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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
TrkC  Bhipinvsntier releles 9t 2 BisHIodsior prmizing priepepHdss AP By Cﬁéﬁ’.‘%’%‘?“o‘f}hi c

factor,(B nd __neur.ogr LN- : | j LNyt i nds NT3
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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 selsinddbthamuauogtapbirsi n Tk dinds brain derived neurotrophic factor (BDNF) and
neurotrophin-4 (NT4) with high affinity. TrkC binds NT3 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
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al | ow refafiaghng of the polypeptide - it would be assumed that the
pol ypeptide was already correctly folded as it was in soluble form TrkBIlg2

20, W i BB Bl i B g S e, ey e
by i onpetchangss. (ilcHlel anEaliol Biol (1999) 290, 149-159) made TrkAlg,, TrkBIg; and
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
N urea and dialysed to allow refblding and further purified by ion exchange. Solution of
1 | 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



crystal structures of the resulting TrkAl g2, TrkBlg2 and TrkCl g2 reveal ed
strand swapped diners i.e. dinmers where strand A of one nononer is paired
with strand B of another nononmer (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 gnd binds with the B strand from
mononer Y. Conversely the A strand from nononer Y unfolds and_binds with
the B st¢rfamshtionomhinbnomeld xad Fhesgensiveeglyesyletion. andnworldialsodbes Bked%iton it was

i ndi cat.ed. t ha ne of .the dimers produced were capable of binding to the
nat ur aF‘gPﬁﬁﬁéﬁ"Fi}' , ecfwed’b‘ﬁ{z?ga%‘!ttg?fs"’fsﬁ'gag& eﬁgmks?ﬂlﬁ:@'ssed as i munoadhesins in
293 cells (Wrfer et al (1995) -EMBO Journal 14, 12, p2795-2805). The
appar egt. NGt bi nding..act iyt ' hest hheeyl e
constr%?%‘s?}heffggmgdlséce ;')s()l’\%gp 1r9 %‘ ng%&?dlg&t %7(% %B?%?greﬁ q?moadhesi on
scaf f olrgk A tdefivAtivep @RdladiRg Atk ATD)as hakithise Giridugy Prdtedh fdsioe gbmstructs whichr rect 3
conformati on, which would | ead to extensive a{gycosyl atio and woul d al so

n .
be |i kelese inectivsi apsi thexsfore Woudd feastber switable el Figtapputiqasee oMaltpsschinding ot her

nol ecul es.. Wndisch et al .(Wndisch -M s Ry 270 47
p28133p‘§§’3}%§5’n &4 dﬁee‘dseaﬂ*‘&’A drd%ﬂ‘@a?’[iogleé%s' |Iﬁ$d?‘sﬁ%ﬁs%g¥?%ﬁxaf as ?r;g:ﬁtg Jc?se

bi ndi ngy1REOERIeBY bRt iR oM ipbhiat Sat¥RisGihs noBtHe castact i ve and therefore woul d
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are used with "difficult” proteins. It was assuned that the constructs had
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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.

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.



receptor-rel ated pol ypeptides in inclusion bodies in Escherichia coli is
di sclosed in Holden et al (Holden, P.H et al Nature Biotechnol ogy, 15,
Jul'y 1997 page 668- 672). This nethod involves a dialysis step, after
extraction of the polypeptide fromthe inclusion bodies, to allowthe
expressed polypeptide to refold, and results in a yield of only about 16
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met hod _conpri 8 NG SXRLESSBr-2elhikl PolyPEptideNARS: bibBERMPictive karted
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step allow ng refolding of the
produces significantly higher yields than known processes. Second, the method is scalable
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 tag 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



expressed tyrosine kinase receptor-related pol ypeptide into a biologically
active form The nethod is advantageous over known processes for several
reasons. First, the nethod produces significantly higher yields than known
processes. Second, the nethod is scalable allow ng production of

pol ypeptide at commercially useful levels. Third, the nmethod does not
require a separate dialysis-based reﬁolding step. Dialysis requires large
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met hodaativeveseptarkes products of the nethod of the present invention nore
useful in certain applications such as biosensors. The tyrosine kinase

receptor may be native TrkA, TrkB, TrkC, or a biologically active
The polypeptide may be expressed with a 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.



honol ogue, variant, portion of those receptors or a construct including a
honnlogue, variant, or portion thereof: Preferably the pol ypeptide is

sel ected from TrkAl g2 and TrkBIg2. Particularly preferred pol ypeptides for
production by the nethod of the present invention are the 1g2 subdomai ns
of the TrkA, TrkB, and TrkC receptors. Mst preferably the polypeptide is
TrkAl g2 or TrkAlg2.6. Preferred constructs may include additional C
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form. Typically, the multimeric 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 than 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,¢ monomer,



near their pl. TrkAl g2, however, precipitates and aggregates at pH s around
physi ol ogical pH, and significantly different fromits pl and at salt
concentrations that normally nmaintain such proteins in solution. In a
preferred arrangenent, polypeptide is eluted fromthe gel filtration step
at a flowrate of about 2.5 nil/mn, and nononer is collected after about
93 minutes. This will, however, vary according to the apparatus and

condi ti ' i1 ed_ r epiiade i s .

o oduc B B B e R R fr e e
aspect n@fnobfee iPRMeRbiyDthe nh@bmet & sabsantthdlg al e bivdbegiofllypetivd formg
reconbi nant TrkAl g2 or TrkAl g2.6 frominclusion bodies in a bacteri al
expressi on systemin which nononmeric TrkAlg2 is separated froma m xture
i ncl udiThg imvemtine riso meddesma btablomrénaratior At gBrkBle: obipineds pr pptainabls, BY 8p and
allowed to refold intg a bialogically actiyve form- ically.
ol 1 eriodfacardiae 1 e Seuinliot SeSlrbe 6 i ds SRRk ey or il
provid a t 1%,k g2 mIB) Ai&dor MmO hEHERR, emodly a
nethodgggggﬁ%iﬁgﬁﬁgﬁ?ﬁgm?n%gﬂ??%npénﬁfconp?%sing | ess tha%yggbbof Tr kAl g2
di ner oreferdblydessalygr ke ifatod Trkpedipree bediaisr pedregate.t han 1% of Tr kAl g2 di ner or

di mer aggregate, nost preferably less than 0.1 % of TrkAl g2 dinmer or diner

aggregate. The invention al so provides a stableogrep ration.og T£kAIg2
obt ai ndde iByengpp aisaanpedesy stable prenasriion el okrkBleg obtirade of AYRINEPISHDR A

conpri si nmore_t.han 80% b han 99%
Tr A g2 MR iElh e oy it XonEBRRITheng 5 sOPL THESEPknBHLE mhaten, |10
ADNONE hrdfSrablybsbRthhR|9b% TKBIEmansther, @gisc prdfstablgt 10086 fTokBie, Homoinexent i on
-al'so provides a preparation of. TrkAl g2.6 obtai ned, or obtainable, by a

met hod Psefereblyi the meenomies is ssbwsentially aH i 2 bisdegicadlyagtivetosm: han 20% of Tr kAl g2. 6
dimer or diner aggregate, nore preferably | ess than 1% of -TrkAl.g2:6 diner

Pl SR N BT S R T
Tr kAl ggneﬁldamuﬁ:ioﬁi?%% ARDERERAR! £nd g%in%ﬁsh'@léaé)dha}pgmdbmrmgzt Bigher roreNt i on

and conpri sing t han 80% Tr kAl nonomner , ]
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.



7 nore preferably nore than 99% TrkAlg2. 6 nononer, nost preferably 100%
TrkAl g2.6 nononmer. Preferably, the nononer is substantially all in a
biologically active form The invention also provides a stable preparation
of TrkBl g2 obtained, or obtainable, by a mnmethod according to the invention
conprising | ess than 20% of TrkBlIg2 diner or diner aggregate, nore
preferably | ess than 1% of TrkBI g2 didver or di mer aggr egat e, nost
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mononmer is substantially all in a biologically active form According to
anot her aspect of the invention there is provided a nmethod of producing
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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;



above. The separation step preferably includes gel filtration. Brief
Description of the drawi ngs Methods and products in accordance with the
invention will now be described, by way of exanple only, with reference to
the further acconpanying Figures 2 to 22 in which: Fig 2 shows the am no
acid sequences of (A) TrkAlg2 and TrkAlg2.6 ; (B) TrkBlg2 truncated and
full length fornms (in bold; pET15b sequences (MGSSHHHHHH SSG.VPRGSHM) in .
unbol degb. florsipws aasdlt(dE)maks kpidadnietry repératerandn TukClgh 6Ho profwrerddy(then bol d;
pET15b sequences ( MGSSHHHHHH SSGLVPRGSHM in unbol ded form); Fig. 3 is a

over | apvepti@isaces from an FPLC machine illustrating conparative experinents
with a prior art dialysis nmethod and a nethod in accordance with the
invention; Fig. 4 is a series of traces illustrating the results of

experi pRNY § ild3uudel et rpddivas bidakdingraetvitytadieswitls Tek(Ees 618 with NTdces _-
illustrating conparative experinents with volume of dialysis buffer; Fig.
6 shows results of nass spectronetry experinents on TrkAl g2 6H s and
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Fig. 8 illustrates the results of binding activity studies with TrkAl g26H s
with NGF, ; Fig. 9 illustrates the results of binding activity studies with
Tr kAl gPigs 65iltnstmateh tha@redigted mRNA strastarerod JthAlg: s9Hisass spectronetry
experinments on TrkBl g26H s produced by the invention; Fig. | 1 shows
results of PC 12 cell neurite outgrowth bioassay using TrkAlg2 6Hi s; 9

Fig. 1Rishoysiifugestbd & HRSHleSPECHUREBAY YeQURAr itFBRIcRID dipséka O s
produced by the i1nvention; Fig. 13 illustrates the results of binding

Cacti vi TykAlgymdiBs with TrkCl g2 6H s with NT-3:
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. 14 illustrates the predicted nRNA structure of TrkAlg2 6H s; Fig. 15
illustrates the predicted nmRNA structure of TrkAlg2 noH's; Fig. 16 _
illustrates an exanple of nmutations required to facilitate expression of
TrkAl g2noHis; Fig. 17 illustrates the predicted nRNA structure for the
mut ant sequence shown in Fig. 16; Fig. 18 shows an SDS- PAGE gel show ng
cell extracts fromE. coli expressiny the pET24a-TrkAl g2 noH s- nut ant

sequenge ,shown.in Fig. ;L El 9 - 1SS ti@NMEATY
cxper | maHTN 0N rAeR il Ll Radi8id BRI, e on R AR Y
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act i ve RRln¢P Rl anrfor pulifisAl@Zsuch b$the hxolay pedthirstabinaléavggd seguanteno aci d
sequence shown in bold in Fig. 2A (whether with or w thout the additional
si x amshovagi ehbobleddoms inukige?Ai ned which lead to the variant TrkAl g2.6)
and honol ogues (for exanple as a result of conservative substitutions of
one or nore am no acid residues in the sequence) or variants including
sequen@?ﬁ%m%” SINRKEIEX M6 S ShPRpSRNHAL meBbihp{ WdlieRfentti @b tAS stquenddss t ag
and thronbi i cl eavage sequence shown in unbolded formin Fig. 2A

" Tr kBl gRSwmirdFig T2k @hd)2C rémpodivelyr r espondi ng nmeani ngs with reference to the
sequences shown in Fig. 2B and 2C respectively. "TrkAl g2 6H s" represents

Nariants including the H's tag and "TrkAl g2 noHi s" represents

i
oy
N

“TrkAIgz 6His” represents variants including the His tag and “TrkAlg, noHis” represents
Variahts 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 polypeptide
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.



variants not including the Hs tag. Simlar terns apply to correspondi ng
variants of TrkB and TrkC and proteins thereof. Specific Description
Producti on of histidine-tagged Trklgs Production of reconbi nant Tr kAl g2
6H s and TrkAl g2.6 6Hi s pol ypeptide Reconbinant Tr kAl g26H s was produced
in E. coli BL21 (DE3) cells using the nethod described in W99/53055 in
the section headed "Expression of TrklAlgi, 2, TrkAlgl and TrkAlg2" and

i ncorpgrating.a ,6-histidi.ne tag.t ' f tengle as
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harvested Cell s were resuspended in 10% gl ycerol, frozen at -70Cin liquid
ni t r ogefiSManda thheughestul t i ng pell et was passed three tines through an XPress
(AB Biox). The extract -was centrifuged at 10,000 rpm 4C for 30 min to
pell et the insoluble inclusi
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The i N&jaysivest Wikl 6 sl ROmeEMiNieRhossHatey 300 s Imida2gle, AW NaePdbpbat e, 30 nmM
| m dazole, 8M Urea (pH 7.4) and clarified by centrifugation. 6M

Guani di nium may al so be used in place of 8Murea t hrou%gm. The resulting
mi xt ur én eader toalbhedtherpusifisd rcombimnk brkdde0HiN IR EreRds &) re et Ptni th 50
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de to refold, the eluant of the previous step was then qulled to

(pol ypep 3
a Supesben, ¥ih Gefcnf ardt vaume nf 34rahwheraprg-packed by the manufacturer. The flo

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



equilibrated in 20 mM NaPhosphate, 100 mM NaCl, at pH 8.5. The colum had a
hei ght of 65cm w dth 2. 6cm and vol unme of 345nml when pre-packed by the
manuf acturer. The flow rate at maxi mum pressure was 2.5 m/mn. Any
aggregate (i.e. dinmer aggregates) eluted in the void volune. D ner was
eluted after about 80 mn and nonongr eluted after about 93 mn. The
elution tinme of a protein will be g@pendent on di nensions of colum and is

dependgRéw®Bni dverlay #@ee EBnParing Sa66T bPGEk AL 1R witl|rkWing bl atiagkia: . R =
VO Ve where Ris retention coefficient of a protein, Ve is the volunme at
whi ch t(fieialysist)eand math eefoldidg o icelugwi th ¢ gheihed weardingedo=thg 3pventionyo | s

122ml 2/232.5 = 0.53 TrkAI 6Hi ner _on.a Super Dex .20 | shas a
ret ent i pgﬁgefxf -t B segn @?9 %Wnﬁﬁﬁé%f eo%%%%’o?@?‘hcg?&ﬁhﬁrp eb’? L%’d)ef was

~al so f ghdiRcheb¥ordpBEY & the plibiSdt p&sfst 20 MM TrisHA, 50 mM Nad, pH 8.5,
recaptured on a H's Trap colum and eluted wwth 25 mM 20 mM NaPhosphat e,

. 300 MM I m dazole, 8M Urea pH 7.4. Purification traces fromthe Bi ocad
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of TrkAl'g26H s under various conditions were prepared. Figure 3 12 shows
an overlay trace conparing elution of TrkAlg26H s with refol ding by

di al ysiEffect oipHlopzilation efnbckAileiéHief ol di ng on a columm in a et hod accordi ng
to the invention ("SuperDex"). It will be seen that the nethod of the

i nvention produces higher |evels of nononer conpared to.the prior art
procesdr Hois wag exprgssed i ETedipgdesebidsatrue: %PEES‘?E@E‘%?W p‘?sf‘i"gﬂ in a
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( * centrifugation. The resulting mutant was affinity purified on HisTrap column and eluted

with 25 ml 20 mM NaPhosphate, 300 mM Imidazole, 8M Urea pH 7.4. The eluted
TrkAlg,6His was applied to SuperDéx 200 gel filtration column (Pharmacia) and
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



solubilised in 20 "M Na Phosphate, 30 mM I m dazole, 8M Urea pH 7.4 and
clarified by centrifugation. The resulting nutant was affinity purified on
Hi sTrap colum and eluted with 25 m 20 mM NaPhosphate, 300 mM I m dazol e,
8M Urea pH 7.4. The eluted TrkAIg26H s was applied to SuperDex 200 gel
filtration colum (Pharnacia) and f]?gl l'i brated in 20 nmM NaPhosphate, 100
nmMvi NaCl, pH 8.5. The flow rate was 2 m/mn. The tinme taken for elution
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are indicated at apprOX| mately 93 m nutes, 80 m nut es and 50 m nut es

respecteupmhs;edpﬂ;@eptﬁmll ts 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 y| el d, | owest anount of aggregate, and hi ghest

| evel s Refsulifoare seewn tdfigarat i ve Exanpl e: Separation of TrkAl g26H s nononer,
di mer and aggregate wth refold by dialysis. Amount of dialysis buffer
required. Subsequent analysis by elution from SuperDex 200. TrkAl g26H s

was exprgsaedrisikicn oCPHiATs0Hib ih@ d'rkATS, YsHIis Proddiedsby ™ ethabofthiel i sed in 20
M NaPRasahahe, 30 nmM I m dazole, 8M Urea pH 7.4 and clarified by

centrifugation. The solution was affinity purified on H sTrap col um and
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over ni %MN?OF%MQQ?MEE&?HQ the5qum/hi\d%‘Ebwn@1h'ing B, Thé Akpular adsoof a
Hi sTrap col um and uted wth 25 m 20 M NaPhosphate, 50 nM EDTA, 8M

Ur ea plhd@pdlypdfitides wanddtyrmiinedusing P @l%YS@FpéW%%e?@ﬁ §ER MatrixrAsistad col um

equili rate in 20 vl NaCl F s 2.5
Cm/min. eﬁqr?tfc@s%l\l‘gfpﬂé%‘g ?&téﬁ‘]?%% ecuéf’%%_é t?r‘g?sthggagi\e& %%; %\aghest
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di al yS| o be used for refolding of the ‘expressed polypeptide, Results
are Sh@%cdn&aﬁblg of Smg/ 100pl in a 50:50 mixture of acetonitrile and 0.1% 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.



Characterisation of TrkAlg26H s and Tr kAl g2. 66H s Produced by Method of the
I nvention The expressed TrkAlg26H s (A) and TrkAl g2. 66H s (B) pol ypepti des
were subjected to MALDI TOF nass spectronetry and the results are shown in
Fig. 6. The nol ecul ar nass of the polypeptides was determ ned using a PE
Bi osyst ens Voyager-DE STR Matri x- Assi sted Laser Desorption Tinme-of-Flight
(MALDI TOF) mass spectroneter with a Mtrogen | aser operating at 337nm The
mat ri x ' "Fﬁ@]lé : [ L D ' tiggncentrati on of

| ng/ 10£ﬁkwd§?gﬁa¥g§¥xt ur dg?ggg&ed?%ﬁﬂ)???éemgﬁaﬁgdﬁgfhﬁ?l uoroacetic acid.
0.51 of, s | e ang%ln&iirl X were sgotted onto the sanple plate. The sanple
was cdli P8 PbRAIRTSPINSE Bi osystems) run as a cl ose exter nal
standard. The spectrum was acquired over the range 5000-80, 000Da, under
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cal cul ation of the nolecul ar weight (16,574.4 Da). Stability TrkA g26Hi s

and Tr k(humtark Gl S Ip¢sacrab dOR Gsnetesne it glaghmiaoladradesrant agtia pRFEiakhen
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of the invention i Guinea pig hind linb pain responses Biological activity
of Tr kAl ghéy Giahsmippathusigehlbyo thHeebraint hodndfB fibes idoviertt i Spontaasousefgingiof n

nociceptive neurons vyithout outside stimulation is thought to be 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 paih 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



guinea pigs (D ouhri, L. et al (2001) J Neuroscience 21 p8722-8733). CFA
(Compl ete Freund's Adjuvant) was injected into the hind |linb and knee of
gui nea pigs. This causes inflammation which |eads to an increase of NG
| evel s. This nmakes the animal nore susceptible to feeling pain.

Intracel lular recordings were made fromthe cell bodies of L6 (lunbar),
and S| (sacral) DRG neurons with gl &8s nicroel ectrodes and action

potenti al e evo ti.m i f lre; of &oaum
el ectr @3‘8@’@%& gé%ﬁgn%éﬁm%{ﬂ#e?r&a%%&fgﬁ ané‘yﬁ{Itl lgggls:p% tFeIFQ 1(%I@A
adni ni sfyrRiteNoutdR&ICwaad] ASuhiThk &R 6Hie inwidedept i ve they transnit pain
signals to the brain. a and [ fibres do not. Spontaneous firing of
noci ceptive neurons w thout outside stinulation is thought to_be
r esponsikAge,bHis whnhtafratide yo presemesnoigronwe ipagsponse taliah & teARg26H s
was injected on days 2, 3 and 4 with 0.45g into hind |linb and knee on
gui nea Cﬁlldl.neAddi ng TrkAlI g26Hi s, which sequesters the endogenous NG,
abol i shed CFA-induced increases in follow ng frequency and in spontaneous
firing. This neant conplete cessation of abnormal pain. TrkAl g26H s was
t her ef @uh-albhing 6f the MirkBIg.¢Hisdomasponse in CFA induced pain fibre firing in
guinea pigs. ii PCl2 cell bioassays Biological activity of TrkAl g26H s
produc 5, ' i § 286 16930 @F tiedmbtire Poteia, anduias tae

sout gr o&f}ﬁbzrlk?;%gg%% B%%llggor%%ﬁegggﬁka r at phaeochro_rrpcy??rra cell 1ine which
gr ow nefusthére®l idzidves poihs NH otetrthisup mhinbneoasighiteNtE hisfidinetexpraseion fagc@is or s

present on _the cell  surface. PCl2 ) r l,at . ells per
el | i rassesiged trombinekEdee sPaYePt |°@ﬁ%§°%§%8ﬁﬂesf§ﬁﬁ%t§§?% 9‘5‘@"&4‘” 00 g/ m
strept 0 1A% & AT - 1B, aGRInlcaBY8 TornGd hudne PrkBM

gl ut am%rg}g %Wléf%f{l%(%{é%- coaégéﬁgks %19&%@ pl at’gs. nI\%F was added at ing/nl and
Tr KAl g24bked ¥R Ss AAdesl ekl (1999) Ngurostiarn t60ap825rE34). Réeswhars (VEG dBioterh) i n
Figure 11, photographs of neurite outgrowth after 48 Pours. Cells were

fi xed betaperatdst a Ndel site n the orward primer

(CGCATATGGCACCAACTATCACATTTCTCGAATCTC), 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.

. 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

S



phot ographing. Fig. 11A shows neurite outgrowh with ing/m NG and Fig.
11 B shows no neurite outgrowth when 1.25m Tr kAl g26Hi s i s added.
TrkAl g26H s was therefore able to prevent neurite growth in response to NG-
in the PCl2 cell line. Sub-cloning of the TrkBlg26H s domai n The
Tr kBl g26Hi s protein conprises residugg 286 to 430 of the mature protein,
and has a further 21 residues at the NH2 term nus which constitute the

- hi sti diplasexPphie s abed BYnedithie A3it0c AL EW birdth Gethitainial @60 agenlsemiatizg, cDNA
coding for the TrkBlg26H s domain was PCR anplified from s
2AP- pBl wkish mag erovekie: a3y dntical deasigoel bAraPY na. oY BT Grivieseaddded tpindbeoned by

us (Al t al (1994 [ 60 5- : ' '
oo potledh e gk B SERLBRER R e T MRS PLghee)
( CGCATAZ, 0% GAGATI biad FoAATETEYC rAEI{:uatsﬁaPéﬂems\bé@ 1ysed bigassirgyer se
primer: ( TCCCTATTAATGRRCCCGACCGGTTTTATC) . - The PCR product was

subc| orfetimen tlwopghrams Kp¢dss\there wpshed svitly 2aeYl sedismBphdaphaie buberst(®H &heat e t he

expressi on.vector pET15b- Tr kBI 6 Hj At te ersi f T I g26Hi s,
O i Sa sBERaRR, IIB BSOS noh SRS 0 A Rhel Blezor s
an no  geidselAPsctible mhies 1éa9fngiﬂ@§si&@b&dimtahﬂiﬁgﬁmmm_pir@téinl. i gand NT4 and
an X-ray crystal structure solved. Production of reconbinant TrkBl g2 6H s

pol er«pt [ dg El ectro-conpetent E. coli BL21 (DE3) cells were transforned

wi th pET15b- Tr kBl d Xpression was carried out in accordance with

t he pEﬂ?fM%%ﬁym&‘?Pﬂg’tpéP“&iransformation, E. coli cell lysates were
anal ysed by SDS- PAGE for expression of the 18.5 kDa protein. TrkBl g26H s-
r ot ei fnsesble ApkBlgsdls atotdin gpnthinedinsthe inclysionhodies s uelpased frag thesells but not

ln the ot her fractians. . 2m of 2YT th_(coptaini 2009/ Lelllin)

Was i n‘ﬁ’&lf’% SR ‘%{33@8?16%?%){8 Saﬁ‘h&nfnﬁéer?: ?‘glf%%dm ﬁg‘%"‘g‘ﬁg‘gig? b fi s was

used tQohfhpgeiatif 8M urea buffer (20 mM sodium phosphate, pH 8.5, ImM
B-mercaptoethanol), with a “Complete” proteinase inhibitor cocktail tablet (Roche) and

incubated at room temperature for 2 hours with gentle shaking. 6M Guanidinium may be
~ substituted for 8M urea. TrkBIg,6His protein was purified on a HisTrap nickel column
(Pharmacia), under reducing conditions (20 mM sodium phosphate, pH 8.5, 8M urea, 10
mM iﬁlidazole), 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.



50mL of 2YT broth (containing 200 pg/mm anpicillin), which was grown at 37C
to md log 16 phase. This was used to inoculate 5 litres of 2YT broth
(containing 200 g/m ampicillin), which was grown to an optical density of
1.0 at 600 nm 1mM I PTG was added to induce protein expression and cells
were grown overnight at 37C. The har sted cells were resuspended in 10%
gl ycerol and frozen at -80C (8 pelle Pellets were |I'ysed by passing 3
tines tiheaengecuta wigless, TrkBm%I\ﬁawae&umdtmbéZ(wrﬁwgdﬂi dﬂniqih@k@%&t@cwf fers
(pH 8.5), _containing n CcCess OA M Na %, Tr i -100, and
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contai ning insoluble protein. Refolding of TrkBlIg26H s pol ypeptide

| nsol u k Bl Hi s ot n d _i.n the inclusion bodies was
rel easgd'%fa? 3%?291658??’ maaﬂrﬁkgfg é!%‘?eommand washed to renove sol ubl e
matter. The purified inclusion bodies were solubilised in 8Murea buffer

(20 ”Mﬁl%df‘rkﬁl e| ngne . RePresit tal(?td@@%@%ﬁ&@%rbt@uﬂ“aﬁ@ h8s a
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substituted for 8Murea. TrkBIg26Hi s glg on a. H| sTrap
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i m daz k™ pl'ace under non-reducing conditions (20

sodi uUMEEEHNATEAPFGBCTACTAT COCOBEL) and aaeveSieneimenwizion igetpokatd aat i on
col um (Phar macia). Fractions fromthe 8eak corresponding to_ a nol ecul ar

wei ght Bﬁ@&bpﬁli@(lﬁﬁﬁ@%’rﬁﬁkm%@cﬁ ELEGAGGALSTEHM R nebheTr ’BRg26H s
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oo LA LEC G100, B0, 3 N 9200 8, PR SRSpRAISL R O hbSo
Bi 0SYSt % MO¥ASESiRE ccf BEVMSIDIIQT . oBss Spect rometer, with a it rogen

| aser operating at 337nm " The rratrlx solution was freshly prepared
sinapinic acid at a concentration of Ing/100 | in a
"Production of recombinant TrkCIg;6His polypeptide

Electrocompetent E. coli BL21 (DE3) cells were transformed with pET15b-TrkClg,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 -

RN

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.



50:50 m xture of acetonitrile and 0.1%trifluoroacetic acid. 0.5 of sanple
and matrix were spotted onto the sanple plate. The sanpl e was cali brated
against Calmx 3 (PE Biosystens) run as a close external standard. The
spectrum was acquired over the range 5000-80,000 Da, under Iinear
conditions wth an accel erating voltage of 25,000V, an extraction time of
750 ns and a laser intensity of 270018 Results are shown in Fig. 10. 17 The

nmol ecul_ar ig f . TrkBl g26H s.was found to be 18,451.7 Da. This is al nost
exact | ﬁefﬁ‘g“a‘lﬁg&?&g&zﬁsﬁsgﬂg@?% %al calculation of the nolecul ar wei ght >
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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-terminal methionine, which we have previously found to be removed

in proteins incorporating the 6 histidine tagfrom the expression vector pET1 5b.



whi ch was grown to an optical density of 1.0 at 600nm |InmMIPTG was added
to induce protein expression and cells were grown overnight at 37C. The
harvested cells were resuspended in 10% gl ycerol and frozen at -80C (8
pellets). Pellets were |lysed by passing 3 tinmes through an Xpress, and

t hen washed wi th 20nmM sodi um phosphate buffer (pH8.0) containing, in
succession, OA MNad, 1% Triton X- 1%0, ' and finall y 1 MNaC . This

renmoved . e V| j |l j iS OnH1ER T8¢ Fs iango! ubl e
pr ot ej né%ﬁ%ggk'esﬁ%&g%ct Vg%.dqgr Re oﬁ?’ﬁgr of éi'%%:lg’g%Hills%k pol ypepti de

| nsol ubtgCOlgkdMig26H s protein contained in the inclusion bodies was

rel eased fromthe cells wth Xpress, and washed to renove soluble matter.
The purified inclusion bodies were solubilised in 8Murea i)}uffer g}tZOrﬂ\/l
sodi um Thehespting mopeingidrecamiings-Frikee sfsreodowarie bind the gatord igands T the r oom
tenperature for hours wth nt|.e shaking. . i di.ni :
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i mdazole, "ImM (3-nercapt oet hanol and el uted usi ng 300nM i m dazol e.

Ref ol di wouldds biclogicullylisamtivem phosphate, pH 8.0, 100nM Nadl, 1nM

(3-mercapt oet hanol on a SuperDex 200 gel filtration colum (Pharnmacia).

Fractions fromthe peak corresponding to. a nolecular . —weight of
appr oxi Hee ebijity1 of dkida: vemaingde| bed t‘ng\’é“é’é r‘??B?ﬁt‘é’Fﬁé%ﬁm% W@Fdﬁ%aﬁg%drﬁ)s%‘%mr .
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TrkCl 92@Himx dm’scM%ﬁiﬁ)rByrhﬂdhélﬁdupgn@. PE Bi osystens voyager-DE STR MALDI TOF
(mass spectrometer, with a nitrogen | aser separating at 337 rim The matrix
- solution was freshly prepared sinapinic acid at a concentration of 1

05 1 Pt hkek Sydhe PR Ko Tl a6 The sampl e
was cal i brated agai nst Calmx 3 (PE

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.



Bi osystens) run as a close 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 750ns and a | aser
intensity of 2700. Results are shown in Fig. 12. The nol ecul ar wei ght of
TrkCl g26H s was found to be 13, 681.9 . This is al nost exactly as

predi cted by a theoretical calculation of the nol ecul ar weight (13,685.3
Da) tahhng}kjughﬂﬁﬁcount | oss of the N-term nal nethionine, which we have
pFEVIOUS|¥ found to be renoved in proteins jncorporating.the 6 histidine

tag fr oWOF heasergspadseyas the ebiport (bETQ 14ssopgaipy japg déstsﬂ%l?té%“ I3 HETg
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I'i gandsy ofshbhg inf ?&fe@t THR fsUhlvér?rlﬁg}b AFE6@PtMAS cothinBnssirate | with aérfolmi ty t o
the wild type receptor i.e. this m be expected to be biologically
active. chhnct:nsmqswftheshwla@dalsnaplprenﬁ jundryitd typRIcgPeH s woul- d be

bi ol ogically inactive. The ability of Trklg2 domains to bind to their
respective |igands was neasured using plasnon surface resonance with a

Bi aCor QD W &M e (B3, Qﬁdlcéfﬁd"&%l%@ﬁlst@‘éﬂﬂvé B diteto prevent xbedrmal €Mz chi p by
am ne c pI i'ng. Binding activity of Trklgs. Surface plasnon resonance i.

Tr kBl g X&HigsofBbideptiveesnepassed over the chip at 0.1-25nM Associ ati on and
dissociation rates were ‘estimated according to a 1:1 Langmnuir binding
nmodel , giving a KD of 790pM" NT-4 was passed over the-chip at 1-100nM
ASSOCI avi Enkémﬁﬂlsssom ation rates were estimated according to a 1:1
Langmur bi ndi ng nodel, giving a KD of 260pM Results are shown in Fi g 7

Fi g. owsthe esul th B Ouk ,

5, 10 :NE’ Y8H RAEY Pvifu‘ttﬁ‘F Cg‘éﬁ 8?8? ge at ¥¥S BT |Vg§§o‘g}t%t i 0%1210%15% tted

to a l:d,dhangmiys mMdelcatiod! %dn&s@ciﬁ@o@fratzgw eShth@ed adcod@ihg to a 1:1
Langmuir binding model, giving KD of 200 pm. 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 predicted structures of TrkBlg,noHis and

| , TrkCIgznoHis.



Fig. 7B shows the results of experinents with NT-4 at 1, 5, 25, 50, 75 and
100nM (all duplicate). Association and dissociation were fitted to a 1:1
Langnuir nodel, giving a KD of 260pM (Chit = 2.85). , ii. TrkAl g26H s NG-
was passed over the chip at 0.1-100nM Association and di ssociation rates
were estimated according to a 1:1 Langnuir binding nodel, giving a KD of
92. 6pM The results are shown in Fi7§ 8. 20 iii.. TrkAl g2.66H s NGF was

passedyg¥er csiButehi Bidard té- FR0RMthAssagingl inPRINANGraiteseC vaidensileat es ver e
estimated according to a 1:1. Langnuir bi ndlk/g nodel , giving a KD of 79.2

PM  Resultat®ns aveec Sitrovmnceid nntﬁltge D@IA m0§urr3 of & gynQngfﬁO allaw Agcess tarthe
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active Ratlll BYED tard RRAALRE 1&”%@ sfultfrﬂ NERNIA-SACEED pedectée ons. iv.
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Wi t h 1MPOID indoval indigee ml—lEiarﬁples\eﬁmblclnmnatadmquﬁmaiqréﬁr fenodliss wer e

estimated _according to i nding nodel, giving KD of 200 m
The re8igIshewainF W?‘%é?érké So‘B EYSEof non- hi sti di ne-t agged
TrkAlgs Coning of TrkAl g2 noH s TrKkAl gZ was cloned into pET24a for the

expr essiiofy Of . TLAA62 ) b00YL ol e BS5) dL0lettle phT AL BIOHralug VW ¢ hout

nodi fi expres pro ‘ein. at secondary

~ struct gfiget GGARTTENATATRRSCTGRT TCAGTACRA TN ACA BGGEGAUG witickans| at i on
initiation codon and/or the ribosone binding site. Using the software MFOLD

(‘ht t p: inchipowsts patated hasdsrand egpgrgiprinkTer f aces/ nfol d. htnl) to investigate the
(??C0nd?JC%CTCGAGTTATCA’ITCGTCCTTCTTCTCCACCGGGTCTCCA. Primers include

sites for Ndel and Xhol respectively at the 5' and 3' of TrkAIgnoHis. Between 100-1000

pmol primers were used per reaction.

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, (I) 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



.Structure it was seen that the transcription start site was not ideal for
expression. Figure 14 shows the predicted nRNA structure for TrkAl g2 6H s
in pET15b. The nMRNA coding for the 6Hi s tag is outlined, as is the

ri bosonme binding site (RBS) and the codon for a-proline residue (PRO.

Fi gure 15 shows the predicted nRNA sjructure of TrkAlg2 noH s in pET24a.
It can be seen that the initiation site is nmuch | ess accessible than in the

6H S WRJcEIaRNS0n dTINAT bf @S {donGilinnso algsel lanbsgciny) wiiddives gowstat 33tQr es of
TrkBl g2noHi s and TrkCd g2noHis. 21 Using conputer software t redict the
r esul t i guidriRigiplese. iBhis mes usedito aeulae|Selires ¢hd Bl PR (W@Pémfl%éﬁ dinto
t he structure of TrKkAl noHi s. t t Lhgure 16
shows &RV |‘§1%6$ ‘%asr%rgﬁ'gtztlonaé’ ag%%{ﬁgg\géﬁgggﬁ%%@g% %ﬁ%ﬁ?ﬁg EII\}av‘ig | d- t ype.
Mut at edjRAYE SndbE prodik edpgich andhelld Gt drowg forRNduss at 601 The pandited ed by
MFOLD is shown in Figure 17. Exanpl es of suitable nutated sequences. for
Tr kBl g2eltsHivare rasnspestedin 1036 Eygupkand fragan 2f $P°CridarligishoHi s in Fi gure 22.
TrkAl g2 was anplified by PCR fromthe pETI 5b-TrkAl g26H s plasm d using the
forward prinmer GGAATTCCATATGCCTGCTTCAGTACAATTACACACGGCGGTC whi ch

i ncor pdnelngien hpdwPERPBAYYY and reverse priner :
CCGCTCGAGITATCATTCGTCCTTCTTCTCCACCGGGTCTCCA. Priners i ncl ud sites for

Ndel and Xhol .respectivel y, at e .5'. an ' ] n
100- 10 ée,ssegln‘iﬂus b’Y‘i?‘?rE’P%e rzé)nﬂ\é?g‘spbeuﬁe? 8glcf§.|5 éﬁﬁ“mg g??m%glﬁaeéseﬂggr ried
out nggpe%’th SVEAGEM rid bhfF& P, 50aab&T Thédktvisre adntiifiged ad 9006 matufor 6

tenperature of 94C for 15 minutes, PFU polynerase_ was added ﬁ&d 3}8 cycl es
dendhutesahd supmmadatCrémoved. Fhaprasedusn waa rapaefe il 26mM s bR{tFr R and

of
Cext ension at 72C fo iqut e carriged,out .. Fi ¢ i on was 10
i nut e§-5a't'1mil\4(?l\&§{:’l g%ﬁlgiﬂé‘ ﬁ@%ﬁﬁ‘@a@?gﬁn&g& ‘gﬁ%dtﬁé@%\/\{egé lggal ysed
by agar, IPherCh B Blfﬁaﬁpcvgs%ﬁrﬁd s GAR0hd TR Wftes pWES.S, SmbEPMBER] i nt o
Ndel aﬁgé%oﬂel%;g%te pET24a to create the expression

10mM EDTA. This was subsequently centrifuged at 9000 rpm for 30 minutes. Supernatant

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 Sepharos¢ 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 apprqximatcly
180mM NéCl or a step at 200 mM NaCl. Eluted protein was refolded at 1mg/ml 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



vector pET24a-TrkAl g2 noHis. Figure 18 shows SDS-PAGE anal ysis of TrkAl g2
noH s expressed in E. coli; (M markers, (W whole cell extract, (S

sol ubl e extract, (1) insoluble extract. It can be seen that TrkAlg2 noH s
is expressed mainly in the insoluble fraction. Production of reconbinant
Tr kAl g2 noHi s pol ypeptide El ectroco ftent E. coli BL21 (DE3) cells were
transfornmed with pET24a- Tr KAI g2 noHin and expression was carried out in

- accor daRgE&pited Ropered Fith &Mis GRd¥ @he sahfet hditibhanNBibeasetrhaontericcol |
| ysat es were anal ysed by SDS-PAGE for expression of the 13.5 kDa protein.

Tr kAl gFomobias opsaived witheesteadpd selubidisationh| Additienadly sthemenpaegiceReak Hiayb| e
t not in_oth

fractigon _b fractions. 2m .of 2YI broth (containing 50 g/m
kanonyg’lerf_)n,a Haet Oqtﬂﬁ(?ﬁfozi&&)lmh() 80%(:8?%%1?/t}{flrﬁr%ztﬁmm(fé)ggegngrgé\%gat 37C 19 o m g | og
Ehase. _Ttr;:)s was Esed to 22 inoculate 50ml of 2YT broth (containing 50 g/m
kanomy 'Y\H H‘@fl‘ ArisHhs ] Afés was used to

i nocul 3‘[‘% rg_c i %e% 0 %wgg?ot ﬁ%{rggﬁ%%l??%é{h%% og?%éﬁwﬁan%]?ryci n) whi ch was
grown to an optical density of 1.0 at 600nm 1mM I PTG was added to induce

pr ot ei MHRXREIeS AR T n¥Eik Gv@ldewnmined udinh @ PESBikyskis VaymgehBEvest ed
cells were resuspended in I0% glycerol and frozen at -80C (8 pellets). '

gngl lisiS(TrRF'.bbtlyDNBF Hf@tbo 7 méabi_l_ffg@ctrqmi[@]@swah eéﬁt:?emséld mz%@ﬂlgi % 33 trv :ﬁ?q Wa¥ fer pH
: | PNSF, , .gen ed and. ifs 8.5 '
added. %’é‘é’% vmgfgz%\{lg RreRared E@pﬁc @‘8%8&?' B%CF%FEQ’@B ngbguﬁgz%daﬁérﬁgg 9?& nat ant
r emve%ﬁ%@&é&&ﬁ&n@ a6 19ERTRLERNE 4dd.20BMITotithe bashfle and Matrik rerelmM

~ PNBF, . A and M NaCl, added and then with 1% Triton X- 100 _added.
. Then aspotal ontsthavasmpler plated olhe \wiunhle2 @ian cRlibmtadupgaipst pErlgnis, 3 1 PVSF,

{16mM EDTA. This was subsequently centrifuged at 9000 r for i nut es.
fSu per nAGFSIEIEA JUR B%BiF ?%ﬁerm\l}vﬁgaﬁggrdmgi‘%g%etmﬂﬁ WihEY %Erlc it V%’[o%i‘Q'erég,ill %%er e
rozen - C J W EPTT Y=Y, ubdcki i ] M Tri s
bUT T er 5%&0 e?ag)%\(/)m ft)ﬁ, SWq%%%D%ml% ith OnU RdcklesfBlg! VolRbe WEEXs 000V2
extraction time of 750nsecs and laser intensity of 2700. Results are shown in Figure 19.

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 from 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.



added for three hours at 14C. Refolding of TrkAlg2 noH s pol ypeptide

I nsol ubl e TrkAl g2 noH s protein contained in the inclusion bodies was

rel eased fromthe cells with an Xpress, and washed with salt and Triton

X100 to renove soluble matter. The purified inclusion bodies were
-solubilised in 8M urea buffer (ZOWNIEQis pH 8.5, 25mM DIT) and incubated

at roomtenperature for 3 hours with”gentle shaking. Purification was

car ri edS@nitar 4sdultg vase abianedexsidpahgalgohalin refolied asS@edephdf oSephrast  Fl ow

(Pharmacia), equilibrated and run in 8Murea (pH 8.5) with 10mM DIT added.

Pr ot ei nHRA80 andberdracyt HRZ0QeelumBHht of Nad, in which the protein eluted at

approximately 180mM NaCl or a step at 200 nM NaCl . El uted protein was

fol ded at 1 ny/ | . filtrati Ly in T b &, 100MM
Nact. - reranarRgR v Egefry i b nENe SRy g o AU de MYl "o

fiItratgﬁpﬁﬂgdia: Super Dex 200, SuperDex 75, Sephacryl HR100, and

- Sephacr.yl 00. In this system TrkAlg2 noH s ran with a retention
coefficient of 0.55. Unexpectedly it ran a little faster than 23

antici pated conmpared with TrkAl g2 6H s under the sanme conditions. |ncreased
mononeric formwas observed with extended sol ubilisation. Additionally,
the nononeric peak may be finally put onto a Poros Q colum to concentrate
the protein concentration. Characterisation of TrkAl g2 noHi s produced by
met hod of the invention The nol ecul ar nmass of TrkAl g2 noH s was determ ned
using a PE Bi osystens Voyager-DE - STR MALDI TOF nmass spectroneter with a
nitrogen | aser operating at 337nm The matrix solution was freshly
pr.epared sinapinic acid at a concentration of 100 ng/100 | in a 50:50

{mi'xt ure of acetonitrile and 0.1%trifluoracetic acid. 0.5 | of the sanpl e
and matrix were spotted onto the sanple plate. The sanple was cali brated
ragainst Calmx 3 (PE Biosystens) run as acl ose external standard. The
spectrum was acquired over the range 5000-80,000 Da, under |inear

~conditions with an accel erating vol tage of 25,000V, an



extraction time of 750nsecs and |aser intensity of 2700. Results are shown
in Figure 19. The nol ecul ar weight of TrkAl g2 noH s was found to be
13,561.2 Da. This is alnmost exactly as predicted by theoreti cal

cal culation of the nol ecular weight (13,553 Da). Biological activity of .
TrkAl g2 noH s produced by the nmethod of the invention: PC12 cell bioassays
Bi ol ogi cal activity of TrkAl g2 noH s produced by the nmethod of the
invention was tested by PCl2 neuri t@ai gr owmt h bi oassay. PCl2 cells were
plated out at 2x10 cells per well in conplete DVEM nedi um (including 100
units/m penicillin, 100 g/m streptonycin, 10% horse serum 10% FCS and

2mM gl utam ne) an-col | agen-coated 24-wel | plates. 1 ng/m
gmd Tr kAl ?2 Aﬁmci?;/\%%’:& UARE SOy g’r“ﬁif ’668?\‘5%% e?%fq ’%\gﬁipééﬁaﬁéﬁ??% Tlfoﬁdom ag
experiment ysing 5 REPEIRMS RepiticreRed Jypmptideminare  shown
~in Fi gure. gg Bﬁﬁo%oérggﬁg@:how neurite outg?éc?\;fvt heafter 48 hgl)ur s. .Cells

\r/]vgeJ /rtraT1 f :\l égd E@h{hizmo Bnp rmtr)]mgnap lsystem d8idg. seP@ALish owspressed iMeNORATGr BRRFPi t h 1

. Fig. shows no _neur.ite outgrow h e 0 i d; Fig.

20C shows 1 e acirelsF ged GEVGRBEh SoRb A Eer PRAF Lt ioicePre e adag: O
ig. s ICH] b Ep@UEGH P the B fArdlion By lOWER RFblimg 6f dtded. 24
Simlar resg)\ﬁ@?%re o%t aPne@i us}@h’g Tr KAl g2 noHips ref ol ded ongISuperDex 75,
Sephacryl  iDipReseangraSkiehitnssy! rebiR2@oretatddupolypepTidk Ahtp2a diblogisakly wpéYef or e
able to prevent neurite growh in response to NG- in the PC 12 cell Iine.

| 25 O ains 1 form.ret hod of produci ng tyrosine kinase receptor-rel ated
pol ypeptides, the nmethod conprising expressing a tyrosine kinase

({—j.gcept or-4° lA? trrﬁ:(tjhopdo lu}é:gredouggl goecjieallqm 2 in which the tyrosine kinase receptor is a native

TrkA, TrkB, or TrkC; or a biologically active homologue, variant, 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.



reconmbi nant expression system and separating’ expressed nononeric tyrosine
ki nase receptor-rel ated pol ypeptide frommultinmeric form(s) of the
expressed polypeptide in a separation step, the separation step allow ng
refol ding of the expressed tyrosine §6nase receptor-rel ated pol ypepti de
into a biologically active form 2. met hod according to claiml in which
the tyrosine kinase receptor is a native TrkA, TrkB, or TrkC, or a
bi ol ogi cakhy i , ryant N t 2 reb8REPIMIE& OF a
construct llbn%?%%?%g %Qﬁggﬁ%gggﬁlea@vg??aﬁ}tﬁgo@ég(ggrro?iifngnn?i%r eof@ﬁé 3. A net hod
accor di ng t opatyptid@isierpmbdiedhn bageaial insiusoh tedieyr osi ne ki nase receptor, or a
construct including such a portion, is expressed and in which the portion
is selected fromthe 1g2 donmins of the TrkA, TrkB, and TrkC receptors
respect i vélyA method] apseident ey picading 6lain ainrviEch thevpplamerin BB PHER i de i s
sel ected fro&’n Tr kAl g2, TrkAlg2.6, TrkBlg2 and TrkClg2. 5. A nethod
~according t"®*Him 4 in which the polypeptide is TrkAlg2 or TrkAlg2.6 6. A
met hod according to claim1, 2, 3, 4 or 5 in which the polypeptide is
expressed A i dg'i%% RGEn i ; I!,mﬂ,e A8CRIaBidg Hid any one
of clains 1.2['\%?0 |dr11éc'é ]': C tr?ge‘?géﬁ%%g%ti delriighrggg%tessedpw thout a histidine
tag sequencea lighndAf tietdondspndmgdiatige tyoosaneykimse raskptot withibigh afanity.i n whi ch
the tyrosi ne ki nase sequence is human. 9. A nethod according to any
preceding claimin which the tyrosine kinase _receptor-related pol ypeptide
i s expr esdddAimethorsesicatstieg Yooy procsding clasmpin whigh deccsspaficHan teRcm, ?W‘ng in
whi ch the t%«%‘?ﬁlnag ki nase receptor-related polypeptide is expressed in
pacterial i 439%odi es. 11. A method accor di ng to any preceding claim
i:f which the nmultinmeric forns include

14. A method according to any preceding 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.



dinmers. 12. A nmethod according to any preceding claimin which the -

pol ypeptide is able to bind a |ligand of the corresponding native tyrosine
ki nase receptor with high affinity. 13. A nethod according to any preceding
claimin which the separation step inyelves gel filtration. 14. A nethod
according to any preceding claimin which the separation step is carried
out at a salt concentration between and including O M and 500 M 15. A
met hod acznrdivethodcestiting te agdprocedigadlan in wiith thetpodypspipder iaprashicetiap i s
carried out at a salt concentration above 25 nM and bel ow 200 M 16. A
nmet hod accormbdftagaltbased epRssISNSYSIRI ch t he separation step is carried out at
a salt concentration of about 100 M 17. A nethod according to any one of

| ai 13 16 i i .th . K th | it i . i bl
¢ o sopar o7b bttt Puhbe e SR AR R T pHitey fipahdbiglp ey 2O Ty
A met hod acQr@hindxpResSibRisPidnd ih Whidh ©Bndrh@iIEikALS, GERRAUSY i¥MpaatedSuper Dex

200. 19. A nmethod according to claim 18 in which the gel is SuperDex 200. -
i 20. A et fath actistu mgcledingmpnpmede didpubinagrio TikAlg o ki sBpaee i on

step is carrjed. out at H, of en 8 and 9. 21. A nethod according to
claim20 in iltb‘ﬁ’ﬁt?lbm’g@gﬁg’ﬁgg%w?@%\g‘ﬁoﬁgagﬁlrﬁ%?% out at a pH of about 8.5.
27 22. A nethod according to any preceding claimin which the pol ypeptide
is producsd in bacterial: SICRBAN RS LRTIGS bodici Bl HOlofial
purifyi ngf‘f&&%‘i’%ﬁ%ﬁﬁf?ﬂ%’%@%? r tA g P% rom i né%gsiooﬁ bodi eg iarll a
bacteri al exRrpRSSHPBysdati@Mwhizh Wibedmeron TrieBIzL isTsépatay@®l GromlakAbg@e6 is
separ at ed '

including monomeric and multimeric TrkBlIg, by a gel filtration step and allowed to

refold into an 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.



froma m xture including nmononeric and nultinmeric 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 TrkBl g2 frominclusion bodies in a
bacterial expression systemin which nmononeric TrkBlg2 is separated froma
m xture including mononeric and nulti2Z8eric TrkBlg2 by a gel filtration
step and allowed to refold into an active form 25. A method of purifying

reconbi nant TrkCl g2 frominclusion bodies in a hacterial expressigon system

in which AdnbrEneraippeblgoAkes oktaigsd gi’ @&"@%ﬂ?cﬁoﬁi’%tﬁragy OP%S?@%W% {r)(r’onorreri c

and mul ti mrifanﬁ%@p%i%in Ynde 86k 9obd '%‘{k%ﬁ%%oﬁn?&. and allowed to refold into
: p Tr KAl

an active form eparation o g2 obtai ned by a nethod according
to any one of clains 3 to 23 and conprising |ess than 20% Tr kAl g2 di mer or
di mer  aggBe Rt SrepAdtiorfoPIRAN, Bbiaaitd ¥y athkthbdAccaeding i ang ohe of blaims 26 '
conprising |ess ?han 10% TrkAl g2 dinmer or dinmer aggregate. 28. A

- prepar at i on 2% anfirdoAipgRingdd6¥dl md Ig.anaogieh 27 conprising | ess than 1%
TrkAl g2 dimer or diner aggregate. 29. A preparation of TrkAl g2 according
to claim28 conprising | ess_than % Tr kAl g2 di,.er. -or_d

0. i )
30. A pr eééféﬁ%ﬂﬂf%ionﬁflgAkﬁg-O&bﬁ‘i‘Wéd’ytﬁ/mﬁ EFEHURE 4O P ﬂlen$%01§%§r%%2t gf

claims 3 to b $d 0% T&m%z‘ Qbckrds e apprpaver . - 31. A
preparation tgé%frg‘aif)é@ﬁ%ggsﬁg] y ‘2 met gd according” ogany one of clains
3 to 23 and conprising nore than 90% Tr kAl g2 nononer. 28 32. A preparation

of TrkAl g3soft ﬁﬂe{aﬁ%&y ot M%q ae6did 09 dimasty anepridingeleas a8 108 23 and
conprising nore than 99% TrkAl'g2 nmononer. 33. A preparation of TrkAlg2 -
(gp:t ai ned by Ekddghdimenadinietragetegatany one of clains 3 to )
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.



23 and conprising 100% Tr kAl g2 nononer. 34. A preparation of TrkAlg2.6

obt ai ned by a nethod according to any one of clains 3 to 23 and conprising
| ess than 20% Tr kAl g2. 6 dimer or diner aggregate. 35. A preparation of
TrkAl g2. 6 according to claim34 conpriging |ess than 10% TrkAlg2.6 dimer
or dimer aggregate. 36. A preparation of TrkAlg2.6 according to claim 35
conprising less than 1% of TrkAl g2.6 diner.or diner aggregate. 37. A

pr epar at i o Afprdpakadiogf6IRBI radéciding ao clatm M33®ngoispry lsssnihah 4$s Ttk 0. 1% of
TrkAl g2 dinmer or diner aggregate. 38. A preparation of TrkAIg2.6 obtained
by a net hod HeEbPHiBYT RELTEEHE-one of clains 4 to 23 and conprising nore
than 80% Tr kAl g2. 6 nononer. 39. A preparation of TrkAlg2.6 obtained by a

met hod accgording to.an f clains 4 to and .conpy.i S| e t han 90%
TrkA g2 6 st Y R e R 0P chmafd SRPRERE G R) Wicehoa”
accordi ng t op @Yy, JGer dithé dFpredale® 23 and conprising nmore than 99%

Tr kAl g2. 6 m)nome%. 41. A preparation of TrkAl g2 obtained by a nethod
according to any one of clainms 4 to 23 and conprising 100% Tr kAl g2. 6
nmonomer .  48. A Arépaepidhaif TekBlgf oBtainBl §2 aahdthohadoiyngtorsety lvod ofickondi, Ag to any
one of claims 3, 4, 6 to 22 and 24, and copprising |less than 20% TrkBI g2
di mer or di rfeito 3yardyhend camprismegpaisdhan §05n TEBIFMBIFE accor di ng to cl ai m
42 conprising less than 10% TrkBl g2 diner, or dimer aggregate. 29 44. A

| ti f TrkBl g2 ding to.clai m 43 ising | . %
D hBres Al Apmeensr 500egRrncd pEn Bl et R sP o REIEBRD 10 i g
to clai m 44 compl i Aok 88mpHaR nford MaR D% kBl g IashonRr. Or di mer. aggregate.

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 pfeparation 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 preparé.tion 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 preparation of TrkClg, obtained by a method according 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.



46. A preparation of TrkBl g2 obtained by a nmethod according to any one of
claim3, 4, 6, to 22 and 24 and conprising nore than 80% Tr kBl g2 ‘nononer .
47. A preparation of TrkBlg2 obtained by a nethod according to any one of
claims 3, 6 to 22 and 24 and conprisisgg nore than 90% TrkBI g2 nononer. 48.
A preparation of TrkBlg2 obtained by a nethod according to any one of
clainms 3, 4, 6 to 22 and, 24 and conprising nore than 99% Tr kBl g2 nononer.
49. A prel@a.r&tﬁ@am@ibnmmq% htiabdbyla Bt dnethdihgac aay Shagf tlainard; 4one of
clains 3, 4, 6 to 22 and 24 and co risingrlooqurkBIQZ mononer. 50. A

pr epar ati on @fo MMIQémmmpﬁ@dgmﬂfg&ﬁ@t?ﬂ%d X9t o any one of clains
3, 4, 6 to 22 and 25 and conprising | ess than 20% TrkCl g2 di mer or diner
aggregate. 51. A preparat] of TrkCl g2 accordi to claim conpr, si ng
s han STobirmetigh of drkie: ity & fsieiultesd 4y BhepEfabRoh 4
TrkCl g2 accog di [ L i/ S in 1% TrkCl g2 dinmer or

di mer aggreg%gggﬂgggﬁkhgfép?%gﬁggg@%ﬁHgggéﬁgéogggording to claimb52
conprising less than 0.1% TrkClg2 dinmer or dinmer aggregate. 54. A
preparation of TrkCl g2 obtained by a nethod according to any one of clains
3, 4 6 to 22 and 25 and conprising nore than 80% TrkCl g2 nonomer. 55. A
preparation of TrkClg2 obtained by a nmethod according to any one of clains
3, 4, 6 1to 22 and 2.5 and conprising nore than 90% TrkCl g2 nononer. 30 56.
A preparation of TrkCl g2 obtained by a nethod according to any one of
claims 3, 4, 6 to 22 and 25 and conprising nore than 99% TrkCl g2 nononer.
57. A preparation of TrkCl g2 obtained by a nethod according to any one of
gtains 3, 4, 6 to 22 and 25 and conprising 100% TrkCl g2 nononer. 31



Purification Methods This invention relates to a purification nethod,
particularly for purifying tyrosine kinase receptor related pol ypepti des,
and to products nade by the nmethod. The nethod conprises a nethod of
produci ng tyrosi ne ki nase receptor-rel ated pol ypepti des, the nethod
conprising expressing a tyrosine kinase receptor-related polypeptide in a
reconbi nant expression system and sepatlati ng expressed nononeric tyrosine

ki nase receptor-related polypepahﬁghéJn s neric forn(s) of the
expressed pol ypeptide in a separation step, the separation step allow ng

refol ding ol & he exPLERsed, LYLoslne, K0S, L SERPL LB AL RO RSP ! 0e

receptor related polypeptides, and to products made by the method. The method
compriseé a method of producing tyrosine kinase receptor-related polypeptides, the
method comprising expressing a tyrosine kinase receptor-related polypeptide in a
recombinant expression system and separating expressed monomeric tyrosine kinase
receptor-related polypeptide from multimeric form(s) of the expressed polypeptide in a
separation step, the separation step allowing refolding of the expressed tyrosine kinase

receptor-related polypeptide into a biologically active form.



