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v oEE & ’ﬁ{ﬁ 75 4 4% £ 2 Methionine adenosyltransferase (MAT; EC 2.5.1.6)
AREP S5 7 Aena & KR B EF ¢ 42 DNASRNA 112 dov s g @
oA S chit e Sa 1 42 MAT f24 chid M B 5 i r2 b b % 2 5 (7 08
LoBALFY AP - BIRR G R X PE G
B &2 F kipAp K 47 4 472 X £ 45 methionine adenosyltransferase (MAT) f% %
B EpEZE R4 F Wl 2B 2 2% catechol-O-methyltransferase (COMT)
#- S-adenosyl-L-methionine (AdoMet) _+ e7? & #% 3] esculetin (ECL) + )=
B AL it enscopoletin (SPL) » 5 d n-hexane:ethyl acetate (7:3, v/v) F B~{s » f*
% »xik 4p k& 47 (HPLC) fied Si 60 ¥ 4102 2 § £ P % & 17 SPL (ex: 347 nm;
em:415 nm) > ;p| T_MAT 5 fd 2 f2 2 % 4 5 §F #oSPL 2 & Mg R E£ 9 5 100
fmol ; iz = /2 WF R Z N4 F >0 25 g i F o2 F BRERET 23
30 448 * B2 HPLC # R OR 2 S 2 £ 7 Ba
HL-60 MAT % 3.7 Hill coefficient 5 0.5 2 negative cooperativity’ K, = 6.1 £ 0.3
UM (for methionine) * Vi = 135.4 £ 1.5 nmole AdoMet/mg protein/hr o # }* 7 TE
7COMT ® & HPLC % £ & 4772 5c = 7 i * 0P 2k £ AdoMet 12 2 MAT

FEAEAL ) X L EHER AR L F A 2
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A non-radioactive, sensitive, rapid and specific method for the determination
of methionine adenosyltransferase activity has been established. In this method, the
methyl group of S-adenosyl-L-methionine was enzymatically transferred to
esculetin with the aid of catechol-O-methyltransferase and then the resulting
scopoletin was extracted with n-hexane:ethyl acetate (7:3, v/v) and measured by
high-performance liquid chromatography with Si 60 column and fluorometric
detection with excitation and emission wavelengths at 347 and 415 nm,
respectively. The detection limit for scopoletin was about 100 fmol. Using this
method to determine MAT activity in HL-60 cells only required about 2.5 ug of
protein and the incubation time needed for enzymatic reaction is less than 30 min.
The HPLC analysis procedure took only 5 min per sample. The kinetic study
showed that MAT in HL-60 cells exhibited negative cooperativity with a Hill
coefficient of 0.5. The values of K;,, and Vi, were 6.1 + 0.3 uM and 135.4 £ 1.5

nmol AdoMet formed/mg protein/h, respectively.

Key words. methionine adenosyltransferase (MAT); catechol-O-methyltransferase (COMT);
S-adenosyl-L-methionine (AdoMet); methylglyoxal bis(guanylhydrazone) (MGBG); esculetin;

scopoletin; enzyme-coupled; fluorescence; HPLC; HL-60.



AdoHcy : S-adenosyl-L-homocysteine

AdoMet : S-adenosyl-L-methionine

ATP : adenosine 5'-triphosphate

COMT : catechol-O-methyltransferase

DMSO : dimethyl sulfoxide

DTT : 1,4-dithiothreitol

ECL : esculetin

GSH : glutathione

Hcy : homocysteine

L-Met : L-methionine

MAT : methionine adenosyltransferase

MAT" : MAT isozyme with high K, for methione
MAT' : MAT 1sozyme with intermediate K;,, for methione
MAT" : MAT isozyme with low K, for methione
MAT" : MAT" with tumor factor

MGBG : methylglyoxal bis-(guanylhydrazone)



MT : Methyltransferase

PIPES : piperazine-N-N'-bis(2-ethanesulfonic acid)
SAH : S-adenosyl-L-homocysteine

SAHH : S-adenoxylhomocysteine hydrolase

SAM ! S-adenosyl-L-methionine

SPL : scopoletin

Tris-acetate - tris(hydroxymethyl)aminomethane acetate

Tris-HCI : tris(hydroxymethyl)aminomethane hydrochloride

vii



- &% MAT che 3 2 $H 5

LR S 4 HJ]’{JFI“ 7~ & 4% f% % Methionine adenosyltransferase (MAT ; SAMS ;
EC 25.1.6) 0 % te3t9rg thd fimre @ o i 8.4 & 97 a4 2 -
[1-3] - v & # ATP } v adenosyl group # #% ¥| L-methionine tHf: i + > A5 =
Fid it & e S-adenosyl-L-methionine (AdoMet ; SAM) » - -k f% = BREFET =

% pyrophosphate (PPi) > % orthophosphate (Pi) [4] = (B 1)

NH,

NH;
/

= N N
NHy+ N ]\7‘ JN | Ry K | J

(o 1o 0 N 3

0 [ |l NN Mg KT Nn
S + 0—P—P—P—0 e 3 4P
| ‘ o MAT S (0] + PPi +Pi
. o

Methionine ATP AdoMet OH OH

B 1. MAT #7ielit ek Jg o

Fln 2 3B A 4T MAT 7 3h e R el e A 7| B2 gt > £ 8
AR IR R R 7 g iE @AY B R ¥ [5-10] frfaﬁ% £

fo & H9 a subunit %0t s A FIG 95% chdp g [3]e o 5 85 4 e MAT
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¥ hd <3 8 k7] (liver specific) 7 MAT /I 22 255+ % 5] (non-liver
specific) £ MAT I » 3 % % § * A 7] MATIA » 5% % f % 7] MAT24 {r
MAT2B (Table 1) » MATIA 4 3. ol subunit » MAT2A4 % 3. a2 subunit » MAT2B

A 4 75 B subunit [9,11-16] -

Table 1. MAT isozymes 2. fF st iz

Gene
. Gene - .
MAT isozyme CataJyyo encoding MAT Regulatpry encoding MAT Subum.t
subunit : . subunit regulatory composition
catalytic subunit X
subunit
MAT I ol MATIA (al)y
MAT 11 o2 MAT2A4 p MAT2B (02, a2")py
MAT III ol MATIA (al),

MAT VI &2 MAT [T & 412} 5 — i B BR e B > g A0 ¢H i 2 o 47
#7 10%DMSO 5 &> B MATVIT # ¢ %% (X H L MATHI EH%E S
)@ MATIL &R EALFrd] ™ & [17]0 24 ¢h » 25 6235504 & 30 1) ¢ isozyme
I_MATII> 1 4 {2 B] % 3 MAT VIl > i& - B4 a-fetoprotein % albumin - & >

jﬁ“ H 3 Fmbe A v =2 R m«‘f}:’j = [18] -

' MAT I * 4 MAT o & MAT'; MAT III * i MAT # & MAT" -
> MATII * f£ MAT y & MAT" -



MATI1 ¢ 4 i al % = homotetramer> MAT III ¢ 2 i# al % = homodimer:
B F R F ot ® e Fme [19-20] 0 3 B o subunit fe = dimer eniT* 4 fi&
5% > % i dimer % = tetramer = iT* 4 $&33 [21] & "F5K ¢ >dimer £ tetramer
Fet T Tk i [22] 0 BR AR H AL al ST grA RN - Prenfd B *‘,f
TE 4 B F b MAT 1 enf £ nonhydrophobic # MAT III B £_
hydrophobic [22-23];MAT I ¢ # AdoMet ¥ 4§ #+/|> & MAT III | » 4 AdoMet
&L [24-25] -

EF > A B osubunit = dimer & MAT it F e £ %2 > 4o
2> % % i osubunit % = dimer ¥ » L-Met binding site ¥ ATP binding site ¥t

Fedp & > 350 & BRI ppE MAT 4 & 5 & [26] 5 “;rt 7oA SR

=

By ¥ - B EARE R SORE AT I AL T E 2R E

5

B EEAT e BE o



W 2. % B * o subunit 73] (PDB code : 1QM4) > B ¥ {7 4 L-Met §v
ATP en¢ & =% - & B o subunit % = dimer P¥ > L-Met binding site #2 ATP
binding site ¥t /& % & = — B binding site » et & ¥ A5 & BB I o

MAT II ] £ ¥t 96 2 imee 550 4 28 [9,11-16] £ 9 1

-

—4

MAT II ehie = p v i 2 %

P

f# o Hla & 7 fsubunit’ - Ba& B S
A G H e AAN o a2 BIE a2 RS RIE DAY [27] SRR FE

2 R AR 02 FU R FERS > % AR 7 % o fsubunit fra2~a2' %L1 €3
BHEM ey B HE L F 5 2T AdoMet e A 34| 5 L3 £ subunit i3
P > 2 ¥ methionine 7 Ky, & 75 pM 0§ &9 £ ¢ f subunit FF 0 H ¥

methionine 7K, % 17 uM [28] -

w

BPEMAT #FianF 45 o "% 7 MAT /I tetramer £ dimer =& & v

MAT II 7 f subunit “t » i 3 = 4 4|4 AdoMet ~ Pi~ PPi~ polyamine [28-30]



F B IR AR e (£ 207 55 5 & MATIA ~ MAT24 %] a5 410§
DNA methylation #r 4] #& 4 > histone acetylation 3 +4v #& 4+ [31-32] ;
glucocorticoid 7+ ¢ #i& MATIA A Flendg 4 2 # 4 2 mRNA % 24
[33]: &0 B g &F > B] )2 S-nitrosylation # & & 5 § ¥ B3 w2 e MAT» Cl121
&R = AL nitrosylation 8 Rl % 2 1 [34-37] » @ 44 nitrosylation 57 MAT > +
W GSH £ =751 »i24 7 1 NO 22 GSH & MAT a4+ cheE & 1 (] 3)

[37] -

EH

ON
WO GSH

Hm

QFF

Bl 3.NO £ GSH # MAT =34 & i % [37] -

e
g

ORI GFRRPN T ATEL R F e R AR
methionine & & £ (P > B MAT 0Ky > Vi 3940 813 4c [38] 0 24> 3
FRKRAMAT B Koy~ Ve 387 o iP5 F AR B 7] 2 Bk 5 # 1

M E R A S o rEEMINE 3 - T (flexible loop) > 5 fA Kk ihm 7 % F o



Bins ERFEEA FHE L FF o 0 RE- BERE 2 X g 0 7
MEBREAME B HEVEER T FAETE M [39] g T2
S-nitrosylation 7 C121 i ﬁfjﬁl&@' Hta o

§ONBEMAT o2 854 SHP ST %5 a2 %~ HawT g 2 3
ek dRFREFEE  TUF I EL G AL R o - Bm o
MAT II ¥ methionine (7 K, 5 4~10 uyM> MATI 5 23 uM ~ 1 mM > MAT III &

215 uM ~ 7 mM [40] -



5= & Methionine thi i 2 2 3 & F A I i, &
# {# methionine * % 2 4- ] 4 *77 > methionine & MAT &% {3 4 4

AdoMet > AdoMet F R8P N BhEfe? 7 K 8 KR T REL T Ahe F ¢ JE

[41]

“ﬁ% T BT A > AdoMet i decarboxylation it #& = aminopropyl
group > @ %-¥¥ 7 polyamine (putrescine - spermidine ¥ spermine) 14 & = o
% polyamine # & = fx F — £ 224w & 45 B 9% 7 > 4o spermidine 1%
%4 4 > N'-acetylspermidine 2 N°-acetylspermidine %3 # HL-60 fm? A i eh
w4 FR7 P % o N-acetylspermidine & 15 uM B » it 3% % 80% ~
90% HL-60 m# i& {7 A it » @ N'-acetylspermidine — ] 1.2 mM PR E W
o w2 gHrdlmie 2 £ [69] o ¢t ¢t > Ornithine decarboxylase v #]

difluoromethyl ornithine - &% 3% ¥ F9 teratocarcinoma stem cells i {7 fm?e & it

[70] » 2 - 4B H 385 » polyamine £ fw ¥ 3 78 ¥ $ B heh [71-73] -
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N N-MaGly DA, RNA :1 Sperming
HyFolmte Chli 13} lapits , proweins
MeH, Folape Methrylated Accepior
Hey
Ser (1] )
" Aifo—= AP —=—— ATH
C HE {51 I
L -
Cys
- I
Ciluiatfuorune '

(1Y MAT

{2) AdoMer decarboxylase

{ 3) Methvitransferase

{4) AdoHcy hydrolase

(5) Ado deaminase

(6) Ado kinase

{7y Cystathionine 5 -svthetase

Bl 4. Methionine =% #HEL /= [41] -



AdoMet # 4% 7 £ {5 & 5 S-adenosylhomocystein (AdoHcy; SAH) » # £ g_
- #BY AR E B > SAHH chdrd| ) € 3 Hiwre A 1L > R F]7 A A
AdoHcy & # & N+ [41] - AdoHcy 5 -kf#?s » 4 = homocystein (Hey) » 1T
%3 Hey £ o i # Boapenph F5 - § 4 £ F 22 4 B6-BI2 £
Hey ¢ &% # % 5 methionine @ 34 > @ &2 & "%efi ka4 M [74-75] -

Hey * #_ glutathione (GSH) 2 & =% 54 » GSH & 7 13 it # i > @
AdoMet ch 8 8 F Fp BBl imie g (00 E X = > R FER o

B AdoMet B3 H s *ip > G xFALZHE 5 27 § > AdoMet
AL S HTERRG TR o BPEIER O MAT R 2 o d 3t AdoMet
@ GSH=~ "> m ’ﬁt.”“’?ﬁfﬁf}??iéﬁ‘i » %4 AdoMet {6 - "R GSH #-34
se [3,76] - B F A5 5 B 0 ¢ PR AdoMet 7 it T 04 ik IR [77]0 & 8P
¥ 1% monoamine 3> A ECH © * 3NNk B e [78-81] - AdoMet frik ¥ &

BTG M S s M E G Rk [82] P AdoMet ® i - iR &



MAT £ g e84 — 4355 o DNA 77 it 4 B - DNA 1% it
¥ 4 & CpG - i# cytosine % = S5-methylcytosine > cytosine ® £ it {3 & R %
% thymine » ¥ it 22855 4 5 M o 3 Flehpromoter FA4 T A 1t > BIIEE A T
FRZEAIR [42-44]c AL AFERG > FIEETDNA ¥ ALt > 28 DNAZ °
gt TR T G R AR A F] 0 8@ o P e o T T A TR e

ic > 4o DNA 7 JL &4 p¥ % cndr &) 5-azacytidine & [41,45-46]-d 11} ¥ &

"

DNA ¢n® At > A AFLAREFBEFL I HFHG LR NE T > pPs &8
Pk engtikie [47] o

T snfe H twie o B2 4 TVIEAR A R0 MR e (Yt o ik
A 0 R oa i TR R AT 270U Potter 33 5 fm R A (VAR PR ET B R R OB ¢ o
AL [48] - P A LB Rp e G B ¥ 7 ARBAF LR 0 FRw% D
A F R T R AR LR R BT AR F) [49-51] 0 B

PARE AR DS me AR E A L dE T d Bl 5 R
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MATL+ MT+SARHE — = BB & ATLMT-SAHHL
AE B M E ETTLMGASEE
it im
[a.a i) (i S )

|
MATLE + MT + SAHHL s MATLLMT-SAHHLT
) #oW R F RE VL dE i a4
ik ta
PRS- R [ Eehabmph]

A

BMAT | methiomne adenosyliransferase
MT . methyltransferase

SAHH | S-adenosylhomocysteine hydrolase
L @ Low Km for methionine
T:RAe— s EHE

W 5 BF? AEBREEAS we s Hfcme s b enk d o
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4Bl 59 cMAT~MT~SAHH = B At 2 o ¥ wie? B L0

AEBAFLREEE A L FELY AES PEN > @ T

ﬁh-

SR O SR )
FAEA CARFA) G LIRS R AP E AR P
2 24" Emﬁﬁﬁl%? R E o f:m’f'?;]v‘.};é_/}{{jﬁgp@ﬁ o PR — B AL
FF % 07 AEPBAF LA BN L g LAY AR §
Fimied &R H o~ o BigE o PR A LA A [52] AT AFIE A E
A B RS HE A RS A2 B R [49-51] 0 FpintE € A4 R
-9 F F]+ (specific protein factor) ¥ MAT v SAHH % & (6 £ &2 MT % & &

- 4= 258 MATY-MT-SAHH"" » 2468 # 2 " A H4 & 23 5147 ¥

Tl
=
'S

\ﬂ'

T R T AN EMRHN o REme L2 ERY Y e 3

e

kg P F I d o N FRBEY L EN S R AL B HIFH L L
[49-51] » Fplme Jf «b ke prdlde B (4o CDA-I) #-7 A##4F & pr % 2 % 713
2 K$ ’ :}%:@mﬂéfjﬁg O SR LR A Sl WA T

P A - he FRA 2R eR G ARV ARBAFERA
(I ¥end 2 g4 30 pitffme s iy B4 ° AEBAFERZ
23 U RmE Ry BT AEBAFEREE 0 @Y w2 g o A
WRE i RN T AP LR EH P A R E L e s

CAER D TAIT AR AT RAEBAPEEE DR S ER > T
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FOMATY endrd 78424 R R k> B 5§ MATT £ 2 f% 55 12 1k &
MAT" > E g %> @ 2 @ & ede 4§ § 87 - $& > MAT- % methionine ¢
Kn% 3uM > @ MATY % 20 uM [49-51] -

KO BRwmg k0 AR EE R T Sk w e A 0 R T i
* otk @3 A58 MAT 7% B o subunit 2) % dimer 2% 7 A2 3
BrEpEIneet > By - BROKERFOIF S Wﬂ;@ﬂ*‘kqﬁ%/ﬁf% B
F o e A ERNBE R PR AT

b imie P i ¥ VOB LR A F] (oncogenes) =7 hypo-methylation & £2 7
J& 75 F] (suppressor genes)  trhyper-methylation [53-59]7 28 @ ig & iz @R ¥
AN F o1 § wmfzen DNA» 2B H v 2 % maintenance
methyltransferase 7Lt » @ Jgn? ¥ 5 de novo methylation % 2 > de novo
methylation % % <_d maintenance methyltransferase — #7igtit > & §d H 5 B
¥ methyltransferase #.1* > Pl A3 [47] oo B ¥ REBFEREE P
s methyltransferase 3 @72 0 > M2 v g B 7 AL F EFE 5B o TG B
o

~ R J 0 MAT # 4eid 3 & chim®e § M % 3 2 MAT I1[60-63] > 4 32
MAT" % 5 @ Al L % 4 i s MAT 10 #h o 5 3% 5 MAT B F £ 2

RBIFT L RL oo T me P O MATIA AR FliL 5 20k F @ & B MAT24
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A ¥ 2 MAT & & % methionine # Tk B T » 1t & ¥ 37w 7 MAT /&
Moken® o (e gt F 5 AL ethionine #rdrd] o FL AL A7 EH M ik ie
[40] - #<_Hypermethioninemia 3 * 9% 3 » 3% A~ 8 MAT L % &% Fap o
SEREY e MATIA £ %1% 4 R264H % %> # ¥ B al subunit & ;% 3) = dimer>
e pEs 4 3 B [64-660] 0 MAT &34k K5¥ I 4 {r brain demyelination 7% 4 3
B [67-68] -

r b ¥ deo B methionine B ISHL A G (XA 0 B ¥ AdoMet iz B

B Sk & > or R MAT chE & {4 o
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= &% i3 AdoMet &2 MAT S 2 ¥R 2

om ot > MAT 237 5 £ 2 AR 2 hpmy Mo » BB Rl 2
HAAPMA L AT e ¢ 3R TR RIL R AR EFEE > KA P i b MAT
g A AE B T R b R R R B L s 2 L ) [83] 0 4
&35 R 5 1% L-[methyl-"H] methionine % ¥ MAT chst 5 » s % i & i

) & 4 % i AdoMet > o * AdoMet SFs 3 F 1 7 o s+ P81 M A
TRk RS S > & pH 7 e Rk A F 0 L-[methyl-H]
methionine > ¥ % W Bl F| 4R E » 27 & T & P F Y L—[methyl—SH]
methionine wfg £ R T_E 2

HPLC 247 = & » © § 7 if) % AdoMet e i it = [84-92] » 4R 4

O e me ¢ AdoMet 17 E 0 o ”5?4'5;»;32..?7%% KenimPe P 49 5 > W ¥

~¢r

UV BB e SR e R f4rk B B a3 5004 £ 4 L

¢ kiR 3 "L culture system cells 2. fi¥ & &4 45 > & ﬁ 4o ¢ AdoMet Jk

—*

Bt Tl ERRFA S 0 a0

=R

GEEVIRIS o R S S g
AFTARR o B P A e 24 1992 & Jennifer & 4 [84] 2 1997 & Carolyn
%4 [85] #rF 4 o F k2P 1998 # Capdevila % 4 [86] 74 1 » BT ~
sk crEt 7 @ % BIACORE 18R] MAT & | & & Bfe4 a0 2 [112] - it

FEfatdeT oo
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1. 1992 & Jennifer & 4 2_ 3 ;2 :
Solid-phase extraction # e g2
Ut =% iE 83 2 # M (cation-exchange resin)
Urz e gk
U1 0.05 M potassium dihydrogen phosphate buffer (pH 2.0) i* i%

U1 0.05 M disodium hydrogen phosphate buffer (pH 11.0) % 71 AdoMet

HPLC analysis

Column : CI18 reversed-phase analytical column (100 mm x 4.6 mm)
Mobile phase : 0.05 M potassium dihydrogen phosphate buffer (pH 5.7)
Flow rate : 1.2 ml/min

UV Detector : 254 nm

Analysis time : 8 min

' 2

gL 2 2 * cation-exchange resin #a@ d2 0 B m’,}_ét%-i SERF RS
UVHRPAERRZ?H  EFERYIEZALAITL B FF
% & A RRH G 0 dok R KRS K s o RIRB R B A 3

v 0@ AdoMet ¥ % > wt £ F 112 o dTeopE F ¢ 454 {5 e AdoMet o

16



2.1997 # Carolyn & £ 2_ 3 j* :
U+ 0.1 M sodium acetate buffer (pH 6.0) #= &k tm 2
Utrichloroacetic acid ik 3+ &
Ugr.w :25,000g > 10 min > 5°C
Upe bifine o £ 7 ¢ ok 2 RIS
k& 045 um Bip
Ue 5 0~ 4°C i35
HPLC analysis
Column : ODS - 25 x 0.46 cm (5 pm)
Mobile phase : 50 mM NaH,PO, (pH 4.38) °* 10 mM Sodium heptanesulfonate >

20% methanol

Flow rate © 0.9 ml/min

UV Detector : 254 nm

Analysis time : 20 min
B2 F Y Y MAT B34 B m 17 405 FlEas By & & 7 59 ek
Wooa DR F RS R RS T T 4 AdoMet #0447 - jon pair
reagent i@ ¥ F Pl#A b Ao B AW F L 4o B o HPLC T 7R Y 2 2

% > column § & 25 s o
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3.1998 & Capdevila % 4 2= j*

=
# &L %3 HPLC » 12 C-8 column 4~ #% 4 {5 » £ | * AdoMet 7 amino
group £ naphthalenedialdehyde % cyanide** pH 9.0 ¥ & 10 %4 48> 2} = isoindole

¥ LS54 (B 6) 4% % HPLC 4 C-18 column % # 44| Bie (7 4 {7 -

G A FRAIE B ARS RIWL Y AdoMet ik & 3 1027 nM

P
el

5

BRI LA @ T T 2 A P

CN
CHO
CN- —
+ RNH, —————» N
CHO

B 6. AdoMet 2z isoindole #f % kit & 4= RiL

> 1998 & Capdevila M
naphthalenedialdehyde % cyanide ** pH 9.0 » )*fg. 10 A 43

BT ITE o
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4. BIACORE - Biomolecular Interaction Analysis

BIACORE #_J&* % @ /& % J= it (surface plasmon resonance, SPR) >

(=

AW AF LI FpI (Tt > & FEE L B ERDED

fot il MAT ¥ 7242 » 7 @ 4rs 2 6 MAT & %

MoArd SfETE 2 50 e AT A A T Y o I gt

2_ hemoregulatory peptide (HP) % ]i74 4= ¥ MAT f% %

L+
7

GO R - RS R o RS RIS

(EET S SR

2 AR [112] ¢ 4

too

R V- As S

ber BB SR VP § TS AR ARE IR AU Fla i

19



41
BN

hfEE SRR P > iEE 1 & (enzyme-coupled) 2 B_AiE(FREE
FORRE  F thdeo - 0Lt BRI A L AR AR L
FRARG S FRE A YD p 5 L F A L BT RS 70
O - R R A A 4T [93-102] ¢

AFPTEF - BATOEEER LA 2 > ¥ HPLC 17 5 24
T_E h1 B o 2P * catechol-O-methyltransferase (COMT) 14 2 @ Frei
COMT # % % % esculetin (ECL) [103-106] % 447 MAT & 222 6 4 & ¥ #cip
T ok ¢ MAT & 2 ¢ AdoMet ¢ 4# COMT ## " A& % ECL > #% % 5 HPLC

ATk T K i ey kB scopoletin (SPL) » i@ =i AdoMet e £ 2 MAT

542 (Scheme 1) e i 2 /2 adnTipg 2 ¥ 74 iRF BRI A2 RiEHH o
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Met + ATP

Mg2* K* | MAT

NH;

{ f
MGBG
l HO OH HO \
o

Decarboxylated AdoMet

AdoMet AdoMet esculetm
decarboxylase
COMT
<|,

NH;
y
A\
N /N HO )

=/

o

scopoletin
HO OH

AdoHcy ﬂ
HPLC analysis

Scheme 1. Stepwise representation of the COMT-coupled fluorometric assay of MAT
activity. The methyl group of AdoMet was transferred to esculetin by coupling with
COMT and the formation of scopoletin was measured by HPLC fluorometric analysis.
MGBG was used to prevent AdoMet from decarboxylation.
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1y
e

4o b oArit > MAT E‘L"‘ FEE E‘f’fﬁ%% ’ ﬁ_‘g i methionine ~ ’3 ,.,b_/{)_cl PAS: 1

- BRAELE > UK GDmrasias o KAFAR S 2 20 E HTF S

B e sk B R AT b g S~ K T3 R [107-108] ¢

¥ B Hct® 2 3% ) e methylation complex [49-52,83] » #3n & Hid & fmie

FAEFEEAA LT AR RE IS TR SRR I LR L
LARM L L s F R FSFIEE A N2 PR

IR £V e LER A Ry 2

3 - B RS g S 0 1T MAT bR E o d 30y
MR RAS AL HECFF TR AL R H L -
REX Benairs 27 %

= F

W RS FTE > E R AT MAT m#ﬁ&gfﬂw FREs #HEB 2R

AN TRRE LU % FLB 2 AdoMet s ¢ B AT o
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F-o8 REMEERE

(-) "8F&

1. £p New ™ Life Science Products, INC ﬁ
L-[methyl-’H] methionine (1 mCi/ml ; 70-85 Ci/mmol)

2. B p EcoLume —?,‘

Cocktail

3. B p Sigma Chemical Co. (St.Louis > MO) ﬁ

Adenosine 5'-triphosphate

Catechol-O-methyltransferase:
One unit will catalyze the methylation of 1.0 nmol of protocatechuic acid
per h at pH 7.9 at 37°C.

Dimethyl sulfoxide

1,4-Dithiothreitol

L-Methionine

Methylglyoxal bis-(guanylhydrazone) (MGBG)

Tris(hydroxymethyl)aminomethane hydrochloride

4. A G fEE Merk) = & F

Ethanol
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Hydrochloric acid

Isopropanol

Magnesium chloride

Methanol

Perchloric acid

Potassium chloride

Potassium dihydrogen phosphate
Sodium dihydrogen phosphate
Sodium hydroxide

Sulphuric acid
Tris(hydroxymethyl)aminomethane acetate
. B p Aldrich Jﬁ
2,2'-Dithiobis(1-aminonaphthalene)
DR P AL m b (TCI ﬁ
3,4-Dihydroxybenzaldehyde
Esculetin

Scopoletin

Tri-n-butylphosphine

. B p American biorganicx, INC —‘%f

Piperazine-N-N'-bis(2-ethanesulfonic acid)
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8. REA Tedia Company, INC #

Chloroform
Ethyl acetate
n-Hexane

Methanol
(=) FR&RE
Beckman x40 p # 1 B ik B Model No: 196500
Homogenizer
HP 1050 Series of HPLC Modules
HP 1046A Prgrammable Fluorescence Detector
HP 3394A integrator
Incubator
Merck Lichrocart 125-4 Lichrospher S1 60 (5 pm)
3w % (Hettich zentrifugen)
(2) Fplmiz $x

HL-60 cell line: American Type Culture Collection (Maryland » USA) o
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o8 wmeis MATEZ2 A4

HL-60 im% f 1555 % %0 & 3 15%%52 & 72 RPMI 1640 5 % 5% « 5 % %
B4t B R 37°C ~ e fei® B~ L& 5% CO, [113] ¢

MAT f%% 7% ;% cn®l & > BB~ 2x10" HL-60 cells > ™ 1 ml % 0.25m & #
1% 5k lysis buffer (0.05 M Tris-acetate, pH 7.0; 1.5 mM MgCly) 7% » #w (4
°C, 1500 rpm, 3 min) » &3 } ‘;ﬁ";’fé Pk - =X e (4 °C, 300 g, 3 min) o
£ 1A Z Rk lysis buffer (0.05 M Tris-acetate, pH 7.0; 1.5 mM MgCl,)
RS o3t kip ¢ BB Sminc & F ekif P 2 homogenizer #-iwmFe 3L >
B dre (4°C, 10,000 g 10 min) » o} BBy iR 0 BT L5ml e § o

P 5 MAT B % i Boj o
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¥ & MAT Bl A473 52
Method I: Traditional Radioactive Method

R MAT B2 B2 bt e i F g Rl2 RAI 3R Lo gwr g =2
[114]- B HE kzm 2 F B & 27 10ul 22 2% (2.5 pg of protein) ~
20 pl ehpisg ¥ bk (500 mM PIPES, pH 7.0; 750 mM KCI; 25 mM MgCl, and
25 mM DTT) ~ 10 pl £720 mM ATP ~ 50 pl s 35 -k » 22 10 pl 1.2
uM L-[methyl->H]methionine (0.1 mCi/ml) » B<t4 5 fuie 28844 5 100 ul e 7% 9
PP E LA & 7 ATP PF2 g Rl EITE 43 B o iR F B> 37°C T F &
30 A48 RiEHBIkip? > 10l 2 4NHCIO % ak % F J - i
¢ (3,000 g, 1 min) » 90 pl b jrigske B R 0] P-81 B+ 23 A 47
AL (Ix1 inch) o ZRfe P-81 M at+ 2k 784 # * 100 ml 2 10 mM
KH,PO, it = > 113t 4§ e bfphens fF (L-Met) - se % 12 > P-81 ik
++ 5-ml counting vial » ¢ ¥ 12 150 ul 92 M KCI #- *H-AdoMet j¢2& 8+ %

Uk oo 4 x 3ml P BRI fecounter K P H st 7 £ o
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Method II: COMT-coupled Method

+ 3R K3 > Method IT erf% % F i 2 28 Method 1 = 2 4pf > 7 387 2
AR m AR B EFEA DS N T o BB A AEE F R 100 ul
B Rte ~ 10 ul fE & 4 B~k (2.5 pg of protein) » 20 pl pk g % B (500 mM
PIPES, pH 7.0; 750 mM KCI; 25 mM MgCl, and 25 mM DTT) ™ %2 20 ul 2 &
ks T4 x 10 ul 7 1 mM Methylglyoxal bis-(guanylhydrazone) (MGBG) -k
%% o b AdoMet 3 4 decarboxylation & & o i Z 7 B AdoMet
2.4 & F 4e x 10l 750 units COMT %2 2 7% (50 mM Tris-acetate; pH 7.0,
and 1.5 mM MgCl,; i * @ i35 %-80°C)» 2 2 10 ul ;3 ** isopropanol:water (1:1,
v/v) Zz. 10 mM esculetin ° & { > 10 pl 5920 mM ATP 2 2 10 pl < 10 mM
L-Met 4c » ¥ % F sie® o 20 @R A A3 ¢ 7 ATP Pz 4Rl @175 47
B % F ik d Vortex mixer ;8 & & f ficdw {8 (300 g for 1 min)» % 37°C
T F & 30min - # 3 /kig ¢ 0 4e »~ 100 pl boric acid A8 fein R Kk FEE K R o
Boric acid ¢ ¥+ * *t{r esculetin =7 catechol ¥% = & &35 = (K3 LB HE o 2R 1S
i# * 300 ul =0 n-hexane:ethyl acetate (7:3, v/v) Z B~#74 = 2_ scopoletine 4%
M E R E Vortex iR & 1 min > SiEaE-c (1,500 g for 2 min) i€ 2. & K o jE_F

B3 ¥8I3 44 B~ 40 ul * 3> HPLC 4 45 » & & #74 = 2 scopoletin
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Calibration Curve for Method 11

g * HPLC £ {74 47¢ *v& 1 scopoletin > * MW iTE M > 22~ B
72 48 0% & T AR 1F scopoletin e 0 T R & AdoMet 2. 4 = & o [ FEFATRF 0
scopoletin T_E > 1 H w g F B TR -MAT 22 F 142 % 77 # *  units/mg

protein > H ¢ lunit éh3-v T & 5 1| R ¥ 4 = 1 nmol AdoMet -

Kinetic Properties of MAT in HL-60 Cells

MAT g% 4 S 0| * 7 5612 = ch COMT % £ & X pliedp & 452 2 (7
3 o MAT < B L-Met )& & # B/ 1.6 ©] 1,000 uM > @ ATP R H 2 % 2 mM -
“7 8 31| ehdicdp 11 SigmaPlot #1 %8 22 Enzyme Kinetics Module (SPSS Science Inc.)
#FAYT-MAT # 4 &2 i@ # * Eadie-Hofstee plots» ¥ & * Hill equation

EEwEE o KR F S

HPLC System

HPLC )% 3vi# * HP 1050 Series 2. HPLC Modules » fic # Merck Lichrocart
125-4 Lichrospher Si 60 (5 pum) 4 #7 3] ¢ += > & 47 5% % Bl 2 HP 1046A
Programmable Fluorescence Detector (ex 347, em 415) - HP 3394A integrator i&

{7 ¥ iplfriz 4k o # # 4p 4_dichloromethane : methanol : acetic acid (40:1:0.06,
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VIVIV) 238 & 7% o iniE 5 I ml/min o 548 4 5] A 45 * 15 > HPLC & Sup] i

* ethyl acetate : methanol : acetic acid (40:1:0.06, v/v/v) 'JF*’"- PEI IR I 2=

Assay of Protein

f1* Bradford * /2 [109] > d bovine serum albumin (BSA) #i%# 39 /3
% % Bio-Rad #-v F assay kit § + 2 Ao e ¥ & B kAR 2 RER > 1Y
&%k R 3t (spectrophotometer) » 3k Tk & 595 nm > R H S KR 0 S E

oo R ARRAOR 2 fEE WA

30



*8

=
i
i

-

i
i@ * HPLC 12 2 UV fip| B2 A 47 MAT fif % 75 2 F 38:E 7 P32 18 chp
B mizteiple vt s AdoMet4p§ Z 5 2iim 2 2 % %0 JI{FT Y 0 WL iE

¢ (S,S)-AdoMet & 37°C ~pH 7.5 BT 4 [ P 7T il © SR 14% H P A

Fy

f2 18 ¥ A 4 adenine - S-pentosylmethionine ~  5’-deoxy-5'-(methylthio)
adenosine ~ homoserine lactone 12 % & 2 325 M40 (R,S)-AdoMet stereoisomer

[115] 54 R4 % > AR ok ot EEm it F B i 5k

@ > AdoMet 7~ H#-p FRFTE AL L FFEL DAL o F]P > AdoMet &

N
z

)

=k

4

FAEE @B AR LEFL SRILE S (reference standard) - & 7

=

PRAEH FIHE > BT LAIY i & FEE 3 50 - COMT 4 » 3 MAT i &

ki
I

B® 0 % AdoMet A % 15 > S{ T4 COMT #-2 7 L4 3 esculetin > F@ 2
FR AdoMet % F 4 fam 3 TR Gk AL - #- b o 972 S fscopoletin fa € A
TEF R LR E P EFS bk R AR BERT
#* scopoletin § ¥ 2 & AdoMet 2. SRR & g § 0 Y b2 By

iy o
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Evaluation of the COMT-coupled Reaction

i COMT i & e 2 7 » d > esculetin "Ki3 f3 B % 3 » F] b3 >
isopropanol:water (1:1, v/v) e B {s %% & R4 % 7 7 5%¢h isopropanol » ‘&
WERTE > HEPEE F BILG el (FF o S RIRE K scopoletin % R T RFRE AT
20°C ¢ » Hx g3 bapiasF- B2 o Scopoletin AfEafdipiaey » 2
¥Rz g AR B E R 2 w5 347 2 415 nm o % 520 HPLC & 47 > i
* 2 pmol scopoletin 2 % 20 pmol 7 esculetin = Scopoletin =F § R 5 5
2.95min> @ esculetin P/F F > Si60 ¢ 4L (Bl 7A, inset) I * 4248 30 min-~
¥ L £ < esculetin ff 33T g FLp 0 4e » 100 pl 5 boric acid 47 {3 ik o “%rf
T bR R b B2 4 o esculetin F RS S B oRA RS R 0 @
esculetin &% P~ifA2® B F 3R R o Z B~ A2 ¥ > esculetin (v T g b3 1% o
M scopoletin B %) 5 80% o

59 £ Method 11 % 1% £ f% 2 88 > f% 5 oA 9 & ATP (2 mM) ~
esculetin (1 mM) 12 % S-adenosylhomocystein (AdoHcy; 100 uM) % %22 & e
iE T iR {7 A 47 o AdoHey H 3 senZb & - [ COMT #& MfrdiH > it fo
AdoMet # £ (B 7A) - F e F % >+ 2 10 pl & 1.2 uM
L-[methyl-"H]methionine (0.1 mCi/ml) F10ul en10 mM 2ttt L-Met &

sz (B TB) > 4ot Blic 1% Scstid e =3 29 A enL-Met» S HiH © &
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% COMT & & pE % 2 Bl T MAT f2 % /S B 427 e o

% COMT & & 24 ¢ » 4 # * L-[methyl-"H]methionine ¥ 5 MAT % %
B o B Bde Method 11 #ffs i o & 24 £ 52 & 15 > 2t 300 pl &
n-hexane:ethyl acetate (7:3, v/v) & {7 B> 100 ul e} & 5 73 % 84 3] 5-ml
3 HeHL 0 Se 2 3 ml P Bk R £ (8RB (7B 38 B f¥6 R e Scopoletin
ad SR s AT .

i COMT & s 2 ¥ ko127 » 20 F5%f

ik

FFRERILG Ae g0
1 ATP p% (Bl 7A(1)) 7 #&E iaiscopoletin A& B T o i2 7 &t Kk p 3+ im 2o 3o B
% ¥ McE 1 AdoMet ~ ATP 17 2 3R A 75 f3t esculetin 2 J2 7 o 4 px % & i ¥
X3 4v » esculetin B s s X F E i@ scopoletin A& & BT (B TA(3)) ¥ “ >
% 100 uM AdoHcy *r » i¥% & &% ¥ > scopoletin 74 = -4 ket di > I
B AR TR ET (] TA(4)) ° ot & 5 KT > scopoletin 02 & > % 2 e ik
MAT 4c COMT & | o B tk % % 4 ¥ @ @ * radioactive

L-[methyl-"H]methionine 4 F MAT % 2 ¥ %% 3] (B 7B) - Fl3* COMT

W & % E te R MAT ff % S Mo @+ i D8 - 30 aFsh o
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(A)

2.95 min
Qo I .
2 | Scopoletin
S
&
g [
o H
(5]
1< .
3 Esculetin
=4 f
= I |
e 0 30 min

Minutes O(] 5 0 5 0 5 0 5

=

25 4
20
3
E
2 151
Z
g
8 10 A
=]
&
5 4
0 ;
3 C)
ATP (2 mM) + +
Esculetin (1 mM) - +
AdoHcy (100 uM) - - - +

B 7. Confirmation of the mechanism of the COMT-coupled reaction in MAT activity
determination. The different conditions for each reaction were (1) blank, lacking in ATP, (2)
control, MAT activity measured in (A) and (B) was 122 units/mg protein and 0.74 units/mg
protein, respectively, (3) lacking in esculetin and (4) in the presence of 100 uM AdoHcy. (A)
HPLC chromatograms with fluorometric detection. A 10-ul aliquot of 10 uM L-Met was used
as substrate, and the procedure was described in Method II. Inset shows the retention time of 2
pmol of scopoletin was 2.95 min and 20 pmol of esculetin strongly retained in Si 60 column
over 30 min. (B) The same experiments were repeated, but a 10-ul aliquot of 1.2 uM
L-[methyl-*H]methionine (0.1 mCi/ml) was used instead. The other conditions were the same as
Method II, but after the reaction was terminated and the reaction mixture was extracted with
300 pl of n-hexane:ethyl acetate (7:3, v/v), 100 ul of upper organic layer was used to count
radioactive intensity. Other details are described in the text. Values are represented as mean +
S.D. of three experiments. Significant differences were calculated using Student's unpaired
t-test. *** P <0.001 compared to (2).
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Effect of MGBG on the Determination of MAT Activity in Method I and Method 11
hilEd F S AL R T MAT e E P # % i s 47327 > AdoMet
decarboxylase #r | A 3% L 3 Ak e » FIEE F F B R AL o XA AdoMet
decarboxylase ' & 15 fim e Bk § ¢ 0 @ F F A € 50 MAT & M| 2 pF Ay
v ¥ B 1F I e AdoMet 2 & o #711 MGBG feiz B AT 7 4R 0 4R & * ke iy
AdoMet decarboxylase 2. /&1t o 5 7 £33+ MGBG ¥ COMT & & f% % /% #& 8|
MAT fit % E P2 B8 k4 11#* 10 ul 1.2 uM L-[methyl-’H]methionine
(0.1 mCi/ml) % ¥ MAT < & > ¥ 4~ %]i¢ * Method I 12 2 Method II i& {7 4 47
i (B 8) o B kA 100 uM s MGBG & &% F R Y P o ic 3 2%
Fe %t AdoMet decarboxylase 2. &1+ > @ @ COMT % & iz 2 e 2 i D& ip|ep

Bk B o ek BiE 2T > Method IT & iR 3] siE i " 1 Method I :B & & —

—

L s iz 4ot Method I i P-81 2 M4z » 5pd 7 AdoMet in % # > & 18
P PR 0 COMT % &% it 43 § soff 4 254 e & <0 AdoMet » 2
o A B AT 0 B 100 UM T MGBG i B BF 0 SRR E 2 MAT i %
Mo % 8023 MGBG TR 182 & 2 o 2P Bgde > hid Ty 329 o
drdk @ * 7 LG Bt enpE R R 0 X X3 [E%T AdoMet 2. decarboxylation » #-

Bk R o Fp o e Bk ¢ R T MAT ¥ & S # * MGBG
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0.8

Z 1 Method | % I % I %
A Method Il I
© 0.6
e 7
Z 2
iE .
= o 0.4 -
=5 %
§ 0.2 -
o
a7
7
0.0 ' ' '
0 0.1 10 100

MGBG conc. (UM)

® 8. The effect of MGBG on the results of COMT-coupled method (Method II) and
traditional method (Method I). A 10-pl aliquot of 1.2 uM L-[methyl-*H]methionine (0.1
mCi/ml) was used as substrate for both methods, and the radioactivity of *H-AdoMet or

*H-scopoletin was measured. Values are represented as mean + S.D. of three
experiments.



Effect of COMT Concentration and Time-Course of Scopoletin Formation

TA A4 COMT @ * & 12 % scopoletin 2 = 2_ time-course (10-60 min)i&
43t o B 9 %57 Method II # i * 50 units =7 COMT H_%X_¥# =1 > Scopoletin
4 =02 time-course & COMT & &f¢% /¢ > 30-min 0k BFFF 43 245
EE g Rl ) (B 10) 28 5 % KT 0 F 3 AL substrate depletion (L-Met,

ATP or esculetin) ﬁ &_product accumulation (AdoMet or AdoHcy) # Method

Iz mriEAes > 07 g3 = & ol 5 e+ 3 o
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Scopoletin formed (pmol)
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B 9. The effect of the quantity of COMT on scopoletin formation.
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Scopoletin formed (pmol)
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B 10. Time-course of scopoletin formation. (R* = 0.9933).
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Validation of the Conversion Efficiency of COMT-coupled Method

Method 11 #74s i ek i) i% 2 42 > COMT % & fiz 2 # 3 AdoMet =iy 4
% 50 units 22 COMT % 30-min p 7 #& 3 (S,5)-AdoMet & m“%%lj% Bl» 4
F Lzt ed 3w E 3 (S,5)-AdoMetepimer £ 3 2 32 gpm 5 7 AEHFEZ
SRR T RGEFRsiw 0 R AR B R AdoMet £ {7 (S,S)-AdoMet
T > A 2y LK Revelle #rHp itz 22 » # * NMR @& [116] - %%
Bt 0 50 units 9 COMT X -» it 49 % &tk 5 2 50 3| 500 pmol & [l p

e (S,5)-AdoMet » H conversion coefficient = 101 +5.6% (] 11) »
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¥ 11. Validation of the conversion efficiency of COMT-coupled method. The
conversion efficiency and the quantity limit of (S.S)-AdoMet were investigated with 50
units of COMT in 30 min. The converting ability of 50 units COMT is linear from 50 to
at least 500 pmol of (§,S)-AdoMet with the conversion coefficient of 101 £ 5.6%.
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Determination of MAT Activity
MAT B4z il 7 8 A3 B 5™ 1B |2 scopoletin ehE & {73+ 5 -
¢ Fr§ e scopoletin ¢ * HPLC A~ 78 I &4 > HBRHE | E5 5 100

fmol » @ ¥ scopoletin 2. 3 3 & & B k& & IR 24+ chspE M % (B 12) -

Peak area (107)
n (@)} ~l

[\ (98] B
L | |

Scopoletin (pmol)

Bl 12. Scopoletin & & 42 °

Activity and Kinetic Properties of MAT in HL-60 Cells
RPE AT G Tk R COMT % & 5% 2 F GE 2 > $Hamoe pBuip ¥ Fov
FZzEn2 MAT B2 AR B2 MM 2577 B 13 & 0 05 3]

7.5 pg chimve b B v £ 4ooripl 2. MAT B4 B0 i 5 % IR 445 chai |2 B

e

food AFTER* nd TR A MR RIZPN -
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B 13. Linear correlation between enzyme activity and the amount of MAT.

Scopoletin formed (pmol)
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Fg oI A2 o COMT & gk & kA 4702 > £% HL-60 2
MAT /EH M EZFEEE+ SHBEEFAT « B 5 TE2fEH 4 SHdpr
Eadie-Hofstee plots T % = » ¥ ® @& * Hill equation i {7 w A ATy =
135.45°/(6.1°° + s°); v: units/mg protein, s: pM of L-Met) (8] 14) o i3t & & &
7 > HL-60 m*2 p 277 2. MAT f%¥% % 3L 7 negative cooperativity > # Hill
coefficient 3 0.5 =B % %ot s v MAT II isozyme h#s + § 7 7 4p#g i
[24] > 2200 uM sh L-Met 53 &7 > MAT £ 5| F Rif F g % B o 328 978 2.
Viax = 1354 £ 1.5 units/mg protein > fof i & § it fdek » 3 417 37 5
(erythrocytes % 13.9x107 units/mg protein ; parietal cortex ) 25.72 units/mg
protein) [108, 110] » @ 3+ & #7#2_ K, 5 6.1£03 uM > i& B HIpplfod 5
7 human leukemia cells (3.5-20 uM) crficdg 4p o2 [27] © 3% & 12+ #7it > HL-60
e ¥ ch MAT > & P & chnegative cooperativity ' % $F 5| 3 chfg % & 14 "
T &or R MAT % chd R iﬁ H s 4] 5% e MAT 75 %3t HL-60

e P o
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Bl 14. Eadie-Hofstee plots of kinetic properties of MAT in HL-60 cells. MAT activity
was assayed by COMT-coupled fluorometric method. The concentration of ATP was

fixed at 2 mM and L-Met was varied from 1.6 to 1,000 uM. The data were analyzed by
SigmaPlot software with Enzyme Kinetics Module. The Eadie-Hofstee plots and Hill

equation were used for kinetic analyses.
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1
i

B

& MAT &9 5 AR 8 1

(5

FRRIEA I AL AFHEI L HFLL &
§ o d 3iE3 MAT ?’é'fiéa\#"r“,ﬁ% TAERE R -2 BRREAR
A E e AT APE T - BREER E Y KPR A T2
k&4 MAT pf 2 B 2 g8 %2 & 4 F § & - & B > 2 {1 ¥
catechol-O-methyltransferase #- AdoMet } 0% JL#& # | esculetin } ) =
scopoletin » #%-ﬁﬂ?* HPLC & BB~ 1724 ® it chd 45 > Em &R
B MAT eE 45 f2 2 624 & § #ico ¥ p 18 HL-60 MAT + K, = 6.1 + 0.3

UM > Vi = 135.4 £ 1.5 nmole AdoMet/mg protein/hr o

BB AR RSB ¥ AdoMet § B - 1o ARSI AR T Pk o
T Rk b MAT AREA A A 6o BATF 1 - T - B

FREH 0 Bk TIREERY NIRA DU B F AdoMet - P ER TR o
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FiE 87% o ffird IR & > HotLig FRRI B2 F 5% B2 4p M (38 Rs 3
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Molecular docking is an increasingly important method for computer-aided
drug design, and scoring functions play an essential role in docking strategy.
However, high false-positive rates remain a common issue in structure-based
virtual screening. In this study, we developed a pharmacophore-based,
knowledge-based and empirical-based scoring function (HotLig) to predict
protein-ligand interactions. Connolly surface of binding pocket was constructed by
PscanMS first and was used to estimate the hydrophobic effect between protein
and ligand. The distance-dependant potential for polar interactions (including
H-bond, ionic bond and metal bond) and hydrophobic effect were derived from
600 complexes in protein data bank (PDB) according to the statistic frequency of
each molecular interaction. Then the energy parameter of each interaction was
determined by 214 complexes of training set. The training set was classified into
three subsets: basic set (101 complexes), ionic set (56 complexes) and metal set
(57 complexes). The Wang 100 dataset and GOLD 100 dataset were used for
evaluation of prediction of binding modes. The success rate (RMSD < 2 A) for
Wang 100 dataset and GOLD 100 dataset were 91% and 87%, respectively. The
Wang 100 dataset was also used for evaluation of prediction of binding affinities.
The Spearman correlation coefficient (Rs) was 0.6091. In the evaluation of virtual

screening, thymidine kinase (PDB code: 1kim) was used for docking. The ligand
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database contained 1000 decoys and 10 actives. All submicromolar actives were
found in the top 25 ligands of ranked database. Thus, HotLig predicts the
interactions between protein and ligand with high accuracy, and provides a novel

choice of scoring function in molecular docking studies.

keywords: docking, scoring function, statistics-based, knowledge-based,
empirical-based, pharmacophore-based, high accuracy, prediction, protein-ligand

binding modes, CADD.
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CADD: computer-aided drug design
HTD: high-throughput docking

HTS: high-throughput screening
PDB: protein data bank

PSA: polar surface area

SARSs: structure-activity relationships
SAS: solvent-accessible surface

RM SD: root-mean-square deviation
VS: virtual screening

TK: thymidine kinase
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HTS 12 2 o 3 a9 7 [1]0 1T Y btum & E (virtual screening; VS)

RBEHEERY FFITI0R FREL APEEETfoFRF & 1700 7 #

% 1. Novel ligands recently identified through structure-based virtual screening [2].

. Lead

Target [reference] Target class ;?il%iflre dAaEEtr)(;:nsl?th x:;hod(s) potency
(uM)

AmpC f-lactamase [3] Hydrolase X-ray 200 k NWU DOCK 26
BCR-ABL [4] Kinase X-ray 200 k DOCK 25
Anthrax EF [5] Adenylyl cyclase X-ray 200 k NWUDOCK 20
IMPDH [6] Dehydrogenase ~ X-ray 3500 k FlexX 30
Casein kinase II [7] Kinase Homology 400 k DOCK 0.08
K" Channel [8] Ion channel Homology 50k DOCK 10
Thyroid hormone receptor [9] Nuclear receptor Homology 250 k ICM 0.75
CDK2 [10] Kinase X-ray 50k LIDAEUS 2
TGF BRK [11] Kinase X-ray 200 k Catalyst 0.005
Cyclophillin [12] Immunophillin X-ray Unity/FlexX 6
tRNA guanine transglycosylase [13] X-ray 800 k Unity/FlexX 0.25
PfDHFR [14] Reductase Homology 230k Catalyst/DOCK 0.9
a-Amylase [15] Hydrolase X-ray 200 k Unity/FlexX None
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FZ 8 ORI AENRE 2 M
B2 3EL 2 AR o A R A S =8 [30-31]:
1 ~ 4 32 ] (force field methods)
54 : DOCK ~ AutoDock ~ G-Score f= D-Score %
AL F A B n Rhd B g o SR T D FE RS S T

A AR UERETA R CEIEIEY 4 o ¥ 2% 4 Hde AMBER -

\4

Kollman » -] & & B % * Gasteiger » # B R+ et NS T j7 (F L+ 37 ¢ 3

@ /o +) > 13 distance-dependant energy function P2 Lennard-Jones 12-6

dispersion-repulsion #f 3| & AR (AW = a[% - ﬁé]) 24 (B 1)-
r r

AG

‘2 T T T T T T T
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

distance

® 1. Type of Lennard-Jones 12-6 dispersion-repulsion energy function.
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Pl RIGFapd ¥ L3 EERPE A Frr Lau AT R Y ED
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» arak A A# g e 2 Bl (knowledge-based potentials)
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[34] ™ % Gohlke [33] i * 2_;§ & 2B TP o
BoRB R TRE P el Lyg 839 F Ry A2 225 &gl £
= RL,;’> K; = binding constante @ H % Gibbs p d i e £ % 14 ¥ Uyt 5 ¢
AG’=AH’ ~TAS" =—RTIn K, (1)
#X @ entropic effects HF 2 % 5 H¥S* 3 A& 7% 4 3 Fif o % 8
4_ Sipple % A #-igfbi £ cn% it > 4| * database knowledge #7474 11 74 iy
= 4% ;% (distance-dependent pair-potentials) % -+ 11 k> 4o 238 (2)> H ¢ [ &

PIA WIS A AR 2 ed R AR AW, () RIEE 4 F e A e e

g.,;(r)

2
g(r) @)

AW, (1) =W, (1) =W (1) =~ In

3)

He > FXFEhFERERFEREr V2 r+dr2 B o drZEEL 0.1A:
g, ;(r): normalized radial pair distribution function for atom type i and j ;

g(r): normalized mean radial pair distribution function for any two atoms ;
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F 20 RE LA AR e oAl

BB B ER S P 20t i [30]

success rate (%)

RMSD RMSD RMSD RMSD RMSD

Scoring function® <1.0A <15A <20A <25A <3.0A
Cerius2/PLP 63 69 76 79 80
SYBYL/F-Score 56 66 74 77 77
Cerius2/LigScore 64 68 74 75 76
DrugScore 63 68 72 74 74
Cerius2/LUDI 43 55 67 67 67
X-Score 37 54 66 72 74
AutoDock 34 52 62 68 72
Cerius2/PMF 40 46 52 54 57
SYBYL/G-Score 24 32 42 49 56
SYBYL/ChemScore 12 26 35 37 40
SYBYL/D-Score 8 16 26 30 41

“Scoring functions are ranked by their success rates at rmsd < 2.0 A.
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o8 T AR R Rawk g

Wang % 4 PR EL > 47.5% dhtest set 3 4 5 hydrophilic~hydrophobic
11 % mixed = & subsete 2 ¢ ¥ 3 Cerius2/PLP 1 2 SYBYL/F-Score i i iz
= i# subsets aiFiofrenfm A 0 H v > 4£5% & hydrophilic subset 17 %
hydrophobic subset z_ FEB| =7 F 5 P Az £ o &% RE T 7 #3420 3

hydrophilic £ hydrophobic » 12 % enthalpic £ entropic 7= % #7F* 48 (% 3) -

Z 3 WTEAEITA AR 7 B subset B & BOVIERI S T2 £ R [30] o

success rate (%)

) . a overall hydrophilic mixed hydrophobic
scoring function (100) (44) (32) (24)
Cerius2/PLP 76 7 78 71
SYBYL/F-Score 74 75 75 71
Cerius2/LigScore 74 77 7/ | 67
DrugScore 72 73 81 58
Cerius2/LUDI 67 75 66 54
X-Score 66 82 59 46
AutoDock 62 73 53 54
Cerius2/PMF 52 68 44 33
SYBYL/G-Score 42 55 34 29
SYBYL/ChemScore 35 32 34 42
SYBYL/D-Score 26 23 28 29

*Scoring function are ranked by their overall success rates.

FHARF WAL ALY RGP EEAEY gtk e
o d R RS R E B E AT ARNE L o T - LR

{f%? 4 % fib \:Llp ‘;’I’JF\: ’gg
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¥ & HotLig# B s

ThEATY 0 F iﬁ" ® % 0 HotLig =4 #3;% » # 7 knowledge-based
potential £ empirical method 3 v% o v iy SnficE d PDB F R St arjT
40 AiRMEIEY 4R FiREET T Gohlke syw B2 o5V [33]0 2R
P EY AR R ALK 0 oA stk * { F % e pharmacophore-based
interaction 4 #F > FAm AR GIL T W MAPF 3 BT /R Y R 3 P 0 gheD
BEH > A B RS Ao 2 Beniedt > NELARFRFIZ AR CEIRLTE
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van der Winls surface
solvent-sceessilde surface
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Connolly surface ehdg it daiTA F EF 4 (B 4) 4p¥>> SAS» L5 &
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Connelly surface
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Statistic set
600 complexes
from PDB

PscanM S

% \ g Connolly surface

Ionic-bond Metal-bond Hydrophobic
potential potential potential

potential

Basic set
101 complexes

Training set Ionic set Refine
214 56 complexes <:::> energy
| obcomploxes

complexes @ parameters

8 Metal set
- 57 complexes

/\

N 4

More studies
in the future

Scheme 1. HotLig 2_ %3+ & % B
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% 4. Statistics set. There were 600 complexes collected from PDB for the study of
knowledge-based potential.

1a0; 1a42
laco ladb
lapw lase
1bdh 1b4p
Ibaf 1bai
lbnu 1bnv
lenx leny
1dbj 1dbk
ldyr lely
lepb lepo
19y 1fbe
lfmo 1fq4
lgaf 1gg5
lhew 1hfs
1hw8 1hw9
1if8  ligj
ljet 1jeu
lkvo 1kz8
lst 1ly3
Imdr 1me8
Innb Inqu
Ipbd 1pgp
Ipso 1q6z
Irne Irnt
Itde 1tbb
Itnk 1tnl
luu3 luwh
Ixid Ixie
lyei lyej
2a31 2ab2
2brc 2bua
2dbl  2dri
21q9 2fqr
2pk4 2plv
2xis  2yhx
3tmn 3tpi
4hvp
Shvp
6¢cpa
8a3h

5icd
6enl
8abp

la46
ladd
layx
1b4z
Ibap
Ibnw
Icoy
1dbm
le2f
lepp
1fbf
11g5
1ghb
Thlk
lhy7
1138
ljev
1182
1lyb
Imfc
Ingx
Ipha
1992

ladk 1a50
ladf laec
lazm 1b05
1b51 1b52
1bb0 1bbz
Ibra 1bxo
leps lcru
ldcy 1dhf
le66 le7v
leqc leqg
1tbp 1fe2
1fqg6 11g8
lgic 1gj7
lhpv 1hri
lhyt Thyx
lik3 1likg
1;k7 1jkx
1183 1186

laSg
laf2
1bOh
1b58
1bcu
1bxq
lcsc
1did
le8w
leta
1ffq
1gld
lglq
1hsl
lhyy
liki
1593
1187

1a8i
1ah0
1blh
1b5g
1bhf
1bzm
1ct8
1die
1e96
letr
1fjs
1g27
1gz8
1ht8
1i76
linc
lkel
11d8

1a8t
lah3
1b2h
1b5h
1bll
Ibzy
Ictt
1dih
leap
lets
1fkb
1g45
1hli
1htf
1191
litu
1kgj
11dm

1a94
laha
1b32
1b51
1bnl
Iclc
lex2
1drl
lebg
lett
1fkf
1g46
1h3a
lhtg
119m
livd
1ki18
llgr

Im17 1m2x 1m52 1m79 Im7y 1mcb
Imfe Iml4 Imnc 1moq lmrk lmrs

109f lode
Iphd 1phg
lqci 1qhy

logx
Iphh
lgka

1rob
1tdb
Itpp
luwz
1xii

lyqy lyuh
2ack 2ada
2byi 2bz6
2er0 2er6
2g28 2gbp
2qwb 2qwc
2ypi  35¢c8
3ts1 43ca

Irpa
Itet
1tt8
luzf
1xli

4mdh 4pah 4phv

Sldh  5p21
6rnt 6rsa
8acn 8atc

1s2a
1the
1tu7

lrus
Itha
Ittm
1v2k 1val
Ixnk 1xnz
lyvm lyvx
2ai2 2ai8
2cla 2c4w
2er7 2er9
2gfs  2gke
2qwd 2qwe
3cla  3cpa
4aah 4cla
4sga  4tim
5p2p Spah
6tim  6tmn
8cpa 8gch

loiy looq

log5

Ipmq Ipmv 1pn9

1qgkb 1ql7
1s5s 1sln
1thz 1tka
1tx2 1uOh
lvam lvot
1x02 1xo0z
lywn lyyy
2aie  2ak3
2cbu 2ccs
2145 2f7d
2gss 2h4n

1ql8
Islt
Itlp
lulx
1w82
Ixpo
1zkl
2akw
2cgr
218c
2itb

2qwf 2qwg 2r04

3er3
4dfr
4tmn
Sstd
7acn
8icd

3csc
4cts
4tln
Ssga
7Tabp
8hvp

3fx2
4erl
4ts1

S5tim
Tcat
8xia

labe
lanf
1b3g
1b6a
1bn4
1c8k
1d3d
1duv
leed
lexw
11ki
1g4j
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Lhv;j
1190
lix1

laaq
laj7
1b3f
1b5j
1bn3
lcSc
1d0c
Idrf
lee2
lewl
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1g48
lhak
Thvi
1i9n
live
1klk  1kmv
Ilic 1llo

Imcf Imch
Imup Incl
low2 loyn
Ipoc 1ppc
lgmg lgxy

labf
lapb
1b3h
1b6h
Ibnm
Icbx
1d3p
1dwb
lefy
leyq
1113
lg4o
lhbv
lhvk
119p
lLiyl
1kn2
IInm
Imcj
Inhx
1p4f
Ipph
Irbp

Isnc
Itmn
lu2y
1w96
1xuo
1z12
2anj
2chl
2194
21db
2r07
3gch
4der2
4xia
5tln
7dfr
Qaat

Isre
1tmt
1u32
1w9u
1y57
1zos
2a00

Lstj

Itng

ludg
1wb0
lyda
1zsb
2b0m
2cht  2cpp
2fda 2fdd
2mcp 2msb
2t 2sim
3gpb 3hvt

4er4 4derk
Sabp Sacn
Stmn Sxia

Test Thvp
9abp 9hvp

lacj
lapt
1b31
1b7h
1bnn
lcil
1d3q
1dwc
lejb
1f2a
1116
1g52
1hdc
1hvl
119¢q
1j4r
1kn4
11pd
Imcr
Inis
1p6k
Ippk
1rds
Istp
1tnh
lulb

lacl
lapu
1b40
1b9j
Ibnq
Icla
1d3t
1dwd
lela
1f74
1flr
1g53
lhdy
lhvr
licn
ljak
1kno
11rh
Imcs
Injs
Ip6o
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Irgk
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1tni
luof

lwvm 1x7r
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2b7a
2csc
2fm0
20lb
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Scna
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2bb7
2ctc
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2pcp
2tmn
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4fab
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7tim
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lacm
lapv
1b46
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1bnt
lcnw
1dbb
1dy3
lelc
1f8e
1fm7
1g54
1hef
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lida
ljcx
lkgb
11ri
Imdq
Inms
1pa9
Ippm
Irgl
1t46
1tnj
1usO
1x8b
lyeg
2alh
2bik
2cvd
2tp7
2phh
2xim
3ptb
4grl
Ser2
6apr
7tln
9rub
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% 5. There were 214 complexes were collected for training set. Three subsets were classified
according to the molecular interactions between protein and ligand.

Basic set (101 complexes)

1a50 1a81 1ah0 lah3 1bxo lclc 1c8k 1cx2 1d0c Idyr lely 1e66 le7v le8w lefy
lewl leyq 1fm7 Ifmo 1gg5 1gz8 1h3a 11j8 1liki 1liyl 1j4r 1kgj 1ki8 1klk 1kmv
1kz8 1lnm 1lpd 1lri 1ly3 1ml7 Im52 1m79 1me8 Imoq Incl 1nhx Inqu logx loiy
looq loyn 1p4f Ipmq lpmv lqci 1s5s 1t46 1tde 1tbb Itnj 1tx2 1uOh Iu2y 1u32
lusO 1uu3 luwh Iv2k 1vot 1w82 Iw96 1w9u 1x7r 1x8b Ixnk 1x02 1xo0z Ixuo 1y57
lyvx lywn 1zkl 1zI2 1zos 2alh 2a3i 2ab2 2ao0 2b7a 2bik 2brc 2byi 2bz6 2cd4w
2ccs 2chl 2cvd 2f4) 2f7d 2fdd 2fmO 2gfs 4erk S5std 8a3h

lonic set (56 complexes)

la0j layx 1b4p 1dhf 1duv lejb leqc leqg 1f74 1f8e 1fe2 1ffq 1fjs 1gj7 1ht8
lhw8 1hw9 likg 1livd 1ljak ljex 1jk7 1jkx 1jq3 1lkgb Im7y 1ml4 Injs 1nms Ingx
Ip6k 1pa9 1pn9 1q92 1t31 1thz 1tnl 1tt8 1tu7 1lulx Iwb0 2ai2 2akw 2anj 2bOm
2bua 2cla 2cbu 2fda 2fp7 2fqr 2gke 2gss 2qwd 35¢8 7taa

Metal set (57 complexes)

1a8t 1b6a 1bzy Icil lcru lctt ldcy 1dy3 1e2f lee2 19y 1g27 1hli 1hbl 1hfs
lhlk 1hy7 1i76 1ik3 litu 1lix]1 1lkvo 11d8 1lrh Im2x lmrs log5S low2 Ip6o 1q6z
lgqmg Igxy 1s2a 1sln 1lsnc Ittm 1ludg luof luwz luzf Ixii 1xnz lxpo lyqy lyvm
1zz3 2ai§ 2aie 2bb7 2cpp 2f8c¢ 2194 2fmS5 2g28 4pah 4tln Spah
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Bas o Al DOCK i {74+ $i% o £ % $HERERA 2 8 B H
Moo #hg ehgen B RRE Y SEE A0 o Bl MR At AR
Fh% (native pose) ‘e FI¥HIEA 4 FEA4h k4 0 £d HotLig 2 pama &4
B # B % - ¢ efA) 2 native pose 48 v- 22 RMSD (& 1% 5 S| & # 821 3 eh
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24y 2 FFIF
(1) Prediction of binding modes

Wang 100 dataset ©2 2 GOLD 100 dataset #£i% * & ip|3# HotLig = 7z &
it 8 datasets © GALIF S AT € * iE [30,24,45] #:iE * kp|iE HotLig 2%
v o 2 ¢ Wang 100 dataset 757 587 3 48 i * 5 docked poses ¥ 14 T {4 ¥ 31
[30,40] » & €374 » #7001 dataset SHTF RIS % T 0 B BLE fo kB ST
AR e m GOLDI00 dataset 2§07 % 34 ¥ & 3 % th= fdef 2%

G E e e RRERE D R BN R RS BT T Bhokiad

(2) Prediction of binding affinity

Wang 100 dataset § ¥ > 3¢ 2 fedliz 3{rd ot fedlliF i e oo
e pFe ¥ 0T 5 EP] binding affinity 2 fzsc o HIFR B SR A 18 T4 & #ife
F Sk By 2 BB AR 74P M Mt B 735 B Spearman correlation coefficient (Rs)

KIFL AR L2 355 o

(3) Virtual screening

o R G E PIER * 2k ehd-9 5 HSV-1 thymidine kinase (TK) > PDB code

lkim; fe 8 34 E ] & * Glide #c 8 2 2 Bissantz & % #7# * & decoys dataset
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[41-43] » ¢ 42/&_PDB J& ¥ et B ¢ drdfbingie (Bl 12)- 2 Ehm I &
Fwp B ugEEE > R R 2P dT {ridu £ 5 submicromolar 2. %
& ¥ B 2 U RME R 5 1.5~200 pM iz @ actives #7/f <7 PDB code

v

AR ]

dT: 1kim  idu: 1ki7  ahiu: 1ki6 dhbt: 1e2p hpt: 1e2m
hmtt: 1e2n mct: 1e2k acv: 2ki5  gecv: 1ki2  pcev: 1ki3

d 3tig 8 thymidine #f (o {c TK 22 P enni®® 4 5 R %;T‘}Jﬁ FiEok A S

%

-

A 7R BT
s 0 ‘PP

N

kA 3 % TK 342 thymidine €& & 15 2o A p[2Evd > A ul o i®
GRS OKIIE SRR KL T > R AR EE B R

wit -
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N —OH
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oH u HH
Z OH N
OH H' %
dT idu bt
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Py I OH “’A"’é‘ D"J“?

hpt ahiu mct

Hﬁz

HN ".S? jL_'N‘} il

s HNT TN N HMNT N
HMN" N ’L_U Lﬂ
L‘-\Ul-l OH by M
H T g:l" PE"

W 12. +f&° s HSV-1 thymidine kinase 2 fe 48 ¢ - H ¢ dT ¥ idu 5 submicromolar
ligand.
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H v CADD g #8277 5

% HotLig # % 5427 > %’iﬁ BREFABHE v HE 1 L > ¢ F DBfilter
DBstat 2 2 Pmol2Q » 3211 C/CH+425 3% % #7458 - & ¢ DBfilter & » + F
#L R drug-like 8 /g 67 3% 1 & > @ DBstat #_drug-like $v3* A 471 & > A 3 ¢
* kA3t datasets et SR A F o U T AR AR ER s
17 &% ﬁ &% » & 3= Allowed atoms ~ Molecular weight ~ LogP ~ H bond donors ~
H bond acceptors ~ Sum of N+O ~ Halogens - Rings ~ Max_ring members »
Rotatable_bonds~CH3(CH2)n-4 2 CF3(CF2)n-H ¥ LogP :* % % £z XLOGP
gorg i [48] -

Pmol2Q .35 FrAh% #a 0 2 AL B o i #-3e FPH) % A pdb 5 5 4
% mol2 ~ pdbq 12 2 pdbgs & #3% > T ¥ g dT e F A T gE 0L (F o i Sg e *

ei‘;:

Eff’

BRI

(1) KOLLMAN_ ALL

(2) KOLLMAN_UNITED
(3) AMBER 4.1

(4) AMBER_7 FF02

(5) AMBER_7 FF99

(6) GAST HUCK

(7) MMFF94
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Vol e

AT TR Y AL B AT P LI ® S Intel Pentium4 2.0

AR 4

AGHz > #pe £ L 4 512 MB DDR333 RAM > ¥ % % % 5 RedHat Linux 9.0 >

S FHH 5 gee-322 0
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Frid BF8iH

fept iz s

Bt 600 BAF £ S H o BRI as # o 5 d DBstat Sept {8 4o
Bl 13 #7770 cig@A 2 EER 2 & F > @ 5 F 8 B2 flexibility
(rotatable bonds) ~ » + £ - logP ~ H-bond donor = H-bond acceptor - ] ¥ + 'g
1 statistics set fe 8 . & fA4F |2 1 JF’K WREATF > £ HE JogP A F ﬁ: iR
Tt ¥ - 1B statistics set KA L & ey & T EMEF|ZHEME T 3 LR L
TR oo b G E AT A R A YT 0 ARG E NS G kA
¢714% %" o 4o rotatable bonds # £ 3 0~5-4 & £ 100~500+logP # Fl-4 ~ 4-H-bond

donor # & 0~5 ~ H-bond acceptor # & 2~8 > iz i = FIL P A f ¢ o
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®] 14. (A) Results of statistic distribution curve for H-bond interaction. (B) shows the
normalized curve of (A). (C) was the distance-dependant potential for H-bond interaction
computed by equation (9).
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Bl 15. (A) Results of statistic distribution curve for ionic interaction. (B) shows the normalized

curve of (A). (C) was the distance-dependant potential for ionic interaction computed by
equation (9).
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Bl 16. (A) Results of statistic distribution curve for metal bond interaction. (B) shows the
normalized curve of (A). (C) was the distance-dependant potential for metal bond interaction
computed by equation (9).
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Bl 17. (A) Results of statistic distribution curve for no-polar-interaction surface area. (B) was
the distance-dependant potential computed by equation (10).
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% 6. The optimized parameters
and the best success rate of predicting binding modes of training sets.

The best success rate” (%)

Training sets (number) Optimized parameters® DOCK HotLig' HotLig"
Basic set (101) EhYEtPh(;’S_ O 5446 8416  89.11
Ionic set (56) Eimm=1 44 .64 69.64 89.29
Metal set (57) Emetal = 4.5 26.32 52.63 85.96
Overall (214) 44.39 71.96 88.32

¢ EH-bond =1
® HotLig: without native poses ; HotLig": with native poses.
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$®/> #4240 » native pose (HotLig") %> ¥ 4 1 HotLig & & #f 2.2 4

i
ﬂm
fa

B 7 % o @ A4 native pose ¥ 2 #icdy (HotLig) » B ¥ 11 * % {r DOCK =4
= A7 N ey BT g o NPT Y T; » §1* HotLig T4 1S > ¥ 11 e
DOCK Ff if & 3 1€ 44.39%#% & 1 71.96%  ## % DOCK ¥ #842 » 7
FF 4 pren 52 HotLig 'R e endd = » 57 iF 88.32% o

% energy parameters B« £ {“ T 3 7 > A I Bypond FoBion e1E AR %
FnieA AT 4 PR ARV 0 VO ERFREE BERPE DR F
85 45 B o

wipd dataset FFT I ¢ o F H 4 I E4EHEY 4 HEpilefy oE R

Pt RTesde S o dek G gEIER 4 X0 BIE B A ROV IR R R S A o

EM kg MR RE AR FTERML L DERI Y LR Baul
gt R E R AR R 4 .
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BT FRIR . A T TR

Wang 100 dataset ' 2 GOLD 100 dataset ##iE * *+/p|:# HotLig 2. ¢ /p| &
FER o AoRT %2 ¢ drit o 338 DOCK fFlmiens 3 444 4+ 90 3 4
A58 > B i HotLig 3=4 # A » #H &% — L2378 R 2 1F RMSD vt i e
i % dataset d 3t e ALIF S AT Y @ * i 0 242 % HotLig eigpl g S oL o
R T ST ST

07 ¢ B H e el B ) HotLig A Wang 100 dataset =]
BEEY D ARAFRERE > 2 #FTE 9% TRERELRMSD<1 A 21t Fu
23] 79% o

% 8 7417 { hydrophilic ~ hydrophobic ' % mixed = # subset 2 P& %
% > ¥ 11 11 HotLig %™ hydrophilic (88.64%) 14 % hydrophobic (87.5%) 2
B3 2z Tfreplid an®e = 4750 1 ik 5 o HotLig % hydrophobic subset
PV 0 (A B3Pl > &4 7 HotLig # * Connolly surface 1 %
knowledge-based potential % Fr K sT /g e L v: Z 22 - ¢ *h > HotLig A mixed

subset Fg B = 7 & { £ 3 £ 96.88% -
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% 7.HotLig £2 H s 24 = 4% ;% 4 Wang 100 dataset 3¢ /|53 & $58 =0 % F2_ 1t i o

success rate (%)

RMSD RMSD RMSD RMSD RMSD

scoring function® <1.0A <15A <2.0A <25A <3.0A
HotLig 79 87 91 93 o7
Cerius2/PLP 63 69 76 79 80
SYBYL/F-Score 56 66 74 77 77
Cerius2/LigScore 64 68 74 75 76
DrugScore 63 68 72 74 74
Cerius2/LUDI 43 55 67 67 67
X-Score 37 54 66 72 74
AutoDock 34 52 62 68 72
Cerius2/PMF 40 46 52 54 57
SYBYL/G-Score 24 32 42 49 56
SYBYL/ChemScore 12 26 35 37 40
SYBYL/D-Score 8 16 26 30 41

*This table corresponds to Table 2 from ref 30. Scoring functions are ranked by their success rates at rmsd < 2.0 A.

% 8. HotLig £ & fd %A = 25" ¥ % I [£ 2 subset ¥ P55 & i3S = 75 F 2 vb i o

success rate (%)

overall hydrophilic mixed hydrophobic

scoring function” (100) (44) (32) (24)
HotLig 91 88.64 96.88 87.5
Cerius2/PLP 76 L% 78 71
SYBYL/F-Score 74 75 75 71
Cerius2/LigScore 74 77 75 67
DrugScore 72 73 81 58
Cerius2/LUDI 67 75 66 54
X-Score 66 82 59 46
AutoDock 62 73 53 54
Cerius2/PMF 52 68 44 33
SYBYL/G-Score 42 55 34 29
SYBYL/ChemScore 35 32 34 42
SYBYL/D-Score 26 23 28 29

*This table corresponds to Table 4 from ref 30. Scoring function are ranked by their overall success rates.
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# 9. B GOLD testset # * DOCK % ¥t pF » 4 prant 5# % » DOCK
S AFRA K R4 35% 0 A E @ HotLig AT3RA » 7 L@ TER S 5 5 B

B3 69%-°-%# “,ﬁ% ¥ & Pren®] 4 o 4e » native pose 3754 > = # F RE T 87%-e

% 9. HotLig 22 DOCK # Gold 100 dataset F¢ P % & 5% =0 #5621 i o

success rate (%)
RMSD RMSD RMSD RMSD RMSD RMSD
scoring function® <05A <10A <15A <20A <25A <30A

HotLig" 58 71 80 87 88 93
HotLig 9 39 “ 69 73 79
DOCK 5 12 22 35 40 51

*Scoring functions are ranked by their success rates at rmsd < 2.0 A.
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24y FEIF: At 2 TEF

Wang 100 dataset 4% i¢ * ** HotLig g /R[FLfr 4 hip|38 & » 3% dataset 5 A
fod R BB EM P Sy 0 tc HotLig 34 {8 » ¥ NSRBI RS S0P %%
%2 pM M E 22 - B 19 5 HotLig 2 M Afc4 FEipl B ™ 2 F s #icyy B2 W
o B A AR Bl Rs 5 0.6091 0 gtk AR ERH A F FEA L B R
"R B #cdy -7 kcal/mol %+ (% 5 5 pKd ¥ 5 5~6) 14 % binding score -15 %
+ T4 %M o 27 false-positive 12 % false-negative 24" 5|3 3 % o Z@l» ¥
» % HotLig J& * *% i % & £ P7 > binding score % -15 T pF2 fiedl » &

TIAR G TR R el o

HotLig £ H s 2 4258 v F-fe i fos FFRIE R 2 5> 7304 10 -
) —g ' HotLig #iz™ w 2R iv4p 5 BE > ¥ 3 X-score fr HotLig 2. Rs &
4738 0.6 o
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false-negativ ° ¢ ° o ®e
-10 - Qe
€ oo L ) .oo o
P * ® e %
o o _— '.
0 o o® A
8 -20 1 oo : o .." ° ¢
3 ® o o L o
%D ° o.. g o y ® oo
2 30 oot ¢ *
o
° false-positive
-40
®
°
'50 T T T T T T T
-16 -14 -12 -10 -8 -6 -4 2 0

experimental affinity (kcal/mol)

B 19. HotLig 2 F-v F-fedfs{fcd SRRl E 2 7 Shlchy 4B W) - H P A 4p B il Rs &
0.6091 » #rig * 2_jpl3& = 2 Wang 100 dataset °
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% 10. HotLig £2 # ¢ = f2 ;% ¢ jp| binding affinities it 2 +“ fi o

Spearman correlation coefficient (Rs)

based on

the experimentally the best-scored

scoring function® observed conformations conformations
X-Score 0.660 0.698
HotLig 0.609 0.606
Cerius2/PLP 0.592 0.607
DrugScore 0.587 0.601
SYBYL/G-Score 0.569 0.531
SYBYL/D-Score 0.475 0.488
SYBYL/ChemScore 0.431 0.435
Cerius2/LUDI 0.430 0.456
Cerius2/PMF 0.369 0.367
Cerius2/LigScore 0.363 0.418
SYBYL/F-Score 0.283 0.253
AutoDock 0.141 0.423

* This table corresponds to Table 6 from ref 30. Scoring functions are ranked by correlation coefficients that are
calculated by using the experimentally observed conformation of each ligand.



2Cqy FEIE: g BE AT E
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