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Abstract: In order to shorten the production cycle and.increase the yield of polysaccharides, the selected strain and the optimized
fermentation medium were used for liquid fermentation of Auricularia heimuer. Under these conditions, the yields of crude extracellular (EPS)
and intracellular (IPS) polysaccharide respectively were 10.4940.27:g/L and 3.0520.03 g/L. Furthermore, in order to realize the reasonable
utilization of fermented polysaccharides, the enzyme-Sevag method-was used to remove the protein from the EPS and IPS. And then the
polysaccharides were separated and purified by DEAE-52 and Sephadex G-200 column chromatography. Subsequently, the functional group
analysis of the purified polysaccharides was conducted by Fourier transform infrared spectroscopy (FT-IR), and the effects of the purified
polysaccharides on antioxidant and moisturizing were evaluated in vitro. The results showed that the enzyme-Sevag method could nicely remove
the protein from the fermented polysaccharides with.the purity of the deproteinizing polysaccharides (DEPS and DIPS) more than 95%, after the
column chromatography, two mono-component PEPS and PIPS were obtained, respectively. By the FT-IR functional group analysis, both PEPS
and PIPS were presumed to be g-configuration pyranose. Finally, with the comparison of antioxidant activity and moisture retention, it was
found that PEPS was superior to PIPS in reducing ability and scavenging ability of superoxide anion radical, while the PIPS possessed higher
abilitiesin DPPH radical; hydroxyl.radical scavenging and moisturizing than PEPS. In summary, these findings provide a basis for the rational
use of different components of . polysaccharides from the submerged fermentation of A. heimuer, and lay a theoretical foundation for their
application‘in food and cosmetics.
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PERFF TR, % SNIE AR 0 P 2 U A H
B A LB PR B TP AR,
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1.1.1 BHXEH
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R BAHE, BAH 2 5% (HME2,
F i w5 2007018).

1.1.2 K5

2F4E 3 DEAE-52. i ZXHEEER Sephadex G-200,
iR AR R AR AE s PR AR (50000
Ulg), FEREMAY TRARAR; M. PR
S, TERRE AT TRIREE. TOKLEE. KW, TRER.
SEH . IETEE. PURMAR. 1,1- —A5E-2- = h4dt
ZF (DPPH). #EMLET. =& &R U4/
4 (EDTA-Nay) - BUEE/K . =52 H SEEUE H 2K (Tris).
A=y HIMERA.

1.1.3  BhXaEsik

Witk se ot (LCYM): Fi%iph 2000 g, &
HP 2.00 g, BAREE 2.00 g, MgSO,7H,Q 0.50 g,
K;HPO, 1.00g; KH,PO, 0460, MIZEIKERZE 1.00
L, pH BH%A;

FEnil Kk ek (BFM): % FE 20.00 g, &H
J:2.00 g, KH,PO,2.00g, MgSO,7H,01.00g, fnz%
TKERZE 1.00L, pHELR;

REERIRIL. HWE 28.67 g/L, %Kz 117.83g/L,
MgSO, 7H,0 100 g/L, K,HPO, 2.00 g/L. %k JziZ 1 30
min J&y. WK 30 min, B TR B 70,

120 flas 5% 4%

LRH-250L fEEE 7746, Filg—tEREAEA TR
AFE]; ZWY-2102 fERPEIR, IR TS il &
J s SW-CJ-1CU i TAE &, 73 & A IR A ]
LDZM-80KCS k&7 K s, g 2 =T 48l
] FE-20pH it, HRFE); RE-52 gfhzikds, Ll
WEARAEAAXES s 3K15 v R B3 CobL, £ [ Sigmas
101-2AB HY L AEIR SR 1EAE, REETT R IR 2
PR SCIENTZ-18N AR TE0L, T 24
BB AR AT KQ-5200DE M HIH MR, ELL
TR A F] s 35T SBS-100A H 2K
s, LHEPTEAHTIEE) s UV-1800 4R WAt
J6RETE, HACREE: Nanodrop 2000C B4
it, FEEMA; BSC-250 HiREEA, igERsnk
HIRAFEES T 545 TENSOR 27 {8 1M AR e 4
B, {E[E Bruker.

13 7

131 EAHEEIAREMS

BRI R B 5 [ R 52 AR R AL 90 mm AR T
25 ‘CHi#:5 d; FH 8 mm FTFLEHTILIG IR B A
30 ML LCYM J#5RFEHFR 5 ds 19K 5 mL %
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FhE] 100 mL il & R 7R Ak, 25 °C. 120 r/min 4z
GiREFE 4 ds $% 110 BRI R B R
Rl gedkrr, 25°C. 160 rimin JR¥% 1555 7 d.
132 %45 5H. K

BEFREE R R O (R R R T 6000 r/min B5.0
15 min, YHE i, FZRTB/KVRRERR 2 0, BO)E
A I EIEW, 60 CREABIERYE, TN 4 f5AFT0K
ZEET 4 CytyEd ™ 8000 r/imin £5.0» 10 min, &
LU0, AURTEREFRESZIRIMEZHE, 2 EPS.

WD G R ERA R T8 FRE, AR R IR A
TR 22k (/L) Fafeid 60 HIf, fkRitt
1:10 IHNZEMEK, T 121 Cr s A7 K EA R EL 1.5
h, AHEEIEHIER, EE FlREAE 2 Xk, SRR
BRI B0, BOH T AR RE, i
E IPS,
133 2EeynE

Z PO = MIE R R -RIRE . S5 ik
NY/T 1676-2008 2 fill % % # Fr #E i 28 ,
Y=10.003X-0.022 (R?=0.996). ¥4 TFHEEIHEIIH %
PR RSO R, FERAFREN 0.50 g FHZKIB/KIB T 2 2
%100 mL, 4% REH AT BRI S 1) 2R - BRI
SEAEE, WIERES 490 nm ARG, WEREFRERTZE,
HHELPESE (C, g/1009). Jfititst x> a
Y, g/L):

Y=C>m/VV 1)

H¥, CHSHELSE;, mAHLHEEPS K IPSHE=,70;
V RE B, L.

B B e R A D S G-250 .
1.34 MEZEREEG

KHG-Sevag 1% EFRFHLBE EPSWALIPS
o BT LR K 1.00% (M) IZ KRR,
IO Z K57 = 3.00% 1) PR 2R I, 9755 pH 2 7.0,
42 “CHH#3 ho " Z i B 2 B /KW Sevag X7 [5
15 1E TEE=4:0(VN) ¥ 4:1 EFRELIR G, TR0 RTE,
4000 r/min 25.0> 15 min, W& FJEKMH. BERE BERD
BRH 2 /KA FIAHUAHRITC B 2 RSB, AR EX
R, HEME TR HAE 220~400 nm
WA O, HifRAE 260 nm A1 280 nm 4b 6 B & )
WS . fe fe i I R T I 2 KOk 4 . BT, 4
TSR EE A ) Z B S0 DEPS A DIPS. K-
BRBIER I 2 52 (p, %), HHE L HEHA R (L, %),

L=[1-(mg>p/Y)]<100% @)

KT, LA EZHEFKE; myh DEPS & DIPS =&, g/L;
p 4 DEPS X DIPS #5946 ; Y AKX (1) FxF R EPS #= IPS #9
=&, glL.

1.35 S ABGGAL BT B LiAL

iEF 26 mm>B0 cm EFEEHTAE, FREL 50.00 g
DEAE-52 #K, #B4li/KI LA, 2%4%, 0.01 mol/L pH
7.8 [ PBS 1T HiiH: 1. HERIFREL 200 mg 2248 H
2 HR AT 10 mL #4K T, 0.45 pum fFLIERE
i€ ERE, 4KYKFH PBS. 0.10 mol/L NaCI-PBS. 0.20
mol/L NaCl-PBS. 0.30 mol/L NaCI-PBS &7+ 125 mL
BEATRRREGEME, BEBAUEY 1.0 mL/min, %5 mL Y&
7%&#%:'[32]::

- ERIE I R 490 nm Wl A e, DL
W B 0 R A TS B th e, AR Hi et
TSRSy, 4G B, IR T

W2 & B % (11405 F Sephadex G-200 i —35
srEaitk, JWshAgEA0.10 mol/L NaCl %k, LFERT
FETF TN AP 10 ho BEARZK I Al 2 2 50 1 % 20
mg/mL ¥, 1 m _ERE, ZitiE o 0.3 mL/min, 3 mL/
B AT R -BRIER AN 20 B i, e
Loy B I [F]— E U IR S B USSR VRO S — L4y, TR
e BT T, Jealic PEPS #1PIPS.
1.3.6° Lxbhstit ot

HU T84 T 44k Z 4414y 2.00 mg, 4315 KBr
A, W R, RN B AR SR 2T AR 2t
TP, 13X ] 9 400~4000 cm?.

1.3.7, BARK B BRI B AT E AR
1.3.7.1 JEREIHIME

WeHL 0.5. 1.0, 2.0. 5.0. 10.0 #120.0 mg/mL ¥
itk ZHEH R 2.5 mL, 235 25 mL PBS
ZZM (0.2 mol/mL, pH=6.6) F1 2.5 mL 1%HI4:E L
B, JRAJJET 50 TR 20 mino A RSB
2.5 mL 10%1) =5 4%, JE>))5 1000 r/min .0 10
min, HX 5.0 mL _E3&, I 5.0 mL ZE48 /KA 1.0 mL
0.1% = FMWEIAE, TRAGHEE 10 min JIE 700 nm
REMRERER, R (R R (Vo) KAt
BRI, BRNREE =ASPAT, BCFME CRIFED.
1372 BHEHHIEFRREEIE

FLLAE 520 nm AT KSR, 3T
H,0, 5 Fe®* e M= A 23k [ it (OH) TRt fa
TR, RIERIROREERIORRIE [ it
HEP, WOLESEOR, RO E RS R, R
WO R A R RE e .

Boil AR R, BARDN 10.0 mL, 35 1.0 mL
PBS Zifi (150 mmol/mL, pH=7.4), 2.0 mL FLL%
W (520 pg/mL), 1.0 mL EDTA-Na,-Fe® &7 (6
mmol/mL), 0.8 mL HrfFALH] 0.3% H,O, i, 0.5 mL
ANFIHE (0.5~20.0 mg/mL) I HEETRA 4.7 mL 2%
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K. 40 ‘CIEIR/KIS 30 min, HUHYAE1 20 min JEill
5E 520 nm AEWROBRE A KRNI INZ MR, T
FIEIL A T AHPLZEKIVE H0, M AR
WOBREE Age LAAHRIREEY Ve ZKIEHAE FE X HE

25 HFTERR (%) =(A-A) (Ag-Ad) X100% (3)
1.3.7.3 DPPH H HZiERRRE I 2

B 4.0 mL AN [FEHE 2 BEE W (0.05~0.80
mg/mL) JIA 1.0 mL DPPH ¥ (0.2 mmol/mL), &
YIRS, SiE NEEHE 30 min, JIE 517 nm AL
R Az B 4.0 mL SRR E 2 HEE0N 1.0 mL JEK
IR NT AA, A JEEECE 30 min, JEE
JEN Ag; BX 4.0 mL DPPH #5301 1.0 mL Jo/K ZEHE
SR, JRA)E=imEE 30 min, IMEBOCEE AN A
FHIFIARFE R Ve ZKIEERITERT IR, #E %R b

THFRZ(%)=[1-(Ai-A)/A] <100% €
1374 EEYIET HHEEEBREE I E

HY Tris-HCI (50 mmol/L, pH=8.2) ZZ 1 4.5 mL,
25 CFf5 20 min, Zr3I0A 0.1 mL AR EE

(0.05~0.50 mg/mL) HIZHHAW, SR/ 0.2mL5

mmol/mL 28 =AW (10 mmol/L HCI e i),
VRAIJE 25 “CHRIE 10 min, JREMA 10 mol/L HCI #%
W1 mL 2k, SERIT 320 nm NIPROGAEIE A
10 mmol/mL HCI AR E AR 2K = Bvaii s (20, e i
FEFEN Ags STHRZA LAZE TR Z MW, TROCE A
FHIFIARBER) Ve KIS R, #AE 77 [R] Fe

R A T B R B %= [1-(ARA) A<
100% (5)
1.3.8  ZAEARIMRIZ TR

SIRSCHRE, PRk 2 MR H i 23 5 R A8 K
Bt i 5%, 16 60 mm 5% 5% M CE.ED, %) Hi7E
FEFRIMLA NG — 2 3 M BERRE S 7 Bl 2 b
T HIER L ZETRK & S00uL SIS I,
FRELJSHON 25 CHHRREEE 60% [FITRIREIEAR M 6 h,
R LN/ B =, R SR E R 2 T AR 2R

L(%)=Mt/M0x100% (6)

E: MO A EE, g MEABKEEETE, g; t ARKE
B, h,
1.3.9 %ttt

A E S 3 kL b, RIEdE KA Excel 2
AT, FE{ER] SPSS 17.0 Bt Bt dk AT 2 5 B2
PE3HT, LL p<0.05 Al p<0.01 i 7 5 E LR,
FEGLERLL (meanSD) #oR. KA Origin 8.0 i fF
BATEAR D HTEEL

2 RS
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21 MERKBERASELE

R G, 193IF 24 EPS 21.5040.51 g/L, 7
-t A A MU A 2 B () & B 48.7940.11 g/100
g, AR (1 HHsh2HE =8N 10.4940.27 g/, &
Z T Hodth AR H R AR R B s 2 e,
T B LAk 8N 24.7840.63 g/L, [ EHUKIZHR15 3
FHZ 0 IPS P78 N 4.2320.03 g/L, ASH-RiERIFAG I A
N2 HE SN 72.1320.17 9/100.g, JAN K~ Bk
3.0520.03 g/L. EEPLHTS EPS A1 IPSHh & i & &5
W2k 7.9640.61 g/L 1 0.6740.06 g/_. Fig-Sevag 72 if&
FHZ2B% EPS F1 IPS 5 H it 543 £1) DEPS. Al DIPS /)
A 9.8320.27 g/L A 2.7940.04 gL, A -HrRBRiZA ]
DEPS #1 DIPS 1 2% & & 705~ 95.2240.91% 1
98.5040.30% , 7 HAIff-Sevag 72 1T AR G e it 4 BB AR H-
AR T EPS ATIPS MR . A (2) it
SO A AR 2 AR R 220N 10.7540.77% F
10.0640.67%, & Wif=Sevag 27 it 5 [ 1t 1 2 4l g
(1) [P 2> B — e ) 2 WEAT O, o0 AT R IR ] B2 0 43
WA T TR A A O B T B Bk B
F R E DEPS Al DIPS thEE & &4 AA
0.4340,17 g/L F10.0320.01 g/L, XELRyl e LBE
P A7 AE (75 2 Bl Al BE A AN F] 100%.

22 ZHAEHN

DEAE-52 £ 4 Z 1 Z47%F 200 mg DEPS #1 DIPS
Sy S S5 F L 1o Bt th 2k n] LU Y, DEPS (a)
HAE—AFE (DEPS-1D, 7R E AT RE &AL 5T
FrEANEE IR A AESE R A b 2 = I (R m A 2
SN —{L. DIPS (b) FI7E PBS Pt —14
FIE(DIPS-1), 53 7E 0.10 mol/L NaCl-PBS #10.20 mol/L
NaCl-PBS BEl K A 2 4~/NECDIPS-11 #1 DIPS-11D .
53 5 DEPS #1 DIPS f £ [#14H 5> DEPS-I #1DIPS-I,
R4 BT BTSSR THE T 167.6443.48 mg Al
132.7242.64 mg, [Hl i 2 73 7] Jy 83.82:.74% I

66.3611.32%.
a 20r

DEPS-1
1.5F [\-\
§ 1.0t \
2 |
o
ost | .\
| .
0.0F |_ 1 1 1 1 1
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=5
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Fig.1 Elution profile of the deproteinized polysaccharide DEPS

(@) and DIPS (b) by column chromatography of DEAE-52
q 025r

DIPS-III
-

0.20

0.15

oD,

OD490

0.00k ! 1 I
0 5 10 15 20 25

& 2 Y55 ELH 45 DEPS-I (a) F1 DIPS=I (b) & Sephadex G-200
FEEEELRhEk
Fig.2 Sephadex G-200 column chromatographic purification

curves of the polysaccharide components DEPS-I (a) and
DIPS-I (b)

% DEPS-1 #11 DIPS-1 Ji] Sephadex G-200 i#t—54y
Balith, YelthZeanE 2. nrCAE i, DEPS-I fil DIPS-I
oyl e, FWRF DEAE-52 4y Hif3 DEPS
F1 DIPS &4 43 &l 5Ef. MIETEKE, DIPS-I [
AL DEPS-I XS FRIELF HIgETE, FKE DIPS-1 44431
S PR DEPS-I B . ralfisE DEPS-1 Al
DIPS-I £ 0.10 mol/L NaCl e iiIzs 7~20 &A1
5~20 %, ZEWRAR BT DTS 13T PEPS MTPIPS.

PR JE v 5[ # 2 il v 93.6342.76% Al

95.8542.02%, #H] DEPS-1 fil DIPS-1 4, W
DEAE-52 i BA A H R A K 1 22 i 2H 23 1 73 B R R o
DRLE,  7E o 252 P RE R EE VR A O 1 22 W 9 FH v m A
DEAE-52 AT — R or B 2lift, BER] 1544 I R S RETTZ)
AR

2.3 At AT

100 (a) PEPS

90 +
80 |
70+

1654.65 2025.53

60
50

Transmittance / %

3396.09
40+ 1079.96

30 ! 1 ! ! I 1 1 1
500 1000 1500 2000 2500 3000 3500 4000

Wavenumber / ¢cm’!

100 ~ 860.11

(b) PIPS
90 |-

80
70 -
60 +
50
40 -
30+
20

2927.46

Transmittance / %

1024.03 3398.01

560 10(|)0 lSI()O 2600 25I00 30|00 35|00 40I00
Wavenumber / cm!
[&] 3 %4ELR5> PEPS (a) FAPIPS (b) EULIFMEIER
Fig.3 FT-IR spectra of PEPS (a) and PIPS (b)

PEPS #1 PIPS £L4Mgit & Ae 470 LI 3. PEPS
() M PIPS (b) MUERIEEA—F, HY5OHRIAEMNE
ARET- SR 200 [ o o 1 o 2 WL R ik
KBNS 2 RPN AN ERE ML, PEPS () F1PIPS
()43 5I7E 3396.09 cm™ £113398.01 cm™ kb5 & 11) O-H
IR ZNIIE, 76 2925.53 cm™ F1 2927.46 cm™ ib AL
A C-H fh4atiRzhids, X abm IS ek 2 54 o 1 i
TURR1EIEP*37  PEPS (a) Al PIPS (b) 75 1654.65 cm™
REWR I RTRE T C=0 (Rt al S8, sk RIfEAELE
A7k R R, PEPS (2) #1PIPS (b) 4
WITE 1407.80 cm™ 1 1411.66 cm™ &b C-H 2455
WRiclég, 7 1200~1000 cm™ JE [ 4 %45 =AM C-O-H
AL IRHER C-O-C H C-O {h4iHRzN 51 AR MM i, 35t
B PEPS #1 PIPS SN £ pu2o36373941l pEpg 1

PIPS 4357 931.46 cm™ 1 935.32 cm™ 4bA Wi,
5 R BEIIAAAEA R, HEN R KB PEPS
FIPIPS g p-# RIS e . BE41, PIPS 7 1243.88 cm™
KA S=0 W FRBLAHREN Y D, 8] PIPS rh7EAE
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TR o
24 ZAEWHFLAMNIE EHR
241 &R A
3.0F
25¢
20F
i
15+
=S
1.0F
= V¢
0.5 - PEPS
ook - PIPS
0 5 10 5 20

WL / (mg/mL)
& 4 BAHRIA%E PEPS ¥1PIPS TR
Fig.4 The reducing power of PEPS and PIPS from submerged
fermentation of A. heimuer

mi& 4 7750, £ 0.5~20.0 mg/mL KR ETE RN,
HRH4L PEPS. PIPS [if 5 )75k fE 35 2 R AT
M2 ¢ &2 (Ypeps=0.1129+0.0984X , R?=0.9996 ;
Ypips=0.1040+0.0598X, R*=0.9983), [tV [ (I A,
W I ETE SR . TEATIIVR G Y, DEPS ik )i
IR ST PIPS 1) (p<0.01), HFEEWRE R8N
ZEFE PR OR, X5 OB FR A AR HER AR R
T O A PR 20 S 5 7 B ety AR A 2T, Je
A RER TR TR AR AE], B T PEPS AR,
P, TR T HSER . 5 Ve AHGTPEPS A
PIPS &7 /34 w2 T R Ve, X5 ChRiE
#§&[26,27]0
242 xt#BEA (OH) HFkREEH

100
80 -
£ 60
g 40
e
20F = V¢
- PEPS
ok -+ PIPS
1 1 1 1 1
0 5 10 15 20

e / (mg/mL)

&5 BAHRALEEPEPS 0 PIPS X#2E B REAEMRIER
Fig.5 Scavenging capacity of PEPS and PIPS from submerged
fermentation of A. heimuer on hydroxyl free radicals
WREEFE 0.5~20.0 mg/mL 2 [H], &R H S
PR BEAE VR L G iAok (1 5D 24K EEAE 0.5~5.0
mg/mL JEEIA S, PEPS Al PIPS HI¥23E B L&At
SR EEST Ve (p<0.01); {EWRE AT 5.0 mg/mL

54

i, PEPS [I¥23E H HFIEFREE I B KT Ve
(p<0.01>, 1M PIPS [iERREEIS Ve ZRALE
(p<0.05), 1&EFRZE N 81.0342.92%, K PIPS Hi%E AL

DI AERT A VT N PIPS (Wi bR EE S i & T

PEPS, & HH B A ER 4 A PR Y 22 W Rk 1) Eh B B

RE I m T A2 HE, SR AR AR AR K A

AR AN 2 B R R 1 e e s — 3,

243 %f DPPH g &1l iRee s

100 +
90 -
80
70+

R /%

60 | = V¢
- PEPS
-4 PIPS

50

40t

00 01 02

013 0.I4 U.IS 0j6 OI.’." O.IB
W / (mg/mL)

B o6 EAE k% ESPEPS 1 PIPS X} DPPH B EHIEHIERIR
Fig.6 Scavenging capacity of PEPS and PIPS from submerged
fermentation of A. heimuer on DPPH free radicals

tH L6 ] A BEE VR G N, Ve, PEPS F1 PIPS
X[DPPH H HHETERREE /1356 B, HH PEPS Al
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