 8M urea, 10

mM imidazole), and eluted usmg 300 mM imidazole. Refolding took place under
non-reducing conditions (20 mM sodium phosphate, pH 8.5, 100 mM NaCl) on a
SuperDex 200 gel-filtration column (Pharmacia). Fractions from the peak corresponding to

a molecular weight of approximately 18.5 kDa were pooled; these contained TrkBIg,6His

monomer.

Characterisation of TrkBIg’;6His produced by Method of the Invention

- The molecular mass of TrkBlIg,6His wés determined using a PE Biosystems Voyager-DE
STR MALDITOF mass spectrometef, with a nitrogen laser operating at 337nm. The
matrix solution was freshly prepared sinapinic acid at a concentration of 1mg/ 100 pl'in a
50:50 mixture of acetonitrile and 0.1% trifluoroacetic acid. 0.5ul of sample and matrix
were spotted onto the sample plate. The sample was calibrated against Calmix 3 (PE

. Biosystems) run as a close external standard. The spectrum was acquired over the range
5000-80,000 Da, under linear conditions with an accelerating voltage of 25,000V, an

extraction time of 750 ns and a laser intensity of 2700. Results are shown in Fig. 10.



RN

(Pharmaci a), under reducing conditions (20 mM sodi um phosphate, pH 8.5, 8M
urea, 10 nMimdazole), and eluted using 300 nMi m dazol e. Refol ding took
pl ace under non-reducing conditions (20 mM sodi um phosphate, pH 8.5, 100
mM NaCl) on a SuperDex 200 gel-filtration colum (Pharmacia). Fractions
fromthe peak corresponding to a no]jecul ar weight of approxinmately 18.5
kDa were pool ed; these contained TrkBl g26H s nononer. -Characterisation of
Tr kBl g2Gklinsolpouted wecightloy TveBIwe6His fwas fiemb ity batli8chy 1 THea. fblisss alnaest meestly of

Tr kBl g26Hi s was determ ned uysing a PE Bi osyst.e -DE STR MALDI TOF
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| in

in a 0,.50.m xture pf acetonitril e and 0.1%trifluoroacetic acid. 0.5l
- of sanrﬁ“i”gﬁ&“}ga‘f rieﬁom&g‘raggiﬁlgﬁgééﬁggipg' e sanple plate. The sanple was

caliibrated against Calmx 3 (PE Biosystems) run as a close external ‘
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and hagCcECATATEACPATCEACIWI GCCCAE) b2 a treverserprimerhiitibh daostorated e t he
hi stidine expression tag and associated thronbin cleavage sequence. cDNA.
codi ng HamHIhéteTrGG@@GG%i(%CMﬂAG@@CT@@ﬁrQM@Méﬁ%ﬁag alicorkieRd pri ner
whi ch incorporated a | si CGCATAT.CGA STALGTESA reverse
pri mer R’i\ﬂ‘ff“& WF%%“@’F*?(S‘F@?“Z(HPQH%a Va%?n}élsmg it Geld' fon 26, 8
- ( COCGAT AT AL LA Ineetb] FRBEHW HisThe PCR product was subcloned into
pET15b ( Novagen) using Ndel and BanH restriction sites, to create the o
expressi on vector pET15b-TrkCl g26H s.

"Production of recombinant TrkCIg;6His polypeptide

Electrocompetent E. coli BL21 (DE3) cells were transformed with pET15b-TrkClIg,6His
and expression was carried out in accordance with pET (Novagen) manual. After
transformation E. coli lysates were anaylsed by SDS-PAGE for expression of the 13.8kDa
protein. TrkClg,6His protein was expressed at high levels in the urea-soluble fraction but
not in other fractions. 2ml of 2YT broth (containing 200 pg/ml ampicillin), was inoculated
with a colony which was grown at 37°C to mid log phase. This was used to inoculate 50ml -
of 2YT broth (containing 200 pg/ml amplicillin) which was grown at 37°C to mid log
phése. This was used tb inoculate 5 litres of 2YT broth (containing 200 pg/ml ampicillin),
which was grown té an optical density of 1.0 at 600nm. 1mM IPTG was added to induce
protein expression and cells were grown overnight at 37°C. The harvested cells were
resuspended in 10% glycerol and frozen at -80°C (8 pellets). Pellets were lysed by passing
3 times through an Xpress, and then washed with 20mM sodium phosphate buffer (pH8.0)
containing, in succession, 0.1M NaCl, 1% Triton X-100, and finally 1M NaCl. This
removed all soluble matter, leaving inclusion bodies contéining insoluble protein. All

washes were at 4°C.
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Production of reconbinant TrkCl g26Hi s pol ypepti de El ectroconpetent E. coli
BL21 (DE3) cells were transformed with pET15b-TrkC g26H s and expression
was carried out in accordance with pET (Novagen) manual . After
transformation E. coli lysates were anayl sed by SDS-PACGE for expression of
the 13.8kDa protein. TrkClg26H s protein was expressed at high levels in
the urea-soluble fraction but not ibother fractions. 2nl of 2YT broth
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, pH 8.0, 100nmM NaCl, 1nM
(3-merc Sfé’flﬂ%rh%qeggﬁﬂes[ g?&%@‘é@ﬂ%ﬁg filtrati on col um (Pharnacia).
Fractions fromthe peak corresponding to. a nol ecul ar
Characterisation of TrkCIg,6His produced by method of the invention

The molecular mass of TrkClg,6His was determined using a PE Biosystems voyager-DE
STR MALDITOF mass épectrometer, with av nitrogen laser separating at 337 nm. The |
matrix solution was freshly prepared sinapinic acid at a concentration of 1 mg/ 100;1_1 ina
56:50 mixture of acetonitrile at 0.1% trifluoracetic acid. 0.5 pl of sample and matrix were
spotted onto the sample plate. The sample was calibrated against Calmix 3 (PE
Biosystems) run as a close external standard. The spectrum was acquired over the range

7 5000-80,000 Da, under linear conditions with an- accelerating voltage of 25,000V, an
extraction time of 750ns and a laser intensity of 2700. Results are shown in Fig. 12.

The molecular Weight of TrkCIgZGHis was found to be 13,681.9 Da. This is almost exactly
as predicted by a theoretical calculation of the molecular weight (13,685.3 Da) taking into
account loss of the N—termmal methionine, which we have previously found to be removed

in proteins mcorporatmg the 6 histidine tag from the expression vector pET1 5b.



wei ght of approxi mately 13.8kDa were pool ed. These contai ned TrkCl g26H s
nmononmer. The retention coefficient of TrkClg26H s is 0.51.
Characterisation of TrkClg26H s produced by nethod of the invention The
nol ecul ar mass of TrkCl g26H s was determ ned using a PE Bi osystens
voyager-DE STR MALDI TOF mass spectroneter, with a nitrogen | aser
separating at 337 rim The matrix séfution was freshl y prepared sinapinic
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0.1%tri racetic acl e and matrix were spotted onto the
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pET15b. 19 Activity studies: Binding activity of TrkAl g26Hi s,
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strand ﬁmpﬁq @Mg@hqu) Tk eplihg.  woul d be biologically inactive. The
Qabl lity of Trkl g2 dorral ns to bind to their respective |igands was neasured
- using plasnon surface resonance W|th a BiaCore system (BiaCore). Trklg2

was boupd to t e I Bi ndi t t
e R e R

i. TrkBIg,6His

" BDNF was passed over the chip at 0.1-25nM. Association and dissociation rates were
estimated according to a 1:1 Langmuir binding model, giving a KD of 790pM. NT-4 was
paésed over the chip at 1-100nM. Association and dissociation rates were estimated
according to a'lzl. Langmuir binding model, giving a KD of 260pM. Results are shown in
Fig. 7. Fi'g.. 7A shoWs the results of experiments with BDNF at 0.1, 0.2, 0.5, 1,2,5,10 and
25nM (all duplicate). Association and dissociation were fitted to a 1:1 Langmuir model,

(- giving a KD of 790pM (Chi? = 4.39). '

Fig. 7B shows the results of experiments with NT-4 at 1, 5, 25, 50, 75 and 100nM (all
duplicate). Associaﬁon and dissociation were fitted to a 1:1 Langmuir model, giving a KD

of 260pM (Chi? = 2.85).

ii. TrkAlg,6His
NGF was passed over the chip at 0.1-100nM. Association and dissociation rates were

estimated according to a 1:1 Langmuir binding model, giving a KD of 92.6pM. The results

are shown in Fig. 8.



BDNF was passed over the chip at 0.1-25nM Association and di ssoci ation
rates were estimted according to a 1:1 Langnuir binding nodel, giving a
KD of 790pM NT-4 was passed over the chip at 1-100nM Associ ation and
di ssoci ation rates were estimated according to a 1:1 Langmnuir binding
nodel, giving a KD of 260pM Results fre shown in Fig. 7. Fig. 7A shows
the results of experinments with BDNFat 0.1, 0.2, 0.5, 1, 2, 5, 10 and
25nM ( alil TékmIgd,c6Ie) . Associ ation and dissociation were fitted to a 1:1
Langrmuir nmodel, giving a KD of 790pM (Chi2 = 4. 39%. .Fig. . 7B shows the
resul t NGF waspeassatestes the Phlph#-Qll'éf)g@,’I- sAsspeiatigy ang slisspelaiGo S WeTe

duplicate)., Associ.ation @a di ssoci atio re. fi p ir
model 0P BeRpedR Seb iRt prius el fviddd KB IS M RN
passed pyeahotheirc i ot THislis1Q0n sk egfialty emdatsnilessede avitiorkroatnes wer e
estimated according to a 1:1 Langnuir binding nodel, giving a KD of 92.6pM
The r eshhtasteristics of Hevinologicslimemigangigounidjwild typk mcgptos6H s NG was passed
over the chip at 0.1-100nM Association and dissociation rates were
estimated according to a 1:1. Langnuir binding nodel, giving a KD of 79.2

pPM  Re Slglohﬁn I8 of Eswb) iR TRAILBHE ik Schive/ S vfvdricgfreadl abhdrbab fitire
commensdrate with knowh characteristics of the biological nenbrane bound
wi | d tyiping foepeptive iduomlr i, L. et al (supra) indicates TrkAlg26H s is _
active in vivo to prevent abnormal fibre firing of noiceptive neurons. iv.
TrkCl g26H s NT-3 was passed over the chip at 0.1-100 nM" ‘Regeneration was
wi th 10vi TrRCHebHE ycine, pH 1.5. Association and dissociation rates were
estimated according to a 1.1 Langmuir binding nodel, giving KD of 200 m

lgf A|r g:[g’ll‘gswgsr %asssg? \ggerl t'i]lelzc: ) a’t1 8.'1—1%?)03\%?t kggen%;atigg r{i,;ﬁ' mdllonﬁl' E@Qﬂﬁp
glycine, pH 1.5. Association and dissociation rates were estimated according to a 1:1

Langmuir binding model, giving KD of 200 pum. The results are shown in Fig. 13.

Production of non-histidine-tagged TrkAlgs
Cloning of TrkAlIg: noHis

TrkAlg, was cloned into pET24a for the expression of TrkAlg without the histidine tag
(TrkAlg, noHis). Without modification this does not express profein.

It is known that secondary structure in the mRNA transcript can interfere with the AUG
translation initiation codon and/or the ribosome binding site. Using the software MFOLD
(http://bioweb.pasteur.fr/éeqanal/interfaces/mfold.html) to investigate -the secondary
structure it was seen that the transcription start site was not ideal for expression. Figure 1‘4
shows the predicted mRNA structure for TrkAlg, 6His in pET15b. The mRNA coding for
the 6His tag is outlined, as is the ribosome binding site (RBS) and the codon for a proline
residue (PRO). Figure 15 shows the predicted mRNA structure of TrkAlg, noHis in
pET24a. It can be seen that the initiation site is much less accessible than in the 6His
“version. Similar restrictions also arise in prédicted structures of TrkBlg,noHis and

| , TrkCIgznoHis.



Cl oning of TrkAl g2 noHi s TrkAl g2 was cloned into pET24a for the expression
of TrkAl g2 without the histidine tag (TrkAlg2 noH s). Wthout nodification
this does not express protein. It is known that secondary structure in the
NRNA transcript can interfere with the AUG translation initiation codon
and/ or the ribosonme binding site. Usijng the software MFOLD
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than inthe 6H's version. Simlar restrictions also arise in predicted
st r uct MRBLDfs ol ig Figik 37.aAgamilek 6f gitbleinsutated sequeiaeg fardirbBlzeolisf t war e
to predict the resultin trugtur%s, ngi ous silent nutations were
kRG22

introd_@‘i?éBOWHt%F’cg‘Fée@I\W OF $B0pts noH s to allow access to the
RBS. Figure 16 shows an exanple of a resulting DNA sequence, conpared with

t he l.d-t ype. Mt at ed S 1 1 - struct
pr edi \Q?E}iﬁfﬁp awfﬂﬁ?dgbys ovv% Fh ipéﬁﬁilé@%?@ﬂé%&%%ﬁ%@tﬁ%?&g%tﬁggﬁ%m at eg e
sequeng@mer GOAATRECAZNAIGCCTECT TONGTACAARTACACRCGHUGETC wWiikCl g2noHi s in

CFi gure 22. TrkAl g2 was anplified by PCR fromthe pETI 5b-TrkAl g26H s plasmd
usi ng mqerﬁomiv@mutatqdrhaﬁféland;@w&ﬂSFmeCT GCTTCAGTACAATTACACACGECGGTC whi ch

(oS PdRTe el CA, REOTRS
(oo AR R AR RO B S AR GO TREC A, REmSRneILds o o1
Ndel agebfhoNdéremasdtol Y@bactidtlylddtheD' ami13! o8 TricfIg,ho KA. gZaatis1 00800 en
100-1000 pnol prinmers were used per reaction. Hot start PCR-was carried

out ovpmoBprimyxs|vese usedpet teacthal. cycler. After an initial denaturing

Hot start PCR was carried out over 30 cycles in a thermal cycler. After an initial denaturing
temperature of 94°C for 15 minutes, PFU polymerase was added and 30 cycles of
denaturation at 94°C for 1 minute, annealing at 67°C for 1 minute and extension at 72°C for
1 minute were carried out. Final extensio_ri was 10 minutes at 72°C followed by a 4°C
holding step. PCR products were analysed by agarose gel electrophoresis TrkAlg;noHis
mutants were subcloned into Ndel and Xhol digested pET24a to create the expression'
vector pET24a-TrkAlg, noHis. |

Figure 18 shows SDS-PAGE analysis of TrkAlg, noHis expressed in E. coli; (M) markers,
(W) whole cell extract, (S) soluble extract, () insoluble extract. It can be seen that TrkAlg,

noHis is expressed mainly in the insoluble fraction.
Production of recombinant TrkAlg; noHis polypeptide

Electrocompetent E. coli BLZI (DE3) cells were transformed with pET24a-TrkAlg, noHis-
and expression was carried out in accordance with the .pET (Novagen) manual. After
“transformation E. coli lysates were analysed by SDS-PAGE for expression of the 13.5kDa
profein. TrkAlg, noHis protein was expressed at high levels in the urea-soluble fraction
but not in other fractions. 2ml of 2YT broth (containing 50 pg/ml kanomycin), was

inoculated with a colony which was grown at 37°C to mid log phase. This was used to



tenperature of 94C for 15 m nutes, PFU pol ynerase_ was added and 30 cycles
of denaturation at 94C for 1 mnute, annealing at 67C for 1 minute and
extension at 72C for 1 minute were carried out. Final extension was 10

m nutes at 72C followed by a 4C holding step. PCR products were anal ysed
by agarose gel el ectrophoresis TrkAl.g2noH s nutants were subcloned into
Ndel and Xhol digested pET24a to cr e the expression vector

PET24a1nH kIS B¢ T Bl (@nkisd) 60 ShSRoGEcia) alyei waogrovnleABFZL noH s

expressed in E. coli; (M nmarkers, ~whol e | t t,
ext r actq mid Jog pist.Libliie vestusedto mp@ulét(a}'? b’ée%@e%ﬁe P?&Fﬁ?‘%r?%i@?g (Sﬁéw?%l ‘o

is
expressed mainly .in the insoluble fr 1.0n. cBr } Siaesl t
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transf g5 fEdo Mdule E%%Te%ﬂ%xﬂx%fdrg&drt@hﬁ Sereafewe kpridsmin 37E Thahaivestedut in
accordance wth the pET (Novagen) nmanual. After transformation E. coli

| ysat eseliewere sesaspesdet] inyl 08DELyFoa ozem pi 89%; Grpedetst-he 13.5 kDa protein.
]'cl'r kA{gZ nOEI S protein was expressed at high levels in the urea-sol uble
raction but not in other fractions. 2m of 2YT broth (containing 50 g/m
kanony &nelysiophedy PRRARELRA with a col ony which was grown at 37C tgo m'g | og
phase. This was used to 22 inoculate 50nl of 2YT broth (containing 50 g/m

kanomyci n), i ch was t 37C e P ) j
mocur e gele ses Brxg i Bl THEChleRplf 3 1 B DMERS 10T TIYEE JBRE L °

gr own hﬁ)eagd ol b6:aM #ROBItR: (i 85 AAdad. BRQERVerd odMutifiged wed00apmefdr 66 i nduce
protei n expression and cells were grown for 3 hours at 37C.. ‘gh hatvest ed
cel | s wsinates, and sygentéahtiremaese dhy prmcodura ias fepsaied with 20pdE Trg B&P‘I s).
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renove e procedure was repeated with 20nM Tris buffer pH 8.5, 1nM
PVSF,  10miNM EDTA. ik wha SébGquenttitertrifnged 4 A0 for ) yrippish Xupergssant

was removed. All washes were at 4°C. Inclusion bodies were frozen at -70°C.

Inclusion bodies were solubilised in 8M urea in 20mM Tris buffer pH 8.5 with 25mM DTT
added for three hours at 14°C.

Refolding of TrkAlg, noHis polypeptide

Insoluble TrkAlg, noHis protein contained in the inclusion bodies was released from the

- cells with an Xpress, and washed with salt and Triton X100 to remove soluble matter. The
purified inclusion bodies were solubilised in 8M urea buffer (20mM Tris pH 8.5, 25mM
DTT) and incubated at room temperature for 3 hours with gentle shaking.

Purification was carried out using an anion exchange column, such as Q Sepharose Fast
Flow (Pharmacia), equilibrated and run in 8M urea (pH 8.5) with 10mM DTT added.
Protein was eluted with a gradiént of NaCl, in which the protein eluted at approximately
180mM NéCl or a step at 200 mM NaCl. Eluted protein was refolded at lmg/mi on} a gel
filtration column in Tris pH 8.5 with 100mM NaCl.

Refolding with gel filtration was successful with a variety of gel filtration media: SuperDex
200, SuperDex 75, Sephacryl HR100, and Sephacryl HR200. In this system, TrkAlg,

noHis ran with a retention coefficient of 0.55. Unexpectedly it ran a little faster than



added. Then a final wash was carried out with 20nM Tris buffer pH 8.5, 1nM
PVMBF, 10nM EDTA. This was subsequently centrifuged at 9000 rpm for ‘30

m nut es. Supernatant was renoved. All washes were at 4C. |nclusion bodies
were frozen at -70C. Inclusion bodies were solubilised in 8Murea in 20nM

Tris buffer pH 8.5 with 25nM DTT ad gd for three hours at 14C. Refol ding

of TrkAlg2 noH s pol ypeptide Insol ub TrkAl g2 noH s protein contained in

the i n%ﬂ&h@t@d Regipeed WAk T w2ds {h@miid @mec@hliisiont. t Ihcaasedphe@sanerand
washed with salt and Triton X100 to renove soluble matter. The purified
i ncl usiform vediobserwed witboixitpiled selubilisat®m vhdditionpily othe enpmernicinsaloipay. 5. 25mv

DTT) and j ngubated at ro te rat ure for: 3 _hours .gent | e shaki ng.
Purifi g’ﬁtdn& yRBEOIE%F%P%@EI‘{M%E?%&%W%Wgﬁpég)(g é:r?axe%ntg%fl%ﬁn, such as Q
Sepharose Fast Flow (Pharmacia), equilibrated and run in 8Murea (pH 8.5)
wth 1 ﬁ{ﬁtge' ; Egde%, | afliveRtiof Nad , in which
t he pr%rﬁ&g gggﬁg%{r[app o&@nﬁ?&elogh 18 nﬁeﬂl@&aﬂfgl& a ste% at 200 mM Nad .

Eluted protein was refolded at 1 ng/ml on a gel filtration colum in Tris

PH 8. 5 Tethold Q05NN GF TriBSHLPhSHIR Gvadi detergiled ubing b PH BiosyssnsVopgssDEl with a
variety of gel filtration nedia: SuperDex 200, SuperDex_75, Sephacryl '
HR100, “SHiRIVBEIPREOE masiRpecirometer with agytsegsmlasey Rpryme 4 SRmy B YK a
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Cmet hod _of. the {nvention The nol ecul ar ss of TrkAl g2 noHis. erm ned
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The molecular weight of TrkAlg, noHis was found to be 13,561.2 Da. This is almost
" exactly as predicted by theoretical calculation of the molecular weight (13,553 Da).

Biological activity of TrkAlg. nollis produced by the method of the invention: PC12

cell bioassays

Biological activity of TrkAlg, noHis produced by the method of the invention was tested
(- by PC12 neurite outgrowth bioassay. PC12 cells were plated out at 2x10* cells per well in
" complete DMEM medium (including 100 units/ml penicillin, 100 pg/ml streptomycin, 10%
horse serum, 10% FCS and 2mM glutamine) on collagen-coated 24-well plates. NGF was

added at Ing/ml and TrkAlg, noHis was added at varying concentrations.

Results frorﬁ an experiment using TrkAlg, noHis refolded on a SuperDex '200 column are
shown in Figuré. 20. Photographs show neurite outgrowth after 48 hours. Cells were fixed
before phétographing. Fig: 20A shows neurite outgrowth with 1 ng/ml NGF; Fig. 20B
shows no neurite outgrowth when no.NGF is added; Fig. 20C shows reduced neurite
outgrowth when 2.5 pm TrkAlg, noHis is added; Fig. 20D shows no neurite outgrowth
when 4.5 pm TrkAlg, noHis is added.



spotted onto the sanple plate. The sanple was calibrated against Calmx 3
(PE Biosystens) run as acl ose external standard. The spectrum was acquired
over the range 5000-80,000 Da, under linear conditions with an

accel erating voltage of 25,000V, an extraction time of 750nsecs and | aser
~intensity of 2700. Results are shomn2in Figure 19. The nol ecul ar wei ght of
TrkAl g2 noH s was found to be 13,5612 Da. This is alnbst exactly as

pr edi ct si@hiby rtdu@ornvaié oblaired| widgaTikadg,ofoHik ecfivbled cul Swpewieexgfd, $4®as8B8 Da) .

Bi ol ogical activity of TrkAl g2 noHi s produced by the nmethod of the

i nvent i BR10PaidSenbaeryl HREAE syng; ol ogi cal activity of TrkAl g2 noHi s
produced by the nethod of the invention was tested by PCl2 neurite

outgro i oassay. PCl2 cells were plated out.at 2x10.c | in
oml ot STANERS B IPC EF SlF FRPrebor QREHE PO B anresa iy i s B ped | 1!
strept opfffi, 10% horse serum 10% FCS and 2nM gl ut ami ne) on

~col l agen-coated 24-well| plates. NG- was added at 1 ng/m and TrkAl g2 noH s
was added at varying concentrations. k Results from an experinent using
TrkAl g2 noH s refol ded on a SuperDex 200 columm are shown in Figure. 20.
Phot ogr aphs show neurite outgrowh after 48 hours. Cells were fixed before
phot ogr aphi ng. Fig. 20A shows neurite outgrowth with 1 ng/m NG Fig. 20B
shows no neurite outgrowth when no NGF is added; Fig. 20C shows reduced
neurite outgrowh when 2.5 m TrkAl g2 noH s is added; Fig. 20D shows no
neurite outgrowh when. 4.5 mTrkAlg2 noHis is added. 24 Simlar results
wer e obtai ned using TrkAl g2 noH s refol ded on SuperDex 75, Sephacryl HR100
and Sephacryl HR200 col umms. TrkAl g2noHi s was therefore able to prevent
meurite growh in response to NGF in the PC 12 cell line: 25 Cains



1. A nethod of producing tyrosine kinase receptor-rel ated pol ypeptides, the
nmet hod conprising expressing a tyrosine kinase receptor-rel ated

pol ypeptide in a reconbi nant expression system and separating' expressed
nononeri c tyrosine kinase receptor-rebgted pol ypeptide fromnultimeric
form's) of the expressed polypeptide™in a separation step, the separation
step allowing refolding of the expressed tyrosine kinase receptor-related
pol ypeptide into a biologically activgimd§ orm 2. A nethod according to
claiml in which the tyrosine kinase receptor is a native TrkA, TrkB, or
TrkC, or a biologically active honol ogue, variant, portion of those

receptors, or a construct includi.ng, a honol ogue, .vari . J

t hereof. B. "W”r?&“ﬁo%‘r%re Wi %O?Beg@nﬁ?erﬁeﬁeqqﬁp e%t%(ﬁpggg%)glgg%r@%?ﬁégwtayrosi ne

ki nase r ece%ﬁgﬂsiﬂ @xpr@é%ﬁfgt ra;JqS;rOismg‘l Weliabe @gﬁhoraremgdt ipolypebidexipr essed and
p

in which the rtion i's sel’'ected fromthe 192 donains of the TrkA TrkB,

"~ and TrkC r ecepibimant expesdion aystem andA separhting a cxpesieh gnenomargi Y whi ch
t he polypeptide is selected from TrkAl g2, .TrkAl g2.6,.Tr rkCl g2.
5. A met hod ka@é%ﬂaqeﬁ@ftf%‘a@gd?w&??ﬁﬁ? %ﬁ&ﬂlﬂlﬂ@e’ﬂ%%‘%ﬁ){ i ?ﬁ%"ﬁ’%&s&ﬁgz or
TrkAl g2. 6 6. og, gc W steB, Phe2bdPatatiod: stép afloRngDrefoldidyl 6 thidhe

pol ypepti dep|01§)pg§té)dréeglsgd()%é\,ilgtt1 g{e isti d‘Tane 1tagS e:pequenceg.‘ 7. A method,

accor di ng t expreyse@ngradineckinhsesreterttar-ivlatad pblypéptidaentoot yipelogically 2t pr essed
wi thout a histidine tag sequence. 8. A nethod according to any one of

clainms 1 tof@mn which the tyrosine kinase sequence is human. 9. A nethod
~according to any preceding claimin which the tyrosine kinase

receptor-relate | ypepti de j S expres. in.Jo: Le . : A
(et hod acé-orAdi"'?Fg‘cfdga%B’éﬂou?ﬁ Flﬁ“\}\ﬁi i@hwﬁ‘égq}?%/ rggéslr}%ée) i neag% tgi:: lesg?g%%(?el at ed
pol ypept i de ;£ ¥R 3G9k NorRAkibRgically bétﬁddlﬁinwoé&ﬂd&ﬁiant, portion of those

receptors or a construct including a homologue, variant, or portion thereof.

3. A method according to claim 2 in which a portion of a tyrosine kinase receptor, or a
construct including such a portion, is expressed and in which the portion is selected

from the Ig, domains of the TrkA, TrkB, and TrkC receptors _r‘espectively.

4. A method according to claim 3 in which the polypeptide is selected from TrkAlg,
TrkAlg,.q, TrkBlg, and TrkClg,. '

5. A method according to claim 4 in which the polypeptide is TrkAlg, or TrkAlgs6

6. A method according to claim 1, 2, 3, 4 or 5 in which the polypeptide is expressed
with a histidine tag sequence.
7. A method. according to any one of claims 1 to 5 in which the polypeptide is

. ¥
expressed without a histidine tag sequence.

8. A method according to any one of claims 1 to 7 in which the tyrosine kinase

sequence is human.

9. A method according to any preceding claim in which the tyrosine kinase

receptor-related polypeptide is expressed in insoluble form.



11. A nmethod according to any preceding claimin which the multineric forns
include diners. 12. A nethod according to any preceding claimin which the
pol ypeptide is able to bind a ligand of the correspondi ng native tyrosine
ki nase receptor with high affinity. 13§ A met hod according to any preceding
claimin which the separation step involves gel filtration. 14. A nethod
according to any preceding claimin which the separation step is carried

out at a %6.'% RHOREE kSN (PRIMRED ANGhichCh A RGInG RN A6 Fibdted 5. A

met hod according to any preceding claimin which the separation step is
carried outpadypeptidaistexpeaedit battérth imbsioa RBiesM and bel ow 200 M 16. A
nmet hod according to claim15 in which the separation step is carried out at
a salt concentration of about 100 M 17. A nethod according to any one of
clai ms 13 1.0A neethodl sgeprsling teeanydrecgdiag clapmtinaviyeh thempylimgric fprmsdagluds ap) e
to separate(gg%ecules havi ng a nol ecul ar wei ght of about 12 to 40 kDa. 18.
. A method acc fsng to claim17 in which the gel is Sephadex 200 or Super Dex
200. 19. A nethod according to claim18 in which the gel is SuperDex 200.

i 20. A ngbh ‘ ' a3 irC i lephidd RRebrePasiat i on
step is (r:rg?'r‘?gndaﬁ %%ng@%§ tglglﬁg#aggfﬁﬁmgglgﬁglﬁkgkg%%mﬁ met hod according to
claim 20 in algael of e epspaatingmat vetyrassedamase exteptat with highgfieity. about 8. 5.
27 22. A nethod according to any preceding claimin which the pol ypeptide
is produced in Dbacterial-based expression system 23. A nmethod of ;
pur i fyi ng 13 ef ertsheshaacoringsogamy qrrecriiog|cimein Which ithicsepaiaian b WYOLVES a
bacteri al ex&'i%ft?ait%ﬁ system in which nononeric TrkAlg2 or TrkAlg2.6 is

14. A method according to any precediﬁg claim in which the separation step is carried

out at a salt concentration between and including 0 mM and 500 mM.

15. A method according to any preceding claim in which the separation step is carried

out at a salt concentration above 25 mM and below 200 mM

16. A method according to claim 15 in which the séparation step is carried out at a salt

concentration of about 100 mM.

17. A method according to any one of claims 13 to 16 in which the gel used in the gel

filtration step is able to separate molecules having a molecular weight of about 12 to

s 40 kDa.
18. A method according to claim 17 in which the gel is Sephadex 200 or SuperDex 200.
19. A method according to claim 18 in which the gel is SuperDex 200.

20. A method according to any preceding claim in which the separation step is carried

out at a pH of between 8 and 9.

21. A method according to claim 20 in which the separation step is carried out at a pH

of about 8.5.



froma mxture including nmononeric and multinmeric TrkAl g2 or TrkAlg2.6 by a
gel filtration step and allowed to refold into an active form 24. A

met hod of purifying reconbinant TrkBlg2 frominclusion bodies in a :
bacterial expression systemin whichysononeric TrkBlg2 is separated froma
m xture including nmononeric and nultineric TrkBlg2 by a gel filtration
step and allowed to refold into an active form 25. A nmethod of purifying
recombi napy. AT#deftod 2ctdrdimg ite ahysriccotlitpodiiasini whieh theqiodypeptide iepprdsssl ion syst em
in which nononeric TrkClg2 is separated froma mxture including nononeric
and. nul ti rrerba@ternﬂk}@rsgizewwogéﬁtﬁml tration step and allowed to refold into
an active form 26. A preparation of TrkAl g2 obtained by a rret hod accordi ng

i or agorbdnrEtios T pii s Erat GG CHR AT 3 Sibte b AR Tadib T pafitig a1 o o1
conpri sing hgsgriinaprekdh I&Aﬁéﬂlg@wh%hniﬁbn&ﬁerw mgzg@rmaﬂ@ﬁ ls?.&pamed

preparation of - TrkAl'g2 according to claim 27 cor[l;)rl sing |l ess than 1%
TrkAl g2 di rfeem emidiune indgdjne genemegdoandymphtispericatkode:of Trkdlgr g a8elor di ng

to claim28 isin han % Tr KA di mer or di mer aggregate.
30. A pr eparﬁg?ggﬁ’%?p%dl@ﬁp&?é gﬁqﬂé‘ﬁ é r‘?gz%d according to any one of
clains 3 to 23 and conprising nore than 80% Tr kAl g2 nononer. 31. A

pr epar atl of m M bb@iedRY aMasteRsl Cl ai ns
3to %ch‘ gb%%rl sgﬁi“%ﬁ%ge&?ﬁ%ﬁxgg @ qrrllq)ér%gérlrer 2e 32a Sr eparati on
of Tr kAI 92 QRprkAe spstera iaehied rﬁ@ﬂ(ﬁﬁdim@rHBigla[wsmamt@f ﬁmnauammmneo 23 and

- conprising nore than 99% TrkAl g2 nononer . Hﬂgpar ation gﬁ ({
(obt ai ned by iaclnding owwnamede anhpultsnaicy TKBE& a(geb tign siep 254 alowe f(S’rrprl si ng

100% Tr kAl 92 TRIQIPL active form.

25. A method of purifying recombinant TrkClg, from inclusion bodies in a bacterial
expression system in which monomeric TrkClg, is separa_ted from a mixture
including monomeric and multimeric TrkClg, by a gel filtration step and allowed to

refold into an active form.

_26.‘A preparation of TrkAlg; obtained by a method according to any one of claims 3 to
23 and comprising less than 20% TrkAlg, dimer or dimer aggregate.

- 27. A preparation of TrkAlg, according to claim 26 comprising less than 10% TrkAlg,

dimer or dimer aggregate.

28. A preparation of TrkAlg, according to claim 27 comprising less than 1% TrkAlg,

dimer or dimer aggregate.

29. A breparation of TrkAlg, according to claim 28 comprising less than 0.1% TrkAlg,

dimer or dimer aggregate.

30. A preparation of TrkAlg, obtained by a method accordihg" to any one of claims 3 to

23 and comprising more than 80% TrkAlg, monomer.

31. A preparation of TrkAlg; obtained by a method according to any one of claims 3 to

23 and comprising more than 90% TrkAlg, monomer.



34. A preparation of TrkAlg2.6 obtained by a nethod according to any one of
claime 3 to 23 and conprising | ess than 20% Tr kAl g2. 6 di mer or diner
aggregate. 35. A preparation of TrkAlg2.6 according to claim 34 conprising

| ess than 10% TrkAlg2.6 dinmer or dinmer aggregate. 36. A preparation of
TrkAl g2.6 according to claim 35 conpri28ing | ess than 1% of TrkAl g2.6

di mer.or diner aggregate. 37. A preparation of TrkAlg2.6 according to claim

36 conprising less than 0.1% of . TrkAl g2 dijrer aor diner a at 38. A
Dreparati 3 Bprcrriin 218 igbleas Haeb ) & kbeating g ok gL o

claims 4 to ,2 S Wﬂ:ﬁ&ﬁ%‘ 2%l kAl g2. 6 mononer. 39. A
preparation 23f%?%%%lp§§$g%%%§%ﬁ?3 (by a net hod zgccordi ng to any one of
claims 4 to 23 and conprising nore than 90% Tr kAl g2. 6 nononer. 40. A

preparati 8 Qf »lpiAliGroSTRAIBIBREhRbya HEhb®accaniing i ag one ofitlinmd teof
clains 4 to 2% and conprising nore than 99% Tr kAl g2. 6 nononer. 41. A

- prepar ati on 2% anfirdoAlngRingdt08Vn ENeEIRod "accordi ng to any one of clains
4 to 23 and conprising 100% Tr kAl g2. 6 nononer. 42. A preparation of

TrkBl g2 obtai ned by a nethod accordi to any one,of clains 3, 4 to 22
and 24, aﬁ@l—fé@ﬁ?ﬂaraéioﬁg)fﬂé%%l&lhé)%% r%@?@‘?}id‘f’ﬁ’é?mgﬁo ghere %%%l?l(rangsafe. 43.

A preparat i op af, It ' hPBv B AIS, At o AR Rgatbess than 10%
TrkBl g2 di ntgrﬁ %gcég’hgrg‘ngg%?%te." 29 44° A pr epar atalg'%lrr?gof Tr kBI g2
according to claim43 conprising less than 1% TrkBl g2 dinmer or diner

aggr egat e3548. épﬂﬁﬁ&?rﬂti‘ﬂ@l@zfs Adckilng? te ataiind 34 gcdneprisirgg basé 4harorfP4 si ng

| ess than 0.1% o0 TrkBl g2 di ner or diner aggregate. 46. A preparation of
Tr kBl g2 obt aTtédghylimemmtdimer aggregptdi ng to any one of claim3, 4, 6, to 22
(and 24 and conprising nore than 80% TrkBl g2 nononer.

36. A preparation of TrkAlgye according to claim 35 comprising less than 1% of

TrkAlg,.c dimer or dimer aggregate.

37. A preparation of TrkAlg,¢ according to claim 36 comprising less than 0.1% of

TrkAlg, dimer or dimer aggregate.

38. A preparation of TrkAlg, ¢ obtained by a method according to any one of claims 4 to

23 and comprising more than 80% TrkAIgz.ﬁ monomer.

39. A preparation of TrkAlg, ¢ obtained by a method according to any one of claims 4 to

23 and comprising more than 90% TrkAlg, ¢ monomer.

40. A preparation of TrkAlg, ¢ obtained by a method according to any one of claims 4 to

23 and comprising more than 99% TikAlg,.c monomer.

41. A preparation of TrkAlg, obtained by a method according to any one of claims 4 to
23 and comprising 100% TrkAlg,.s monomer.

3

42. A preparation‘ of TrkBIg, obtained by a method according to any one of claims 3, 4,
6 to 22 and 24, aﬁd comprising less than 20% TrkBlg, dimer or dimer aggregate.

43. A preparation of TrkBIg, according to claim 42 comprising less than 10% TrkBlg

dimer or dimer aggregate.



47. A preparation of TrkBlg2 obtained by a nmethod according to any one of
clains 3, 6 to 22 and 24 and conprising nore than 90% Tr kBl g2 nononer. 48.
A preparation of TrkBlIg2 obtained by a nethod according to any one of
clainms 3, 4, 6 to 22 and, 24 and con%r sing nore than 99% Tr kBl g2 nonomer.
49. A preparation of Tr KBl g2 obtained by a nethod according to any one of
clains 3, 4, 6 to 22 and 24 and conprising 100% Tr kBl g2 nononer. 50. A

pr epar at i af AfprdpakdliogofohkBigh edcdiling toretaivo d 3awngrdingglessothamyl YomeBIg: cl ai ns
3, 4, 6 to 22 and 25 and conprising |ess than 20% TrkCl g2 di mer or diner
aggr egat e. BHMEPOIFIBIAREREEHE- of TrkCl g2 according to clai m50 conprising

| ess than 10% TrkCl g2 dinmer or diner aggregate 52. A preparation of

TrkCl g2 accoyding to cl co Ld Si.n ess,t han 1(VTrkC or

di mer agggégétlgeg%?o%o ﬁg@éﬁ dlBg t?gcll"tﬁng%l actar amﬁ h%ﬁaq %A’S
conprising lﬂ?ﬁ# e Cor Hinde d6tcddte. di mer or di mer aggregate 54. A
preparation o kCl g2 obtained by a nmethod according to any one of claims
3, 4 6 to 22 and 25 and conpri sing nore t han 80% Tr kCl g2 nonomer. 55. A
prepar at i 9. AfprePakdtiog 2f QpikBlighebtainyd by mahdibell acosling tgny®nany clame 3of, cl ai ms
3, 4, 6 to 22 and 2.5 and conprising nmore than 90% TrkCl g2 nonomer. 30 56.
A preparati cﬁat@%m@g@@mwﬁwwm/ EABMHIHY t o any one of
claims 3, 4, 6 to 22 and 25 and corrpri sing nore than 99% Tr kCl g2 nononer.

.57. A preparation f Tr rreth one of
o ai s’ 3. Th A bishaton of ke St Rbr iy Touamet BSOS AnB Y 40
Purificatiorg rxezmammu%o ?ﬁﬁﬁghﬁﬂe f3h 9DBSTTkBI@ nbmbidet.cat i on met hod,
particularly for purifying tyrosine kinase receptor related pol ypeptides,
(and to products nmade by the nethod. The net hod

48. A preparation of TrkBIg; obtained by a method according to any one of claims 3, 4,

6 to 22 and 24 and comprising more than 99% TrkBlg, monomer.

49. A preparation of TrkBlIg, obtained by a method according to any one of claims 3, 4,
6 to 22 and 24 and comprising 100% TrkBlg, monomer.

50. A preparation of TrkClg, obtained by a method according to any one of claims 3, 4,
6 to 22 and 25 and comprising less than 20% TrkClg, dimer or dimer aggregate.

51. A preparation of TrkClg, according to claim 50 comprising less than 10% TrkCIgz-

dimer or dimer aggregate.

52. A preparation of TrkClg, according to claim 51 comprising less than 1% TrkClg,
dimer or dimer aggregate.

53. A preparation of TrkClg, according to claim 52 comprising less than 0.1% TrkClg,

dimer or dimer aggregate.

54. A preparatlon of TrkCIg; obtained by a method accordmg to any one of claims 3, 4

6 to 22 and 25 and comprising more than 80% TrkClg, monomer.

55. A preparation of TrkClg, obtained by a method according to any one of claims 3, 4,
6 to 22 and 25 and comprising more than 90% TrkClg, monomer.



conprises a nethod of producing tyrosine kinase receptor-rel ated
pol ypeptides, the nethod conprising expressing a tyrosine kinase -
receptor-rel ated polypeptide in a reconbi nant expression system and
separating expressed nononeric tyrosigﬁ ki nase receptor-related
pol ypeptide fromnultineric form's) of the expressed polypeptide in a
separation step, the separation step allow ng refol ding of the expressed
]E yrosi ne KpnQgeepattios P TrkCle) diteidedby ¥ BRMidddeconding ta ahy ohoof dainsy3,dct i ve

orm

610 22 and 25 and comprising more than 99% TrkClg, monomer.

57. A preparation of TrkClg, obtained by a method according to any one of claims 3, 4,
6 to 22 and 25 and compﬁsing 100% TrkClg, monomer.



