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Purification and biological activity of Tremella fuciformis polysaccharides
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Abstract: In order to obtain a purer Tremella fuciformis polysaccharide (TFPS), the crude Tremella fuciformis polysaccha-
ride (CTFPS) is purified with AB—8 macroporous resin method, enzymatic method, trichloroacetic acid (TCA)
method, and glucono—delta~lactone( GDL) method, respectively. Based on the loss rate of polysaccharide and re-
moval rate of protein, the method with the best deproteinization effect was selected from five different depro-
teinization methods, and the process conditions for deproteinization of TFPS were optimized through single factor
experiments. The structure of TFPS before and after deproteinization was analyzed using IR and SEM. Mean-
while, the bioactivity of TFPS before and after deproteinization was compared through the antioxidant activity and
moisture absorption and moisturizing property tests. The results showed that adsorption method with AB-8 macro-
porous resin was the best for protein removal, and the optimal process conditions were aqueous concentration of
CTFPS of 5 mg/mL, dosage of AB—8 macroporous resin of 100 mg/mL, adsorption time of 5 h, and adsorption
temperature of 20 °C. Under these conditions, the removal rate of protein was 82.47% and the loss rate of
polysaccharide was 18.24%. Moreover, the antioxidant activity, moisture—absorbing and moisturizing properties
of TFPS after deproteinization were stronger than those without deproteinization.
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AR AT BE e 2 B A E . R,
TR S A AR H 20, TR EEXT CTFPS M1 74tk
AbER ., RO AR AL UL AR B ARR A A
Sevage 15 |k ERERYL (ER AL L REEG L KELHHIR
W BfF N =50 LR (TCA) yEAE-1, Hodr 3R R VL AN
TCA 28 R A5 5 a2, {HUE 20 0 D) B R
AT 1T Sevage ¥ AE I F& & Tbhin T,

AR AN R = R BB & i A8
FREMAN, BHAT, REHEEHRETREZ
WEAIRIUCAL , I3 CTFPS HEATHT AL K 24 B2
TIFGE , XA I8 B3 2 1 i %o R 22 T 4 A A o e
o ARWFFERT CTFPS AT AR AR FI AR B, DL HE
P AN bR R A HE AR th A A Tk
Xz 7 it T T2, I LSRR H- 20 & (A e
BT E A TR T A R AR R

1 SEIEEH

1.1 KEMRENEE

PR BRH SR T AR AR ok &
B AR A 2= AT B B 05 1, 1 - R g -2 =
HEORME (DPPH) , F¥ 22 se AR AR BRZS ) 7 5
ARy, KRBT K KA BR 2 F1 77 i s B iR L &
A, R T XU A 27 R B B A BR 2 |17 il 5 MR
21 TCA % S ik G250 .4 13 F & FH D2 b
ik 5-INTiE (GDL), FIEERRL T A AL B B A BR 2N )
T e DA bt

0 - HI -3 T e it pis , LT 44X
P BRTAT A TP 5 TU=-1810 B Ee4h—n] WL/
1 (UV), i SEis ik A BRA 7] 7 i s Nicolet—iS50
FUE 2T MG (FI-IR ) , 2 [F] ThermoFisher 2\ ]
77 i SU3500 AY4T 4 L+ W (SEM) , H 4% Hitachi 23
GG
1.2 CTFPS#£EIZE

B3 o BHFSCAOR A, 2 200 H i, LUk
1/60 g/mL, {324 FT 3% 4 min, 7£ 90 °C F/K4E 7 h,
ZJE 200 HELEIhIE 20 min, JE 5 KL 2 h,
BIFRIER . BT, LA 4 5 RRRAY 95% (fAFR
O CFEDIVE 12 he WG EEUTRRAE 8 000 r/min &
O 3 min, KBR FIHWL TER T T 10 mLKH R 12
h J5755] CTFPS #K .
1.3 CTFPS iEBRIZ

Fic B R S mg/mL (1) CTFPS /KRR, K A

[ T2 AT 2R BB o

(1) AB-8 KALWIAEML AL (AB-8 W ff: )1, AB-
8 KALMINR A o FH AT L e AT B BE , BR 25 it
H R A 22 RN BLA . WAL B R < SEH 2 iR
6 h, g5 e R ICEEM, 1 mol/L 1Y) HCI %=
2 h, &5 H 1 mol/L i NaOH ¥R 2 h, U8
Jr FZEABK PR E pH ik, HZEIB/KIRIRATE 4 C
VKA 8 o A AL BRS B AB-8 KALBI IR UEA T g
FREC 2 ¢ W2 3 A K AL AR I A 20 mL CTFPS 7K %
WA, B, T 30 C KRR ERASIT 3 h, U85
TR AR H 20 . 898 CTFPS /KA &= ik
JE AB-8 LA R FH £ B ] R o 38R 3 %o 2
JoT BB R B R AT R 3 2, O E, L3R
15 AB-8 W vk It & (45 2] 4l ik 2 4% TFPS 14k 1k
T,

(2) P, B CTFPS 7K¥%5# 20 mL, fILA 20 mg/mL
AR ARG S{HN 6 T3 Ulg), 50 °C /K58 v i
1h &, FHE IR 2 90 °C K 10 min, ®H E = .
7E 8 000 r/min F 2.0 5 min, BREVIVERH 1528
EHBRE 2.

(3) TCA M, BU CTFPS /K& 20 mL, 5 &4
R 10%01) TCA B IL pH EIH % 3.0, T 4 °C ik
B 12 h, IR R FSUONE S R TS B R A AR H 20

(4) GDL #£1', B CTFPS KA 20 mL, Il A JFi &
S0 2% GDL VW, fif GDL (Y Fe & it 73 B0k
£ 0.5%,45 C /KEHH RN 2 h 57 ,7E 8 000 r/min
B0 5 min, B EDIE S VR TS 2 R H- 20

(5) BBEMAEY, WH 60~100 H BB BERRS , f
FH AT 7 Ah B 90 A BRI AR O < S 2 BRI 6 h,
g S e CEEE, 1 mol/L B HCl AR 2 h,
85 H 1 mol/L i NaOH ISR 2 h, fhik )5 Fl 7€
KBS pH i, 60 °C HEAR TR L2 . B CTFPS
IKVEW 20 mL, N A C AL B4 R 2 ¢,30 C 7K
B ESI 3 b, RS R TR B AR H 20
1.4 HEENE SEHRIE
141 RETZ8BLE GRS

NGCIRW ) AR E SRS i Ik =
S R AT

(1) ZHEBISRAGME « AR B0 B & i
R 13— B R T2 A 3 IR, I /K 6 2 8 A v
PRkl . ¥=9.495 2X+ 0.009 9,R? = 0.992, 3 JH{l
FEl 8 0~0.1 mg/mL. #ZHEC (1) THE LMK

leL;&xloo% (1)
2
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(2) AR R AIE . AR R &R A
A RS D ik T, LA s A A
bR, PRl £ k.Y = 0.514 6X + 0.012 8,R? =
0.997, & FHYEF M 0.1~0.9 mg/mL, #MER(2)iH8 &
FIBE R

W= L3=Pi % 100% (2)

P3
K w, HEABMERZR (%) ;0; AME AR R
PR L 7 i s s LR 1S VSR I AR T 1
1.42 Huysi ke

(1) FT-IR iM3LPY: B 5 mg Z B4 5, F 100 mg
KBr JEfr, fli HLLAMGIEAGE o3 2T 5 A CTFPS F
TFPS 'EREH], B FIA 4 000~600 cm™,

(2) SEM 3R i -5 FBOKs CTFPS AT TFPS %
RIS G L SRR A)Z o B e E TSEM
W FE 100 FERCRARECR R 2 SRR IITEZS
143 4RI AAER] Z

4 CTFPS 1 TFPS A4 70 HIBLHICS 2 mg/mL (A%
W, IR RN 0.1.,0.2.0.5.1.0. 1.5 mg/mL AYEESHFRI

(1) By - 27 CRR[22], BUAS [F) 9 B B B o 1o
W 1 mL, 2850 A 0.2 mol/L pH (B 6.6 fBEMR 5 2%
MR 2.5 mL M TR ECR 1% 0B E LA AR 2.5 mL,
TRA1;F 50 °C /K ER HR RN 20 min &, LA 2.5 mLL Jii
AT 10% (1) TCA T 4 000 v/min 25,05 10 min;
VW 2.5 mL, I 2.5 mL ZEW8 /K 1 0.5 mL i &
TR 0.1% B FeCly ¥R A, ##E 10 min; T 700
nm JPARANE WG A, IZEIBKACE: FeCls i TRAE
FES I Age B3 (3) THARIE T A | %A
Ut FF R i 110 30 D e 1

A 1= A x = A 0 (3 )

(2) DPPH H HHZEEBRAE T : 5% k(23] BURIR]
e BORE S AR 3 mL, iTA 1 mL DPPH(0.1 mmol/
mL) I TEK LR TR A IR 217835 & T T R R
1 h, BT 517 nm A0 E W GRE 12k A HAE
TRFRE IC K CBEAR AR S AR DU 2 WG, ek
Ay FHEE R T K LA DPPH W0 I E WROG B
WCH A 835 (4) 715 DPPH W FRIGME: A,

A2=(1—A°‘;A“ ) x 100% (4)
b

(3) 5 H i ERIEBRAE T : 275 SCHk (24, U [R]
W PE BIRE SRR 1 mL, 20 3IA 1 mL # 9 mmol/L
K R — BV W .9 mmol/L FeSO, ¥ WX 8.8 mmol/L
H0, WIRIRA) 16 37 °C F/KMH P RN 1 h, R %E

G T 510 nm A EWSCIE A FZEBKRAEZ
PRI, TEARIRZ50E T I RE 25 X FEZH WG RE A 5
AJEWIEE A o 05T FEIE A FEEBRIGTE A 5

A3=Ad‘(;14i‘A') % 100% (5)

d

1.4.4 BIRARIR AR T

PL CTFPS.TFPS FIN =R A, LA 3 A
Y I PRV RE

(1) WA I 10 85 AR TR R 5 VAR R
WO ET 2 ST, E=IR T WA 125,
TE AR 4351k 43% F1 81% (IFREE . MERIFREL 5
FRFEM A5 0.1 g FREFRIMLAp, BUE A TR, F 1.3,
6.12.24.36 .48 h BUB AR B, i@ = (6) THE T
M,

M, =M= o 100% (6)
m,

o m, ARERE B AL B () smy, AT ER BT (o)
m. IR T (g) o

(2) PRI RN A S BT AR Rk e T2 R i
BAET RSP T4 12 h, IS RHEEE 0 B3RS .
HERIFREL 5 FIEESL 4 0.1 g THFRILAp, FE0 51 A
0.5 g /K, ZJa R = MU B AE TR v, F 1.3.6.12,
24.36.48 h BUH AR &, =0 7) JHEARER M

Mzz%XIOO% (7)
2 HER5HH

2.1 CTFPS BiZEBA XS

BE AN [R5 i AR B 2 WA T 8 B, 28t
ARG 1 T 2045 2 1 2R Jo 06 B S5 R 2 W K 3
wmE 1 R,

90 [-mmm 2K 11 bR R 160
2 gol—— A s
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Fig.1 Removal rate of proteins and loss rate of polysaccharide

AB-8 Wi Hifk

under different deproteinization method
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RRZ o $0 MR A 5 I R AR X I 2 (1 B A T HE
J¥: TCA 7% > AB-8 W ffHk > GDL i >Rk > HmEE
2, A BB 5k :87.85% . 71.9% .58.88% .
52.07% 42% . F& IR 3K NI B O VA A T
HEFF : TCA > GDL >R Bk e vk > W7k > AB-8 WL ff
o Z MK E 5 B R :58.85% .54.56% 50% .
36.73%.19.3%. Z5 L ik, B8R AB-8 M Bk %o 2 11
M BRAR L TCA RS 25, HR Iy ik 2 M R i
o EEERTE , AB-8 WX CTFPS it £ A5 I
U R VERRT B, H AB-8 AL IR BRHAR A P-4 Ak B i
i RS @A Tl A =il
22 AB-8EHMtEMERIZMMK
2.2.1 CTFPS /RE®R IR ERE 70

1B CTFPS 7K % W ot 1 Wk B2 43 0 o 1.2.5.10
mg/mL, 7E [& % AB-8 KALWE H i 100 mg/mL W Ff}
TR 30 °C BRI R 3 h O AR1ETT, 558 AB-8 WY
IR FRCR, 25 RN 2 iR

100

—— ZHH
80 —— HARBER

60

AL/ %

40+

201

0

S T
CTFPS Jri ik E/ (mg-mL™")
E 2 CTFPS /KB RREXE AR MBUER S0
Fig.2 Effect of concentration of CTFPS aqueous solution

on protein adsorption

HE 2 A LAEH, B CTFPS 7K % B0 B i 7
=, 2R R R B R B TR TR, T 26
P FR PG TR E ) T AR . AE BT MR EE R 5 me/
mL B}, 2 BB RR 3R I8 B i . 72.97% , 20 3R
A 15.42% TE CTFPS KIS HAARHR BE BT, KALA BEXT
Z MR AR 1 BT AR A B R B e T, X SR TR AR
TIRE 20 o+ VR B o 1 32 PSS TE R ALRY
R P EBE A 1T CTFPS KB =W R T 5 mg/mL
B, Z AR AR S T B TGS
B2 B BR A, RALR 0T =35 W I e It iR . ik
CTFPS 7K e f: o it W B2 A 5 mg/mlL.
222 AB-8 X3UMAS A B0 %A

EHL AB-8 KALWAE FH & 43 414 50,100,150,
200,250 mg/mL, FE[EE CTFPS /KR T E R 5
mg/mL W BFHELBE SR 30 °C I BB ] R 3 h AU SR T,
F4¢ AB-8 WA R IR FIRICR , 45 R Al 3 s .

100

) g ——

60
—— DRI AR

il 7/‘___*————.'—'_—.
0 1 1 1 1

0 50 100 150 200 250
AB-8 /] #t/(mg-mL™")

3 AB-8 XFLitAs A EX & B 5 R PR R B #200

Fig.3 Effect of dosage of AB—8 macroporous resin

TS IL%

on protein adsorption

HE 3 P LA BEE AB-8 KL HI 1)
B, B A BRI, R R
TR 1 AB-8 KALM IR FH#E A% 100 mg/mL I,
T bR R GR B R K A(H 80.26% , M R N
14.79% . 3% ] g2 1 T1E AB-8 RALIIE &A% 100
mg/mL B, B A (I B0 55 Al A 3k -4, B AL R
FHER 3N, 20 R B AR LS R
FUR RGP ER ik, AL 2R e RE a3, 2
BERIIICRIG A, A U BRR 3 R i N 0 AB-8
RALPRE AR 100 mg/mL.

223  RHEF IR G BRI ACR A Y h

B B A TE] 4351 R 2.3 .4.5..6 h, 7E[# %€ CTFPS
TR TR 5 me/mIL AB-8 AL s F & 100 mg/
mL W R 20 °C YA, 558 AB-8 W Bk iy Jit
FEARCER, S5 RE 4 Fis,

100

80 |- ,/__i/—‘

60
40 - ——H BB

A%

20 - L S S
0

> 3 4 5 6
I ) /h
B4 WRBHESE) XY 28 B BT MR R I S20E
Fig. 4 Effect of adsorption time on protein adsorption
11 4 RTLAFE b6 I B e 1) By 0, 28 9 I
It IR 5 S I T b T e, T2 M R AR A A A
FV-GE o WIS TRLIR 3 5 h i, 2 BB 3Rk B A5 =y
{6 82.47%, ZWHNK N 18.24% . Bl W R i fry 14
e, 2805 M 3 B 1A B2 L2 R AL IR
DI, FEWCRNETIR)R S b, RS AT R B
i, AEW IR DR T 5 h I, 2R B R RN FEEE
W BTN 5 he
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T2 YBUI BAH UL B 43 51k 20.30.40 .50 °C, 7E [ &
CTFPS 7K ¥ W i i e B 5 mg/mL. AB-8 KL IE
i 100 mg/mL W FFFEFIE] R 2 h B9 554, %58 AB-8
W B IR AR I RICR: L S5 A S B

100

—— ZhHR SR
80 —— BB
—_— 5 5

%
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Fig.5 Effect of reaction temperature on protein adsorption

S PTLABH A, B B I i T s, 2R
F 5 B 3 6 S B 12 T A (AR 34, T 22 W 2 S5 i
o7 I B R T SRS T i B R B . AR RN IR 20 °C
I, 2R TR EN 72.49% , WA % 20.8%, X
FIREE T IR IR, 20 7R B wos i, LA
JE X 22 M B4 W BRE RE 7 3860, 220 A0 48 2 SR K R A
J SR R s N o WA R R SRy 20 °Co
23 SEHRIE
2.3.1 FTIR o #7

TR - 2 0 R A ELA R R I £ A
Bk, ASSCHF CTFPS 1 TFPS 23 BIHE T T 414N
fiE, anEl 6 s

Bl 6 AT, Uk 3 284 em™ P I 4 S U S i
Sy O—H hifiRshg e, RZHEPAEAESY
TR Bl A P9 U P EL 2 974 FI 2 901 em™ AbAY Y
fIF W8 A% 3 B L ol W Y B A C—H 1 4 4% 3h 27 % 4L
1 398 cm™ b [ARFAIE I il 7R FR 311 C—H i 45 4 3l F
C—H Wl 28 M REPR 3 . 38 55K T FLERIGK BRI
W L5 RN & B, f %L 3 284.2 974 .1 398 em™ 4b
R 3T R AR I TSI BT CTFPS 1 TEPS 10 285250
i, AN, PR 1596 F1 1 719 em™ FRFUT B4R AE 06 Ky
COO—H C=0 AXFFRPLAPHR ) R PP iR sh , &
FHZ WP A ETE R IR o T A 1 237 em™ AMARFAE UG
B S=0 WyldatiRsh , R ZHS A AR, 1039
em™ b (18 W AU X6 197 F L TR B 2R Y C—O—H Al
C—O0—C B hr iR sl i Wi 04 . 947 Fi1 844 cm™
Z AT I T BB 2 AR AEAE BT EE
800 em™" BT A A USIEIE R T a-D—H BB A A7 AER Y,
PRI, CTFPS Al TFPS ¥ HA o RIFI B RUMF 4

2974 1596 1237 .
3284 1719
24 2901 A 13’9é 1039 .

M—Hﬂ" CTFPS 'V‘

i ; 1 : 1 ) 1 : : 1 : 1
40003 60032002 800240020001 6001 200 800

P/ em™
(a) ik
800
CTFPS e
*‘é = TFPS
& N i

90|0 8(:)0
W/ em™
(b) B
B 6 BiEHBIFR FTIR EE

Fig.6 FTIR spectrum before and after deproteinization

2.3.2 SEM &-#7
Wt SEM #5987 CTFPS #1 TFPS HIOWRE5 4 , 4N
K 7 PR,

250 pum

(a) CTFPS (b) TFPS
7 BEBRIEH SEM
Fig.7 SEM before and after deproteinization

i 7 a] LA H, CTFPS 1 TFPS 5 3k Fi R HE
B TCE e EA, REAFZAHNHES] FLIRE , 25
MG
24 mMENLEREST
241 ZREE

HH Z ] LB Ks[Fe (CN D)o W Y Fe** i 5
K4F€(CN )e ':F' E/‘] F€2+, B'JFE K4F€(CN)6 ﬁ:gg'/f:lij F6C13
FWIE L FeFe(CN )gls, M B AE 700 nm Ab B A K
WOGRE PRI, %t TFPS—Fe 52 W T , 38 8 7E 700
nm AT EEROGEE o WO R, D AR EE A AR iR
REJTR . AR AT S B B 2 e I 25 R an il 8
iR

I 8 AT LA Y, CTFPS Fil TFPS #4 B g A9 16
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Fig.8 Reducing power of CTFPS and TFPS

JE T | AE— 5 R B Y B A T 5 2 e 5 sk
KFR IRy Wi A v B ) s i e R, BB AR S Y
TFPS 1Yk )5 fig 77 W 58 T AR Wi /9 CTFPS,
2.42 DPPH A s #rk

TCK B A e RIS K R 517 nm, Z2 05 7]
LU DPPH - Jf-F&{I% DPPH - FYWOGHE , i I PAS 4R H
ZHEXT DPPH- FI B IS BR A, AR I RTS AR E-
ZWEXT DPPH- FI HHEIEBREE I 25 R AN E 9 FIR .

801
70
60
50
40

DPPH A HILHE %%

30

200 0.l5 1i0 Is 2.0
itk JE/(mg-mL™)
E 9 CTFPS 70 TFPS ) DPPH B H &R EEN
Fig.9 Scavenging ability of CTFPS and TFPS on DPPH free

radicals

i & 9 m[ %1, CTFPS A1 TFPS ¥4 #H i iy DPPH
H HELTE R AE 7, H DPPH - 15 BRBE 1 Bl & MU 1
R b0, ELBEE 15 TFPS 4 DPPH - 5 B g 1 i1
SR T ARPE ) CTFPS, 7E 0.1~2 mg/ml [ im vk &
JE [ N, TFPS Fl CTFPS ) DPPH - 5 R BE J1 ¥ 7E 1.5
mg/mL 5 %) 5% 5 {8 , DPPH « 35 B 3 43 51 N 75.54% Al
37.99%.
243 AR A HAFRRE

H,0, fil Fe* P2 Az 538 A fi &, 0l LS /K18 I by
2, 3- B ER AN 2, 5- TR EEAERR TR IR 2
FHRRAE 510 nm A BAT B KRR . Y ZHETE R 2
BB SRS, 510 nm AbRIROEEE R REAR,  fr b nT DT
TR E-Z B FR 8 A SEVE BREE 1™, AR FIAT e 4R
H 2P B AR BREE T il 10 s,

& 10 A] LA ), CTFPS 1 TFPS 54 1 & A4

50

FIE H G BRF %

20 1 1
0

0.5 1.0 s 2.0
F R/ (mg s mL)
B 10 CTFPS # TFPS MEE 5 HEFREE
Fig.10 Scavenging ability of CTFPS and TFPS on hydroxyl
radical

B A IERRAE T, HE L A 3L bR e I 20
WL RYSE INmEG . Bk EEAE 0.5 mg/mlL B, CTFPS
FTFPS BYF2HE [ ST R AH [R] 5 Bl e B A 35
TFPS 1) ¥ 3k H B 5 BR e 7 B i s T CTFPS. 7
0.1~2 mg/mL Bt G I N, CTFPS il TFPS Y525
H i EETH R AE T TE 2 mg/mL B R EE, AL A
FEIEBR A 44.72% F 41.78%.
2.5 WGRRIEMHEES T
2.5.1 HIRMAE

X} CTEPS 1 TFPS WM PERESEA TN E , 5N
SRV T R ZE AN 11 FNEL 12 FR

160
140
120
100
80
60
40
20

| EICTFPS
EETFPS
-

WEHEA/%

I 3 6 12 24 36 48
i 1a]/h
11 3NTEFRERIIEE 43%F I RIEE
Fig.11 Moisture absorption rate of three different samples
at relative humidity of 43%
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Fig.12 Moisture absorption rate of three different samples

at relative humidity of 81%



— 66 -

XOW Tk K ¥ ¥

43 4

& 11 FE 12 /TR, R 43% #11
81% MFREE T, 3 ANFE i B R AE BRI Y 24 h i
N, HAE 24 b ZEA VRO LA RN AL, =
P () W SR R R e i, TIPS B IR R Sk 2, CTFPS FY
. AN 7RI 81% MPREE N WIR R T4
SHBE 43%. {EFIXHEE 81% MREE R ,3 MEEMAY
W IR AN TN = > TFPS > CTFPS, W 12 (7]
48 h B R A5k 170% .40% 1 30%

252 FRiBMERE
N = .CTFPS F1 TFPS AABRCR AN 13 s .

100 |- I CTFPS
I TFPS
L

80

60

40

PREF%

20

0

Fif [ /h
13 3ANAREEREENEE 5 0 HEEEER

Fig.13 Moisture retention of three different samples

at relative humidity of 0
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