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Preparation, structural characterization of Ginkgo biloba leaf polysaccharide
and its regulatory effect on splenic T cell activation in mice

LIANG Hong-bao * , YUAN Xiao-mei, MA Teng-mao, LIU Xiao-qing,XU Meng-yang, HU Tian-xiao

Shandong College of Traditional Chinese Medicine ,Yantai 264199 ,China

Abstract : This study aims to investigate the structural characteristics and immunomodulatory activity of a novel homogeneous
polysaccharide from Ginkgo biloba leaves. The crude G. biloba leaf polysaccharide ( GBP) was purified by water extraction-
ethanol precipitation,ion-exchange chromatography and gel permeation chromatography, yielding a homogeneous polysaccha-
ride fraction designated GBP3-1. Its physicochemical properties and structural characteristics were systematically character-
ized , and its regulatory effect on mouse splenic T-cell activation was evaluated. The results showed that GBP3-1 had a polysac-
charide content of 86.5% ,a uronic acid content of 26. 5% ,and a weight-average molecular weight of 93 868. 17 Da. It was a
porous ,amorphous hybrid pectic polysaccharide mainly composed of L-rhamnose,D-galactose , L-arabinose and D-galacturonic
acid, containing a rhamnogalacturonan-I (RG-I) domain with methylation and acetylation modifications. In vitro experiments
revealed that GBP3-1 exhibited no obvious cytotoxicity at concentrations < 500 pg/mL, and significantly promoted con-
canavalin A-induced activation of CD3 " CD69 * ,CD4 " CD69 * and CD8 * CD69 * T cells. The optimal effect was observed at
100 pg/ml, and its activity was significantly superior to that of crude GBP at the same dosage. This study provides a scientific
basis for the application of GBP3-1 in the development of immunomodulation-related products.
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R BHGAIPE LRI E ST ARSR , A MR 4R
A 22 Bl AR A5 R S i R AR ORI, R B
A 35 n B2 S 3 P A BT R DRI
R B IR

T 200 MV A LA IE 17 1 H 98 R 8 I A% O A,
FER AR B TR RE 2 N2 B 2R Y 5 B R 5 X
P, T f 9 B0 725 4 1 v R 4B AT AR R G B AR
AU A3 Ak#E (cluster of differentiation, CD) 3 BHYE
T 20 (CD3 " T 4 fig) JJy &k T 40 45 5 M bn ik 9
CD69 15 T 40 Jfd 5 4013 A bn i e 7, HegRiakoK
PR T 20 A0S R s CDA T A B ME T 4
55 CD8 " A BEIE T 4 LA (10 - 2 S e Th AR
BRI OORBE, — 3 L) R A7 5 T R S TS R %
PG MIOCRR Y, AR, RIRZHEAE T 40 A I
PR IV ) 8 52 TE . A TSEER T R A i
HLZ W% ( Ginkgo biloba leaf polysaccharide , GBP) if i1
iR P RN M AT W RE ) | LT AMASTE 1 B ME T
Vo E 2 B T P R e A P (AR TR 2
BERIIRZE , EHT 1 A AT B 58 0 B A 12— 2 il )
T 20 M5 A A I 44 T TS, ELHCSE # 5 S e v 1
IR R R R A R G RS

ST, A ST LU AY IO TR, 38 i ]9 4
W R A B Al T2 A s R ) — %
B2 3 GBP3-1; R FH = AU BE 5 3% (63 ( high-per-
formance gel permeation chromatography , HPGPC) | fé
HL A 3 21 A8 6 1% ( Fourier transform-infrared spec-
troscopy, FT-IR ) | &% i 3£ 37 1% 1% ( proton nuclear
magnetic resonance spectroscopy, H NMR) M FutfiZH
oM Z MBI | RGERAE T8 B
WAL S 25 A0 5 055 IR 4R ST GBP3-1 X T 4 i 1k
FREYI(CD3* CD69 " ,CD4* CD69 * . CD8 " CD69 * )
FIE AL T AN L AR T B A S g R A
W Z2E A SE R TR , S A S e 9 35 A0 S B
BTG B S RE R il I v B AR B S 30 S 4
1 #MB5EFEZE
1.1 Z 55y

BRI (65 :20240701) 1 1 LR 4R 25 M1 A5
FRAF], SRR 2R 2 o L R R %
E R FHEYIERT Ginkgo biloba L. [T

6 H SPF Mt BALB/c /NRL(6 ~8 JElilE , A
18 ~22 o) Wy H G g I S Sh T KB A BRA R (&
FEAIES : SCXK () 20220006 ) . 5 5 2l ) 1l 32 T
12 hOBM/12 h BRI AFREE R, A SR POK, 78

TR 22 +2 °C MXHERE 30% ~70% 154 F i S
PSR 1 A5G s e A Sk, i shi
S 25 Y N B 2 B SN A0 PR 2% D1 2 b (HEUE
5 B BHILES 2025-001) , I ™A% EAE ( SLIR S0 P14
AN SRS ) & ARRIVE 575 2. 01" A 6 52
RIFRE,
1.2 RAFIE5MEF

L-FZ=4% ( L-rhamnose , Rha) . D-#%4# ( D-Ribose,,
Rib) .D-H & ¥ ( D-mannose, Man ) . D-% %5 4 5 iR
( D-glucuronic acid, GleA ) | D-2f: ZLHE L R ( D-galac-
turonic acid, GalA) D-#j % # ( D-glucose , Gle) . D-F
FLBE ( D-galactose, Gal) \ D-A M ( D-xylose , Xyl ) X F&
i (LS B R . 24091415 25041327 . 25022822
25051215, 25032328, 25032224 . 24111114,
25010602 , 1 [E £ i 24 5k 2 B ST B ) 5 LBl A
( L-arabinose , Ara) % I8 i (#1L*5 . G0089586 , Jb 5t H
BHERE A= P B AR AT BRA B ) 5 % AR e & GBW
(E) 050004 ~ GBW (E) 050008 ( 4l = 98% ,4it
5:2309, P ETHERFEIIERE) (F DSl G250
(L5 . B104237 , L iRE BT d T A AL B B A BR 2
A]) ; DEAE-JR AR WEEE i (Hit*5 . HA-0550 , b 5% Fij ik
TERERHEE & A BRA T ) 5 i R MEEE ML G-100 (HE45
S623122751, i HEAYBHAARAF) 5 1-78 5
3-H HE-5-ntk w4 ok il (1-phenyl-3-methyl-5-pyrazolin-
one, PMP) (4l JF = 99% , it 5. Q/12KM 3834-
2023, G E e RAURHCABRA ) s & R -
2T (HE5 20240112, F5 M BT 26 AL R A TR
N s JJE 2 H A (concanavalin A, ConA ) . CD3/
CD4/CD8/CD69 £ 1 Ht 44 (it 5 43 Jill 24 . 24 K06 |
24K12 23F09 24103 24G05 , % [H Gibco 2AH)) .

1290 Infinity/G6540B %! UHPLC-QTOF-MS ( 3%
Agilent 22 ]) ; Ultimate 3000 f& S0RHT (34 ( 26
[E Thermo Fisher 23y A]) ;Ultlrahydlrogel'rM 2000 =R
JBE %A (7. 8 mm x300 mm, 10 wm, € [E Waters 2y
Fl) ;Empyrean X $F£eM) R ATHHL (17 % Panalytical
N FE)) s TGA-DSC Rl BT A (Ffi 1 Mettler Toledo
235 H)) s EM-30Plus 454 FL - 2 7088 (26 [E Thermo
Fisher 2% F]) ; FDU-1100 ¥ T8 HL ( H A B A
) s MPAII i L AR 3 2T AP 5 (FE ] Bruker 24
1) ;UV-2600 5L (B AR S HAR ) ;
ME204 J7 43 2 — K (Hit: Mettler Toledo 23 7] ) ;
PHS-3E pH I ( S @4 ) ; DC150-2 A& K
AL (BN T AL A R R ) sBDFACS Canto 1T i 2
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YA (FEE BD 2AH]) .
1.3 RWAHZE
1.3.1 GBP ## 3

BRI 1 ke, B3REJG L 40 BT, WA 10 55
50% CEEIKIRW,80 °C I HEEH 2 K, K 2 h, &
FHRIBOR , U AR R TC IR . A 3 A5 AR 95%
CBE 2G4 C g pe b AT T, L gk
EUEVE, 1 L #UKE % 4 000 r/min 5.0 15 min,
B E RO 3 A5 R 95% & BT IR g
DU, g, uE U K S BETR R 3 R, BT
M 515 GBP, i1 8%
1.3.2 GBP #%hib
1.3.2.1 DEAE-52 ZF4EZ4:2HT

HUGBP 2 g, i s 280K VA, 242 0. 45 pum I8
R DE G, b RE ZE WAL B4 () DEAE-52 £ 4k 2k
(2.5 em x50 em) ., DA 1 mL/min 784K VR FH 2518
7K .0.1 mol/L NaCl ¥ .0. 3 mol/L NaCl ¥ & # J&
VEME , A WA 10 mL, 2R FH 2 13- 12 12 A6 00 5k st
WS, e wve it 2, G 1A [0 Y 1k B
W, FH#E 70 5 1 000 Da BB TR K BT 48 h
JEEE Wl R Tk 4 S R R T, o AR B b M 2 6
GBP1 FIfRM:Z 4 GBP2 .GBP3,
1.3.2.2  HRBEE G-100 #HEHT

I GBP3 500 mg, JINZE M K ¥ 5 b FF 2 Tikb
P () 3 R EE AL G-100 43:(3.5 em x80 em) , LAZE
TR R e B, 1 mL/min Vi 3 Yk B, 4545 004 10
mL, AP - RV A DN 22 W 0, 5 O B — X AR U Y
VRN , W4 5 v R T8 1S A5 i 20 GBP3-1,
1.3.2.3  ZH0F PHEETR B8R & 5l

KRR -FRR L") LA Gle S xf IR &l R
[) 4 B 22 W ) & 5 R T 3, 5- T F R R ko) DL
GalA X} B iy, I o O R 55 1t 5 SR 2% S Ml 5
W G-250 3E1 I ZWERE S b B T R, AR
I3 PR R X B, YA T 5E 3 K

1.3.3  Z#HH-FE4kn
1.3.301 R R IRORN ARt 1t V8 V8 1) ) 4%

PRI T3 90 R 4.32 x 10° |1.26 x 10* 7. 08
x10* 1.26 x10° 2. 89 x 10° Da 1 — Z 1) 7 & Wi b
S, 70,025 mol/L BEFRERZZ MR (pH = 6.7) fic
FRUETA, 26 0. 22 pm JENEL U85 45 . FREGE &
GBP3-1, i LA i 2 5 92 wp Wi 35 #f | TC B0k BE 249y
2.0 mg/mL AL, 28 0. 22 wm SRR RS

#H.
1.3.3.2 a5k

% HPGPC 5l GBP3-1 (/4> T4, B GBP3-
1iE e, BRI L) 5 mg/mL IV, 0. 45
wm € JE )5, ] FH Waters Ultrahydrogel TM 2000
(7.8 x300 mm, 10 wm) HEME GG T 0T, FEIR
35 °C; Wi 0. 6 mL/min; FEFE 20 pL, FEhAH N
0. 025 mol/L WMREZZE th (pH =6.7) ;75 22 K I 45
TRIE 35 C BRI 10 Hz, 43 51O B GH
WAV B TR R 3BT o 38 3 0 R R ) e i
P B BsF 1] 5 L A7 o 1 X 5 (AR A7 i [l AR i
FrRUEMI 255 GBP3-1 (1 53445 ( weight-average
molecular weight, Mw ) & 22 43 5L $8 % ( polydispersity
index, PDI)
1.3.4 R
1.3.4.1 o35

R PMP R A3 4001 GBP3-1 1 SRR AL
Welch Ultimate LP-C , 8354 (4. 6 mm x 250 mm,5
pwm) 3 ALV 30 °C L 1.0 mL/min, #EFEE 10 pl;
R 4 254 nm, 3 B AH b B R #h 2% th i (pH
6.7)-C M =83: 17, ZE BRI
1.3.4.2  FERKIRSOR A X BRI Y Be &

K5 B FREL GBP3-1 25. 84 mg, M4iifk/K 1 mL %
il KEHIRIR 3 1545 100 pl B EHLIZERIRE T, 205
MA 2.3 1 4 mol/L B =% £ & ( trifluoroacetic
acid, TFA) 150 wL, 3 0, 7€ 110 °C M 3hiE o439 K
fi#t2.3 M4 h, WHZEZERGE, INHFE 200 pl, HE
AT ] 50 pL K%, 75 GBP3-1 KAl ., 1fE
FREL Gle \Rha Man . GlcA ,GalA | Ara Gal 1 Xyl X}
HE 5, FHIE K i, B 0. 2 mg/mlL (TR & % R
A
1.3.4.3 ik

s 2 U A 0 BV RORT GBP3-1 KR 4% 25
wL 233 & F 5 mL LAY, A 0.6 mol/L 1
NaOH ¥ 25 wL, 215, F A 0. 4 mol/L 1)
PMP 50 pl, 7£ 70 C/KBEMT,100 min, = iH &
HJG,MA 0.3 mol/L iy HCL 50 wL, F-17K 600 wL
RA . IMAZE 1 mL,ﬁ}’ff% 3 minﬂ'{ 8 000 r/min 2%
PF T #0010 min, BUKAR, H iR M7 1 mL” i
HAE 3 IRVIBR R 247 PMP, &5 /K B A X6} B8 S T
R SATR, 25 0.22 wm TEEIERS FHLKG,
1.3.4.4  RHABEE BT

WK fif FAT 2R J5 19 GBP3-1 AR i v v, i it
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UHPLC-QTOF-MS 47 & M43

a3 5% . YMC Triart C, 33 FE (2. 1 mm x 150
mm,1.9 pm) ;i ## 0. 3 mL/min, F:7& 40 C, K
254 nm, Wi E1 A M. 10 mmol/L Z Rk (A)-Z
(B) ,BAFEUNITF 0 ~ 10 min, 15% B—25% B;10 ~ 12
min,25% B—60% B;12 ~ 15 min,60% B;15 ~15. 1
min,60% B—15% B;15.1 ~18 min,15% B,

i S IE B AR A, e m/z
100 ~1 500 ; & FIRIEE 300 C, B FIHEE 4 kV,
BAE R 45 V, “HAEERE RN 30 eV,

1.3.5 GBP3-1 ¥4 4 # £ 4E
1.3.5.1 SEIMGIESHr

B GBP3-1 3& &, N7 /K FL il i 1 mg/mL [
VST, 7E 200 ~ 800 nm P KV B YA T e P K A4
SREEHE IR UG | LAZRAB K R 25 XTI
1.3.5.2 FT-IR 4M#71

BT 51 GBP3-1 FEh 2 mg, 55 400 mg T
KBr iR G 45, Ik R J5 2k H FT-IR 7E 4 000 ~
400 cm™ ¥ Fl N
1.3.5.3 HA#HBG T

A T 05 19 GBP3-1 #F fadE &, 1S i
W TG L, 248 E S IHIRZE (B 10
nm) Jii , FEFIHE HE ¥ 2 5U5% ( scanning electron micros-
copy, SEM) ™ USSR EIE A, in# i & 20 kv,
1.3.5.4 #E-ZRHHE T

HUGBP3-1 #4515 mg  KWEEHOE , B T AL
Barp RSB (R 50 mL/min) , LA 10 °C/
min #HE M 30 C T E 600 C ,ic s H ( thermo-
gravimetric analysis, TGA ) F1 2% 7~ 49 4 & #4 ( differen-
tial scanning calorimetry , DSC) 1k , L2558 AL 50 HH 3
HEH,
1.3.5.5 '"H NMR 43#7

BT GBP3-1 R£44: 20 mg, I D,0 iFfiIF 4 2
W TR T A SE e, P 0.5 mL D,0 B )5
FAEREE T, DL D,0 BRI AR, T 80 C |
600 MHz £5F Fic%'H NMR 3%,

1.3.6 %45t T e tey®em
1.3.6.1 JR4npul &

JREALHE BALB/ ¢ /NS, TCTE 2514 T B AL,
TREA & B A 1640 5T 2R 75 (& 10% R 48 1
5 1% X0 ) (I JCHE 55 3R 10 | I AIF S A A A S
200 HJE IR g A4S B An i B, i £ 40 fifg 2

R IR A S min, A SE 1640 5828 7R ILA
1EZ4f# 1 500 r/min Z5.0 5 min, WAL, ] 1640
SRR IR E VR 2 K, AR E R 1 x 107
A/mL, BT 37 C 5% CO, HFHEMmP &M,
1.3.6.2 #5408

BN R AN T 96 FLAN B IR M, AL 200
wL, 23 %t BRZH (AN 1640 544 35 ) B A4
(WA ConA I HZAWE 1 wg/mL) .GBP £ 5| &4
(ConA + GBP, 2k JE 43518 100,250 pwg/ml) K&
GBP3-1 #5541 (ConA + GBP3-1, 24K FE /351 N
100,250 pg/mL) , BH & 4 NE A, BT 37 C,
5% CO, ¥iF4ATI%E SR 48 h,
1.3.6.3  J=C4H i AR K

KRR n  EAFLAIAE, 1 500 r/min B5.00 5
min, & PBS PE¥% 2 X, A CD3-PC5. 5, CD4-
FITC ,CD8-APC-A750 .CD69-PE HUIRIR AWK , =5 IR ik
JEHFH 20 min, iITA 1 mL ¥4 PBS B J5 & .0,
200 wl PBS 2 4 M5, >Rk i = 40 B A4S R T
CD3*CD69* .CD4* CD69 * K CD8* CD69 * T 4l Jifd f1%)
EL B
1.4 SitEDH

KT SPSS17. 0 B A A TR 4317, 58 LA P34
bR (v +5) Fom, RITDPHE N EH4H
(one-way ANOVA) [L# 4520 ] 22 5, Z 5 LR H
Tukey-Kramer Kk, P<0.05 NESHASG T2
X,
2 ERS55H
2.1 REMSERRIS 4L

BRI 28 50% ZOBEHR-I WG UK BT SV R T
J5 4% GBP 2945.2 g 58K 4.52% , 2k H 2 0%
TN 52.8% MERETR TN 15. 7% A T E i
H93.58% , 2% LA A XT38 £, GBP 42 DEAE-52
AEZAEHRR VRN, A2 3 A5 (LA 1A)
4399 Sk K Pk W B P £ 8 GBPL (0. 870 ¢) 0. 1
mol/L. NaCl YEfi (R Z M GBP2 (0. 085 ¢) F10.3
mol/L NaCl VeI R4 Z 4 GBP3(0.510 ¢) . H1TF
GBP1 4l 852 , GBP2 AR, i B GBP3 R
ISR BE I G-100 #F i — 20 4lifk, 15 BHS 6 2 b
GBP3-1(240 mg) , 4 5 H L2 W& i N 86. 5% , bl
PR B8k 26. 5% SR IR KE . G-100 W ih
2 W GBP3-1 i — X FRiG , 32 I H Ry 35— 20k
Hor (WK 1B)
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Fig. 1  Elution curves of GBP on DEAE-52 chromatography (A) and Sephadex G-100 chromatography (B)

2.2 Z1EGBP3-1 A FENER LEAK ST FEHM.T = -1.13In (Mw) + 26.07,R*= 0.999 7,T

2.2.1 »FEMNE g4 B W] (min) . GBP3-1 F4 44 B4 I5FE] K 13. 11
K HPGPC ()7 A GBP3-1 f) Mw , % min, 3@ 3 [0 U3 07 #2, 35 69 GBP3-1 ) Mw N 93

M2k KA 2 K 2 s, GBP3-1 MAHXTEL  868.17 Da,PDI = 1.07,

—FIXIFR (K06 | 560 GBP3-1 ¥ —Z 8k, B35

A GBP3-1
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C 17 {3 B} ] Retention time (min)
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11 ; ; . , ; ;
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Fig. 2 Molecular weight determination of polysaccharide GBP3-1

1F:: (A)GBP3-1 i HPGPC 3% 1&] ; (B) #i SMEbRMES: 19 HPGPC G ISR ; (C) # RMEARE S OB MERTZE . Note: (A) HPGPC chromatogram of
GBP3-1;(B) HPGPC chromatogram of dextran standards; (C) Standard curve of dextran standards.

2.2.2 BHBURHST SN % PMP 74 J5 54T HPLC 404, 45 3R LI 3,

TS & B GBP3-1 7K fiff M i 4 K HL P b2 4y Bz TFA B 2 mol/L B4 K F] 4 mol/L, 7K fift bt [a]
Fee 2 % e T AN R R MR B AN [R] Hsf 8] ) 6 7 2 h #2535 4 h, GBP3-1 A FAMEL /0 Fh 238, A1
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X Bl e A AL, 2k 22 FE K K A s 8], A B K A TR
AR AL A FRS L EEE T 2R T
TR SRR A TS I, SRR AE 4 mol/L, 110
CAAF T KA 4 b AE KA AT IR ST
2e5d 5 pOE X B A X, & B GBP3-1 2

Man ,Rha ,GlcA [GalA |Glc ,Gal Xyl | Ara K 1 B R H
B (unknown polysaccharide , UP) ZH B, B % 52 FABH 1Y)
JEJR A 0.8:2.7:0.7:1.7: 0.5:2.8: 0.5:2.7,
i Rha Gal ,Ara Fll GalA i FZLRBERL A, o S
1 85% LA L,

A
Man
| Rib
I | Rha GleA  ooia Gle Xy A2
\ PMP | N 0 A Gal 7Y
| I A \ A )
B PMP
(‘ Ara
‘\ I\
‘ |
| Rha Gal |
| I uP GleA GalA Gle Xyl ||
PMP
C {
| Ara
| A
| Gal |
“ UP Rha Gl
I\ i A y Al
,M‘\ s L Man| el | Xyl
D ! PMP |
'\
‘\ up Rha
} | Man “““ GélA Gal Ara
| 1 Glea ||
JMU_‘JK, \ Y Glo [\ xy1/
0.0 100 20,0 30,0 40.0 50,0
D

/% bt Molar ratio

Man Rha GlcA

GalA

Gle Gal Xyl Ara

B3 AEKEFGTZHE CBP3-1 BBRMEAM T
Fig. 3 Analysis of monosaccharide composition of polysaccharide GBP3-1 under different hydrolysis conditions
o (A) BBEXT IR 5 (B)2 mol/L TFA /K## 2 h; (C)3 mol/L TFA /Kf# 3 h; (D)4 mol/L TFA /Kf# 4 h; (E) ¥BHEE/REL, Note: (A) Monosac-
charide reference substances; ( B) Hydrolysis with 2 mol/L TFA for 2 h; (C) Hydrolysis with 3 mol/L TFA for 3 h; (D) Hydrolysis with 4 mol/L TFA

for 4 h; (E) Monosaccharide molar ratio.

2.2.3 UP &5 H5H

WA R GBP3-1 ik i #E1T LC-MS/MS 43
Br( WKL 4) , UP BYHEST 55 F =20 8 X
(Y FERT 4 7 J5 £ 43 3l b 1 671. 253 9 (495, 223 3 Al
175.086 1, i &F A &% A 7 19 £ 40 B A SOk ke
RO IR L2 R BE R B e b R R
Wi, HEEE T 20T PMP, [ M+ H] * I T 55
TN m/z671.256 4 (1%2£:3.7 x10°) , H 2L
B AEE IR E T, AR ZURERE R b
WAL, R B IR, 15 3 m/z 495. 224
4 [M+H-C,H,O JWEF (R2£:2.2 x10°) ; 4k2E 2
R F— 4 F Rl — 4> F PMP, ®Bl & — 4 F

PMP, 183 m/z 175.087 1 [ M + H-C,H,0,-C,H,,0,-
PMP] R (1522:-5.7 x10°) ,
2.3 GBP3-1 &R
2.3.1 GBP3-1 #9595

GBP3-1 7£ 200 ~ 800 nm 7t [l P 4 4= I K 9 4
R R TE 260 nm (A% R R AF g ) FT 280 nm
(B BTRAE M0 ) b 34 T8 B I IR, /XA 200 nm
BRI 4 B0 22 W 1 R A0 g R I Wi e, R W] GBP3-1 &
Sl S5 AN B AR RN AR 1 AR o, Sl
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Fig. 6 TGA-DSC analysis of GBP3-1
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Fig. 9 Appearance and SEM micrographs of GBP31
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Fig. 10 Results of cytotoxicity pre-test for polysaccharides
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