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Abstract

The cancer is one of serious diseases that people life was killed in many countries. Abnormal
activation of the epidermal growth factor receptor tyrosine kinase (EGFR-TK) have been shown to be involved
more than 50% of cancer diseases. The inhibition of EGFR-TK activity by small molecules has proved effective
for cancer therapy. Nevertheless, the EGFR-TK mutation in cancer’s patients has been reported while on
therapeutic process. In addition, more novel compounds are still necessary to improve the inhibited activity of
this protein. The goal of this research was to develop both computational and experimental methods to find
potential inhibitors of EGFR-TK further drug development. The computational method was to explore through
virtual screening (VS) against two ligand databases. These databases are Chemiebase database which is
collected 29,960 active compounds found in the Thai medical herb, and NCI diversity set of 1,990 compounds
that passed in vivo cancer cell test. The VS based on molecular docking method is an in silico alternative to
high-throughput screening that imposes a structure-based filter on a small chemical database. Furthermore, this
technique is robust and inexpensive when compared to high-throughput screening. The crystal structure of
EGFR-TK bound to erlotinib, (PDB code 1M17) was screened against a collection of compounds from
Chemiebase database and NCI diversity set. We found 5 hits from Chemiebase database and 13 compounds
from NCI diversity set. Both hit compounds are potential compound for further testing and development as a
lead compound. Furthermore, in experimental part, we were able to clone the EGFR-TK as a GST-fusion
protein in E.coli. and develop an activity assay method. Nevertheless the yield of expression protein was very

low which was not enough for further NMR structural study.
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7.0) 11 il iwaduanTaelHiaieq sonicator naenmiui lihmIsan 10,000 pm Huian 1 3 Tue
udnhdulalirg glutathione column enenTisAundoansdall GST Anpg F9zIVNY glutathione

o ¢ o Jy . o a v ow
‘luﬂ'ﬂallu YLADAUUAIY wash buffer (50 mM Tris-HCL , pH 8.0) ’1]1ﬂuuslf3I‘]Jj@luf‘)f‘)ﬂﬂ']ﬂﬂ@ﬁlluﬂ’lﬂ
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Elution buffer (10 mM glutathione in 50 mM Tris-HCL , pH 8.0) L'ﬁ‘]J fraction 130519 IANINTTY  5IU
fractions fitinanssueu leigudndromu uaziirlAinazrdae SDS-PAGE

v Aa d
7. m3dananssnveaenla tyrosine kinase

Tyrosine Kinase

N

ATP ADP

Detection Complex Phosphorylated Substrate
and Substrate and Displaced Ligand

gﬂﬁ 3 UEAAINITNINIUYBIVDI Antibody Beacon™ Tyrosine Kinase Assay Kit

myianenssuveae lianunsaiinld Taald Antibody Beacon™ Tyrosine Kinase Assay Kit 198
ﬂﬁZﬂ@UﬁlﬁﬂfJﬂﬁﬂiZﬂ@Uﬁ'Wﬁtﬁﬁﬂ Anti-phosphotyrosine antibody %35‘1JE)§J:€W Oregon Green 488 dye—labeled
tracer ligand dintou ol Tyrosine kinase v‘iwm%ﬂ%’wgwamwmmn ATP wudnl¥idy Tyrosine kinase
substrate - poly(Glu:Tyr) A3INTADZ A U Tyrosine Mldennsoudaduny Anti-phosphotyrosine antibody
1NU Oregon Green 488 dye—labeled tracer ligand 16 %q Oregon Green 488 dye—labeled tracer ligand DAILIE
A = o
(50047 517 nm A931) 3

A Qady = L=} . . - °
msnaasaiienenalInvedInlsdu lama laans oy phosphopeptide working solution Tagii
9
M0 Phosphotyrosine-containing peptide 910 500 uM i 100 uM @28 1X KB + DTT 91017191 serial
4
dilution Taelianududuanasiias 2 w1 1% 1X KB + DTT lu blank aniuilinlaen 25 ul udaz
dilution ¥UAN 1X KB + DTT 24 ul 1ag Anti-phosphotyrosine antibody 11} Oregon Green 488 dye—labeled
Y v

tracer ligand 961982 0.5 pl U31asTamdu 50 pl Mimiutuhgungiveuiiunar 10 i udu@y 1IX KB +

u

DTT auiid5uas 200 pl 1111/5@ Fluorescence 1 Ex/Em = 492/517 nm
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1. WamsAn self-docking H#asN13 optimized parameters
M3 redocking N1 crystal structure s afloumsih positive control 1UMINAA0Y Hazlliua
parameter A14 9 1¥MINZauMsnM3 docking #281151n51 Autodock v3.0.5 Tﬂﬂwamimaaﬂugﬂﬁ 4
naealifiudn dreszifiondtineaseanisoiins redocking erotinib 1§11 docking site naz'ld

Taseadramileunnylu crystal structure

! .. I < '
UM 1 Tassadhaves erotinib (@FeniluTaseasralu crystal structure) Tnseadred@muilulaseadion’la

mﬂmiﬁwmmmaﬂauﬁamaﬂﬂﬂTﬂmﬂsu AutoDock V.3.0.5 (Reproduced co-crystal)

2. HAMSAATIIANOUIIIVINGTUVOYA chemicbase
nnmsinsfaassansadenningudoyalnssadwawifmsoongns luayu'lns Ing
(Chemicbase  database)  veoewulgUfiamsIienlcsauma  sadsunll  amgInomans
unAmeReinpasmans (htp:/chemicbasckuacth ) 1431 29,060 Tassada Tusuasumsiinszina’ld
TﬂNﬁ’%lw“llEN’miE]E]ﬂt]i/l']a;ﬁﬁnﬂiﬂ%ﬂiﬂiau 183N erlotinib (15nEWS AT TA59a 19T tyrosine
kinase Y99 EGFR; pdb code 1M17) 8¢ 126 Tn33a319 msaaﬂqﬁ% 126 TasearumInansease Ing
e

e fonuaNlianIL “Lipinski’s Rule of Five” @30 T1)51n5u FILTER wiée Inseas waiseongnindiumsna

E4 1
A ~

f f )
5099119 5 Tnseadie dwaasluasnd 1 uagz U7 5 arseengndng 5 asiitian score NgIndn
=~ - 4 Ao o a o A <
score Y04 erlotinib FuiluenduuzSanduny EGFR-TK Tulassaduwanasadanaonun s udunuyly
o A A a a v o o Yo 1 9 )
msfadenmasniszansamdudimsiauves  EGFR-TK laantienludiesnatn  sngudoya

9 an =% [ A
Tassadnawiadseongns luayu Ins lneawaasluasiei 2
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4 A o Y . 3
MIN 1 @Iﬁ']\u!,ﬁﬂﬁ%@ell’ﬂﬁﬁ"]iﬁ]ﬁ]ﬂi]‘ﬂ‘ﬁﬁNTLlﬂﬁﬂﬂLﬁﬂﬂ 91N31UUDYA  Chemiebase database nalu

Uy CAS no. ttag TUPAC

compound CAS no. IUPAC name

methyl (E)-2-{2-[6-(2-cyanophenoxy)pyrimidin-4-
A 131860-33-8
yloxy]phenyl}-3-methoxyacrylate

1,3-Propanediol, 1-(3,4-dimethoxyphenyl)-2-[2,6-dimethoxy-

B 154750-73-9
4-(2-propenyl)phenoxyl-, (R*,S*)- (9CI)
2-Naphthalenecarboxylic ~ acid, 1,4-dimethoxy-, 3-(1,4-

C 220860-32-2 dihydro-3-hydroxy-1,4-dioxo-2-naphthalenyl)-2,2-
dimethylpropyl ester
(1IR)-1-[[(2S,3R,11bS)-3-ethyl-9,10-dimethoxy-2,3,4,6,7,11b-

D 483-17-0 hexahydro-1H-pyrido[2,1-alisoquinolin-2-yl]Jmethyl]-7-
methoxy-1,2,3,4-tetrahydroisoquinolin-6-ol
7-[3-(4-fluorophenyl) -1-(1-methylethyl) -1H-indol-2-y1]-3, 5-

E 93957-54-1
dihydroxy-hept-6-enoic acid

O
IS o OH o~
o 0 0 0
X
Y )
NN ~o HO™ © X
N” |
CAS 1n0.131860-33- CAS no. 154750-73-9
Compound (A) o Compound (B)
_0. ;
S0 o o) NN
T R T '
H
HO 0 N
0] o
7~
"o
CAS no. 220860-32-2 CAS no. 483-17-0 CAS no. 93957-54-1
Compound (C) Compound (D) Compound (E)

~ 9 A o A o A A ' a Sy °
31.]7] 2 Iﬂi\jﬁﬁ'l\iﬁ'ﬁf‘)f’)ﬂf]cﬂﬁ‘ﬂFﬂufnﬁﬂﬂlaf‘)ﬂf\nﬁﬂﬂﬁﬁ'5ﬁ’]iLﬁll@uﬂﬂ?ﬂ?ﬁ]guﬂﬂﬁﬁnuﬂ’]iﬂ’m’]uﬂl@\i

EGFR-TK 9103119038 Chemicbase database



' o { o = P}
M3 2 ANTNUFAANAT Score N 5 ‘]Jﬁ&’lﬂ‘ﬂﬁﬂWu’Jmfﬂ'lﬂIﬂﬂlﬂﬁll Fred m@ﬂﬁ?ﬁﬂﬂﬂﬂﬂﬁﬂ?ﬂjTuﬂl@y‘ﬂ

9
Chemiebase M4 5 Iﬂiﬂﬁ%}N

compound CAS no.

Fred Scoring Function

ChemGauss ChemScore  PLP ScreenScore ShapeGauss
A 131860-33-8 -50.75 - -54.79 -122.23 -521.24
B 154750-73-9 -52.79 -21.82 -53.94 -120.06 -
C 220860-32-2 -52.72 - -53.51 -122.48 -551.47
D 483-17-0_52 -52.66 -25.88 -57.68 -142.08 -
E 93957-54-1 -50.64 -21.67 -59.26 -152.91 -

a L4 aa a‘{g = a Y 3
Mﬂﬂﬁﬁlﬂﬁzﬁs{l}ﬂy’aﬂNIﬂiQﬁ%}NﬁﬂJNﬁ"UﬁNﬁﬁﬂﬂﬂﬂWﬁﬂﬂ 5 mﬁsﬂﬁﬂumﬂmumﬁmumq

erlotinib YUY EGFR-TK U319 binding pocket (UF8UTVVYDY ATP substrate) wuNiitiiosInsaaiig

4 v ]
Compound (E) 111171 1311815 89d2 1190 9u04 binding pocket 1R8INUN erlotinib ¥3A® adenine pocket LA

1] v v Vv
lisundnTlun5m phosphate binding region mwinaaslugld 6 Tassaiwvosmsiatwiatinglu

A ' o & =
Wﬂfﬁﬂ}!umh‘lﬁﬁ%i“] ﬂﬁullﬁﬂﬁiu@ni]ﬂﬂ 3
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1 o . < a . =} . Y]
Un 3 maBeedivesduzsa (@) TWuSnw binding pocket Y94 EGFR-TK 1f3suiiisuiuaisosn
g p
s

gniniimsdaass1dvngudeya  Chemicbase b) Compound (A) ¢ Compound (B)

d) Compound (C) €) Compound (D) e f) Compound (E)
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: H = ° ag/l a
1919 3 iWEJGd]i’t‘)"'UENWd"]fﬁwUﬁﬁ’t‘)’t‘)ﬂi]ﬂ‘ﬁﬁglﬁuﬂ”lﬁ/n\ﬂusll@\i EGFR-TK ‘VN?STJT’]J'LM

4 4 A oA ¢ A R g
compound FIWYONY (FOINYIATAT LAY FOWULIU)

Annona squamosa L., muauu', “I’iﬂﬂﬁﬂu, Custard apple, sugar apple, Sweet sop, oo
Azadirachta indica A.Juss, ﬂ%ﬁu, qazIA

A Cinnamomum camphora J.Presl, W’iillf?fﬂ, DUIYYIU, NITYT
Eugenia javanica R.Br.

Saccharum officinarum L., ESJIEJEJ!!&N, 566“11% fJOWI‘IJ, 5@8{51, Sugar cane, dou

B Mpyristica fragrans 51!1/]1:!)&71 f, %I‘L!‘Vlﬁﬁﬁu, Nutmeg tree

C Rhinacanthus nasutus (L.) Kurz, ﬂﬂj?ﬁlumlﬂ', ‘VIENﬁ/u(’IQIfQ, ‘VIEN’I;W/W]QJDQ

D Strychnos nux-vomica A.w. Hill, ﬂ‘i%%y, umrﬁa, ﬂ%ﬂgﬂ, Tﬂgﬂgﬂgﬂ, LN, QUNILAN, !,Lﬁﬁﬁ!,‘f}’t], uaadle
E Acacia catechu Willd., 20, fideamaod, fideauny, ?TL?{EJ@, Fideaiiio, Mdea
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% A a Y
3. MINAAIIANBUDIIING1UVdYA NCI

YA v o

EJ 1
wonnnil luvmziiimsdaassasaiiouningiudoya Chemicbase a2 Fadoda Idimsandss

U

A Y A £ = as A v A 9 . . &£ g 9
mmmaumﬂgmﬂmgaauTﬂaiﬁvizmammﬂmmuﬂa FuvDYa NCI diversity set 1990 mgﬂugmﬂmy_a

i o & o s Sy <& P Y .
"Ummiﬁ)ﬁlﬂq‘1/1‘ﬁ‘m*mJﬁﬂEJ'JJENmi‘VINmﬁUENLG]mszLN"lﬂ (’Iﬂﬁ'ﬁsluﬁ']uallﬂll"aullﬂﬁjuijlliﬂﬂ National

9 4
A o

: v a 2 < 1 f
Cancer Institute Y9INTZNTWATBITUGY AnigowTn a5 lugaiiiinenua 1,990 Tassadredauiluganmiu

m3fadon1ag Lipinski’s Rule of Five W1&291n%Au09@15NININGY 140,000 1A59a5 19 Ha11nH 1Y

Yt 1

a I'd 1 =y
NTEUIUNIT molecular docking naginevinalaeld Fred score Llé}JW‘Uﬂﬁ’dﬁﬁ)ﬂﬂfmﬁﬂ A1 Score
11NN erlotinib aglunaaingmua denaudarludredu egsimau 13 Tnsead1a (Compound (F)-(R))

= v aa = A =
(ﬂ13J‘1/lL!ﬁﬂﬂiﬂi\iﬁiNﬁﬂQi\lﬁﬂugﬂﬂ 7 1agye IUPAC @1UA1519N 4

a Pz v A Ao v o v A o Ao
%1ﬂﬂ1§3lﬂi13‘“Iﬂi\?ﬁi?\iWﬂ%”lNﬂJ@\?Z’ﬂﬁ‘ﬂﬂﬂﬁﬁﬁulﬂ‘ﬂﬁ 13 Iﬂi\?ﬁi?\iWU?]MﬁWiWﬁ?ﬂﬁ’)ﬂM

)

v 1
v v A

v ¢ ' i
common structure AZ1BAAINUAITUTIN 1FGUTIMsoangnTves EGFR-TK (319 4) nazillonaisandnyuz

Q

M319¢vea Ins9as19a1590n 5910 NCI diversity set luamiianyui Tnssadwdnlugsznsdieglu
F 1
adenine binding pocket e Compound (M) miiuiaznednladnusne phosphate binding region
' FA
uazwu NI Inssadednnguie Compound (1), (P) 1ag (R) N92219@20gN91U adenine binding pocket 1ay

sugar binding region ('g“,‘]Jﬂ 3)
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o O, ")
ﬁi*@}@ 0% L Nr)N e

2

NSC 26699 NSC 48283 NSC 79050
Compound (F)

o Compound (G) Compound (H)

(@) (@] O
>N N (0]
A Ly XX 1
fe) N N N

| N
(@) O
N
o

/

Q0
(0]

NSC 86005 NSC 106221 NSC 117274
Compound (I) Compound (J) Compound (K)

(@] -
N
I
N
X o\
(LI
Cl N

NSC 125910 NSC 130813 NSC135371
Compound (L) Compound (M) Compound (N)
H
N

s 0.
! HON;2©
CUo 12 LT
I 9
NSC 299137 NSC306698

Compound (O) Compound (P)

N

NSC351123 NSC 402959
Compound (Q) Compound (R)

=1 9 Q"d‘l v A @ A 9 a 1 = Q’fs}
g‘l]‘ﬂ 4 Iﬂi\iﬁiNﬁﬁ@fJﬂi]‘Vl‘ﬁ‘Vlﬁﬂufﬂiﬂﬂ!ﬂﬁ]ﬂﬂﬁﬂﬂﬁiiﬁﬁ!ﬁwﬂu 13 Tﬂﬁ\iﬁiN'ﬂﬂWﬂﬂﬂglli]ﬂ‘ﬁgnuﬂﬁ

H19IMUBIEGFR-TK 91ng1udaya NCI diversity set 1990
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: o
AN 4 &5]'13NlL’dﬂ\i%’é]"llf]ﬂﬁﬁ’f)@ﬂq‘ﬂ‘ﬁﬁN']uﬂﬁﬂﬂ!ﬁ’fJﬂ iﬂﬂiiu"{’l}@y‘ﬂ NCI diversity set 1990

MLV NSC 4ta2 TUPAC name

compound NSC TUPAC name

2-[(4-aminobenzoyl)amino]-5-(6-methyl-1,3-benzothiazol-2-

F 26699
yl)benzenesulfonic acid
2,6-diphenyl-4-(2-phenyl-1,3,2-dioxaborolan-4-yl)tetrahydro-
G 48283
[1,3,2]dioxaborinino[5,4-d][1,3,2]dioxaborinine
2,8-bis(phenylmethyl)-1,3,7,9-tetrahydro-[1,3]benzoxazino[8,7-
H 79050
h][1,3]benzoxazine
2,6-Epoxy-2H-naphthaceno(1,2-b)oxocin-14-carboxylic acid, 4-
(dimethylamino)-3,4,5,6,9,11,12,13,14,16-decahydro-3,5,8,10,11,13-
I 86005
hexahydroxy-6,13-dimethyl-9,16-dioxo-, methyl ester, (2-alpha,3-beta,4-
alpha,5-beta,6-alpha,11-beta,13-alpha,14-alpha)-
8-[6-(1,3-dimethyl-2,6-dioxo-7H-purin-8-yl)-4-oxopiperidin-2-yl1]-1,3-
J 106221
dimethyl-7H-purine-2,6-dione
4-hydroxy-3-[1-(1-hydroxy-3,4-dioxonaphthalen-2-y1)-3-
K 117274
phenylpropyl]naphthalene-1,2-dione
1-amino-4-[[4-(4-amino-2-sulfophenyl)phenyl]amino]-9,10-
L 125910
dioxoanthracene-2-sulfonic acid
4-[(6-chloro-2-methoxyacridin-9-yl)amino]-2-[(4-methylpiperazin-1-
M 130813
yDmethyl]phenol
Piperidine, 1-[2-(9,10-dihydro-9,10-ethanoanthracen-11-yl)-1,1-dioxido-4-
N 135371
phenyl-3-thietanyl]-
7H-Benzo[e]perimidine-4-carboxamide, N-(9,10-dihydro-9,10-dioxo-1-
(0] 299137
anthracenyl)-7-oxo-
3-[(2,4-dimethylphenyl)carbamoyl]naphthalen-2-olate; N-(2,4-
P 306698
dimethylphenyl)-3-hydroxynaphthalene-2-carboxamide; nickel(+2) cation
Q 351123 1-[hydroxy-bis(4-phenylphenyl)methyl]cyclohexan-1-ol
R 402959 8-i0do-N-(8-iodo-10-phenyl-5H-phenazin-2-yl)-10-phenylphenazin-2-imine
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' o { o = P}
M3 5 ATNUFAANAT Score N 5 ‘]Jﬁ%ilﬂ‘ﬂﬁﬂWu’Jmfﬂ'lﬂIﬂﬂlﬂﬁll Fred m@ﬂﬁ?ﬁﬂﬂﬂﬂﬂﬁﬂ?ﬂjTuﬂlfn&l‘ﬂ

NCI diversity set 1990 14 13 Taseaia

Fred Scoring Function
compound NSC

ChemGauss ChemScore PLP ScreenScore ShapeGauss

F 26699 -52.50 - -58.61 -121.97 -532.17
G 48283 -54.12 -22.04 -55.12 -145.09 -

H 79050 -53.48 -25.81 -67.79 -163.69 -

I 86005 -60.94 -34.57 - -134.53 -573.21
J 106221 -51.69 - -52.57 -133.08 -537.19
K 117274 - -27.51 -52.84 -135.06 -575.13
L 125910 -56.01 -23.73 -51.52 - -544.68
M 130813 -52.09 -23.82 -59.74 -148.71 -

N 135371 - -21.91 -54.67 -129.10 -575.94
(0] 299137 -55.79 -32.95 -56.42 -139.14 -617.85
P 306698 -57.16 -24.49 -64.99 -150.49 -

Q 351123 - -25.01 -59.52 -139.18 -505.25
R 402959 - -28.33 -70.61 -166.30 -624.90
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s 5 msSeedvesndmnzie (@ TuuSom binding  pocket W09 EGFR-TK  nffeurfeviuaisesngnivingiudeya  NCI diversity  set 1990

(b)>-(m)  MIEeIAIVOICompound  (F) Compound ~ (®)  #szyBlaseadneediaBlugn 7 wezswaz@ea¥o  TUPAC  ewansieid
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4. nmmmaanmmmu"lmu“lﬂiicﬁu Towua Yae Eschericia Coli

.
a =

° Ay v g A a @ . o ) o sy Yo
mmmiﬂ‘lﬂmnmimm E. coli ﬂwam’ﬂu"lqm GST-TK-his 1J1ﬂ1lﬂuu1‘ﬁfilslﬂﬂiﬁﬂﬁiﬂElu'll"]fﬁﬁﬂvlﬂﬂ'l

a

]
)

¥ Y o {1y @ ' o @ . A H o -
T¥uan wdnihasazaren'la lrunedund glutathione affinity chromatography muduaeuasiosueluisms

£ o ' ' Ay A JY A ~ A o A
2GRN Gﬁqu'lllﬁagﬁquﬂvlﬂinﬁlﬂi'wwﬂ?ﬂ@!ﬁﬂiﬁiiﬂi%ﬁuuu SDS-PAGE @NEIIW 9

4

a L4 S o’/’ o a a A
514 9 msdms e lsanveaen lainduduaeumsiliuigns §103% SDS-PAGE

a

Lane 1 = non-induce

Lane 2 = induce

Lane 3 = crude lysated cells

Lane 4 = supernatant of lysated cells

Lane 5 = pellet of lysated cells

Lane 6 = flow-through from glutathione sepharose column

Lane 7 = elutant from glutathione sepharose column

yinramsNAeAziu  GST-TK-his  tudinadauit liamnsa fwinldgndeazdaiiy
inclusion bodies Wulu pellet YB3 lysated cells ueod1 lsAaun Tﬂiﬁumadamfuwﬂu soluble fraction 5]?@
fisedadulafivziiinmzdin soluble fraction i lfuSanidelasilddan inclusion bodies Tauld
glutathione affinity chromatography WU1115AU GST-TK-his WU U elutant uazﬁmmﬁqﬁemadm dala'la

A A a = 1 o a o zd wz cs,dy Y 1 o q Y a =
Tﬂmu‘nmqm NINUA DITMUITFNTINGIATIUAYT ﬂ\iuuiﬂiﬁH‘Hﬂ’ﬁﬁ]%ﬂﬂ\iﬂ’lﬂﬂﬁﬂﬂ‘ﬂﬂiﬁ!ﬂ‘ﬁﬂﬂiﬂEJ

'
S oA o

3 4 o a = 1 [l I Ia o o
aw15019M9 nickle affinity column et IR uTqnTaell uaedrelsnaw Aadeldihls@unmumsild
A

a QJ 1 dy 9 Qady 1 A 1 A A Y 1 . a 1 A
vigniunduinldnadeunondianou ienadougi lsdunlaeglugil active form 95an5eli Taaiile

F
Faanudutuvee115auTag Lowry method Wun'ld 11sAuievuatlszana 2 me
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5. UBANINUDBA tyrosine kinase fuanseenly E.coli
a A o q ¥ a & \ v A M)
Tdsaudrumsimldusanivndiuldumagouuenainlagld  Antibody Beacon™ Tyrosine Kinase
A g A v = a’/’ =) Qdd’l T a = dey a @ A =
Assay Kit iivorilumsgudunllsauiuiivenaia won'nlsdulauaiivendlness (Aegiio) uaasniing
o { ' S {1 o
twiuilulaseadngndsaaznionszldamde i snmsnasswaaddiiiui Ts@uidumsild
¢ > =~ 1 4 o o y ] a
VSENBUNEIIUT GST-TK-his 0§ ms1zietimsnaasausoufieuny cell lysate 71 13i5in3 induce 1¥wan
. 1 = Qady - 1 aady =y d' 9 us:
GST-TK-his nu lifiveaainves InTsdu lamaaes nansimendiavesnlsdu laman ldninmsnaasaiu

10A910 GST-TK-his

AU. GST-TK
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y=4.6104x+ 75.656

80.000 -

79.000 -
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77.000
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75.000 ‘ ‘ ‘ ‘ \
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{ 1 a 1 1 < aaa
77 10 uamans1ieARIAYBY GST-TK-his M 1HLSqn3u1edu 910031 slope Ao AANNIFI0PATEN

a

(V) =4.610 A.U./min (A.U.= artificial unit)

a d
ﬂéﬂ!!ﬁ$3ﬂ]‘§mﬂﬁﬂ1iﬂﬂﬁﬂﬂ
aw A A 9 = ' v a A % o
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@

A o 1 v o a a 1 U < 4 o

sazfithmneNazii ldgmsnaaeumsiuiuasidiemaiin NMR spectroscopy 11A0819 15Namaleiloudne
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youulszina waznar Mldldansahiuldasunnduanwidd i ludaglseaedld  uanuident
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NCI dlversr[y set 1990 Wmﬂﬂ'iQﬁ'ﬁNmuﬁl‘ﬂmuuaﬂymzTﬂ'5QﬁiNﬁaﬂﬂa1ﬂﬂaQﬂumwﬂmﬂﬂf’ogiuﬂmmm
v

§ g y < v o o A wa ' Ao 1o o
ioluensn Tsauzs wagddudsnldludesfiams  ualaseaduinaass 14 ddhdounyTaseasvvos
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