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Study on the Preparation, Structure , Properties and Antioxidant
Activity of New Polysaccharides from Russula aeruginea Lindb..Fr
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Abstract: Using the fruiting bodies of Russula aeruginea Lindb.: Fr as raw materials, the water extraction and alcohol
precipitation process of its polysaccharides were established by single factor experiments and response surface method. Two
kinds of polysaccharides were obtained from the crude extracts by DEAE - cellulose—52 and Sephadex G-150.The relative
molecular weight and monosaccharide composition were determined by high performance gel filtration chromatography and
monosaccharide precolumn derivatization. And their structure and properties were studied by infrared scanning and Congo red
experiment. The morphology was observed by scanning electron microscope and atomic force microscope, and their antioxidant
activities were preliminarily studied. The results showed that the yield of polysaccharides from Russula aeruginea Lindb.: Fr
reached 4.30% under the optimum conditions of extraction temperature 84 °C , extraction time 2.6 h and solid —liquid ratio
1:23 g/mL. The relative molecular weight of the two new polysaccharides after purification was 18.05 kDa and 2398.83 kDa,
respectively ; They had typical characteristic absorption peaks of polysaccharides, one of which has three helix structures. The
scavenging rates of DPPH free radicals by Crude RLP,RLP-1-1 and RLP-2-1 were 41.19% ,38.97% and 39.27% , while
their metal ions chelating rates were 29.83% ,27.81% and 51.96% , respectively. The polysaccharides from Russula aeruginea
Lindb. : Fr showed certain antioxidant activity.
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TEAE A AR AL 25 AE B S5 AW RV, [l B
ZFh A Y iE e, P Al (B ARG D S
M FH I 0 28 300 336 P o B R 2o B R A
Z5VE (VT A W I R L TSR RN TG SR g T MR SR AR AL, B
JUYZ R T AE R A L BT A AR AT AR
LRAEAE RN —FhE IR E) 2 A 2B R R R & A
W, HA L NEE RS PR s SR A
AT HZG ARG o B P ANIF T 3 X 4 S
P STAEE H F B 9T 4l 8% 35 45 4 L W5 21 B Rl 43 25 LA
Ko ~F SLRAZ WAL IR It 0 B R TR A 5 i A T
SR ZHF PR EL 43 B alifh &5 T B FR S b A AR
W PR RS 7 TETF I 1 A DLATAR] $i% 38

ASIFE 1 UK 8 ST BT AR SR s 2 Rl & T2,
WI2E 4R 2R L Rh 4l Ak 22 0 1 45 A v B A B AR AR TS
P, AR ks M H 2 B i — A B i 2 & TR
PEE S I ST AN FH $R R S Rk 4
1 #elEF*

1.1 #HRENEE

WskE SRR L DEAE - £F 4 3 - 52,
Sephadex G—150 2R3\ w3 BANHPRIFE & (RIS I |
1,1- ORI -2 B8 (DPPH)  Sigma 2\ A ;
1-8FE-3 I L5 npms ekl ( PMP)  BATHL T 205 5
HABF S E = at,

RE52-99 JEHEZE &AL LW aR AR ;
S—4800 fffFR{Y Thermo 24wl ; HL-28 fHRZE i
PG S AT A ES A BR N ) 5 LC—20AD I3 ¥ /8 20 (0 13%
1 4N F] s Nicolet IR200 214056354 Nicolet 2y
w];SUB010 H¥iH 8% H 3.4\ A ; Dimension Icon J&
FhRME mE AT
1.2 LWmH*E
1.2.1 TR sk s Z PR e RS SC
k[ 15 ] FHPEAT T 38 B0, SR FH 7K B s 1 72 412 UK
W, B S T IR BT Y T 50 H 5 S A S
B JGHU5.0 g TEMY, HERHR B 1:20 (g/mL) 52818 K
A, TE 80 C /KR IR HE 2 h, B IRG T E KR
PEH L 5000 v/min B0 10 min, BB .0 5 B B3 HR
He4E 3 20.0 mL, Jil A80.0 mL1¥ 95% (v/v) Z, B
VT 10 h, BL25 Fh U8 W, S5 AR YR FH JC 7K 2 L PN il
TCIK 2, Bk Yo U 45 3 Uk, 15 B 4 & 2 L £ B ( Crude
RLP) , #f&¢aE 200 &m0 E 2 2% Sk 16 ], 424
WEFERRAE M 2R R y = 17.96786x — 0.01432 ( R* =
0.99396) , Z&PEVE A 0~ 60 weg/mL, I 11 55 4 & 4
ZHEIS R
ZHEAS R (% ) = EHUA Z2 0 5T b/ 4 4t 2 25 Ay IO 2
x 100
1.2.2  ZHHEBCRIii
1.2.2.1 FAPREKSZE  FZHR 1.2.1 $EECENE, 4 i
I PR B | B AS a) Rl B ST 2 A SR A R
B SETEHE B [A) R 435SR 2.0 h Fil1: 20 g/mL
Bsf, P gE $E HUIR EE 50 .60 .70 (80 Fil 90 °C % 2 b5 %
RS2 5 SR e A6 R L R BR B 43 914 1: 20 g/mL
F11 80 °CH , A FEHE B At A 1.0.2.0 3.0 Fi14.0 h X £
FEAS R B 5 i 5 F5 S AE B BRI RSt A 43 51 A
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80 °C F12.0 h B, W5k L 1: 10.1:20 1: 30 ,1: 40
H11:50 g/mL XJ Z2 0 HIFF- 3 A E I

1.2.2.2  ma RS BTt AR 1.2.2.1 iR
4525, W Box—Behnken thul 258, LU Sk 4
WA A A g W AEL , LB IO R 4 B 1a] RO L
HASHE, B AN 1 19 = P 2R =K P 3R I BEAT R
[[IRENL ez 42

2% 1  Box-Behnken i 55 % i1 K 2K F-3.

Table 1  Factors and levels table
for Box—Behnken design(BBD)
K
A= -1 0 1
A RBGERE (C) 70 80 90
B 2 i (h) 1.0 2.0 3.0
C B (g/ml) 1:10 1:20 1:30

1.23  ZWisresaite S5 SCER017 1 IR TiE Y
&4, B 100 mg FHL 2B ( Crude RLP) 3% T 10.0 mL
S - ] s R O Nl G O A = S - R N
FUh 1 BV [ DEAE— 14 2552 J2Hi4E (26.0 mm x
300.0 mm) , &K Z= 88 T 7K F10.10 mol/L (1 NaCl &
BB, LA 1.15 BV/h {10 min/ 45 4R . HRAT 5048
R P TR TR A T A A 1 T S AL Ay, 25 71 Ay BB EK
LR Aoy L P £ NI i 0 R ST I =X/ o 1 713
45 BT AT, 5 3] RLP—1 1 RLP-2 P Fh4)
Kaifb .

S22 SR [ 18 ] I AF IS M &, FREX RLP—-1 FI
RLP-2 4% 30.0 mg % T 3.0 mL X8 TR, B.0)5
B WS, RN 1 BV Y Sephadex G-150
JEMTAE(16.0 mm x300.0 mm) ; L 0.35 BV/h [ 75,
10 min/ WA o [R) BRI VR Bl £ Fmilc e gl b 2H 5y,
R P i Zealifb =9 R RLP-1—-1 F1 RLP-2-1,
(1 BV =52.0 mL)

1.2.4  FAXTAF B EE e SR A e R0 B L i
U B BRI B v i R A 4k 1 i Ak 22 BB RS 43 )
AL 5.0 mg/mL, 3 0.45 pm YPEME, EAE T AL
ELSD K5l %8 F1 TSK G4000PW,, (7.8 mm x 300 mm )
FER LC-20AD 5 30 AH (L 35, FEAE IR R 35 C 4%
R, #ERE 20 L, JHHE 0.5 mL/min [ 2585 17K %%
i, LAER B8 B 18] A 48 Al AR, 85 RO AH X 49— IOt 2k 1 %
B A YA AL B fHObR HE Bl 26, R RE A 88 B TRl 77 AT
BHARX 4y

1.2.5  FROBEZH B 2 HPLC K I 554 {5 FH i
LC—20AD =5 50 A 35 A, A 45 4 SPD—20A , £ 10l)
8 RP-C 4 (4.6 mm x250 mm) , {55514 30 °C, ik
BE R 20 plL, 3 1.0 mL/min, % 35 46 & J§ PBS
(0.1 mol/L,pH6.7) Fl Z 544 83: 17 B LLBIVR A BU IR
B o

S5 SCHR [ 18 ] HEAT PMP fi74: , B 10 Fi st ofi:
s 5.0 mg A HAR G IS M E] 1.0 mL X T oK,
B2 0.12.5 25 50 100 pL (34 FbR i SR S BOF# K
%100 pL, 435 A 100 L NaOH %4 (0.6 mol/L) 34
SHERA LV HC 100 pL iR A5 100 wL PMP— HH B i
(0.5 mol/L) VR A, B35 76 70 °C [ /K B b I g
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100 min, JZ W 45 R/ )5 ¥ = IR, i A 100 pl. HCl
(0.3 mol/L) W F A, 314 50 °C RUBEE 28 & #h 7%
FL2E TR 1.0 mL (3288 Tk fFI 45, 7545
WRAILABR 2 PMP R B /K AH . ZKAHZE 0.45 pum JERST
VR, _EAET HPLC SERERI

S 3R [ 18 ] AT 20 0 IR K fi , F slifb 2 0
el A% 5.0 mg/mL, B2 100 L BEW A 100 wL TFA
(4.0 mol/L) ,7E 120 °C JIZ )% 2 h, ¥ #1)5 A H s+,
JEH 100 pL 25 B oK B 3t Lk B BRIEAT PMP fiT
A _ERE
1.2.6 £r4MeiE =% Cmk[20] % 1.0 mg 19 284
F11100.0 mg VRALFTWTE 78 43 IF R L /-, FHZL A0
PR GEAT A
1.2.7  RIZRLLSEES 2% 3CmR [ 18 ], F 4l et 4 22 0
o il B 2.0 mg/mL, i A 2.0 mL K 5 21 3 7
(80 pmol/L) , KBy v & Sl Ak 4 e )2 DAAER 2] v S A%
BEHAIN(0.05~0.50 mol/L) , Ffic 5% 200~800 nm P [
T RIS o LARISR AT ffas Lt e,
1.2.8 B (SEM) F R T J7 B8 (AFM) JE 51
WA S 4 =25 SCHER [ 21 ], 4 2% %5 2 0 1 ) ek
4.0 pg/mL, HE =B FIFI T, - SEM (G HIT %
542 ) Al AFM WLER
1.2.9  PrEEfbimthsr s
1.2.9.1 DPPH H HEERGEHMIE =% 30k
[22], B 0~4.0 mg/mL [a] 44 [A] ¥k BE 4 £ 19 Crude
RLP RLP-1-1 RLP-2—1 F V ( JAMEXTHE) 4 50 pL
F 96 LA, MK K Jm A 25 pL DPPH Z, BE ¥ W
(0.4 mmol/L) 1100 wL ##&fiK ,IRAT, 55 MG N
20 min,7£ 517 nm ] OD {H K A, , DL AR KA AL 5
Has 4, H OD {Hid 2 A, ; Jo/k Z £ DPPH 2
FHedd, H OD {Hid M A, s iEBRFRITHE A

DPPH H HFIHERRF (% ) = [1-(A, —A,) /A ]
1.29.2 £EEFEGRRIMNE SH3CHR[23], 0
0~4.0 mg/mL [E]AH[E]¥#R EE4R £ Crude RLP RLP-1-1
RLP-2-1 Fi1 EDTA—2Na ( fH#: X4 H8) 4550 LT 96 FL
M ARIKIMA 2.5 L FeCl, (2.0 mmol/L) .10 pL FEHE
WEVA WL (5.0 mmol/L) F1 137 pL 388K RS, =ik
B 10 min F 562 nm ] OD {E5 A, ; LIZEM KACEEAE
ah X REZH, HD OD {HiC ok A, 5 LAZE I /KA EE FeCl,
W T4, 5 OD {5 A, B G 1HR A

BEBETFEEGR (%) =[1-(A —A,)/A]
x 100
1.3 ZHEALIE

BE LA x + sd Fox, i Origin 8.5 1E&], b &P
RNy 2253 B F SAS Ak (8.0 i)
2 HRE5HH
21 HEEREXW

PEEUIR BE X Z AR R 52 AN E 1a, Z 045 R
R $ BB, B 0 - s T T e S e TR SR, SRBUR
80 F190 °C (3% Jc i FE M2 7 (P >0.05) ,{/H 50 .60
M70 CHAFAERZFMEZS (P <0.05), NGEFEH
FE BEHL 80 °C i BRI

FREA [F] X 22 WE A5 22 (Y 52 0 AN & 1b, [ 25 $2 3

190 20204 550544

TEHM

5 F 4T, 258 5 2 W70 23 552 B0 S 1 DU ik, B2
G 1) %758 B 0 i 25 (P < 0.05) o R i i)
%2 b, SRR AR Ik 3.85% 111 2.0 h R 33
T K o 2 312 BB i 0 E K, 22 480 v 0 o
- A 1 i BT PO, R T 2 A 5 1 4 2
WL, RN R TS IEER 2.0 h A
SRR ]

B L Xt 2 RS AR BE , Fh P T T, B2
Y LR T | A5 2 52 T 94 01U W/ T )
B a3, ACKHE S 1510 A1 1:20 g/mL I, P %
(975 2 A7 76 B H Pk % 5% (P < 0.05), i 1: 20 ~
1:50 g/mLI 5 ATE i 25 22 5 (P >0.05) . 5Ok 5
K9 EE AR B, T ok 40 e ) 2 R S 4 2
5 IR R R A 1 S 4 25 0o G o A v R L I
BRI 1520 g/ml. A EE S HORHR L .

4 d _d
C
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Fig.1 Effects of different extraction factors on the yield of

polysaccharides from Russula aeruginea Lindb. . Fr
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i TR SIE B 1 45 R AN 2 T, JUT AR 4R 4 1 2
BEAS R A 15 5 72

Y =3.98 + 0.21A + 0.20B + 0.016C + 0.047AB —
0.090AC +0.017BC=0.18 A% —0.28 B*> —0.19C>

J5 25T R ANFE 3, %A P} <0.0001,R* f1I
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Table 2 The experiment design and results of Box—Behnken

e = A B C ZRFH(% )
1 0 0 0 3.96
2 0 0 0 3.98
3 0 -1 1 3.34
4 -1 -1 0 3.17
5 0 0 0 3.97
6 0 -1 -1 3.30
7 0 1 1 3.76
8 -1 0 -1 331
9 -1 1 0 3.50
10 1 1 0 3.98
11 0 0 0 3.99
12 1 0 -1 3.93
13 -1 0 1 3.48
14 0 1 -1 3.65
15 1 -1 0 3.46
16 0 0 0 4.01
17 1 0 1 3.74

0.0697 > 0.05, #H X} F i 22 WA s 25, 156 W Iz A UL Ay
Kn] FH TSk 2 A R W . AR a5 KR L3S
HAEFR P AETT DL A E B R A0 B3k, P (E ik
N BB B . PR A (BREGEE ) (B(3E
Hepsta)) 1 C O e ) #2 #2835 (P < 0.0001 )
AN, BEAERAN g5 R, A 5 B 10 B AER N W 35
(P =0.0223 <0.05) ,A 5 C B EAERON A B2 (P <
0.001) ,f8 B 5 C (W EAERUNV AN (P >0.05), ¥t
A $ B B RN 2 B sk 18] A% AH 5 A FH DA R 32 BGTEL RE
LR e B AR B AE FH X £ 7k 22 B A SR A0 52 I R 2
E IS

o 23t % 2 HE B AR PR B T2 A 4 )2 83.78 °C,
2.62 h,1:22.67 g/mL, {53 %y 4.04% . M3 25 S8 1
BRVEVE , S BORE (B [E Aokl L4351 A 84 °C 2.6 h
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F1:23 g/mL PEATIRIESCUR , 155 Hy 4.30% 5 FSH
AFH2E 0.26% , #f— 25 B iE T 120458 8 11 v F-4: o
2.3 ERTEEENST B4

FH & 2 AT, H 4 o fH 22 Bl 48 DEAE—£F 4 3 -52
S FRAT P20 7 00 V8 I 0, WAL 21 43 43 Tl i 44 R
RLP-1 F1 RLP-2, i#—2£ 2% Sephadex G-150 214k
aifb s (K 3 Fras) , 43 5 WA 45 3 6 T8 T8 I s Fk 1Y
RLP-1-1 RLP-2-1 ZH /), Z2BH P LH 53 1 4l B 558 v

=IOk
RLP-2 — NaOH#WR Ik S

T
<
[

1.6- %
£
~ 124 0.2 }g
< =
= 08 RLP-1 g
X 01
= e
0.4 - J %
L0.0 &

0.0 . . : :

0 20 40 80 100 120

60
EH(T)

K2 fixuk 2% DEAE- £ 45K -52 B pe it 2k
Fig2 DEAE-cellulose—52 gradient elution curve of

polysaccharides from Russula aeruginea Lindb. : Fr

2.4 SRS ENERER

AR T R R S 2k 22 B 04 AH X 4 T B 0 4
(I 4 FzR) ,RLP-1-1 Fl RLP-2-1 24 5L Bl B — X}
BRI, JETT 96 UE i BE 4 8 o RLP—1—-1 1 RLP-2-1
5% B2 I [A] 4351 4 17.85 F1 9.95 min, 144 ] 45 7 Feb 41l
A BE R4y 504331 18.05 2398.83 kDa,

IR PRI AT £ 4t 22 B 04 B 2H R e 45 2R (an
K5 Fin) , B a.b e 435l 2R sablibn i i alifb 2
¥E RLP—1—1 Fl RLP—2—-1 [ HPLC &, a [& i
1~10 AR Sy H Bl AZ0E | BRZ50E A 2 W R 2L
PHTEETR A0 2 B 21 FLBE AR L BT S A0 B RIS S
E b haifbZhE RLP-1-1 #§ HPLC &, i IE 7T 5%
ZE o =P 2B L, BV 2 HE 2 LB RIS b 2

®3 T
Table 3 Analysis of variance
Ji ZEARIR 7 A F o7 F{H P
A 0.34 1 0.34 321.70 <0.0001 """
B 0.33 1 0.34 310.11 <0.0001 ****
C 0.002113 1 0.002113 2.00 <0.0001 ****
AB 0.009025 1 0.009025 8.53 0.0223 "
BC 0.001.225 1 0.001.225 1.16 0.3176
AC 0.032 1 0.032 30.63 0.0009 """
A’ 0.13 1 0.13 123.29 <0.0001 """~
B 0.33 1 0.33 308.72 <0.0001 ****
c’ 0.15 1 0.15 145.20 <0.0001 ****
5k 2 0.007405 7 0.001058
L=l 0.0529 3 0.001975 5.34 0.0697
R 0.006 4
AR 1.4 16

TE:R® =0.9947 ,R2 =0.9879; « KR 22 F W P <0.05, «x F/REFFEELE P <001, %% FREFWEE P <0.001, %

* RNZEFH G P <0.0001,
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Fig.3 Sephadex G—150 elution curve of polysaccharides
from Russula aeruginea Lindb. . Fr
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Fig4 High performance liquid chromatography
T ra: RLP-1-1 [ S 20 s
b:RLP-2-1 F) R0 i 1
A, 25 B R = EH B N R 5.35%,
67.02% F1 27.63% . & ¢ HMalifbhZ P RLP-2-1 [

HPLC &, K n] 51 RLP-2-1 P 28 BE 4 % o
Halskai Z BE L AN G E N E 6 ras, RLP—1-1
F1 RLP-2—1 ELAF 3400 1 2926 cm ™' Z2 44 4iF W2 115
TS AR AE 1643 em ' AbHAT C = O HEXFFRTE
MR4E R 3h B 51 3 Y 450 1F 04, 3% 00 & 138 & & B 1
B 51355 11250 em Ak i g I A R 3 Y B A R
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PRHEHREAT 51150 1 1080 em ™' F4RAF I B & 411 A
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Fig.6 FT-IR spectra of RLP-1-1 and RLP-2-1
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FEFE I = MR 45 4 55 LA W 1 A S, AN — R
TR 4 ) A 2k 22 B[R] i) HL AT A8 v 4 70 I 983 9 o, T
e R == TR MR 45 g 7, L e R T S R
TR 2P W AN HAT U 6 v, SR A 2 T Bl
HOIE i IR HE S5 T ARAG P bR TE L o PR I T 4
WELAT = JBESUiE () RLP—2—1 W] R H AT 4% i i e fib
RGP , S Jm LX) FEEAT TR U PR BT ST, A A 2
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Fig.7 Effect of NaOH concentration
on polysaccharide wavelength
RLP-1-1 ) SEM 4N 8(a #1b) ,10 pm A2k

([l 8a) 3R B 2ol 52 B 45 14 (O URLER: , 2R 1 DG B
AHXT - H& , 300 25 [ NS, BSURE 19 R /N B B 4% 5, %
FLAIREHERL . 20 wm BOLESR (18] 8b) WS T 5250
R/ INBORE , X BB 208 47 7 2 B Ay R A 5 R
J1, W51 3%/ . RLP-2-1 ) SEM 4[5 8 (¢ il
d) ,10 pm LR (K 8c¢) 50 pm 45 R (E 8d) 11y
LR, W R A — i i MERR B TE SR, 2w
TEEVFZ 28, B0 T IR Lt PR g A F B HE S+
55 AFTERSEAR AR J1 , 20855 ¥ 1l Ge A 15 18 iE
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