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W OE: ARG AR R KREZE (Genistein, Gen) s KK AKW N-# LBV 2 R B (N-glycolylneuraminic
acid, Neu5Gc) A& meIFrm. £ 80 R 4 F#s SD B KR, MA-FHoAhstBaf Gensl, 5 EF
5% LB ik A= 300 mg/(kg-d) 49 Gen ik . F|F & A FH kA &% (HPLC-FLD) 4 K R RRALA . B RE.
FFREZE L2 % NeuSGe #94%, JFRA Gen 52 & 844458 (Sialyltransferase, ST) 4 Fxt3:, #HiRKid 7 H47
%] NeuSGe A A W9 IR, 4R K 9. # B 15d B, /S RRALA A= BFIEZE 42 F 89 Neu5Ge 494 & 4 A 1K T 13.77%
Fo 15.45%, I F NeuSGe ¥4 R EF R 23, 30d 6, EAKLL F R4 E NeuSGe, 2 R4
22 % 49 Neu5Ge #9 4 T FE1K T 13.35%, ' AEZE42 F NeuSGe 494 XA B X%k, 45d i, EERAILA. K
JIE 28 48 Fe JFF R 2827 F 69 NeuS5Gce 4 & 5| FE1K 7 32.65%. 16.80%F= 32.78%; 60 d &f, Z/EMEALA . Ik LR
FafF R4 20 F NeuS5Ge 4 ZM4{K T 12.72%.12.30%4= 11.42%. Gen 5 ST 7 M4z & % & His319. Ser151. Gly293.
Thr328 # m A48, H 5 & His302. His301. Trp300. Ser271. Phe292. Thr328. Ser325. le274 % m & KAE
. BnyFRBMEERNZFHK Gen 4 ST FHWEIZRE. ZMRLERAEEFEEFNEIKLAF
Neu5Gc #) 7 =R 4E 7 s £ io 77 % % 4%,
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Effects of genistein on N-glycolylneuraminic acid content in
rats and the interaction with sialyl transferase
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Abstract: To investigate the effects of genistein (Gen) on the biosynthesis of N-glycolylneuraminic acid (Neu5Gc) in
rats, 80 4-week-old male SD rats were randomly equally into the control and genistein groups. The rats of control and
genistein groups were fed 5% ethanol and 300 mg/(kg-d) genistein respectively by gavage. The contents of Neu5Gc in hind
leg muscle, kidney and liver tissues of rats were measured by using high performance liquid chromatography coupled with
fluorescence detector (HPLC/FLD), and the mechanism of inhibition of Neu5Gc synthesis was investigated by using the
molecular docking of Gen and sialyltransferase. On the 15th day, the content of Neu5Gc in hind leg muscle and liver tissues
decreased 13.77% and 15.45%, respectively, and there was no significant change in the content of Neu5Gc in kidney
tissues. On the 30th day, the content of Neu5Gc in liver tissues decreased 13.35%, however, there was no significant change
in the content of Neu5Gc in kidney tissues and Neu5Gc was not detected in hind leg muscle. The content of Neu5Gc in hind
leg muscle, kidney and liver tissues decreased respectively 32.65%, 32.78%, 16.80% and 12.72%, 11.42%, 12.30% while
rats fed on the 45th and the 60th days. Genistein has formed the hydrogen bond with sialyltransferase activity site residues
His319, Ser151, Gly293, Thr328 and formed a hydrophobic interactions with the residues His302, His301, Trp300, Ser271,
Phe292, Thr328, Ser325 and Ile274. The results of molecular docking indicated that the weak intermolecular interaction
was the main cause of genistein inhibiting sialyltransferase activity. The research results provided an experimental basis for
the subsequent reduction of Neu5Gc in red meat before slaughter.

Keywords: genistein, N-glycolylneuraminic acid, molecular docking, sialyltransferase, mechanism

ZLPN B A S JRAE | U ML R AT S5 (WpR) HEHARSE, 4548/ NeuSGe JIRETE

WM G, EFE RL AT A NeusGelt™,
NeusGe FEAFTE T HMHEZNWIRN , B E 34
TET A Yl SRR A ST BEIE A6 A8
B AEE TR, AR AN B e A0,
Ho 45475 NeusGe 7 1 &1 25 25 1Y NeuSGe &
10 30 1%, WA NeusGe X5 2% 47,
HA5A M NeusGe A HAT 5| & R IE I i 1A=
IR
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T LA RRRA TR, HLLA Y NeubGe
HEA MG, T B 2509 NeusGe s a5 7 9

http://journals.im.ac.cn/cjbcn

Wi . FERE . I P AR E AR AR, BALR  AE S
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FEELE G758 NeusGe, Y 55 ERLES
251 E A RS, 51 & IETE S EAR
1 24 B P 2 4t L v A7 7R SR 45 & &S 1% NeubGe
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B R AR 1200 AT L, KRR E AL A
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MBS R Sk BRI NeuSGe 15 & 2
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HATFARZI P A NeuSGe 7+ (IBFIE A NI
WA A, 9425 S 200 Sl 0 0 0 e T 22
X5 A RN A= A PR AT AR AT AL B, & B AT
IAPEEA S NeuSGe & MIRRALA 5 AR A
JE (R0 . Bardor P25 F B 1% FI I Gen B
Fe N K 28 A AL, & B T RE AR
4 Neu5Ge #Y % &, H. Gen XJ Neu5Gce 41
TR A SR, H AT E A A 0 e 4
FIBEAL BRI NeusGe kW4 B 7 i A
ik .

ARCHETF NeusGe 4 L A% , TR TEMT 7L
PR IIE NeusSGe 94 404 1L 51
NeuSGe 75 I L 3 74 4 119 A= 4 4 ik i 7 4
B 1A, K 1A%, NeuSGe HYAEH & i
S CMAH F1 ST, il ST i35 2 BT i
R FETTRRATEE 5 NeubGe 5 1 ) L 5 &
TANH ST BBFSE, F 5PN 4 T 404y
T J 2R BT TR G B T # ST
FIMLIL, AEZETE R P9 WA AH 5 1 SE B0 35 IE

Gen 2K G I RIS &,
FEFTESEIRMZRRREY T, ERE
H# 1.5%, BIEETRERET (0.6%),
TERIVER, E3han i B ) Iz 2 B )
. Gen AT T kAN . FLIRE . AT
B RN 2 B R ML P T, ELA R 1 2,
A WL Gen XF AR s HI K N NeuSGe YA WA Ak
WIRAFAE—E RS, SR, H X R )
HAERMLHI M ATE L

CMP
NeudSAc

Fe?', cytb3

1 Neu5Gc ZEMFIMMARBIEYE B
Fig. 1 Biosynthesis of Neu5Gc in mammals.
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ADVENTURER HLFr#rK-F (BREEHUARA
BRAF) o

FFU5 4 2R 344 AutoDock vina. B K=
RS 85 SYBYL2.0,
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1.2 KWz

SPF ZHfEtE SD REL (S5 sh WA= 1F Al ik
5. SCXK(if1)2014-0011), 4 FE %, (k& (70+2) g,
AR T R B A YRR A R A "l de . BT KRR
WENPEMESE 7 d JEIFER LR, K EURDEN R KU
KEE DB ARA A ml Fe it

13 A&
131 SERAHHRAENRE

80 H SD MM REL, WEMWMPEWFR T d )5, K
LR 2 41, 40 H/2, BIXFRELZE . Gen 41, 74l
JEELEHEE 60 d, XTHRAIVET 5% LEE (1 mL/
H), Gen ZH%# H 300 mg/(kg-d) (R 1% Gen Y44
R 8 3 [ B FE B W A PN R 45 AR PR FH I R
€ 300 mg/(kg-d) REzEe R0 Gen AR
(1 mL/R) (B EL ] 7. Gen Ay 5 f AR % 300
KEAE (ko)< (H) 315, 1-4 JA Gen ()5
=44 8.40, 10.08. 9.82 fi1 10.08 g, T Gen
AN TKME T LB, OB 5 mL R v i
Gen, FEHZEBKMBECE); sh¥ ik ¥ HATE
(23%2) 'C, B 60%; HHEE. AmMiEK,

#'H 15d. 30d., 45d. 60d /5, 7EXTREZLAM
Gen A H 5k 10 HOREL, O BbA2)E, Wit
AEBE, BURRRALA . AFAFZHE , B AFE4H 41 TF-80 C
TRAFTE
132 UIAALRRNEHS G

AR L g JEBRILA R A B AHA . JIFIIEZH
ZUFAT3E R, A 10 mL By 30% FY i R £ 55 i,
SIH, —80 TV R 12 h LT R R G v R T8 Al
WA TS A 10 mL ¥R EE A 2 mol/L
MBS AE 80 “C/K I 3 h EATIRAR , fiFE P45 &
A5 Neu5Ge fift & e 85 4589 NeusGe®; > 5
13 363 xg &i.0> 15 min, F:-F 0.45 um A HLUE L
1 UEE T80 T 12 h, ZJR TRk T
WA B TR T 1.0 mL f92848 /K Fi1 0.2 mL
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NaOH (¥ 0.1 mol/L) *h, 7E 37 CHIZFMT
K 30 min 25 Z kA b B 5 B2 4 TR AR AR
900 pL, fiIlA 100 pL MfiFAES, FEREEH) &0
TATAE 150 min S5 AT R RGO G35 R DU RE i
T A ML G2 NeusGe BT & &

1.3.3 fIAENMECE K HPLC R4

LR A TE 1R 2 2% 1 Sk oM i e O
0.008 mol/L 1) DMB.0.25 mol/L i) Na,S,03-5H,0 .
1.5 mol/LCH;COOH ( #KA&R ) 43 #fr4ii . 0.25 mol/L
WARERSN (Z3#r4l ) . 0.8 mmol/L f) 2-%i 5k 2 i

(faigal) .

it 26 ¥ 100 pL BORTAEFDINA 2 A
900 pL FESLH A, 50 CilEefird: 2.5 h, BHIZE
F A PEFEHES T HPLC-FLD 4347

HPLC Kl 5% {4 . 7% = BX 5 Li Chrosorb RP-18
@I HE (150 mmx4.6 mm, 5 pum), FBIHHN 2 -
FH -8 207K (8 © 7 : 85, VIV), i 4y 0.9 mL/min,
FEIR 30 °C, BEREIRAN 10 uL, Ze A s & Ik
£ 373 nm. KK 448 nm,

RV Gen FEAIRK B AN NeusGe & A HI1E
FHBL, 27 A% [ BA BT HR R A0 25 1 07 1B,
KA TR Gen 55 ST n REAGAE L 2,
AL
1.3.4 AutoDock vina X}$#&

Ko F X HEFN 518 J1 27 53 BT iR T Gen 5
ST M EMEFHR AT AELFE . ) AutoDock vina Fil
SYBYL2.0 H# Surflex-Geom X R e o) o425 74
b R B G M AR B EA T A0 BT o WS AR A
kAL BB B A PR A 7] 1Y Discovery Studio
(DS) & Mufi (2.5 M) &R ST (2wnb) By —4k4k
M5 B, RAKMEJG & B A Y ik,
BefR 1 ShMOTF R mime, ik 2 i CG31345,
A2G1346., Gall347 = AFREEAIN. PREHCA 1, M
BRECIR 2, 10 FRCHR 1 A9Zs [ B S4L (x=23.926 9,
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y=31.865 3, z=34.2351), {RA7 & 130, XA 2
BRI L, BRI 2 LA ESE: x=34.034
286,y=23.860 486, z=40.470 714, 1 AutodockTool-
1.5.6 HATHRAFIE H S, & LR F 2R
AD4 Jfhn casteiger HLfar, SR 5B SCAF AT N
pdbat #% 0, VERNXFHEZIA . XA HES : Gen
T 25K F Chemoffice #4#, F Openbable %k
i mol2 U X Gen 43 iE AT 0 &L AT HAL iy Ak 3
IF2R FH (4942 Autodock Tools T H., K H s A%
A E N pdbagt X, & F R/ R size_x=30,
size_y=30, size_z=30, B “hi it IL”
FERAHEM R R, SRR AR 6 N
9, XHEESERUT , MIEAT 7 R E A 25515 00 S
5 # 4l 2 (Root mean square deviation, RMSD)
AP R S SRR X A 52 R4S R
Ligplot+# 43 4511 Gen 50K 2 6] & A A0 HAE
D M1 2 D R R R e 1233
1.3.5 SYBYL-Surflex Xt

¥ Surflex-Dock(SFXC)-Geom #5847 %
%, RAMEEMBRECA . KoL R A 1Y
T3 2O 52 1A el Y R e # Wl AT AL B, 7 Tripos )
YT, AR R e B Il () AN TCAA ARy
R D HR R FH B BE T B&3%: , 37 Casteiger- Huckel
HUf AL IR, RS ECRIA . X2 s AR IR X
P Ay BB IR 1 RIECAR 2 7= AR XA A
FEHJE R 0.5 nm [l ™ AR 1 PR A IR . MEVR
PR B % T 040 WA T M 4 12075 AR it 22 RMSD i e/ IME
FEHITE 0.5, XA R B H FEHI7E 20 Fh ., R
SYBYL X XHEAE R AT 047 o
1.3.6  Gromacs 3l 12

TE_ERE AR X2 45 R n 2 mth b, R B Xt
BB A AT 8 . RIRIr k2%
AP AR Z I 78, 8 e H R A A B
PSS A ST, BIFE AMBER99-ILDN 3 3517
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TER AT, L TIP3P = Sk s, FH
AmberTools 17 H1 1) GAFF J13% #1740 377 A= Fh 4 b
SO T BRI S iE A genrestr T H A 1Y
SRJ5 FF L) DPOSRES X B #FA 7R . & FK/IM&k
H s AR E AW SR/ 0.8 nm, AR T
AU B LA fr, BB S MR AR
BETKEVE, fi1k 500 2, BN 0.01 ps. 4P
JE 9 2 19 A2 L% $E “cutoff-scheme=Verlet” , i B 1E
F1E#% coulomb type, JFEEAH T A/E R PME #
Wiy, i LINCS Bikx gt itf 20, 45 50
Aot th— R RS L, PR A B AR 100 ps,
HEAT BRI ) Sy 2B, R R R -, PR
W & K velocity-rescale , V- 7 i B 5 K
147.86 C B R 0.2 ps. R 1% € 4 Berendsen,
KA, R 0.5 ps, 3]
SRR R P A R R, AR A BE T
efb—UOItm A — e =G R, MEIL b
Bf i — R AR5 R o BRI B 122 58 iU
X} ST Fl Gen #EATR G111 & IF X Hik 475041,
#EAT 200 ns 9 AL S ) ~#0L  BI4525 7 0.002 ps,
1 000 L H — K AE R AR o

B P #TJ5 , #E 180-200 ns Y E Py, 3
ForF 1A -k R %% 2 R (MM-PBSA)
DX BRI 2456 A B RE A Gping AT . 2
P FECAA (8] 7 5 T 97 5 AGping 16 B L, BD
A\ Guing [HAAR, 324K 5 FCAATA] ) 25 70 )

MM-PBSA %1153 B g FEAFELLT 4 4
PURE

A Gpinding=Gcomplex—(Gproteint Giigand) (1)

K, Geomplex &G H HHAE . Giigana MHACLIE
M7 A HRE . Gprotein M A FMMSE A HIE
Hr, Giigand F1 Gprotein AL (2) 115

Gx=EMM-TS+Gggjvation (2)

K, GxRELZ G ; EMM 270+ 15208
TS AR XS H HHRE A DTERE s FH TR R IR0 AR S
ALFEMIA K, # TS — M E N 05 Gsotvation N
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‘/ﬁ%ﬂ’f’tﬁgo EMM Hﬂ/l_\\fc (3)ﬂ»%, ﬁﬁ Gsolvaltion 'ﬂJJ
hA (4) A
EMM=Eond+Enobonded=Ebond* Evawt Eelec (3)
Gsolvation:Gpolar"'c';nonpolar (4)

Hrr, Epong TR R MEEVE , Enobonded HAEFEAE
M 71 Gpotar M %% 2 )7 I 5 Gronpolar 183
SASA A | SAV Fil WCA AT,
1.3.7 FrRMEHLRLH

FREL Neu5Ge Fprifidh 0.032 5 g, F-AIA 100 mL
R A R VA AR B U A, K T AR 1 mol/mL BR i
VW 4yoilE 50, 100, 200, 300, 400 pL A9fx
YEVE T AN 850, 800, 700, 600, 500 uL AY#A4l/K
KA 100 pL ) DMB fiTAE W H (£ 1), 7ok
RS E, HATREDENTAE 2.5 h, T HPLC #&ill
FEAN U BEARUE SRS 3 YK, DARRHUE S M
AEFR, DA TR I (B R A A, i VE BR HE
2 RN
1.3.8 Neu5Gc A RMFKEH 4 it &

FE S NeusGe % & AR B 4> He 48 (5)
PEATIE

Neu5Ge 5 g AKX F 43 Hb=(Co—C1)/Co*x100%

(5)
o, Co /RN IR NeuSGe i, Ci 3%

7~ Gen 41HE i o NeubGe 5 &t .
1.3.9 HIEAEAH B

BiE DL X +s 78, I IBM SPSS Statistics 1
raeit o, WIREARKIRA t K, MRIEEER
2 th RCRE HRRA 5K K R 3 g ) R 2R ST A BT
F1 FERE NeusGe 74 A ik B H1M

Table 1 Preparation of Neu5Gc standard solutions
of different concentrations™"

Neu5Gc (pL) Ultrapur DMB (uL)
water (uL)
50 850 100
100 800 100
200 700 100
300 600 100
400 500 100
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b, P<0.05 WZEFAGIFEX, WARMEIER
OriginPro 2016 *F- & 5 il .

2 HER54M

21 XBB4AH Neu5Ge K Neu5Ge #rfmm By
HPLC #& & i

B B RE A4 B 1.3.2 1 1.3.37 7 WAL B
Fie MR “1.3.47 (A5 S5 A EA T 3 YA, IS 50 pmol/L
Neu5Gc A it i 2 B2 Bif 1] & 10.080 min (1] 2A),
Xof HEZH o 5 R LS 4 20 NeuSGe £ B3 i ]
10.077 min (& 2B), JFHEZLZIH Neu5SGe 4 B i)
]2y 10.187 min (& 2C), B4+ NeuSGe i
PE IsHE] M 10.158 min (&1 2D).
22 FrEEMZ%AIE

A5 FR o i 28 7 75k y=0.299 51x + 33.812 2,
R®=0.993 7, B Rk &h 7 50-400 pmol/L ¥ & 3
PRI, DG TR 5 ok B LA BT I M G &R
2.3 Gen X KERFHEALA A NeusSGe HIF N

SR aE R EORWEE 15, 45, 60 d Gen 4
NeuSGe & BN F XA, HE S HARIT*E
X (P<0.05) (K 3), &L AIRIHEBE A NeusGe
B S 2 s . #EH 15 d B, Gen 41 Neu5Ge
B H B S S R, TR NeubGe 1Y
oY Gen 44 NeusGe IS Z M 2ESH
JEGiit 8 X (P<0.01), {H Neu5Ge K& AL [
i7" 2.50 pglg, X —FEAREIEA Y2 FChriE
MR #WEWH 30 d i), A HPLC-FLD A I s
RGEARXT H YA TR, DA 7E B AR B
KEUSBRULA S NeusGe Y& =HRMK, LIE TR
i, F IR LAHEDN Gen 7EE 30 d #1H] Neu5Ge
HA AR e i BEH 45 d I, Gen 4 Neu5Gce
F) o FEAIR T 32.65%, X B4 H NeuSGe 115 5
Gen 41+ NeubGe By 2 A 22 57 oA & ST
227 X (P<0.01),Neu5Ge () BEEF&MK T 8.18 pglg,
A B W, T 60 d B, Gen 41
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A © B 2
23 & wt @
[aa} L
20f B
= 15t T2t o
s Neu3Ge 5 L -
: 2 Saf
3107 = S5l o=
& = = i 2 Neus5Ge
L e
5L 10 o l;
,\U{ o =
0 5 10 15 20 0 I 5 10 ' 15 I 20
Retention time (min) Retention time (min)
C ~ 2 D i} §
A L H
200 | j 3007 -
I 250 +
5150 |- 5
3 = 200 |
5 0 5
2 1001 = 150 L N;uSGc
£ £ ,,
i -
o - 5 NeusGe = 100 - w S
[2e) n ™
50 (2 37 JL J 25 9
N 2 o5 2

0 5 10 15 20 0 5 10 15 20
Retention time (min) Retention time (min)

& 2 50 umol/L B Neu5Gc frfn (A). XFERLAFBRALAZELE & NeuSGe (B). BFAE4ELR A Neu5Ge (C)FA'S BELA LR
1 Neu5Gc (D)# HPLC &

Fig. 2 The HPLC chromatograms of the 50 umol/L Neu5Gc standard (A), the hind leg muscle tissue (B), the liver
tissue (C) and the kidney tissue (D) of the control group.

30 —Control group NeusGe H&EIFL T 12.72%, *FHE4H Neu5Ge
’s | I Genistein group IS Gen 41 NeuSGe (& 2 i) 22 5 HA
3.1’320_ BHEMSE 2L X (P<0.01), NeuSGe I it
|5 ** o ik 1.8 polg, X —FEAMELEA Y b SRR SO
i . W SCBek AT, 7EXIRAL, 7ENET 15-45d
%10- B[] BE N, NeubGe W& & 76 2 Wi 3 K, MAE
Z 45-60 d I A EE N, NeuSGe £ it RN, T pliix
0 Fhab AR R AT RS 1) KA S 2SS, 720
15 45 60

Frid i, X —HREMER/NEREK; 2) b
¢ L B A N A GRS EAC, BRSSO, TR R

B3 GenxiKR/EHEAAELRH NeusGe & £ RIFIE - " s e [15] .

Fig. 3 Effect of genistein on the content of Neu5Gc in L BT 53 A SCRIIE ™ B 25 1 NeuSGe

rats hind legs muscle tissues. * P<0.05; ** P<0.01. FE AR PR B 2 AHE T LA E % ) 1 3

Gastric perfusion time (d)
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hnm e 2 AR NeusGe HEH BEHIIN, LS
) NeusGe & aLis/L, Bl FECR RALA 418+
Neu5Gce ()&l . Gen 41, Neu5Ge W&
X RO A AU AR a3, BR T Bl B AAAE
PEE SN, i85 —Fh Al GBS Gen FESI IR N &4
AR PR A I LA SRR 2732, it A R e i)
FIIER, KEARNE R Gen B £, H5R TXF
Neu5Gc & i i

2.4 Gen X KR AFAEH NeuSGe HY %2

m & 4 AL, A ] B S G T 4 21
NeuSGce A 15 X1 T3t B AL, 45 41 e AS [ 3 1 e
[E] N Neu5Ge & f Uk 3 Fri .

#E'H 15 d B, Gen 41+ Neu5Gc 1175 & 5 Xt
HEZH AR 1L 5B 35 R A%, Gen 4 Neu5Ge 2 2 A%
T 15.45%, Z4iteEar, 2R AR EX
(P<0.05), Gen 21/ Neu5Gc [ MK T 4.57 pglg,
X — PR A Y = F bR XA .
30 d if, Gen 41+ Neu5Ge Fl& 5 %t BEZHAH He
AR, Gen 4 Neu5Ge 7 A% T 13.35%,
Gen 41 NeuSGe % &= [E{IK T 4.07 pg/g, MMiixX—
FEARMEAEAE D R SEbR i ORI . #EH 45 d
I, Gen ZH NeuS5Gc HY & 5 % HEZH AH L i 2 %
fik, Gen 41+ Neu5Ge & KT 16.80%, &
ittt ZzRBEASENRIT¥YE X
(P<0.01), Neu5Gc & #RF(R T 4.41 polg, Tiix
— PR A2 22 R bR A R,
H 60 d i}, Gen 41 NeuSGe & =L T 12.30%,
XT B2 Neu5Ge 1975 15 Gen 417 Neu5Ge 19 7

F 3 AREEAFEET B ATREELE F NeusSGe S 2

WA ESAmERTE L (P<0.01), Neu5Ge
HI S AR T 4.06 pglg, X — MRARIEAE A= 12
SR OB AN SRR B, £ 45 d B
X} HEZH 1 Gen 4H HF Neu5Ge Y f #fik , Neu5Gc
0B R E e = o SR, BEE T S N R Ak 22 4
., Neu5Ge Y& BTG T, 60 d B, Xf ARZH
Gen #H Neu5Gc % &k F & & -

25 Gen KR EAEH NeuSGe Ry 2N

M 5 AIH, #5HFABL Gen 41 414!

Neu5Gc Y ML T X R4, {H)2 15d #130d
&gt abr, 254 8% (P>0.05), MiEE 45d
i, Gen 41 NeuSGc K&t -5 X BR 4L AH He 2 & F%
X, Gen 4 Neu5SGe & EFEK T 32.78%, &
Git¥amESAEARGENR I E X
(P<0.01), Gen 4 Neu5Gc Y % HEF& A% T 49.00 pg/g,
Y EMG 2 F B S ENSRITEE L
B 60 d i}, Gen 20 Neu5Ge &t 5 xF FZH AH L
BERML, Gen 4P Neu5Ge W& &ML T
11.42%, ZGit oS BA mENSIF =R
X (P<0.01),Gen 2H Neu5Gc i 44K T 17.53 pglg,
Y FEMGET A A R L, X —25 R

*2 AEESEANAAELRH NeusGe &8
Table 2 Neu5Gc content in muscle tissue during
gastric perfusion time

Group 15d 45d 60 d
Control group (ng/g) 18.15+1.12 25.05+1.72 14.14+0.60
Gen group (u1g/g) 16.87+0.15 15.65+1.32 12.34+0.45

Neu5Gc content 2.50 8.18 1.80
reduction (1g/g)

Table 3 Neu5Gc content in livers tissuese during gastric perfusion time

Group 15d 30d 45d 60d
Control group (1g/g) 29.60+3.11 29.71+1.20 26.27+1.48 32.99+3.52
Gen group (p1g/g) 25.02+2.31 25.74+4.04 21.86+1.48 28.93+2.21
Neu5Gc content reduction (u1g/g) 4.57 4.07 4.41 4.06

http://journals.im.ac.cn/cjbcn
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[ 1 Control group
[ Genistein group
o

W
(==

%

—_ —_ [ o8]
o w < Lh
*
*

Neu5Gce content (pg/g)

]

15 30 45 60
Gastric perfusion time (d)

4 Gen X XRAFAELELE A NeusGe S EHIF M
Fig. 4 Effect of genistein on the content of Neu5Gc in
rat livers tissues. * P<0.05; ** P<0.01.

Fz 4 TRIAFEEEBELEL H NeuSGe 22

3000
[ ] Control group

2500 f I Genistein group
2000
1500 | "

1000

Neu5Ge peak area (LU)

500 +

15 30 45 60
Gastric perfusion time (d)
5 GenXAXRBAEELH NeuSGe R 2
Fig. 5 Effect of genistein on the content of Neu5Gc in
rat kidneys tissues. * P<0.05; ** P<0.01.

Table 4 Neu5Gc content in kidneys tissues tissuese during gastric perfusion time

Group 15d

30d 45d 60 d

212.50+20.03
164.13+39.39

Control group (p1g/g)

Gen group (ug/g)
Neu5Gc content reduction (pg/g)

113.56+11.24
95.69+19.12

149.47+13.83 153.53+12.25
100.47+17.72 136.00+12.30
49.00 17.53

WUAFIFIEH S A A E—E 2257 . FEARSERF Gen
XTHLAFBFAEZHZ T NeuSGe 1 5 R 5 e B
2, XA[AES Gen 7EF LR AEAERI AL S
HCAE L AP 2R ) A 5290,

26 ST 5 Gen FREMDFIRANFZHERIH

CUHINHEZ AR ST SR AT AR 2 () 16 17
JFRIE A - GIn108  Asn150  Met172  Asn173, Tyr194
Clu196. Phe212, Tyr233, Arg269. Thr272, Gly273,
Gly293. Trp300. His302. Val318. His3190*%,

ST Fl Gen FEEL AR 1 FIFCHAR 2 i & i1 T AutoDock
vina XI5, T X B g L AE G REY R
—35.564 kd/mol, 1Y &5 G g Tk H e k4 & 00
B, RS A EAERIER ISR SYBY L-Surflex
X453 8T o

Kl 6A y Gen 5 ST 7ERCIA 1 fE5EH, Auto
Dock vina X4 S5 i 4 AH B AE AR . E AT
H1, ST A1 Gen j" A A AV FRILIE Asnl50., Serl51,

: 010-64807509

Gly291, Glu324, J:y=A: T 4 Edd. F=Asi/KA
HAEFFRIE N . His302, His301. Trp300. 1le274,
Phe292. Ser271. Thr328. Ser325. &l 6B y Gen
5 ST ZERCAA 1 1378 SYBYL-Surflex X4 /5 #H HAE
F/RER, 7l &P Gen Fil ST 5% 5E Asn173. Asn150,
Gly293. Glu324. Ser271 = H:%%k, ¥ H } 51,
XTHG ST ZERCA 1 4k By TE 5% 2, Gen 5L 5k
JE Asn150. Asnl73. Gly273, Gly293 F=i: T4
BEVERE, Jf HANFREE Trp300. His302 774k T Hik
MHEAMEM . 286 E5rr, Gen 76 ST Biik 1 4k
T ST v 7 ATEPESRILRY 6 4>, HRIFELIA 2 4b
PTG PERR FE A A AR, KW Gen 7ERCIA 1 40
S Ve BE

E 7A K Gen 5 ST 7E L4 2 /37 ¥ 5 Auto Dock
vina X425 0 —4EAR T AR A K 7ERCAR 2 4,
ST HI Gen j=A: F s A 5R L2 Asnl50., Serl51,
Glu324, Gly291, L4 7 4 DEdE. 7 HEHIK
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S
Asnl50 His3{}2%mHi5301
"a .00
“i 3 iﬁr[ﬁoo
Serl51 kr
Gly2

Genistein
116274 § 91

I’heyu%% Thr328

2.94 g“”
Glu3248~4 0 | 5eras

6 STE{R15 Gen RN E

Ser271

R 1.886
1.98
A%nl73

Asnl50

\ 2617

2,430, r—/

Genistein

1 862 [
Ser271
Glu324

Fig. 6 Binding mode of sialyltransferase ligand 1 with genistein by docking. (A) A two-dimensional analysis of
genistein and ST after docking Auto Dock vina at the position of ligand 1. (B) A schematic diagram of the interaction
between genistein and SYBYL-Surflex at the position of ligand 1.

His302
$2.80 ™ A
Gly 291 _______ o " I'rp300
‘,}—I 1 ) Ser271
% Serl51 g
I Genistein
Ser325 2927
Phe292 ’

p Glu324
2wnb
ne274 B Thr328 14

E7 STE{R25 Gen XiZEENE

B

Genistein

1.988

Gly273

Fig. 7 Binding mode of sialyltransferase ligand 2 with genistein by docking. (A) A two-dimensional interaction
analysis diagram of genistein and ST after docking with Auto Dock vina at the position of ligand 2. (B) A schematic
diagram of the interaction between genistein and SYBYL-Surflex at the position of ligand 2.

AHHAE 5% 5L & His302 . Trp300. Ser325.
Phe292 . 11e274, Thr328. Ser271 1 7 M5k, K
7B & Gen Y5 ST itk 2 {7 & SYBYL-Surflex %i
P25 M AR R R B AL i AT A RR 2 Tyr233.
Thr272., Gly273 F=A=& . &L BT, nlH
Gen 7E ST e A& 2 4b 1 ST 1% 5% K& Thr272  Tyr233
PR, MR 1 AR ST igEdEskSL
Asn150.,Gly273 j= A= Z i, i FITE PE5E AL Trp300.,
His302 A @i /KM EAEH, Kt Gen # 55 ST
e A 1A 50 A A AR
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%F Gen 5 ST e {4 1 &b AutoDock vina X} 4%
EE%%E%%&”VK%FT 200 ns (45> F-8h J1%
BERL, 43 F 8 1 F B B — M A 35 O AR A 22
RMSD i i 4 5 B’ﬁ%mri[“] AL 45 5 mT
ST F1 ST-Genistein & 454 RMSD {H7E 70 000-
130 000 ns B & TP 38T 0.25 nm fifiT, &
B R R B R o R E o

Kl 8 Ry gl i F AT ST A Gen 25 54K
KA AR RS ) A AR G 25 A I B 24y
FRVER LB, NE 8 ATLAE M, 2 h2 s
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His319:0

8 ST-Genistein I hEFHEHESERE
Fig. 8 ST-Genistein binding mode diagram at MD
equilibrium position.
Gen THFI ST FkAE: His319, Thr328. Gly293,
Ser151 j=f 4 NEHEE. XTH Gen 7ERCIA 1 AbY
STAutoDock vina Fil SYBYL-Surflex XJ$%&# 75 1)
FIREAH BAE AR B A5 R, KB sk I Serl51l F
Gly293 5t/ et R —8. XK Serl51
Gly293 1E 5 & Wik R A0 E b nl REAT B 2 5Tk
it g_mmpbsa T HXJ 3l 7 2= V- 5 Gen 5
ST MZ-GREATII R M, ZRE/R: B4E
At 4 —82.691 kd/mol; X4k A ik A e iV FH i)
JEJLfEAE ) (-155.167 kJ/mol) . % HL 1 1
(—62.223 kJ/mol) 1 ¥ 5 B B K E AE A
(—14.502 kd/mol); X&h A ax R e 4 i/ A 2 A%
P FIfEEE (149.201 kJ/mol).
Kl 9 2y ST-Genistein 7E3) J] 2= AH B 2455

15 | ™= MM energy
== Polar energy
10 |™== Apolar energy
mm Total energy

rAsnl50

Glu324

I lle274
Serl51 le274

Energy contribution (kJ/mol)
[l

160 180 200 220 240 260 280 300 320
Residue
9 ST-Genistein SRk EREE S RE

Fig. 9 ST-Genistein binding residue energy
decomposition map.
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o R b A R AR AL BE R TR o AAIET 9 WAL,
ST b 5 Gen A= S HEAE I 5k B Asn150.,Ser151
M Glu324 FZoTEk T #FHAHERE, 5 Gen j=/E
B K AE R 5% 2 Phe292  His302, Thr328  His319.,
Trp300 il 11274 FZE ok T MEAEA J1, X At
ot aE RJE— 2, RIS 55 A EAE R
FST Gen X} ST R K A ML
3 itk
3.1 Gen X KBRAREBAL NeusGe IE A B
REHNHIZER

Neu5Gc TEMIFLAMIAN FEZLL 028 5
SEMEERALL 025 SEMER:, WL EEN
NeuSGce, /I 23 LA 25 (9 16 X A e 0. i
HPLC-FLD ¥ fig H £ i 25 25 /%9 Neu5Ge, {HJ2
ANBE E RN S OB IR A A
Neu5Gce, KL, faigd2! & # NeusGe 7 =i,
T4 NeusGe MHESE A1 E R K . 256 Jeni
B oE 8 A BT SR 2 mol/L SRR 7E 80 “C/K
W 3 h TR, (A APEEE AN NeusGe
fif 25 MBS A B NeusGe, #RJ5 H HPLC-FLD £
D20 2 i e A8 A5 525 NeubGe B 7 it

SCHG 4k R, Gen X R A A 40 41
Neu5Gc 11 1% &t HA AR B R RCR , I BAS [FIE
B A BOR A — R TENLR AL, S
WA B, Gen 41 Neu5Ge 715 % BE 2 AH HL [
it % (P<0.05), H¥#H 30d#), JEhRILAZA
AU KA 2] NeusGe, 1T RE 1 I K2 Ji5 R LA
Neu5Gc HAR/D, A F] HPLC KA IR , =52
HRAAFELE NeuSGe, HR i — 25 3R 8 75 Je 22
REMSLIUESE; MAEFAE S b, 8
BN, Gen 41 Neu5Gc MYk i B X T X BE 40
(P<0.05), HEHREE 45 d WF, Gen XFATHEZHZH)
th Neu5Ge 1Y & it 52 i W] ik, Neu5Ge 1 & it
KT 16.80%, A& NeusGe & fit, #l
BRI ELEFE K, NeuSGe & i FF iR 7HEs, 60 d
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iF, X FEZH A0 Gen 41+ Neu5Ge 7 ik 1) i i 5
TERNEHA T, EFHEE 45 d 1), Gen At
Neu5Gc iy 7 it 4 I I T X HEZH (P<0.01), Gen
ZHrh NeuSGe WY& & [EAIL 1 32.78%. Gen XA [A]
HBA7 NeusGe Y& S RURA—FF, X F &
BlR s 1) HI T Gen HAT MEWER T M FHTMERCR IS
PE, ME S T REZRGE S B, S A RS
YRENIEAR | JRRR B LR IR M KO S Y
SRR e 2) Gen ZEFLEh Y T A AE
H AR ACHALE]; 3) WHFL YA [R] B AT AL %
Gen f W SRR 33 2ty A ) 192350
3.2 Gen ¥f Neu5Gc & = PR B HIl 1R 1+

Neu5Gc HIAEY & B S« CMAH #1 ST, Horp
ST JE454 75 NeuSGe A LAY EEmEY, il
ST 1T M2 PR 8 R Tk i 45 & &
Neu5Gc 5 & [l e 8

Oy TR A R R . Gen 7E R RN 5
P& ST Wh A 5 His319. Ser151. Gly293 ., Thr328,
5 HIE ite e iy 2, 53R Ak His302., His301,
Trp300. Ser271. Phe292. Thr328. Ser325. 1le274
TR EAEH, N sa e AR T ST /Y
TEPE, R Gen 7ESIYIA N AL NeuSGe (944
AT LA ST AYTEERSEI. A W5tk
B3N Gen TRy 1 A I 2 S R, g
FMACN Bl A AL 7 A R, I B RR ALY
G [ Rac RSN, TR FH0 i i Py 3 J L 4l 1T
(NADPH) S LG (6 0 H (4, 1 NeuSGe 1A
JR i B 5 RVl G 1T (NADPH) sk NADH K Fe?”,
JFLAME NeuSGe HIAEY& sz BIRR I, AT 35 %]
FEAR K BRI LR N IEZH 20 NeuSGe % it 1)
HH.

4 Hh

AR ARG R T Gen AT KKK B R
U B PR ZI% NeubGe Y& HAY
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BOR . TEAN R A HE B B R FOR R Y g B
Gen X} Neu5Gc &M MAF7EZES . TENLAAL
o, WEH 30 d BFMRISORRLE, RAgR
Neu5Gc; £ B JIEFI AL 4L e B % 45 d B B0
BOR AT, H NeuSGe B & =t/ HIFEAIL T 31.04%
F121.66%; HPIELAIZ NeusGe 1% &= 4R = T
WUA LS i 5 4

Oy F X RE L R e Gen 7E A= W AR Y B
Neu5Gc AEY)& MAIBLEI AN T« 4 2 BEPR AR
(His319, Serl51. Gly293, Thr328) 5 Gen JEiL
FRENEIER, 8 MR (His302,
His301. Trp300. Ser271. Phe292  Thr328. Ser325.
lle274) 5 Gen JE g/ KAHEAEM , S8 T4 68
Neu5Gce A& B G Bt ST SR & Mis AL,
FiFLL Gen & ST W3a AR, it 5 ST Y
PRI Im ] T ST MEPE, AT RR i 1 3% 25
A Neu5Gce 14547 NeusGe R4k, A&k
FEAIE NeuSGe LW Y H Y . ASZES i Fnfir
B xR R O AR R K g b
Neu5Ge 1% & HA 8 2= L.
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