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- 1 CPT-2 crystals The carnitine pal mtoyltransferase
(CPT) systemfacilitates the inport of |ong- chain
fatty acids into mitochondria of higher eukaryotes.
CPT-1 is integrated into the outer mtochondri al
menbrane and catal yzes the transfer of |ong chain acyl
noi eties from-acyl-CoA to carnitine. The reverse
reaction is carried out by- GPF2, a protein 5 | ocated
on the matrix side of the inner m tochondri al -
menbrane. Mdul ation of the catalytic activity of
tissue-specific CPT']cpﬁug %?%Eéi 4 n the focus of

devel opi ng novel drugs agai nst non-insulin dependent
(type 2) diabetes nellitus and obesity. Crystal
structures of proteins are useful to identify and

optin ze co oun s t at bi to the a tive site of _
enzynBs YL %uPa tEW@Ff%?F PhicTaies: Gl giaigport of long:

QBdin Fe@ acig o inte dnitddhnAfie € Mighien ¢ERUriyG1es. r@'latl Gi§ integrkfR€ into the
structure of full-length rat CPT-2 al one or

BBl IO o firiE hEerbRII EpEs it DBRElSF OBlonsodhain acyl mojeties

mﬁsbf}ai@maraalc@ﬂnmmm Afersd Pea@BbAi} Qzﬂneaaédtl By OPT-2, a protein
Thevatructure of CPT-=2 in conplex with ST 6

dus thenmaiy sida ol tbﬁ@l%wt%horlé@ﬁld@@@bém &fedgption of the

catalGRd al:’!xﬁt}anjtléhgfsf)ec%@CPTﬁciébfofrﬁi@ s ¢f age %du@ of developing novel
protein- li'gand interaction. The structure of CPT-2

fEugs ggaieit moRggsylin depeadeny K‘%’P"e?)éiwa’ﬁ%?lhtusfﬁéflﬁbe% a

20 resolution of 2.0 A and 1.6 A for the apo enzyne

and 2.5 A resolutlon for the conplex W th ST1326 (see
Exanbretl pipciussafirgotsng apsedaliy idanify gpd optimizosempsfunds that

QP-H # 191@'11(39?& PG di98ds. 198 @p tﬁé'ncﬂgfaﬂ SfrILAA of CP?'Zjh'éﬁfsnot been

40) and a carboxy-term’nal (residues 441-65

ﬁﬂﬂ%132 110) domai n. These donalns consi st of SIX

central anti-parallel (3-strands, two of which

((31, é316) medi ate the major 25 donaln contact, and

surr® ﬂﬁrqsgltanﬁ@itw@e@lamutg thegrugtuiz)of fifiderglregt CPT-2 alone or in

? r an h ﬁ“ﬁfr %QFM{ID?E PRt %l‘ﬁﬁltgf?ﬁ*f‘??dbele{ %gﬁstﬁgg féﬁog mimicking

oop connectlng I Ces
adoptos] earniginiecHie stowfuge nBEY B2 inwomplexapith §113326 poevedesisight into

U2 e OE AL 9030 a8 BRorf U AR procein-

bigamdléntepacsionr yst al  contact, which may interfere with
secondary structure fornation. A 30 amino acid insert
-2- uniquely found in CPT-2 when conpared to other

.car nThé euatyt taf aBRBT Ar wse sleeBBiredi mo thrae i dfferient tiystal forms at a

FiL quse 2 rot rudes f .
EARR08% of 2T by i AP ool e RSGL 2 S tuion fo the complex
withiSTé32afsed ktantplexivederhilsaat T@BE-13. i s wel | defi ned.

The flr term nal ;.anl no acids of the
consTPuetSTh 83 QAR L Bt PR B B sl Rt esidues 111
HL(5 -andop antoky-vemied (durlseots 1638, pitual-1 0PTd@nsieqUBrse domains

are_di sordered in, the e :
consist 0? six central anti- paralleﬁ c[)S—stran)és, two of which (B1, f16) mediate the major

domain contact, and surrounding o-helices '(Figures 1/ 2). The CPT-2 secondary

structure contains 27 o-helices and 18 f-strands. The loop connécting helices 22 and 23
adopts a helical conformation in the apo structure and is therefore designated helix 22B.
The corresponding region of the ST1326 complex structure is located close to a crystal

contact, which may interfere with secondary structure formation. A 30 amino acid insert
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and both the apo structures. The | ast residues wth
interpretable electron density at the carboxy-term ni
are Lys 654 (ST1326 conplex) and lie 656 (apo,

P43212), while the full carboxy- termnus is visible
|n chain A of the orthorhonAit (C2221) apo structure
il 80 SO, L8 205 SR L 5kt
arids ip ghe casief éﬁ%{th Bawe dpriimeties Brmdhdyniao-terming] domam

di stance of 0.38 A between equivalent Ca atoms. In

al |l t,hree. struc the active sit due 498
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Helyhf es%PadE&Cme%J q g rpsiduep with dnterpeptdblecslegiiien fepsiy at the
tgrp@q'{térmlmewehsészt {($Tm326 equphg) eidtiletcos (dpe, Mjﬁz) AhIDhS €1l
- 81 1 434} S %E; leque I n-a

OBy BB QAR i W M%géé}&ﬁgt or?&dﬁgu ) ap LAk

O-turn whose geometry may

“interaction with neighboring Asp 297 and Arg 124.
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I nventi on re at es

bpnvialegt Cheatorsg duell uitree dﬂfctmﬂﬁdhbycﬂvh emstdr.id&é Mgah% is-in the
n F| ent

?eglglré)ﬁ? %%0%\%11 2%10‘?1}119% ﬂamfacha ran gl%{ and Iteglrlg? g a& ]As% %3@ do

prtotanily @pth. hvougydegcompisy f ﬂ@q‘ R@mrdlzndz@ Ipkoss biti wnagbliguous

eledi@A Sle$ i0¥isiBle Forlhese BHAudsOLe(0128\is e SecBRE réidhind péMl

B R L T e N R L P R L

baté:d 1nd|ﬁHtBrISWMS gﬁ)ﬁx@@ﬁﬁh}dﬁﬁgﬂ&rﬁed%é\tdiﬁﬁﬁctﬁon with neighboring
At o031 t (St.a, 1
ﬁsi;:%é L8R gﬁ?*i aM&tatuyn (%% gu% 1 AN asaoc%.éﬁ%;\%ﬁlr18+eéltt%§C]?FO—§:§§12c1ency

resen vent |
@6ﬂ@kv§{al of proteln CPT-2 and a ligand bound to the
active site of CPT-2, wherein the co-crystal has 30
unit cell dinensions of a = 83 Ato 87 A b =94 Ato
98 Ahusfireqmestit iveaiba Fdqtestf 3n isclatyd sdBrifiadiproteichaginy seal

dhSrude @eﬁﬂ%lh@syﬂffﬁiafééord}_rﬁ@s Qs siiomh&l:lé: Qlok ﬁelg'l'e BRsp d
SISO U S QMR8 AT
has ynif oefl dirpenisiongh fgerist @dgo 70 A, c= 302 Ato 312A;-@= g v H90°and
théyry88 h2s a B2, 3 synidddky An GrlotRer efbodimesOthe SrySal. 18s uliel,
d]h%éns?bns 8f aoi ) %Yo dr)x 3L Qg 2o, 22304 s fin Agg _(b '? Y 99’
ang the crystal has a C222; symmetry . The present invention also relates to a co- crystal of
protein CPT-2 and a ligand bound to the active site of CPT-2, wherein the co-crystal has
unit cell dimensions ofa=83Ato 87 A, b=94A 10984, cfrom 121 A to 127 &; ci= B
=% = 90° and the crystal has a P2,2,2; symmetry.

Table I Data collection and refinement statistics

apo, high resolution apo2 CPT-I1/ST1316

Data collection
Sp&CB group C2221 P43212 P212121
Cell dimensions : ' .
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Resol ution (A) * 23.0 -1.6 23.0-2.0 50.0-2.24 (1.69 -
1.60) (2.12 - 2.00) (2.38 - 2.24) Rnerge 6.2 (21.2)

3.1 (7.4) 16.7 (41.1) | / al 14.04 (7. 24) 28. 04

(14.80) 9.57 (3.20) Conpleteness (% 99.7 (99.8) 99.9
(100) 92.9 (81.8) Redundancy 14.7 (17.3) 21.8 (18.5)

| ) '_Wne%& BPE Ay ?gg%@ﬁg% 2%%69@3 3?@%43

kv CRfree 16.5/ 1QV:20079%) 23

(@Sbml&%ﬂ@ 5502 5143 fb?o‘t%u n 10085 4963 24
Li gand/ion n/a* n/a &r 1364 B B d )
fiwreerall) 201219426)2 otein 0 41. 20

nd/|on n/a* n/a 046(7 ter 3 4§ )31 6 )

PAge5%7< PBond | engt] ) 0.014 %g 039 013 38
%«1%‘1&“@) 1.225 1.167 f’i The ](( Vergent (62)

et(rreanB 549A2) thetvvo Cl6

eties (mean .3 A2) e tWo 350.25
Sﬁ noﬁo(m unspeci fi ca% y ound CoA %I es (meapgh =
were not | ]l din the 1$tgat25§t| c. 52ihers

aiogjg ldyt or ST1326 ids to the ackige site of §€H3F-2
V\Ihlp[:d?elﬁs Iocat ed in a jdoggenel penetrayimg CPT-2 agogBhe
domplariioRt er face (Fi gurga+3). ST1326 igaa non-cl eavzbl e
angfag of pal mtoyl-canpsd4ine, the phogsi ol ogi cal 152
sehstorsatoeerall) CPT- 2. Theoacyl and ca1sitine tunndl.of
t h@rotein partite (Nic a' 1BHMaird, N, eldl., Conpar#sén
of Ligaslmst i ve sites tomdf* the pur| fiemacarnitine 27.6
acyaaransf er ases from P&rloxi sones and0di t ochondri &l- éy
U mmsgleniatigngact i on- i nt er medi at e anal ogue. Bi ochem J
29Boodlepzies ) (1993)) ablide site of (2 are 0013
oc Bamd egleb ) ST1326.  whéfRhs the CoA- Ldfhel can hel:502

ahd Q@ detryerin amkmg(yndm ded dar9gl?), biased Conalkfiencaieplmexn B

A de R b1 el pe R Cul P G eI BB

Wpreaotiydu@gernﬂlbztﬁ@tlﬁ et wor k. The

The CPT inhibitor ST1326 binds to the active site of CPT-2 which is located in a
tunnel penetrating CPT-2 at the domain interface (Figure 3). $T1326 is a non-cleavable
analog of palmitoyl-carnitine, the physiological substrate of CPT-2. The acyl- and
carnitine tunnel of the tripartite (Nic a' Bhaird, N., et al., Comparison of the active sites
of the purified carnitine acyltransferases from peroxisomes and mitochondria by using a
reaction-intermediate analogue. Biochem J., 294, 645-651 (1993)) active site of CPT-2
are occupied by $T1326, whereas the CoA-tunnel can be assigned by homology modeling
based on the complex étruc_ture of CrAT with CoA (Figure 3). The hydrophilic
aminocarnitine head group of ST1326 is tightly bound in a hydrogen-bond network. The
catalytic base His 372 forms a hydrogen bond with the amino-nitrogen (N11) of ST1326,
which substitutes the ester oxygen of the native ligand palmitoyl-carnitine. Ser 590 of the
Ser-Thr-Ser motif conserved among carnitine acyltransferases makes a hydrogen bond to
the carbamoyl-oxygen (O13) of the ligand. Tyr 486, Ser 488 and Thr 499 of the carboxy-
terminal domain are directly hydrogen-bonded to the carboxyl oxygens (09 and O10) of

'ST1326. Hydrogen bonds to the guanidinium group of Arg 554 further stabilize the
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15 catalytic base H's 372 forms a hydrogen bond with
.the am no-nitrogen (Nil). of ST1326, which substitutes
- 'the ester oxygen of the native li-gand o

pal mtoyl-carnitine. Ser 590 of the Ser-Thr-Ser notif

_conserved among carnitine adyltransferases makes a

L
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The side chain of Gu 500 interacts with the mai-n
- chain of conserved Arg 554, which is a 30 crucial

conmponent of .t he hydrogen networ k- required for- blndlng
the carnitine moiety of acyltransferase substrates.
In the apo structures the sitte chains of Tyr 120 and
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site that interact with the hydrophilic -5- _
am nocarnitine head group of ST1326 as well as Ser 590
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30 hompzygous patients both with the adult as well as
with the infantile formof CPT-2  deficiency. The

.crystal structure of CPT-2 all ows mapping and

interpretation of the effects of the described
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-The apo, derivative and co-crystals of the invention can be obtained by techniques

well-known in the art of protein crystallography, including batch, {(modified) micro-

- batch, liquid bridge, dialysis, vapor diffusion and hanging drop methods (see e.g.

McPherson, 1982, Preparation and Analysis of Protein Crystals, John Wiley, NY;
McPhersoh, 1990, Eur. J. Biochem. 189:1-23; Webber, 1991, Adv. Protein Chef_n. 41:1-36;
R Crystallization of Nucleic Acids #nd Proteins, Edited by Arnaud Ducruix and Richard
Giege, Oxford University Press; Protein Crystallization Techniques, Strategies, and Tips,

Edited by Terese Bergfors, International University Line, 1999). Generally, the apo- or

co-crystals of the invention are grown by placing a substantially pure CPT-2 polypeptide

in an aqueous buffer containing a precipitant at a concentration just below that necessary

to precipitate the protein. Water is then removed from the solution by controlled

evaporation to produce crystallizing conditions, which are maintained until crystal

growth ceases.

As used herein, a “buffered, aqueous solution” refers to a solution based on water

which comprises a substance which minimizes changes in the pH of the solution when an

acid or base is added to the solution.



- B50R fol di ng of car boxy-term nal domain, B} possibly

bi nding of CoA CPT-1 (Q648) D553N substrate binding

(long range CPT-1 CrAT OrOT disruption of hydrogen
network), surface at entry of carnitine-tunnel,
conserved interaction with ‘R503 P604S domain

_. |( nter [( ?fﬁeﬁlt heg#pa {)%ﬁi%f)%g r%gﬁ gppTlar]ngfﬂ“g%F’b l§anfd moleculesi

10

15

20

25

30

db! npmpeng EFOACF“mfeFLH?Seractlon with H584 (¢ CPT-1
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cr ystrar ¢rysilang thedmgntine it das bekri fohndihat hapding droprecdntaininglabout

CI-¥ §l cFhat CYPOMBIT5 C 8BS LI rak TPAS W SEAMTBALHAO) p}as 0 0 15 M NaCl,
"buffered ?queous gol ution" refers to a so
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0.33 to 1.0 mL reservoir buffer for about 1-7 days provided crystals suitable for high

resolution X-ray structure determination. Particularly preferred conditions were: a
(modified) microbatch assay with about 0.1 il - 1 pl of rat CTP-2 (13.5 mg/mlin 25 mM
Tris/HCl pH 8.0, 0.15 M NaCl, 2mM TCEP and 1% (w/v) $-D-OG) pre-incubated with a
3-fold molar excess of ST1326 as well as hanging drop assays with 1 pl to 5 pl rat CPT-2
(12 mg/ml, from conventional expression or as protein labeled with seleno-—méthionene,
in 25 mM Tris/HCl pH 8.0, 0.15 M NaCl, 2mM TCEP and 1% (w/v) B-D-OG) mixed
with 0.5 ul to 2 pl of Index 91 (Hampton Research) precipitant solution over a 0.33 ml to

1.0 ml reservoir solution (Index 91, Hampton Research).

All crystal grown in hanging drops were sﬁbmerged in the respective mother liquor |
supplemented with 20 % (w/v) to 30 % (w/v) polyethylene glycol 200 (PEG 200) and
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Coor 8 frad Becinc R THEY Her [Pt &E?t e potedipn of
fsing-speclBeligahdsi Nng conmpounds that 15 inhibit or generally
nodify the activity of CPT-2 as an approach towards
devel opi ng new therapeutic agents. The structure
coordi nates descri bed herein can be used as phasi ng

m ning the crystal structures of
%ﬂ%&ﬁg@—'@% mitated CPT-2, as well as the

structures of co-crystals of such CPT- 2 With

i nhi bitors or activators bound. The structure 20

coordi nates, as well as nodels of the

tFiguee 1d Stmeasé o adt @{’E ctithr 8L 32 baindead thdweqtefﬁ rstoen) The digand

Ar$H6l8a &t?ﬁ@@gdl . snﬁﬂﬁémng%ﬁ]g %gclgﬁ)fn dé&lltytrﬂ graco%%ﬁq at

structures e or mitate such hose
8ISt i mrediepifted NIVFink ThusC. Ah §T1:3rZ§§1HHlIS st shecinttfanei of the amino-

L e 8 nat &3 nafl (C(Xa'f) doﬂl\a{?lgtof e C@‘E‘%VB ﬁm%entréﬂ B-

CITNITIal (OTan
ructuré

fslluiiﬂt i6lng @t sGiRTmaedh Bg o?l??ahses (m?p s @Fﬂ?-:ﬂ-srpmaigct et (red)
I t nt t
Fiaf re b Br e Eps rb R FRER S dp b bR

appl ying a 3-di nensional nolecular nodeling algorithm
to the atom c coordi nates of protein CPT-2 shown in

Fighhre 4: Qi 4R sdd8dnRE Hllgiﬁiehthﬁ @papml (rCez indatuafin GPT-1

gri}g)e{-) )og?cg ?QFX/CS:TE@%E%% E]ﬁntf E%ggtafﬁ géxcgtﬁgd'ﬂgl residue numbering

C&ﬁsrspbnﬂﬁtoeﬁe afPTa ﬁetturmf' ambisthitahendddrimpon sksud0e adalicistd.
poc ke?alt al‘a)%(!:iiacoorl? lhat 10 aa&f lﬁ%ﬁpr o&n%erﬂgqu g g)' Pesf&ﬁ*%s”& the

Reylcati@tinelbinding semﬁ)ﬂ]Pffé’mrc iboldesey ygtaad Isbeleslovidh § sheat 11y
UELB9c ANACPTAC RaSale! BLIRSE ety AGBRLI REQe Adkdy (T2

protein is rat 2 protein. Furthernore, said rat
@ﬁFleZ%WEJP@Pt?ﬂwﬁay be the protein of Seq ID No. 2. For
pur poses of clarity and di scussion, the crystals of
the invention will be described

Figure 3. A, stereo figure of the active site tunnel viewed perpendicular to the domain

interface. Key active site residues are depicted in yellow. The co-crystallized ST1326 is

shown in pink, a CoA molecule (blue) was modeled based on the CoA coordinates from
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SRS OB SO
siithatospesitkiiee. | i gands. Brief description of the.

"5 by reference to specific CPT-2 exenplary apo

crystals and co-crystals. Those skilled in . the art

wi.ll appreciate that the .principles described herein

are generally applicable to crystals of any mamal i an

CPT 2, including, but not ﬂﬁfted to the CPT-2 of Seq
used herein, "apo stal" refers t

?‘l)a%dfwhah p@,ecn%of ST1326 "

Figures: Figure 1. Structure of rat CPT-2 with ST1326
bound to the active site. The |ligand 1s ST1326 and
iFigire &irGeoulirdiias gf giot (G128 lcaseld anneal i ng el ectron
density map (contoured at 2.5 (7) are depicted in
pink in A-C. A ST1326 binds at the interface of the

- &igupeS: Goerdinatra of {not Sifgb) @yl car boxy-term nal (cyan)

domai ns of rat CPT-2. B, the central (3- strands

SBhiSh oS PUBEE R e Lo e

am no-termnal domain. C, sanme as B but rotated 90 to
the back. 20 Figure 2: Am no acid sequence alignnent
of rat CPT-2 (rCPT-2) and human CPT-1 (hCPT-1).
Segondary structure elenents (S.S.) are indicated. The
resi due nunbering corresponds to the rCPT-2 precursor
and its mtochondrial inport sequence is italicized.
ERn 0T P2o:8R 06iréskibn hfuSRkicaigni no acids 179-208) is
underlined. Keey residues of the 25 acylcamtine
binding site of rCPT-2 are in bold letters and are

| abel ed 1. DA c rforf IihY aci&sOn 8% Yeds C?I‘h@ﬁ[m@ gift by Dr. V.

Resi dues_t ha hav een re ta
%&!ﬁmﬂd‘é‘mﬂﬁl EStlé‘i‘tF rr‘%éné@gadl %aﬁfﬂgul%ede ‘Rto £ Nerge

PEDASn ecavdr. Thie cmtrlmtevas ted tb axpneb fullH evyed CB’é{zriexadipc fogrthe

tnﬁtott %dﬁ&i”ﬁﬁfg@rt si?: 11:{3 gr'hfn@ %rds }f% cﬁ%é cwfr&? ﬁlluﬁstah

are eflc e R CO- crysta |ze
AL IRER ph0"C f@eﬁeﬂr@bﬁr@@ep &helppig éip W%ﬁa’éﬁfeﬁa@ég’é&
ons MEaCI0 A QOEPNE @51 MECMN36 byl DXee Cr3ATHEN Roclenfrotplete

%ﬁoieég%}%ﬁu%ﬁgﬁ w%scz?nj i elclt ‘Zlﬁ) 0 13:/0 @'\3 C'ﬂ'ﬁﬁ Rclgib g&{ﬂgﬁzaﬁgn ]gmd

mma nat es
sppifugaden 2(BP,060 yest 40 mip) F’i’ag ufogov@ed &p oimanebaized ’éﬁtalaB@Ith

(R4 St BENTKIrG, Thddet E%J@c&lﬁ% &Ift 1 % ) I-
T 2/%%&%6 co- cry;ta tcf§§§ g i V) nocty

roelerapyeRprds SIH emdhparipprc 5’?‘? @HatkaéO“DI\tlh éMéﬁq SR &S
afﬂjeﬁ@d afd 88 eddusfrGhefmatdkapbPdotdnd aqulibadte vkl 230M X 'ris/ MC

pH 8, 0.15 M NaCl, 2 mM TCEP, 1 % (v/v) POG, 0.02 % (w/v) NaN;). ESI-MS
confirmed the identity of CPT-II and showed that the protein was modified by amino-
terminal o-N-gluconoylation (Geoghegan, KF. et al Spontaneous alpha-N-6-
phosphogluconoylation of a "His tag" in Escherichia coli: the cause of extra mass of 258
or 178 Da in fusion proteins. Anal. Biochem., 267, 169-184 (1999)) (data not shown). The
His-tag was not cleavable with thrombin. A 10 | fermentation (45 g of biomass) yielded

30 mg of electrophoretically pure, monomeric and monodisperse protein.

30

Example 2: Protein crystallization




A Zammit, Hannah Research Institute, Ayr, Scotland)
was subcl oned into a Novagen pET28a vector. This -

~ const ruct was used to express full-length CPT-2

10

15

20

(exenpt fromthe 15 mitochondrial inport sequence,
anmino acids 1-26 of the CPT!% precurser) in E. coli
strain BL21DE3 at 20C. After. cell disruption the

_Iysate(|n50rr1\/IHEPES/ ‘NaCH pH 8, 0.15 M-Nadl, 5 mM

&Oapﬂ'%mg Ad 1;31@ STk [@?ﬁﬁet&ade%@a%@éo{dlanﬂgﬁnﬁume]

| hi bit d th
‘?nf% R DRSS i halTRuiahe ERheH ol
fRgergeooyot 1@5“5*@1}(1@“ Wos M brisf fvlad B 15WE)NP@ZéGI Gl 1%
i) piottyl-RD-glbdoppmhegieanti\n.oams dwN) NN 5eB21C ubiAg hanging
) {
%E%WQ.F B5 VRS PEERD 3%%? ift%n&dl%g’d( %{c@baflh W ;ij%e o5t The

uco anosi
§4V6?ﬁ1&eﬁé> |‘?%1¥A’@ % gt W&sfmcg)%ffbe’ce@adtfar aapéﬂi SECTRg| ?fsl?fetﬁm
ciystaliztion caitiong dleun@ryeqDF9, i386-802 (20AR)) hn @i drahTe. i M DL-
HGlic ad?d"}i)ﬁ 7.8 %P9 VM@)CPEG 335@3‘“&;@%{3 velyl g{ﬂefxviwand( A0 amp ton

r e t
Ristf et RN e My teﬁ“ﬂﬁg Do P S
fbifer 35 32eford hain ige MNigj(te ewﬁéwaa@n dhe (Eetalg ergdlash frozem in
RduidthitroRQIMEE3068Gbkeks & mb@erquOﬁ sapflapheg waorsoy (@t PEG zb
9Oy a; ol
&gﬂf"‘?‘%‘%%gm’s SR T AU G ol M AR B oo Bt o
&tn 267, 169-184 (1999)) (data not shown). The
H s-tag was not cleavable with thronbin. A 10 1
fer ment atl on (45 g of biomass) yielded 30 ng of
: s celleptionang progeseing mpnoneri ¢ and nonodi sper se
prote| n. 30 Exanpl e 2. Protein cryst allization -14-

[CE@“% fedr aﬁgcﬁgﬁﬁ% ?flﬁﬁﬁ Rt tesgflected pppean line

XiosA3B STAW e Switdrlibd. dlhe inftaduZddeiB GHfe peefoemabit atnie dithb, -

S oREich Cope B el vt matiacaed & L PR b2 gy wee

151‘0(35@5&3& bnd &alai gl KDBYK@J@%@W Buﬁ:ﬁﬁﬁ@p@&sgmé W redatidvediBoaction
nd.21C u 1N a rops wth, 2 0
R U R A T e chl

: ”@éxﬁéﬁf 12983 ot spesd srourpvardcliofiine anil)ésﬂdﬂamccﬂqtrmnﬁw lf ©67.6,

25

30

35

Lo g I B e AT AN iy

{87 198 BR21 femp oEherbpbisi 7,965, bOr O b0 pEathew's

&Ra0= Cﬁsa%a%um'(mfdz@dfx 35, 8ol o LiRbon 1@ =y = o0

Resear or nmat 1 on 2 was | nc

Mpithewz C@fff ot %ISJHBIF% ervéxe efapo GP Ti2iffragtethionh.§ & resgirtigrigt the
Jp@cre g&dp caﬁldln@ﬁbaume@dwdcaly%syg%w Ith EdatabtPdpo HRALGbMSERESm

h f t f k
RE S U tipee Hre D RS gt eRc 0
Grapdlization eftbhamgilopf ByxoesdNrg verant idqrtraahdarAogingi the
I@ﬁaéaﬂﬁﬁa r@&Qto% I(rytéi)g, 25’,%@5% ﬂQ@)j, werk %ﬂ%%ﬁ%r difbrction quality,

which could be attributed to improved protein quality due to the different media

composition and bacterial protein expression profile during labeling.

The XDS rejection statistics report 0.26 % rejected misfits which fully supports the
choice of P2,2,2; as the correct space group for the complex crystal despite the rather



Exan'pl e 3: Data collection and processi ng Dat aset s for '

. apo CPT-2 and the ST1326 conpl ex were collected on
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“beamline X OSA at SLS, Villigen, Swtzerland. The

measurenents were perfornmed at 100 Kwith k 20 =
0.97853 A (apo, Se peak wavéPength) and A = 1:008 A
Sets r l,e
&%ﬁl‘%ég)ﬂ)r Igwg k% %a"M&lrcg S%S gﬁlﬁn%ﬁz%ﬂq T%Bl% 1§ ﬁotlé"'chl&al
drmp Feretip one melagude Cffchﬁ'ﬂd?Fy@Yfaﬁngtﬂéfm’itnl tiall y unknovvn
symetry and cell constants. J. Appl. Cryst., 26,
795-800 (1993) ). The space group was determ' ned. as

- PA32%tpuc(rapelittet raad ovfadknens Molgcudar6igplacemept wagpafogmedqusing

Qx'vé\/l'bR\é m 20, cdvhi thewts (Retd ] %l\@(;f& @Madut BRNEse 2 Br mblecdlar
r?p{laﬁ%nrl% rr%I\f{{o%eciﬂar re@l%ce?erﬁglzroée@%n o)f)che C% éldgf%%feﬂd V§7 -90,

Bgesslury LapomioranWapingpnp Eoglgrd :42%92) aCallghgrafive [ompyigtinal

Profecl, Nundder { XTHe CGCH s1itd @rograifiat fohproletn &pedlfography3A&y Cryst.,

ipish 57t60°f6‘¥§ 19%44 @é’n 19’7501% o £ ti %ﬁvtr%&n%iélgy%wéel built with
2|

ou coul
Eﬁgggdfgvﬁ@gﬁ ? @we@%%g r%{’sfmusg @Aa@é*f‘%n%s et al,
(Sbtuauna}e darfdr dnwchemicdr istldies heft the s substraie osatestiviy o 9f nearnitine
LabatsgehYe. 3t Bind @né;in pmcg@gur e8¢ @D@@ﬁ (POB Ble 8hn) B3ed as

SR aTL B fofaR vty BE e op B SR A g!’*e*aﬁd

R M Soriba 5. Lo F oS, Wk S Tonsy e oS3, The
ﬁhilfnli(ﬂl@l Wwarbufuaskistiverativedytledofemdebiiding i MRS tter, P. R.

d@éﬂ?&ﬂﬂﬁ&% ?dé&bﬂiﬁaijo} 1?&‘51 @nd %&éﬁﬁ uﬁirﬁlﬁg%ﬁﬁ‘ Entﬁrt?gh@ues as

os| U1 act er Xpr
axa%‘f RS AR 36 e X 1 FR R ecHTBRL Sodiine i eaobUSTER
(Rqerst, PO e08., Moddpg;nr@ddlmlétfuonsot\mr@sﬁmfnuiidrqm@@p}ameﬁ@ment

bR cofpltidRe ARl ER421B 15@513161@32@0(20@(9; 25D IEEBERUR Rd¥ihac

onpl ex..cryst a e il at | '
(BRI E N Bk EOPREES APl RS Aot N Al
ﬁwscrr@mceeflnensm ¢f negcgpsnodculart siupiTes HRR L e Givst-de 6T, @47-

of5 CRPR. pefpiRsselaiRliig Chelmpd strifird Chasr &lses ebludi N ndvihehilar
Ee%fac&ﬁéﬂ‘? mm E{Qte@g@ é,;nﬁt[egr 66 &%armoﬁg rfslg,wz@% Hﬁérﬂﬂed

H@ﬂf &5@&3@&1 P/mr%@&rréps %fgb ac%ﬁé?sz?ted P’Fi’t%f“@gf‘& pyijding

rephincenitniteraffrecteddienegBenéntt Net. GOBR4 BBty Gy459dek &38P)) and
Gedra@f Refild ﬁﬁ{bubioba@assamrtﬁe oMmrhbxag{e q&uagéag structure

rati,ve
é& (? %2 é%@ﬁ) gtb &F éesdbers 016 rln‘pr% fI%OrSt gay%red am(:i)J SA) (6. 5}? in the
eddjdanally eleveadhiesiont h ter fampachandpgy ; Pl‘%’éor?é@ §11824 pgmplex
Fadctdrf eheeVaBid6 216 GBR e X0 da1 1030, £ebPbctdre FOATY 498 Ygen@a@ly allowed

g ioh ami tngu 199 )%é%ll( a? @% r3g€iy egans'lgchaﬁ@rgxﬁ %ﬁﬁrsé@cc@ﬁ’x&hﬁ} the

on nouse t ruct ur al

eB?‘*éEh]é’Pn tal studies of the substrate selectivity

of carnitine acetyltransferase. J. Biol. Chem, 279,
3159%fisaBED (G0 jurq PORTewdd It Fhaples br JFigaregs with emplegle
repetedntatibhe wed kibdORitM@sMoE {IDdlagh, Oy .Ls i [ Pehex. Here aldnng,
g‘elgalﬂo %t‘é@ CélalﬂQ%g 6¢ qSA %E)% i—ﬂﬁ I\IXBEE ilem\{%'z éb[‘ﬂ 'g]Gr?]ng

nlverS|ty §$
s MG W&&éqbrq%gs%eaﬁ West: §uitg o ezl \%‘“"éi'f 3
nodel building in MOLOC (Cerber, P.- R
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Pepti denechanics: a force field for peptides and
proteins working with entire residues as small units.
Bi opol yners, 32, 1003-1017 (1992)), solvent building

i n aut oBUSTER (Roversi, P., et al., Mdelling prior

di stributions of atons for maeit®nol ecul ar refinenent
and conpletion. Acta Cryst., D 56, 1316-1323 (2000))
and refinenent in Refrmac 20 CMmshudov, G N., Vagin,
A A, Lebedev, A, Wlson, K S. & Dodson, E J.
Efficient anisotropic refinement of nacronolecul ar
STT UGt A G314 zﬁmgi ﬂiﬁﬁed@&%‘&n@hﬁ the {#riRPure d8fine he structural
(1999)). Despite Se-| I ng thé apo structure 5
spuginssis shown s &A@  repl acenent using t he
refined conplex structure as search nodel, followed by
automated nodel building with Arp/wArp (Perrakis, A,
et al.,. Autonmated protein nodel building 25 conbi ned

with,ifera LU efin

Bi ol 2 }‘ é"Ys{&E%F 1%8%“1 %}S ﬁiﬁ‘ﬁﬁ“ e C&’r"%atl Fﬁ‘seurﬁé eﬁ%men%ons of
NDLOC cycles. For the orthorhonblc tetragonal) apo

str ueﬁhe 66@4060%(92302}%0 2 Ahe Tlesqure®®lie in the
nost favored and 5.4 % (6.8 % in the additionally
allo ?@gﬂg ndran Plot. For the
STlS%%gggﬁ%rﬁﬂ§a§{?%2 e th gge'values are 88.2 % and
11.3 % respectively. Arg 498 (generously allowed 30
region) and Lea 129 as well as Asn 230 (Ramachandran
outliers) account for the differences to 100 %

Ref i Beternstabdfgirogin CBT-@; ehsweimeiczyath]l has uidide dimensions of
Figures with nolecule representations were made with

Py Mol Usep, I

Sci ent%?g I73@{2%% C%rl%ggg @«%\@EKA" ?g‘b%éé)v?wg M@ELY&J%
(Chem cal Conputing Goup 35 Inc., MOXE, 1010

Sher prdBlearsial beta SYTBmetr® . 910, Montreal , Canada,
H3A 2R7). 16 Cainms 1. An isolated and purified
protein having the structure defined by the structura
coordinates as shomn in Fig. 4 or 5. 5 2. A crystal of

B e hel et o BBt P b C LB kPR Shle 2Rl syre g CPT-2,

and the crystal has a P43212 symetry. 3. A crystal of
pr ot @ F83dPh ¢ Awhe#%ktd%crqumll?_héso aa7 &; gl ff == 90°,
di mensi ons of 10 a= 93At 097A, b= 94At 098A,

c= 3%&191%%@5&535%98%%%@?&%“6 crystal has a C2221

symmetry CO-Crys rotein CPT-2 and a

I i gand bound to the active site of CPT-2,
a=83At 087A, b=94At 098A, cfronl2l1Atol 27A; a=(3=y=90, 15
and the crystal has a P212121 symretry. 5. A nethod of

i dens.iA piettthdeanentifidsy EdiapoeaRl thitkén bidRo@rételh CPT-22¢comprising
SR 3kN9

Applying a 3-dimensional molecular modeling algorithm to the atomic coordinates
of protein CPT-2 shown in Fig. 4 or 5 to determine the spatial coordinates of the binding
pocket of protein CPT-2; and

electronically screening the stored spatial coordinates of a set of candidate
compounds against the spatial coordinates of the protein CPT-2 binding pocket to
identify compound that can bind to protein CPT-2.
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the steps of: Applying a 3-dinensional nolecul ar

nodel ing algorithmto the atom c coordi nates 20 of

protein CPT-2 shown in Fig. 4 or 5 to determne the

spatial coordinates of the binding pocket of protein

CPT-2; and electronically screéhirng the stored spatia

coordi nates of a set of candidate conpounds agai nst

t he épArredessdonrairystbigingfCHIR2 withot lgiand ORT bihdsitm theragtive site, the

%ggggkohgwmh%gntify conpound that can bind to protein
T-2. 25 -17- 6. A process for co-crystallizing CPT-2

W th a'L%gang éhat binds to the active site, the

pr oc BEYidigap bresd, aguesdapiigon abarp de a0 medglielulT-2,

solution of 3.75 to 50 ng/nil of CPT-2, adding a

ol abddixg @ ssolef ext &6 of the épshd 0 thh£qROUSHISHGOLULPTD, £id
CPT-2, and 5 growing crystals by vapor diffusion or -

m cr . usi a buffered reservoir, solution of 0 %
T SRR LSRR Bl (SRR e i Desctval
plaemb el Yl 6 (wfv) PEOD wberetroth?2 PEODIsBa av@agdinelecular weight of

PEPELES 28hosbal m 6, wherein the buffer reservoir
additiondl?y conprises O M 10 to 2 Mtri-amoni um

citrate pH7, O Mto 1 ML-proline, 0O Mto 1M
trimethylam ne-N- oxide, 0O Mto 1 M amoni um sul fate,
O Mto 1 Mlithiumsulfate, 0 Mto 1 M anmoni um

acet atlfﬂl& ;g/olﬁéss- of cllz_tiM & hletbn ﬂf7e Bm@ﬂp;e%éwaﬂrfa@aliiﬁahm @ftbrides 0 M

. - mali [ r oduc ;
W7 81 &gttty B0 BE 1 1 3PL ofnel B to PYS el amine v
ostihddMand Mnooessiuassutthij hktoabbMihives paéita 01N tovl vh

f ' S. ¢S E T.

SELEEAIASE R, § o] RSB0 IRy PR R b 611 M.
mpBoacidpblg <160> 2 <170> Patentln version 3.3 <210>
1 <211> 658 <212> PRT <213> Rattus norvegi cus

8. A crystal produced by the process of claims 6 or 7.

9. The crystals, method and process as claimed above, especially with reference to
the foregoing examples. |



<220> 111 <221> rat CPT-2 <222> (1)..(658) <223>
Swi ssprot accession No. P18886 <400> 1 Met Met Pro
Arg Leu Leu Phe Arg Ala Trp Pro Arg Cys Pro Ser Leu 1
510 15 Val Leu Gy Ala Pro Ser Arg Pro Leu Ser Ala
Val Ser Ay Pro Asp 20 25 30 Asp Tyr Leu @n H's Ser
Ile Val Pro Thr Met Hi's Tyr A n Asp Ser 35 40 45 Leu
Pro Arg Leu Pro Ile Pro Lys heu G u Asp Thr Met Lys
Arg Tyr 50 55 60 Leu Asn Ala G n Lys Pro Leu Leu Asp
Asp Ser A n Phe Arg Arg Thr 65 70 75 80 G uAla Leu
Cys Lys Asn Phe G u EkpuaheeVarsohxelys G u Leu His 85
90 95 Ala His Leu Leu Ala A n Asp Lys A n Asn Lys H s
<1105ThF . Smf imgym-Ly Roch®@G105 110 Ser Ay Pro Trp Phe Asp
r hr Ala Arg Asp Ser Ile Val 115 120 125
<120> EPJ)& Eﬁst{a n Pro Phe Met Ala Phe Asn Pro Asp Pro
<130>Ly33mr G u 130 135 140 Tyr Asn Asp Gn Leu Thr Arg |
Al g Thr Asn Leu Thr Val Ser Ala Val 145 150 155 160 2
<169%K2Arg Phe Lou Lys Thr Leu Gn Ala Gy Leu Leu Gu Pro
<1703 Hat@leTPRRrs16531¥0 175 His Leu Asn Pro Ser Lys Ser
Asp Thr Asp Ala Phe Lys Arg Leu Ile 180 185 190 Arg
:ﬁg@hé Val Pro Pro Ser Leu Ser Trp Tyr Ay Ala Tyr Leu
Savalsn 195 200 205 Ala Tyr Pro Leu Asp Met Ser @n
<213>TYRafthe MrGebedhsPhe Asn Ser Thr

<220>

<221> rat CPT-2

<222> (1)..(658)

<223> Swissprot accession No. Pi8886

<400? 1

Met Met Pro Arg Leu Leu Phe Arg Ala Trp Pro Arg Cys Pro Ser Leu
1 5 10 15

Val Leu Gly Ala Pro Ser Arg Pro Leu Ser Ala Val Ser Gly Pro Asp
Asp Tyr Leu Gln His Ser Ile Val Pro Thr Met His Tyr Gln Asp Ser
Leu Pro Arg Leu Pro Ile Pro Lys Leu Glu Asp Thr Met Lys Arg Tvr
Leu Asn Ala Gln Lys Pro Leu Leu Asp Asp Ser Gln Phe Arg Arg Thr

Glu Ala Leu Cys Lys Asn Phe Glu Thr Gly Val Gly Lys Glu Leu His
85 90 95

Ala Hig Leu Leu Ala Gln Asp Lys Gln Asn Lys His Thr Ser Tyr Ile
100 _ 105 110

Ser Gly Pro Trp Phe Asp Met Tyr Lreu Thr Ala Arg Asp Ser Ile Val
115 120 125

Leu Asn Phe Asn Pro Phe Met Ala Phe Asn Pro Asp Pro Lys Ser Glu
130 135 140

Tyr Asn Asp Gln Leu Thr Arg Ala Thr Asn Leu Thr Val Ser Ala Val
145 150 155 160




210 215 220 Arg Ile Pro Arg Pro Asn Arg Asp G u Leu
Phe Thr Asp Thr Lys Ala 225 230 235 240 Arg His Leu
Leu Val Leu Arg Lys Ay H's Phe Tyr Val Phe Asp Val
245 250 255 Leu Asp G n Asp Gy Asn Ile Val Asn Pro
Leu Qu lle Gn Ala Hs 260 265 270 Leu Lys Tyr Ile
Leu Ser Asp Ser Ser Pro vVal Pro GQu Phe Pro Val 275
280 285 Ala Tyr Leu Thr Ser,Gu Asn Arg Asp Val Trp
Ala Gu Leu Arg Gn 290 295 300 Lys Lou Ile Phe Asp
Gy Asn Au Qu Thr Leu Lys Lys Val Asp Ser 305 310
Arg EReLLDOys Aha Ml GRh@ley@lyl bepr Ops YeuPys FLASHELPREE Pro
Met Lys AdB”Leu Ile 325 336’335 His Leu Sef’°His Thr
Met Leu Hs Gy Asp Ay Thr Asn Arg Trp Phe 340 345
His I300Ashspré \serSers Ple aAdsnrHrepisy |2da \fle W= AGH ULeASPld y
Thr A a8nl a Val 355 3685365 His Phe G*8%His Ser Trp
@y Asp Ay Vval Ala Val Leu Arg Phe Phe 370 375 380
arg hevdd wrdahoPhe Al shsprSetvd iny @i Hw tPaovaAl 8sd | e
Thri¥ro A n 385 3920895 400 Ser A mo®ro Ala Ala Thr
Asn Ser Ser Ala Ser Val Qu Thr Leu Ser 405 410 415 3
Ala Z%]el?l‘%sﬂell-%lép%t geﬁ/ Cﬁhah}'reghé-yég%e% B akh &elhin Al a
pba Lys G u 420 425 430 Lys Phe 2Asp Thr Thr Val Lys
Thr Leu Ser Ile Asp Ser Ile G n Phe 435 440 445 G n

0. dy d S u.Phe .lLey L S S Ley, Ser
re oo le b Has ooy Ve e S BT I G
Met Ala Phe Leu Arg G n Tyr Gy 465 470 475 480

Arg His Leu Leu Val Leu Arg Lys Gly His Phe Tyr Val Phe Asp Val
245 250 255

Leu Asp Gln 2Asp Gly Asn Tle Val Asn Pro Leu Glu Ile Gln Ala His
260 265 270

Leu Lys Tyr Ile Leu Ser Asp Ser Ser Pro Val Pro Glu Phe Pro Val
. 275 280 285 .

Ala Tyr Leu Thr Ser Glu Asn Arg Asp Val Trp Ala Glu Leu Arg Gln
290 295 300

Lys Leu Ile Phe Asp Gly Asn Glu Glu Thr Leu Lys Lys Val Asp Ser
305 310 315 320

Ala Val Phe Cys Leu Cys Leu Asp Asp Phe Pro Met Lys Asp Leu Ile
325 330 335

His Leu Ser His Thr Met Leu His Gly Asp Gly Thr Asn Arg Trp Phe
340 345 350

Asp Lys Ser Phe Asn Leu Ile Val Ala Glu Asp Gly Thr Ala Ala Val
355 360 365

His Phe Glu Hisg Ser Trp Gly Asp Gly Val Ala Val Leu Arg Phe Phe
370 375 380

Asn Glu Val Phe Arg Asp Ser Thr Gln Thr Pro Ala Tle Thr Pro Gln
385 390 395 400

Ser Gln Pro Ala Ala Thr Asn Ser Ser Ala Ser Val Glu Thr Leu Ser
405 410 ‘ 415



Phe

Lys

Gln

Ala

465

GIn

Gly

Ser

Gln

Glu
545

Tyr

Pro

Asn

Gly

val

625

Gln

Lys

G n Thr Val Ala Thr Tyr Qu Ser Cys Ser Thr Ala Al a
Phe Lys His 485 490 495 dy Arg Thr Au Thr Ile Arg
Pro Ala Ser Ile Phe Thr Lys Arg Cys 500 505 510 Ser
G u Ala Phe Val Arg Asp Pro Ser Lys His Ser Val Ay
G u Leu 515 520 525 dn Hs Met Met Ala Gu Cys Ser
Lys Tyr HHs Ay G n Leu Thr Lys 530 535 540 Qu Al a
Ala Mt Ay Gn Gy Phe Asp Arg H's Leu Tyr Ala Leu
Ar01e545, 509 BBS5 1560y sTHIa LeUch) a1ThfA s, Ang G cleu
Asn Leu2Pro G u Leu Tyr4teu Asp 565 5704365 Pro Al a
Tyr @n Gn Met Asn Hs Asn Ile Leu Ser Thr Ser Thr

u e § Val r--Le Ay
BReag A pranaT VAT o ks sof MosEha Yy Bl
Ile Ala Tyr Ala Val H's Asp Asp Trp Ile Ay Cys Asn
610@3(;%?1620 V@I er Se£ T§r Ser LAr%Asn Ala Arg
5 Yet™Hrs® Qus WAl Y5287 636 Bag*d T 8 oys
Leu Qu Asp Ile Phe Asp Ala Leu udy Lys Ala lle
645 650 655 Lys Thr <210> 2 <211> 632 <212> PRT 4
w3 13ta Rap ey VEgi st 283 zhéz@eleﬁ%tQ}PeTBfra?llétPT- I
<222> (1)..(6% <223> positioﬂsl corresponds t
position 27 in Seq ID No. 1 <400> 2 Ala Val Ser dy
Provilspl rTYvr Géw S@rnC SeSdahr|dle ¥Wad HReoLvEhHis 1 5
10 15 85 490 495

Arg Thr Glu Thr Ile Arg Pro Ala Ser Ile Phe Thr Lys Arg Cys
500 505 510

Glu Ala Phe Val Arg Asp Pro Ser Lys His Ser Val Gly Glu Leu
515 520 525

Higs Met Met Ala Glu Cys Ser Lys Tyr His Gly Gln Leu Thr Lys
530 535 540

Ala Ala Met Gly Gln Gly Phe Asgp Arg His Leu Tyr Ala Leu Arg
550 555 560

Leu Ala Thr Ala Arg Gly Leu Asn Leu Pro Glu Leu Tyr Leu Asp
565 570 575

Ala Tyr Gln Gin Met Asn His Asn Ile Leu Ser Thr Ser Thr Leu
580 585 590

Ser Pro Ala Val Ser Leu Gly Gly Phe Ala Pro Val Val Pro Asp
595 600 605

Phe Gly Ile Ala Tyr Ala Val His Asp Asp Trp Ile Gly Cys Asn
610 615 620

Ser Ser Tyr Ser Gly Arg Asn Ala Arg Glu Phe Leu Hig Cys Val
630 635 640

Lys Cys Leu Glu Asp Ile Phe Asp Ala Leu Glu Gly Lys Ala Ile
645 650 655

Thr

<210> 2
<211> 632



Net H's Tyr G n Asp Ser Leu Pro Arg Leu Pro Ile Pro
Lys Leu Gu 20 25 30 Asp Thr Met Lys Arg Tyr Leu Asn
Ala G n Lys Pro Lou Leu Asp Asp 35 40 45 Ser d@ n Phe
Arg Arg Thr Gu Ala Leu Cys Lys Asn Phe Au Thr Ay
50 55 60 Val Ay Lys GQu Leu H's Ala H's Leu Leu Al a
A@n Asp Lys A n Asn 65 70 75 80 Lys H's Thr Ser Tyr
Ile Ser Gy Pro Trp Phe Asp ket Tyr Leu Thr 85 90 95
<212Al agArg Asp Ser Ile Val Leu Asn Phe Asn Pro Phe Met
<213Al satRiue Weregid®d@ 105 110 Pro Asp Pro Lys Ser Gu Tyr
Asn Asp G n Leu Thr Arg Ala Thr Asn 115 120 125 Leu
<og0-Thr Val Ser Ala Val Arg Phe Leu Lys Thr Leu A n Al a
<2213 Mathed 2a30cdBh 140 Leu Gu Pro Qu Val Phe H's Leu
<222>AsmlPr.¢6Ber Lys Ser Asp Thr Asp 145 150 155 160 Ala
<223>ppgogirdomrlg copipsprrasarg poRetia 2Prig $7% IBe¥o-Léu Ser
<aposI'p Tyr 165 170 175 dy Ala Tyr Leu Val Asn Ala Tyr
Pro Leu Asp Met Ser A n Tyr Phe 180 185 190 Arg Leu
Ala VRReSAs AlBdro TArr Asyg Tl eldRr G1rAMHgs Preg Abn VAL PrAsPhiG u
Leu 195 200 205 Phe Thr A8p Thr Lys Ala Ag His Leu
Leu Val Leu Arg Lys Ay H's 210 215 220 5 gg Phe Tyr
Met BMal TRhelAspp \Vadr Lew pAsrdgd nelAspo A1y Ash ikl eedatlAsn
Pro 2289230 235 240 Leif Qu Ile An Al &@%H s Leu Lys
Tyr Ile Leu Ser Asp Ser Ser Pro 245 250 255 Val Pro
asp T8-UdRNEy e VRl A alYrallsel1d Iﬂ.EsS@‘b B LA A BeASP
Val 35 260 265 270 Trgp Ala A u Leu Args A n Lys Leu lle
Phe Asp Gy Asn u Qu Thr

Ser Gln Phe Arg Arg Thr Glu Ala Leu Cys Lys Asn Phe Glu Thr Gly
50 55 60

vVal Gly Lys Glu Leu His Ala His Leu Leu Ala Gin Asp Lys Gln Asn

Lys His Thr Ser Tyr Ile Ser Gly Pro Trp Phe Asp Met Tyr Leu Thr
85 90 95

Ala Arg Asp Ser Ile vVal Leu Asn Phe Asn Pro Phe Met Ala Phe Asn
100 105 110

Pro Asp Pro Lys Ser Glu Tyr Asn Asp Gln Leu Thr Arg Ala Thr Asn
115 120 125

Leu Thr Val Ser Ala Val Arg Phe Leu Lys Thr Leu Glan Ala Gly Leu
130 . 135 140

Leu Glu Pro Glu Val Phe His Leu Asn Pro Ser Lys Ser Asp Thr Asp
145 150 155 160

Ala Phe Lys Arg Leu Ile Arg Phe Val Pro Pro Ser Leu Ser Trp Tyr
165 170 175

Gly Ala Tyr Leu Val Asn Ala Tyr Pro Leu Asp Met Ser Gla Tyr Phe
180 185 190

Arg Leu Phe Asn Ser Thr Arg Ile Pro Arg Pro Asn Arg Asp Glu Leu
195 200 205

Phe Thr Asp Thr Lys Ala Arg His Leu Leu Val Leu Arg Lys Gly His
- 210 215 _ 220



Phe

225

Leu

Val

Trp

Leu

Pro

305

Gly

Asp

Ala

Pro

Ser

385

Ile

Ile

Lys

Phe

Thr

465

Ile

275 280 285 Leu Lys Lys Val Asp Ser Ala Val Phe Cys
Leu Cys Leu Asp Asp- Phe 290 295 300 Pro Met Lys Asp
Leu Ile Hs Leu Ser His Thr Met Lieu Hs Gy Asp 305
310 315 320 dy Thr Asn Arg Trp Phe Asp Lys Ser Phe
Asn Leu Ile Val Ala Gu 325 330 335 Asp Gy Thr Ala
Ala Val H's Phe Qu H's Ser Trp Ay Asp Ay Val 340
345 350 Ala Val Leu Arg Phe Bhe Asn G u Val Phe Arg

Asp Ser Thr @n Thr 355 360 365 Pro Ala Ile Thr Pro
GmVSerhd aspPral Aka sAvachrsAslySesn $ee vAlLaasvBr375

380 Ser Val &% Thr Leu Ser P#é Asn Leu Ser GO Al a
Leu Lys Ala Gy 385 390 395 400 Ile Thr Ala Ala Lys
Auwrlysi1PhaAsps Thi tlhr rMaliib isuTidr hey s3er s&09r410

415 lle A3 Ser Ile An Paeodn Arg Ay d3says GQu
Phe Leu Lys Lys 420 425 430 Lys A n Leu Ser Pro Asp
AlAcMalend }Q:oqzéh ey fzg aLéDJ‘%hgs%r'\@l ﬁéf?A %3155 440; 445
Phe Leusdrg G n Tyr y268 n Thr Val Al aaFf prr Gu

Ser Cys Ser 450 455 460 Thr Ala Ala Phe Lys H's Ay

FSolfneShbolie LS 0By TR0, 07,50

Pro Ser Lys 485 6490 495 H| s Ser VaI Gly Gu Leu dn
Hs Mt Met Ala Qu s Ser Lys Tyr 500 505 510 H' s
i LT G SYALEUNYE BPY AGPrPR §iPhe
p Arg 515 520 5 H's Leu Tyr ,&Ia Leu Arg Tyr Leu
Ala Thr Ala Arg Gy Leu Asn Leu 530 535 540 Pro Qu
M_eéuLYl%/ﬁsmé@uAé];? PED® Waseﬁyﬁlﬂmr@q? Mt HAS G %;‘:g\sn
e

Thr Asn Arg Trp Phe Asp Lys Ser Phe Asn Leu Ile Val Ala Glu
325 330 335

Gly Thr Ala Ala Val His Phe Glu His Ser Trp Gly aAsp Gly Val
340 345 350

Val Leu Arg Phe Phe Asn Glu Val Phe Arg Asp Ser Thr Gln Thr
. 355 360 365

Ala Tle Thr Pro Gln Ser Gln Pro 2Ala Ala Thr 2sn Ser Ser Ala
370 375 380

Val Glu Thr Leu Ser Phe Asn Leu Ser Gly Ala Leu Lys Ala Gly
390 395 400

Thr Ala Ala Lys Glu Lys Phe Asp Thr Thr Val Lys Thr Leu Ser
405 410 415

Asp Ser Ile Gln Phe Gln Arg Gly Gly Lys Glu Phe Leu Liys Lvys
420 425 430

Gln Leu Ser Pro Asp Ala Val Ala Gln Leu Ala Phe Gln Met Ala
435 440 445

Leu Arg Gln Tyr Gly Gln Thr Val Ala Thr Tyr Glu Ser Cys Ser
450 455 ‘ 460

Ala Ala Phe Lys His Gly Arg Thr Glu Thr Ile Arg Pro Ala Ser
470 475 480

Phe Thr Lys Arg Cys Ser Glu Ala Phe Val Arg Asp Pro Ser Lys



545 550 555 560 Leu Ser Thr Ser Thr Leu Asn Ser Pro
Ala Val Ser Leu Ay Gy Phe 565 570 575 Ala Pro Val
Val Pro Asp Gy Phe Gly Ile Ala Tyr Ala Val Hi s Asp
580 585 590 Asp Trp Ile Ay Cys Asn Val Ser Ser Tyr
Ser Ay Arg Asn Ala Arg 595 600 605 du Phe Leu His
Cys Val A n Lys Cys Leu Qu Asp Ile Phe Asp Ala 610
615 620 Leu Gu Gy Lys Alagle Lys.Thr 625 630 4

485 490 495

His Ser Val Gly Glu Leu Gln His Met Met Ala Glu Cys Ser Lys Tyr
500 505 510

His Gly Gln Leu Thr Lys Glu Ala Ala Met Gly Gln Gly Phe Asp Arg
515 520 525

His Leu Tyr Ala Leu Arg Tyr Leu Ala Thr Ala Arg Gly Leu Asn Leu
530 535 540

Pro Glu Leu Tyr Leu Asp Pro Ala Tyr Gln Gln Met Asn His Asn Ile
545 550 555 560

Leu Ser Thr Ser Thr Leu Asn Ser Pro Ala Val Ser Leu Gly Gly Phe
565 570 575

Ala Pro val Val Pro Asp Gly Phe Gly Ile Ala Tyr Ala Val His Asp
580 585 590

Asp Trp Ile Gly Cys Asn Val Ser Ser Tyr Ser Gly Arg Asn Ala Arg
595 600 605

Glu Phe Leu His Cys Val Gln Lys Cys Leu Glu Asp Ile Phe Asp Ala
610 615 620

Leu Glu Gly Lys Ala Ile Lys.Thr
625 _ : 630



