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Extraction, purification and biological activity of
polysaccharide from Glycyrrhiza uralcnsis in Gansu
TIAN Yan-hua, YANG Zhao-yan,LIU Lin-feng, LIU Na-li, GUO Yun

(Food Engineering Department of Shanxi Pharmaceutical Vocational College, Taiyuan 030031, China)

Abstract ; Extraction , purification and biological activity of polysaccharide from Glycyrrhiza uralensis in Gansu were studied.The
optimal ultrasonic — assisted extraction technology of polysaccharide was determined by response surface methodology. The
polysaccharide of G.uralensis Fisch. ( GCP2) was obtained by the DEAE —52 anion exchange column chromatography and
Sephadex G-100 gel filtration, respectively.The composition and molecular weight of the polysaccharide purified were analyzed
by gas chromatography and high performance size exclusion chromatography with multi—angle laser light scattering( HPSEC-
LLS).The antioxidant and antibacteria activities of GCP were determined in vitro.Results indicated that the optimal extraction
conditions were as follows: extraction temperature 70 °C , extraction time 85 min, liquid —solid ratio 13+ 1, ultrasonic power
600 W. Under the optimal extraction conditions,the extraction rate of polysaccharide was up to 4.23% .GCP2 was obtained by
the chromatographic technique ,which was a yellow white powder and reducing sugar without starch. GCP2 consists of arabinose,
glucose and galactose with the molar ratio of 0.166: 5.56: 1.60, and had the characteristic of glycoconjugate by infrared spectrum
analysis. HPSEC—LLS analysis results showed that the GCP2 was composed of three different components of polymer, average
molecular weight of the main components was 1.378 x 10° g/mol.GCP2 had strong scavenging effect on +OH free radicals and
0, - free radicals with the ICy, of 3.48 mg/mL and 3.43 mg/mL, and had the reductibility increased with the increase of
concentration. Antibacteria test showed that GCP2 had better restraining effect on six different bacteria, especially for
Escherichia coli and Pneumonia klebsiella strains.

Key words: Glycyrrhiza uralensis Fisch. ; polysaccharide ; ultrasonic extraction; response surface methodology ; purification;
antioxidant and antibacteria activity
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I B RN BT R A 2 BRIE R HOA SOk o 3
BN R A CH AR ) AH w2k a9 . B
BIXTH AT EZEAE P EH R E RS S
(55 B AL A2 BE PR T L i 2 PFTE R
Z W B Z2 07 T W AR JENE MR B e, H R AR
TEPEIR S M B PIC R L D Y
BT T & 2238 W7 1 R TR T2 4 8 24 BT e o 1 )
—

Hai e T H 5 £ #¥% ( Glycyrrhiza polysaccharide,
GPS) (Y fF 7% 32 22 4 vp fE 2 B T 20 gl 4k 4
Z N I P o TR R ) W & a2 (ST S
BTG 2 —, BRI EA PUE PR BT
FRFE OEYE Y LA A R B A B AR &
BEVE h—Fh SRR 20 1 i 3R G M & o0 T oK B G,
ASTR] g SR BRI 2l Ak T 20 X 2208 1 $2 BUAS 52 254 LA
RAw VAR —E R, AT FE DA H 7R T8 HiH 5 S BF
FEXT G, X 2 HE R B L 2 43 i glifk BT Al A i 1
NAMETG P AT TR 5T, LA S H o 18 Hh 5 22 0
I IT R A FHER AR SR
1 HRSE
1.1 #e5eE

H B ( Glycyrrhiza uralensis Fisch.) 35 5% 2% 54 (
257 7 H23021440,100 77 U) 5555 %2 (EH 245 7
H32025954,50 73 U) M H HNfEA S EARA
] DPPH (1,1 - — A8 3k-—2— =328 M, 2— Diphenyl -
1- picrylhydrazyl )  Aladdin chemistry 2\ &) ; £F 4 &
DEAE-52 #1 Sephadex G100 & [E ¥ ¥ PGV 4\ &) 5
a—Glucosidase (1 1) 4 — i F5 248 — oo — D — NI, 15 5 255 W
H(PNPG)  Sigma 23 7] ; BLZSHE  BTH (AP . D- K
B CH BB A R FLBE SR ES BIBAEY T
AR MR W] A3 50 Y oy 43 &l s Rl e A TG
( Escherichia coli, E. coli ). 4= ¥ {0 % 25 Bk W
aureus, S. aureus ). Z¥ e ¥ B

( Pseudomonas aeruginosa , P.aeruginosa) | fifi & 3¢ 55 1A

( Staphylococcus

Bl ( Streptococcus pneumoniae , S.pneumoniae) A 2T
¥ ( Bacillus licheniformis , B.licheniformis) |\ FLAEFR B
( Streptococcus lactis ,S.lactis ) B Bk H 22N BE T K
A iRk L TR A B S O R

FD—1 B O T AL b 5T 1 B R 52 5 A 4%
KQ-250DB BB I vE Yhar B LT & A AR A
FRZNF] s Cary50 250535000 SERIFL I 2220 W]
GC/6890-MS/5973 S AH{0 % — JHi i B FH{L ( DB-5 {4,
HeAE 0.2 mm x 35 m x 0.25 pm) 3 [FH % HES;
DAWN EOS Zff FEEISOEEETIY  Wyatt Technology 2%
il
1.2 LWHE
1.2.1 $RE . gifb T2 AR—E 340 B HHE
Wy 76 W B IS — A8 75 A B KR AR > Sevag R AR R G
-5 B EHR ATKG 4 C LB RITIRE IR iR —
REAML & — A bk TR H A S 4 (H 4 4 GCP)

B i A 2R T 28 Tk B
il R o 20 mg/mL Y ZMEHE WL, EAE 1.0 mL T
DEAE-52 £F 4k 5 A%, 43 9l 1 25 B 77K . 0.1 mol/L
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NaCl FFHEBEML , 1 6L 132 I 5 20 35 1, 2 il Ve At
HhZk, & IF EEZPE, VR TS % T 1.0 mL L&
Tk, 42 EAET Sephadex G100 BERATE#E— 2521
e, B TR BEA TN, #5218 1.0 mL/min J s #E47
WA PRI , 4 S AR S mL, SR AR R v I <2 22
W el e th £k o

122 ZPERBCT 200 MRds 1.2.1 J7ik, L2
BESL IS Y (% ) HPFH F8H5 , 45 600 SCE Y iR 5T
PN, 08 BRI BE L IR TR] R0 LU TR 75 T 4 S 3R
PEAT PP R S g6 (LD R S g0 Kl ), B 2 T e
S CIVATTE M v G S a2 M N PS b N S S D VAT R Y e
T, iR 1,

1A NER 3 R 1 T S 6 BT

Table 1 Experiment design of four factors
and three levels of response surface method
K-
A -1 0 1
ARE(CC) 65 70 75
B A [A] ( min) 70 80 90
C ¥k (ml/g) 10:1 15:1 20:1
D#EAEIIR(W) 400 500 600

123 ZWE e MR E RAHARK
Py — B PR 72 2 i i 2 WE R v 26, AR 8 B TR x oy
TEALAR (pg/mL) , SERIKAE Y S9N AL PR, £ 485 nm
A0 i T 2 0 R B TR A T 5 R IR N S R TG R
£ IEEJ7FE N Y = 0.0082x + 0.0074 , R* = 0.9983 , 1§
0~50 peg/mLIE RN R, B—EFFHH L
R B R 4l £ WA Y 2 BB O Iy — AL IR 92 I R W D'
{8, RIS (1) T B R B

CxNxV

ZHFRBUR (% ) ZmXIOO (1)

Horp, € 2R bR vl £ 31 580 0 i 2 o8 i )E
(mg/mL) ; N HFGREH T3 V N2 BOR SR FL (mL) ;
W R (g) o
1.2.4  ZBEHEALPER FEHIMEE S 1% ) H B 208
IR, 5 BN AT B R — A8 Wy |l — A 0 | BT — i) 3
oA RE MG TR SN, [R]BPRE Z 8 WS+ 10 em JiEs
& A S e G a2 20 °C T 2285 B g6 R, W)
A HTH R AR
1.2.5 BB S5 HT FREX 10 mg ZWHFE &Y B 140
HRIH T, & = SR (TFA) ZK i, vh FiT, P i T4 L
B 2 B AR 25 R, il 28 £ Tk Ak ) SRRV W, PROBE VA W
2 =S B itm B BT R ARSI A . (i A&
e gl R, WA 15 mL/ming $EFE R B
210 C; FHRFR )T FILE 1R 120 C,R£ 8 1 min, #2
30 C/minFHE % 210 CAR- 8 5 min, K2 PREE 45
B CEZUBERIBT RS 2 me, el 1 mg/mL bR
FEMIR G W, & fit b e, = &0 L b B e vk 3 R
0.2.0.4.0.6.0.8 F1 1.0 mg/mL, 4B 1 L JEFE, L4
U AL (YY) SR BE (X) #EAT8 R R, etk A el
0.2~1.0 mg/mL, Hrp 8 2 bR UE M & AR Y =
1.102x +0.1272 ,R* =0.9905 , |- ZL B kR UE th 28 77 F2 H
Y =1.112x +0.0132, R* =0.9991 , ] 7 {f1 b A vhE Py 2%
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FHEEFR Y = 1.402X +0.0042 , R’ =0.9990 ., A2 ¥ 475 U
MR 55 2 WK ff W v 25 20 3 0 2 & 3SR EE IR Lo
1.2.6 rTmiE  SRHSBORAH GRS 2 M )%
BOCHT AR (HPSEC - LLS ) X 22 4 8 47 43 7 4
SE B 2.0 mg/mL ) M, LL 0.9%
M) NaCl YW VE T s AH, i 2 0.5 mL/min, $EREE Ny
50 pL, PrA W 0.2 pm b JE 2% 48 vk S 88 7 =<,
F 25 C 47T HPSEC-LLS g, A Astm RA{F AT
AR SR ST PTGTEEY F# (dn/de) 72 25 C
Tl i Optilab #7564 T 690 nm A 2, 8 55 =
0.135 ml/g,

1.2.7  £DAMGIESTAT FREC T mg TR0 2208 RE 5 T
FOES A, KBr JE A, 76 9% 54 4000~400 em ™' {5 [ P
TGS

1.2.8  PrEEfbiitEm I E 43 I B R B2 o 0.25
0.5.0.75.1.0.1.5.2.0.2.5 3.0 .3.5 .4.0 mg/ml [ £ W
WA R T AR S P b R R I 2 . SR
XIFE R 252 T 0 i 20 ks RS B T A B R
it )1, 2% Liu 257737 T H 202 i SRR 1 R
IR AR Oy T 2 R R )R T

1.2.9  AMEEIGTENE 2 REKE WSS 7 g b AT 1
VE , 53 3 LA K i 352 45 EC B ( Escherichia coli, E.coli) 4>
0,45 25 BRI ( Staphylococcus aureus , S.aureus) | 5 ife
AT B8 ( Pseudomonas aeruginosa , P.aeruginosa ) . Jifi #¢ 4,
TE1AHE ( Streptococcus pneumoniae ,S.pneumoniae) A
ZEALAT B ( Bacillus licheniformis , B.licheniformis) ¥L5%
BREH ( Streptococcus lactis , S.lactis ) A FH R, R FHE
Y0P HOE I E A W] e B H B 22 0 A TR A 41 B K
Fo BAWFEE 3 AT, 43518k 25 U/mL HEE
ZRAEAFNEE TS E Sy PHPEXS B, AE 37 CE| #5537 16 h,
00O A B ) AR, SRS SR IBCT-HME .

1.2.10  E4EAb3l  MERESIEE 3 P17, 4521 L
SPEME + iR 222N . IFH Origin Pro 8.5 #E174%
H22 597, R Design Expert 8.0.5 #0241
& 5L Central composite design( CCD) #1347 544
etk .

> ERSiti

21 HEZERITZ WA ESH

21,1 [RNEAESH ST Ky 2543 HT Wl N TE S 561
TR 2 Fros, XF R A5 £odis 2EAT [0 09 J5 22 55 #r
LER AR 3, — RGN

Y =-26.72 + 1.06A-9.26 x 10 °B + 1.81 x 10 *C
-1.91 x107°D +1.16 x 10 *AB-1.0 x 10 *AC +4.17
x10°AD +1.025 x 10 °BC +4.9125 x 10 *BD +4.75
x107°CD-7.72 x 10 *A* =1.09 x 10 ’B* -8.57 x 10~*
C’-2.19 x107°D’

I F {244 135.7391,p {3 /NF 0.01, 13604
TR TR RIM 2 B e R Rl 0.9969 , i3
HIASE Y BB M 1% 99.69 % 11 S 59 , 2R 43 (p >0.05)
A, P LOZ A A AT LA T 1000 e 2 R e By
TApPutb. AR 3 AT LIE H SR — ki A C.D
FIRIT A (CP D* X BB Y FZ b 3 (p <
0.01) ; YRIW B* XJWARAE Y 5200 i3 (p <0.05) ;38

298 or7zm10m

TEHA

HIG BD XN AE Y S W (p <0.01) , 38 H I
BC XJMRNAE Y S0 & 2 (p < 0.05) , Ui B 75 P 1y
3R 55 PR () 19 28 AR X 22 B 4R B SR 2L A
RS PR 18] 5 R0k L i 52 H AR A X 22 R Y
BRI, AL B RE MM AR E, f
T F B, D BH 22 DR 28 5 mi o 1 A0 902 i R, AR i
223 AT FAE IS, TR W RS R BOH
ZHEM 4 A B2 R AR FE A R B IR YR SR $2 BUTR
JE BRI T AR R EUEE]

K2 RN R AR
Table 2 Design and results of RSM

SlE A B C D Y R

(%)
1 1 1 1 -1 3.11
2 1 1 -1 -1 2.82
3 1 -1 1 1 342
4 -1 1 -1 1 336
5 1 -1 -1 1 3.24
6 -1 -1 1 -1 331
7 -1 1 1 1 3.76
8 -1 -1 -1 -1 321
9 -1 0 0 0 3.49
10 1 0 0 0 421
11 0 -1 0 0 4.16
12 0 1 0 0 4.19
13 0 0 -1 0 3.98
14 0 0 1 0 4.16
15 0 0 0 -1 3.89
16 0 0 0 1 4.24
17 0 0 0 0 4.26
18 0 0 0 0 4.19
19 0 0 0 0 4.21
20 0 0 0 0 4.24
21 0 0 0 0 4.27

2,12 [FIEARISZ HARE ST O T B A S

PR ZR ] A 52 B A 6 H A Z2 B 2 O R B 2 i),
ATRELAESIHT o 25 PRV 20T H T P AT 5 il 5 e A K 4%
NZ B p =2 AR N 1, d 1 Rl me )z i T 15
W, Bl A PRI ER A0 G RS, g 2 L4 RS, >4 i) 107 (B
WERBURAENS , BEAE PR 2R B0 48 O, g o 028 7 s /)
IZBERAT RRE A, AR AE s RAE. ANk
B VT TR e s PR 2R 8] 52 T AR A S 2, HES
AN S E AR 3 o iAo T R 3 A I R X 4R
A A i 25 1 22 S AT 1 rp AR R Rl LR T,
FRPYIAR (D) S HUN [E] (B) f58 B AR X 22 pl 42
HROAR ARk 22, SR TR] (B) FIORE L (C) BO 52
FAF R Z2 0 P B A B I 35 B2 ), d W B 5 R S
WD AR ] B3 7, P O R 2 B P i, ml e
Ph TR S A AR B 5, £ Bl s TR) B 45 76— 5
WRHEAAE TR, 2R 2 2 i m .

2.1.3  AET 2 LIRSS 7R E [
N PR Tk BEA T DA ARAS T A 220 £ B
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Table 3 Analysis of variance for fitted quadratic polynomial model
it 7 A FIH & 77 FH p 1A wEE
BT 4.519227 14 0.322802 135.7391 <0.0001 * %
B2 0.014269 6 0.002378
ESie 0.009749 2 0.004874 4.313553 0.1003
HRIE 0.00452 4 0.00113
BEE 4.533495 20
A 0.2592 1 0.2592 108.9943 <0.0001 o
B 0.00045 1 0.00045 0.189226 0.6788
C 0.13225 1 0.13225 55.6115 0.0003 ok
D 0.06125 1 0.06125 25.7558 0.0023 o
AB 0.000123 1 0.000123 0.051512 0.828
AC 0.000113 1 0.000113 0.047307 0.835
AD 0.001563 1 0.001563 0.657036 0.4486
BC 0.021013 1 0.021013 8.835816 0.0249 *
BD 0.386123 1 0.386123 162.3656 <0.0001 * %
CDh 0.004513 1 0.004513 1.897519 0.2175
A’ 0.481366 1 0.481366 202.4158 <0.0001 o
B 0.030462 1 0.030462 12.80921 0.0117 *
C? 0.117168 1 0.117168 49.26937 0.0004 ok
D? 0.122701 1 0.122701 51.59599 0.0004 %
R® =0.9969 R}, =0.9895

TE o FORBBE (p <0.01) , = R B (p <0.05) .

440 440
< 423 ) ‘j‘%%
S 4.06 N 4
M 3.89 Eqrt 3.89
€37 =37
oy 3.54 = 3.54
® 337 ® 337
> 3.0 > 320
1 75 > 75
? 1
Q4 o0 769
3\ = 6. 7, 06
By 19 16 == o/ 66 Cop ! \A 0 - 64 72, e ((C)
-y < [/ 2 6. B
Mgy, 7510760 2 g, 1000760 O AR
_ 440 4.4
403 49
S £ 423
5 4.06 Q: 4.06
T3 e 3%
= 354 = 354
® 337 337
> 3.20 > 320
600'00 0 75 20.0
= 0
5 0.0 e ey
i//;}( 40000 60 4 ng,
_4.40 ,34.40
iz i
¥ 3% ﬁi 3.89
=3 & 3714
334 o 354
% 337 ® 337
> 320 = 3.0
90 000
D 0,00 79 81 84 8z 6 ’ 550,0500 00 14 00 '00 8 \
[ 76 (e i 20 45000 - 12, v
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Response surface of factors and interactions on the yield of polysaccharide
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AL T 24420 IR E N 69.45 °C B [F] 2 85.53 min |
WORHEE A 12.85: 1 mL/g B 75 )38 564.08 W, 7E I 4%
PEF Z PR B 3R 4.40% . 2% J8 3 92 B3 4 i 8
F KR T 25 2 80& 5 N B S 70 °C 1Y 8] 2
85 min RIS 13: 1 mL/g B T)3 600 W,
3 UAR I 2RI PR BUS Rh 4.23% £0.01% . 5
HSTNAEAH L, HAHXT IR 222420 3.86% , RN
R TAEDCAE TS B A 42 B T 2 S 50 i vl S, B 52
FAHE

22 HESHENGWRMERMR

221 HEZERSSEL SR ER S B kI 2
O R IR i A E 2A, IR F] 3 >,
Forp 7 11~15 B F0 16~19 4811 Ry 25 B8 T oK Y It g
(FKAR) , 7 F 43~48 1A 0.1% NaCl 35 K e i %
(ERA) o = AVRMIET AL T 11~15 &1 20 & =41
e, AR N JE I 3E— 2 alifb i XL, &3
11~15%8 17K A0 e It 22 BBV W, fin 44 2 GCP1, GCPI
P4t Sephedex G—100 #:)J2HT, LLF2 B FKFEAT BRI,
SRR R N I, PR AR LR W E 2B, ME 2B W LLE
H GCP1 KB F/KBEMLS , £ 9~19 B rp 2 Bl rp —
T | IR 25 58 GCP1 My [a]—4H 43, W S B Mt i
HAERH T, v 4 GCP2, GCP2 it — 2Tk
PRI AE , 4558 o GCP2 288 = I /2 o7 Al — At A b 4
FNE A RAHE Wi DR B2 w4 SR B PR , 6 GCP2 H i B
TCTEAY FIER [, T A R — 2 1 I A0 38 AR 2 iy 22
BH:, W) 356 B GCP2 J2& A J5i M 2 . GCP2 5 Wi 7E
20 CRFME LG REE Ry +121.18 °, BT B MY L iE
TEH, B 2o PO AR L (A R o B EE .

44 DEAE-52
|
3 il
g 24
e
=
1 -
04~ e = }.--_,._,-l—‘-"-i
0 0 20 0 40 50 60
(ERss
Sephadex G-100
0.8 /\
5 4
0.6 _f
=N A
2 0.4 7
= /f i
02 i "l!l
r .
0.0 - e S
0 5 10 15 20 25 30
(ERS

2 DEAE-52 £F4E %A%
Al Sephadex G—100 XJ-H 5 Z2 15 (1 LA iif 2k
Fig.2 Elution curve of GCP by DEAE-52
and Sephadex G-100 column chromatography
222 GCP2 R34 FRUESRBER) GC A5
B, B BT RLAFDRE D — AOHE T SO0 | 75 2 3 >

300 5017210

TEHA

L A% B sk Ta] 45 51 Sk 8.79 .9.23 .9.63 . 16.7 (17.14
F118.02 min, GCP2 &K fift . 4 1l 37 21 1k I 2E #E,
GC-MSHMreE s 3, MK 3 Hhal LIE H, GCP2 {4
HRLH 3 LU A 2% o AR R A (] S %) 44 B9 I 1] 9] 4 )
A GCP2 = |y BT 7 A W | A0 257 0 1 >fs ZUBE 4 i, G
JEEJK A 0.166: 5.56: 1.60 ., FA A6 - < 1y A 25 ] ]
SAH I B BFIE T OISR H O 2 b Al Ak s B9 SO 2H
T, A5 H Al S 220 o B e BT AR A AR A L
WHZH R, BE R HEoh 11.7: 3.3 1.0 5 P ) 2570 b - %
S B ek )E | 43T 2 B H 5 20 A A0 BT
AR UMLK , I L) A A 0 sl FLBE S 4% 5 T
JEI A RN A oy o H i 2 Sy B etk e,
AR A L Uk A HPLC—ELSD 43 i, H 71
Z2WHH 3 v B | SROMIE L T APDBE N 2 LB 2H
A, IF VAT S B . It AT LA g B A 6 A
ZPHE RN ZUMR H 5 G 32 B O 2 R

50-
17.25
g 40-
E
E
£ 304 18.64
<
2 20+ 9.18
=
& 10
0 |8 | D . .J -
0 5 10 15 20
) 18] (min)

3 GCP2 GC faig A
Fig.3 GC chromatogram of GCP2
223  GCP2 4y v i o0 An il o Bk KB 5 O
(HPSEC) Z M JEHOCEHST (MALLS) 578 224756
KA (R 6 (3% 53 1 GCP2 14 43 1 hi M H 43
A, AU R oy T (M) (IS TR (M)
FEJEFEEL PD (M, /M,) i3k 3, AR 3 hal DIFE
GCP2 JZ 1 3 PR 5320 I SR -G R i, Ferp 228
ZH 45 H Peakl , HEE ¥4 F-H K 1.378 x 10° g/mol, i
B9 03T o A T 25 52 B 5 Ty AR B PR 2 19 52 i g
A, 53T HE 53 AT F2E th 20 AT v R % PD (M, /M)
RN, o3 TR T AT B GE , o3 BORE SO, X T AR B9 4
T, M M, PR RE T 1o I, AR 3
i PD B AT LIt GCP2 =28 3 FlASIE] 374t o0 A
PR AL, Horh Peakl Fil Peak3 Wi ZH 43158 /K Joi it
SFAR R Peak2 ¥5—
*3 GCP2 |y oy T Akt
Table 3 Molecular characterization of GCP2 by HPSEC-LLS

HHn1e EWSTE M 5t
M,
(M,) (M,) (%)
Peakl  1.077 x10° 1378 x10° 1279 41
GCP2  Peak2 4299 x10° 8559 x10°  1.991 7

Peak3  2.696 x10°  2.871 x 10’ 1.065 31

224  GCP2 LLAMGik R S kAR X T =
BEEL A G i 4348, 1Ay 3000~2800 em ™ 3 £403 [l
PN B A I i B S C—H 4 PR 305 1 2 1, 1400
~1200 em ™" i [ P 9 W A0 SR B 2S C— H B ffi ik 3

FEdh dor
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F 4 GCP Hyhse bk
Table 4  Antioxidant activities of GCP
ZHWE  BRAmE AT N Ve WE ¥ A A A B T N
(mg/mL)  JHBRER(%) EBRR(% ) (A0 m) (mg/mL) EBRR (%) BB (%) (As0 m)
4 40.98 +2.12 36.11 £3.11 0.35 £0.11 0.2 72.37 £2.72 67.82 +4.68 2.62 £0.46
35 31.05 £ 1.61 3455 +£3.18 0.34 £0.08 0.15 61.42 £1.94 56.24 £3.12 1.89 £0.22
3 25.69 +1.28 29.03 £4.21 0.23 £0.02 0.1 41.61 £1.41 39.41 £3.86 1.24 £0.42
2.5 22.26 +0.82 25.66 +1.69 0.15 £0.00 0.05 24.97 +1.86 14.99 +3.77 0.73 £0.21
2 19.86 £ 1.44 21.88 £0.88 0.1 £0.00 0.025 14.29 £1.11 9.96 +2.69 042 £0.13
1.5 15.88 £1.26 16.56 £1.72 0.06 £0.00 0.01 4.17 £0.68 7.13 £1.21 0.22 £0.16
1 9.46 +1.82 13.25 £1.25 0.02 £0.00 - - - -
5 GCP Xf 6 FIRPRAYIN G B B AR (mm)
Table 5 Inhibition zone diameter of the effect of GCP on the 6 strains( mm)
FEMME SWOMAERRE  HOKEFRATE FLEEBR T KIGH @ SRMAT IR ifi ¢ S B AN T
(mg/mL) ( S.aureus) ( B.licheniformis) (S.lactis) (E.coli) ( P.aeruginosa) (S.pneumoniae)
1.0 8.0+0.1 6.0 £0.1 6.5+0.2 7.5+02 8.0+0.2 6.0 £0.1
2.0 8.0+0.2 6.5 +0.1 7.0 £0.1 10.0 £04 8.5+0.3 8.5+0.2
3.0 8.0+0.2 9.0+0.2 7.5+03 11.0 £0.3 9.0+0.2 10.5 £0.2
4.0 8.5+0.1 9.0 £0.1 10.0 £0.2 11.0 £0.2 9.0+04 11.0 £0.3
GE S0 11.0 £0.2 9.0 £0.2 6.0 £0.1 - - -
HER - - - 7.0 £0.1 7.5 +0.1 11.0 £0.2

TR, A IR A DX TR AT e SR SIS 1 R I e
GCP2 ZLHMrHr et AnTEl 4, 78 2896 cm ™' — 551
Wl , IE S C—H {4 PR 814, 3406 cm ™' Kb 11y 58 s I
i O—H iR sh 5 Y, 1026 em ™" ib iy Iz ki v] g
JEh O-H 2B ffiksh 5L iy, &KW GCP2 F &4 -0H
HEPH 5 TI7E 1648 om ™" by W0 = 2Rl CO—JE 4]
i C =0 dEXT BRI G IR S 5L 1Y, 1414 em ™' W I I
JE - COOH 1y C-O MR sh 51, 1026 cm ™' 4b
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Fig4 Infrared absorption spectrum of GCP2
2.3 GCP2 e LiFHEmME
231 FEAMEEAERAEM I T R TR

THR RV, XF-OH iEBRIEH 45 sk 4, it
TR WO0T - OH 11 315 5% 258 Bt 2 v B A B8 m i 485 R, Ve
TE 0.2 mg/ml B} % 5 3 35 3] 72.37% , H IC, H
0.125 mg/mL; 1 H ¥ £ B ¥£ 4.0 mg/mL B} 35 )|
40.98% ,1C5, {H2yfy 3.48 mg/mL,

232 HMEIETFABENERIEH HEZHS

V &T OF -iEBRVEHSE R NER4 7R, \TLLEH Ve 7
0.01~0.2 mg/mL ¥ & PN, 1 Bl 25 vk )2 04 18, i BR
O, - AEFIZ W5, 7F 0.2 mg/mL A} ik %] 67.82% ,
L IC,fH~ 0.13 mg/mL, i HLH % 2288 K e B2 14 im
T O, - W B VE 32 #4578 4.0 mg/mL A9 35 |
36.11% ,1C {5} 3.43 mg/mL, 5 V. 0 LSRR AE J14%
2,
233 BRARFEAMMIE A s A 0 iR R EE
F1 5 HPUEALEE J1 Z BIFFAE— 8 Q& iR R RE F7
R T AR I P L B R, A5 SRR RN IR AR B A
700 nm ZbISCAR I/ IN BN e e T =BT A AR BE T ok
0N W SR R R DU i B9 38 SRR TR . R 22
5 V. ®BFEREIUNZR 4 Fion, MEFR4 A,V FH &
Zo WA Rt Ve BE A 335 DR S'6 R 30 W 1 O, AR TR
WeRE 1.0~3.0 mg/mL B (I S6 BB /T V, WL
0.01~0.2 mg/mL B} IGREE , i 5L HR J1 58855 o
2.4 GCP2 & F MM E

KRR A A E T ARk GCP2 Xt Z Fhva
BRI P, 45 SR AN 5, AT RUE ) GCP2 X 24
P FAPE BT (< 2 60, ) 4 B3R B L i AR 28 A AT TR L FLBE Bk
TR A8 22 [P B (ORI T 58 S AT 1 i 9% v B
BB A — & B HIE R, JEH R 3.0 mg/ml 1 4.0
mg/mL GCP2 ¥ X K g+ B AN ini 9 5 35 11 B 250 5R
el T B P AR IR E] 11 mm , BH X HE A0 B B R/
Sy5ICA7.5 mm Al 11 mm, B WFSERAHE R 2Lt
RS A RN A, U R RS S, B
A3 ARG B 00 B A g i
3 it

SR FH R B T A3 AT AR T H B 2 B AR SR B
TASE BNy 70 °C B [E] 2 85 min R} LR
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13:1 ml/g T 600 W, 25 - 4 B As 32
4.23% ,

535K DEAE-52 £ 4k fil Sephadex G100 #E
JEAESE A X H B 2 b #EAT T gl fb, I X = 45
GCP2 ) BUls ¢l Wl AN 43 T 8 43 A E AT T WF 5T, 15
GCP2 2 i BATh Ak 7 28008 2 UM ZH R, PR OR Ll
247 0.166: 5.56: 1.60 ; GCP2 HH 3 FiAs [A] 20 43 4H 5l i B &
YIF AR, B Sy 5 F il 1.378 x 107 g/mol,
TS T RN P AR LR A FIE GCP2 AFAE oo— ML
A,

WO A AL SE I S5 IR W, 5V, WA L,
4.0 mg/mL H B ZWEE T - OH H f 3L BAG B 414
IFBRVERT, BB IR 855, XF O, - A i ZE W BR e
— M

H R ZWEHS T 6 Fh TR R B — 2 i m B
VEF , JEILIRE X R FF & 0 il 92 2 75 11 B 4110 o) 50 2R
B2 TR MR E N 4 mg/mL I, 3B B AT 3k 3|

11 mm,
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