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Structural Analysis of Polysaccharides from Pholiota nameko
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Abstract: A new polysaccharide PNP was isolated and purified from Pholiota nameko and its components and structure were studied. The
PNP relative molecular mass and distribution were analyzed by high-performance gel permeation chromatograp hy, the PNP main chain structure
were determined by infrared spectra (IR), gas chromatography (GC), partial acid hydrolysis, periodate oxidation, Smith degradation, methy lation
and GC-MS, HNMR, amino acids and B-elimination reaction, and polysaccharide solution action was studied by Congo red and
iodinepotassium experiment. The result indicated tha the weight-average relative molecular mass of PNP was 20199 Da; PNP was composed
of Xyl, Man, Glu and Gal with a molar ration of 1.5:3.36: 14.2:1; through periodate oxidation and Smith degradation, the branches of PNP were
composed of (1—2)linked, (1—3)-linked and (1—6)-linked with a molar ration of 1.42: 5.06:1, and had no (1—4)-linked; PNP possessed

typical infrared absomption of polysaccharides and sugar chain was mainly f-configuration pyranoside and a kind of contained protein

gly coconjugate; PNP had triple helical structure containingalongside chain and branches.
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1.1 FEMREME

FESIOMRIR : TR, TN T
1&1iY%; D3BAFD MfE, T M B A RA A
A= 732 SRIRVERHES TG, HEILESMIRE T 51
f£ /3 #); Whatman DEAE-52, | & B4 YRH5A TR
AN FE 50 i SRR ARE Ay (5200, 16800+ 27300
4100000. 6700000 Al 1400000 Da), 3 [F Sigma 2 )
AEFE BOPEbRESL AT RE. AHE. HEERE. LR
IR, £E Sigma A aldrs; HeainaE = M
i,

FE SRR DZTW AR NE, bt
MK BRI AR ) A= BefE 28k AN, Bl A
AR UV-5200 BUEAM AT WL e e v, bifg
TCHTAEE A PR A £ 77 UV-2102 PC U2 4ha] Loy,
JERETE, TN EAGS AR AR BT-200 ZY1ET
% DBS-100 A { a3 s scde sy, g 4
7 AR RR S, 2EE Thermo A 1477 \kctor 33
R B 2T/, 78 Bruck A &A= W)
MEERS, £E Waters AFIAM; MG RS,
2% [F Aglient A 7427 .

1.2 R
121 BTHLZHENYHHALZD

T TR 40 HIf, FREL100 g, ARHEACRILL
30:1 hnZE /K T 5000 mL B JEkedfirt, A BRIE LA T
B 3he BEVEL NG, AGKIEFSIE, KSR
FHeds. Weds e I8 L1 AR il D354FD 155+
P, 50 C/K¥E3 h i, Fhig, WsEiEl, % 14
I 95% %, T 4 ‘CUKFAREYL 12 h, 4000 r/min 5.0
15 min, WERDTIE. FiiiE S, F SevaglPha i &
F1, B K ZBEET, 850, 5T HUHLZ i 100 mg,
it DEAE-52 f, FHZ&M#/K..0.1. 0.2, 0.3 mol/L NaCl
A10.1 mol/L. NaOH BEA7Weflit, 2 - Bl Bh2aa Exi
JeRE, IERPRIE SRy, BT, AR TR EIR
Z i PNP.

1.2.2 PNP #9Aa%t5F R 2l <

PNP A 73 B FH i Rkt iz & g (GPC)
MIE o WG FER O 2 mg/mL HIKVAW, IS RE
o 46 y. TSK-GEL G-5000PWXL #1:(7.8 mm>300
mm)-5 TSK-GEL G-2500PWXL #:(7.8 mm>300 mm)
HIEE, WBHAEN 0.01 mol/L ) KH.POL 1AW, TiiE N
0.6 mL/min, F£i&A 30 C.

1.2.3 2o kiE AT

HY 2 mg PNP, 5 KBr @& W4 )5, 7 4000~400
cm™ Ju [ AT LA .
1.2.4 FAE4 RO

22 R IR/ A FREX 20 mg PNP T2z B4, in 4mL
2 mol/L (1) =L BR, Wik T #H, T 110 C/Kf# 6 h.
WK RIORUE 26T, i &0 RV AR, FREUEZE T,
HE ZIRUBRRERR =R,

LIEA: fE PNP BIZK AR FRBEARIE S o
10 mg EHFEFR LA 1 mL MERE, 90-C ZK¥ 30 min FH4R
Y, WHIR=NE, A CEREF LmL, 4821 90 C/K
WHOREE 30 min, AR MERINENG LBRBENTAE
W

it & 1F: DB-1701 T 40% #:4E (30 m>0.25
m>0.25 m); =AiEEERA, EN L mUmin. F257
Thild: AR E N 180 °C, B 2 °C/min T} %220 C,
RFE 2 min, BL 5 C/min 7122250 'C, 1#FF 2 min; i
FEITEE N 250 °Cy YA EIRE N 250 'C, K l7s
4 300 C.
1.25 3R BK M

100 mg PNP 0.1 mol/L =#ZH:, 85 ‘C/Kfi# 8
hy B5.Oo JUERHMT GC 70 #r, B HISWIsE 2T
IKARFE T KR, BT 3 do BHIBNTASN . ANATRIR
Ay IR, RH GC LA AR
1.2.6. =ARER AfL
1.2.6.1 =Rk

RN R B2 . B 6 S T, gR5 4
O, 1. 5, MM 04 0.5, 1.0. 1.5. 2.0 fi14.0
mL R BN (30 mmol/L) ¥, PR VRN K S &
AR 4mL, BEERE 01 mL, EFAE 5 mL, T
223 nm AL E B FEAR o A5 AARR Ay e IR FRYA 22 BE 7K
5, YA A E A

U2 HiRE b 25 mg, HZDE/KIEMET 50 mL A&
R, SRS 50 mmol/L NalOs 15 mL, E%&, fi
Nal Q4 &35 A 15 mmol/L. (& 7EmE Ab S Ni(% i) »
5] b s TEJ(0 64 12, 24 36. 48. 60......h)EUEE 0.1 mL,
FH 8RR R 250 £, LA ZEIR/KAE 25 0T HR, 76 223 nm
BARAMCE A, BEIDCEEEEE b e
B2 1N, 1o TR A S il 1T dd Arbm it 2k
AT R Y R
1.2.6.2 HERAEKENE

B2 mL B3RS, 0 1 B Efes R,
0.01 mol/L NaOH(F 42k — &4 hs ) ise, THHEASH
PR HE
1.2.7 Smith % fi#

2 R AL S I 2 VA, N 1.0 mL &
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B, RS)EEEE 2 h OSE R4 R . x4 H
KAENT 48 h, FHHZTAKIENT 24 he JREZE T N
A 4o mg NaBHs, fiiH385))5 iR E 24 h DLk
JiR %2 H% . 0.1 mol/L BETR A pH £ 5.0, X ER/K(IK)
FENT 48 h, FERZETEAGENT 24 h, JREZET. KRR
IR A fE PSRRI F
128 FHA,AT

PREUIE-T 452 B% PNP # i 20 mg, F 4840 — %
FHEfE, hn6 mL [ DMSO @I Nodshr1, ik
P FEVRAT, 0 NaOH &7t (6 mL [ DMSO &5 240
mg i) NaOH), 4. 11 3.6 mL ] CHsl, $it+F 8 min,
F N2 WGk CHsl, FRRHIEAL, WndbES 35,
6 mL Iz RN . K FZEK &9FE T 24 h
J&, FH CHClAHL 3 Ik, FG/K NaSOs T 24 h,
RIGZETZ1 1 mL, %A 1.5 KR 477K A,
2 J5 N 70 mg NaBHa £i¢ £ 24 h, T30 732 SR ERH 25
TR Wb A 2 10 min, J9E, WCEE BEBUINF S,
AT, %R 441 ol T AT, T
GC-MS 43 #7 .
1.2.9 BEEFR S

50 mg HITET 1E4l £ ki PNP ¥ T 1.0 mL ff) DO
o, BB, AT B 4RSI 1.0 mL ) DO ¥
fil, WitkESE =K, HJEH 0.8 mL Y D0 HiRGE
TAREREE H, TR RN e S .
1.2.10 & ABA L0 2

FREUHE %6 20 mg T 18 mm>20 mm /KARHFE K
B, BHCI (6 mol/L) 200 ple Al 300 pl +4025
HAETHEE, T 110 ‘CTKAE 24 he /KfRfETE 50 mL
B E . 4022 pum LB &H . i
M PICO.TAG @AM HTAE, R 37.C, RIME
WIS, Pty 254 nm, FBIHE A 27K URFREL 1:1)
TR, B AR B ZBRANZE M R (0.05 mol/L, pH 6.5,
P 10 mL/LN,N- BRI, AB N 1:2.
121k B-HEA R

FRELS mg ¥ T a5 0E PNP, I 2.5 mL (7519
AKEATEE A, 50 2.5 mL ) NaOH ¥ (0.4 mol/L) ,
BT 45 CKIER N 3 h JE A3 T 6
FHL 5 mg FIHE 74522 8 PNP £ 5y, N 5.0 mL 7878
IKTEAR, K 45 C MR 3h, FLRAMERESEH.
1212 RIRLER

FRELS5 mg PNP, JIIAN 2 mL 7Z&#/KF12 mL 80
umol/L ISR £055), 3&8r i 1 mol/L [¥) NaOH,
AW NaOH Z9K)J%H 0 mol/L iZ#i7H =3 0.5
mol/L, JfFHERANAT WAt S e i A AT 43, 1545
NaOH ¥ FE 2541 I i KR Wi K. L NaOH iR B2
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Fig.1 Elution patterns of polysaccharides from Pholiota
nameko with column chromatography
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Fig.3 FT-IR spectrum of PNP
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Al HREAE S IR RS, ARSI EREE; 2925
et bR ) —2HIE SRR S C-H R 4EiR 3, 1E
1400~1200 cm™ fM R —2HME 2R C-H AR MR
3l), 1 PAE =R Y1 Wz O BER AL A T,
1645 cm 42 AR Wil - CHO ) C=0 Frif 4atR 5h 5]
(1), ks bR R g, PNP 2 —Fh S A& E
JR KRS A4 AE 1300~1000 cm™ &b (R HA Tk
IR I 4EIR S, R PNP St i3A 454481, PNP7E
892 cm AL [ i, AR Co-H AR Mkl , KMiZ%
BELL B AL R v s 7E 798 e AbR SR EA
HEEbE.
2.4 PNP [ 583 2H %

W IS ZHERE AR e A LRI E AL,
T B RS N AR TR CEFURE . BTHRARE . AKE
ZEHE, mEE, HERPES . AR R R E A
FRAECEZE 7, B LA [RIFRSS I Bk, DA—& B EL A
RA MR B 4 Bt bR i A PNP 105 IS 2 BT AT
AEYRYAEIER, B4 (@ F11~6 20N R,
TREEIE. AKE. HEENE. FAREACEINE. K4
IR PNPONZRZHE, S AN, HEeh. m&bE L&
FLBE, EE/RELN 1.5:3.36:14.2:1,
2.5 EoERKAE

FBARHR BE I =3 SR AL Sbdb ATk A, ik
F = I B RE 2 RS B AR, W2 R A BRI
BEMBRELERL,  PNP PRI BR/K fif™ PR b 2 R I,
* 1.

PNPa s IR AKE . H B hE AR A0, Ui E 5%

7 HHIX 3 A A PNPP AN BIACKE . H Z20E. bl
AN ZURE, R B B A% 0 X5k PNPEAS I T 5 b
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Fig.4 Gas chromatograms of standard monosaccharide
and PNP
E: a: EAEARES, b: PNP.
< 1 PNP ERSIELIK R A= RN S HELE AL
Table 1 sugar composition of fractions from PNP by

partial acid hydrolysis

. JE R EI%
R4z - C 2
R A% HEE REAEH  FILE
PNPa 5.34 8.34 86.32
PNPb 9.56 3.65 72.14 4.65
PNPc - 17.32 82.68

E:a BRI bR ABEIRITIIRG ¢ RINVEAI
2.6 (PR A AL AN Smith [

IR A — R B R, e RER
T2 W0 P R O =R AL . 16 B AE 2
mol B AR, Apk 1 mol FR; 1—-2. 144 HiHkE
R 13 BN R R . R, di e
PR Y RE B % PR A B, (T m] LA o e 7 2
BLEE 2 08 00 TR G SRS 20 S E A

RIEE 5 AT L, PNP &l LR B 72 h
ST A3 R R B A T FE 1K R R 1) & 0.457 mmol
EBES, AEEEJRIK PNP [ER 7742 0.134 mmol )
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Fig.6 Gas chromatograms of Smith degradation PNP
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H A 1A%k, WA BRI BT O 13 S0
AW AR 1 16 SR 5= A H A £
ME 6 FTLAEH, 4 Smith FFf#E)S, A H M. AbE.
HERE, MR LR, A s B 1%
PEHPASH 148, XA A 12, 1-4 116
B R R, H R 16 SR R, nl R
PNP 12§ 5 1-6 § 2 [toh 1.42:1, Ak 1—24#:1
—3 41 —6 N 1.42:5.06:10 2 KR AT A YIS T
(1) 22 BEAR AL —3) bl paade bz, 19 L Amy fe 220 1) Ak
ALERIN B(L—23)-D-Fi EbE, I A B-1,6 HE, 73
FEH 33%, A& = R,
2.7 PNP [JH 245 H7

PRI 7t a5 R R, H BRI & 1A
13 PEErsE, A 1R SN E, & 11.44%; KB
REH 1-2 i, #WEmNSERE, 1535
HHENE, FR A 1—6 P, JEH AR 153
WEFFRREE R 43 EL o 69.66%; = FURE & i ik, HE
HHZAE 13 1 1—6 FFl, 15800 13 Bt
NE.
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Table 2 Methylation analysis of PNP

s P wge BE BERTH
_zf = -
e A /min XA k/(mol%)
2,5-Di-O-acetyl-3,4,6-tri
1 6.130 1— 11.44
-O-methyl-D-Man
5-O-acety|-3,4-di-O-
2 6.344 12 5.41
methy|-D-Xyl
3,5-Di-O-acetyl-2,4,6-tri
3 7.6957 13 61.34
-O-methy|-D-Glu
3,5-Di-O-acety|l-2,4-di
4 8.160 13 5.28
-O-methyl-D-Man
3,5,6-Tri-O-acety I-2,4-di 13,
5 8.450 2.73
-O-methy|-D-Gal 1—6
5,6-Di-O-acety|-2,3,4-tri
6 8.624 16 3.21
-O-methyl-D-Gal
3,5,6-Tri-O-acetyl-2,4-di 1-3,
) -O-methy|-D-Glu 10.569 1—6 8.32
2.8 TH-NMR 4 #
IRPUEIANEIREIPRAAURAARAUTARLGS nans
Fl g e g ek e | L ohin e ctiont ot ord o e e o ACETI S
| ‘
| JJ IIA*‘\
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e ————— — L{LI -llﬁ—"llqllllrL\-
HT{] .'-T[:l f.I.IZI 50 4'.0 an 1ft> Lo

f1/ ppm

7 SBFIESYE PNP BOMKEL IR S5

Fig.7 'H-NMR S pectroscopy of PNP

B 7 W Tk 20 PNP [ *H-NMR i . *H-NMR

B R E 2 PO B AL . 2 TH S
ST, KEZHAE §3.2~5.5 ppm XN/ T
W, T 83.5~4.5 ppm —EFETR T HIE S0, 1
81.12~3.66 ppm Y [Hl1I5 5 A EE 15 Hr e LR R 1)
B-H Al y-CHs -CHp. -CH B IHA LA (5 S,
F TL(N) BRE F PR (S 5 E 8 1.0 ppm A7 . [RIEAT DL
ML 15 5 AN A R HE DR RS2 Fh
KEBESHE. WS r e 8555 . R PR
TG 5 BN B RS A T 45 B . (7S) B b
PN E, PR JONE S BE S S o B E S —
o BURE I ki B EUR TR 5 B AL RS
KT 85.0 ppm, 1M B ELHEF HIML2E AL T 85.0 ppm.
Rltk, MIEE R RTLER], R Skik FE Y
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R KT 850 ppm RA—A, HALZENFEH §5.06
ppm, FAHIHR N T 85.0 ppm, IX R RHE 145 £ Bl PNP
TEAE o F B HEEFEEM AL, DA B B2, PNP 7E5: 3k
Wk X(85.3~4.4FA 6 MAFERRER(ES, BT 64.70 4b
A AN MR I, SRV D0 TR A, 74
5 MIEER IR A2 PNP FEEE A 5 MBS H
Hfi7. PNP FIEJR F1E 50.99~83.66 A HHRES,
UL B PNP J& —Fh &AL 2 b
2.9 RO

R3I BFHSETEERERSSE

Table 3 Composition and content of amino acids in PNP

A A SEM AR AE%
PNES i 346  HAR 474
B AR 529 AR 3.70
EX W 9.46 7 2 BR 3.76
EE N 527  HAR 2.13
LR 175 FAR 3.68
EEN: 467 FMAR 079
B4 2R 345 FEAB 559
5 AR 344 HAER 7.15
R AR 3.08

* 3 /& PNP W & IR I i A AR ML
TN 71.40%, b 2SN SR 9.46%,
RS ERIL RA 079%. B SHEILNZhE
KEHCNRIEREZHE, A RO BE, J#id - O-
B N-BERE TAZ O (1) 22 2 BRER A Tk 2 1, ax 2%
2 WE TS5 A P BT R 51 7K 43 T B, R R
210 B-THBR L

or

0o - - NaldH & 2 Hr
U] k /"f’-
07 r
e MaOH BN
< % \ '
‘ = 1
1
0 ¥ II
03k |
02t
1k — — e s
. i | i
: J%[HJ 250 300k 350 400k
W om
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Fig.8 UV spectra change of PNP treated by 0.2 mol/LNaOH
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HIZKR R, (£ 45 “COKI MM 1.5 hJE, fE5E 190
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TR LG O-WEEF BRI 227 AE o S T JA TR A
o- L T IR SEL 240 nm AL FEIRICE N, DR AT DL
ULEITE PNP W& O-F g
211 WIRLLSEER A

NIIZR 4T (Cnogoerd) & —FHig e k), w5 HA =
JEEWE TiERtE 5 22 WETE % 5, W SRAT i R i
WK RAEOK, £ N NaOH IR EZJaE N, &I N
BRSO RIS (R R £061), 24 NaOH ¥
FERT 0.3mollL J&, H KRS R FEIY.,
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Fig:9 Maximum absorption of PNP-Congo red complex in
solution with various concentration of NaOH
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9 fios. DASEHINIERZLEBONT B, B NaOH iRk E
O e, X 2 MR SR RSB SR ) AN
PNP MINIERAL B2 S i KIS T bR, 29
PNP (7 A 45 et KR S rEAR 25, A0 AR Bk
EliEei ey SRR TIPS AW =R SN TV IS IR
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e R IOSURA T F20E o 1X 10 B PNP {27E 22 JIRTE A4
%o
2.12  B-IAL B SN A

[IE e
07 M
ol ||
0.5F l |

|
04| |

03 _".,' [ |
0.2 I". | \

ok —

A

0.0 1 L ' I )
300 40 S0 &0 Ton

B i
10 PNP 5 12-KI B9 D& 5 AT 1B E
Fig.10 UV-Vis spectrum after PNP reacted with 12-KI
T8 05 2 WEVA VLS GV &) 5 AN T LG

1549



M EmBHL

Modern Food Science and Technology

2013, Vol.29, No.7

WEE L 10 fiw, HTWHETHEZ0ES L-KI PR N i
KW ISIESE 367 nm A, T 75 565 nm AbJE Sk IR,
Tt B 1% 22 B AT BEAFAE K O BE RN 5222 1R 4 A

3 4h5ig

RSO F AT KSE DL MR WA
DEAES2 214 Z i T8 —Fh A 70 L /A6 55
L2 BE PNP. PNP AHXS 7 Jsi & 20199 Da, 41
AMIETE S TR I PNP 23R s 4H , FLAp EAH pk
THANE. HEERE. AR, JFHERR M
ACHRE S H 8 B R AR 4 BREZEL AT, e v R 4L Smith
B AN B4k M 543 1 C-C Mty 1-2 8. 13
A 16 (1) ##; KA HNMR. ZHEEF B -4
B [ 253 M H PNP & — okl 220, ddid il AT
TR PNP BT =g liesd ) ¢ H & Bkl
BRI Z (153 Ko XN 46 22 B2 B R FOR
PRt —m pELRIRYE. TN B HE . B
IR/ EB R T NS A R — P 7.

B
[1] T WL DU R BTH AR 300 M Akt Al i
41,1997

Ding G H. 300 solutions of technology q uestion from
planting mushroom [M]. Beijing, China Agriculture Press,
1997

[21 ZEHni, EAAHA ¥, 55 AL B U LRk Bt 7
I EEE I BT [3]. B RO 22 224 (1 SRR 412 1), 2004, 27 (4):
57-59
Li Z M, Wang B C, Zhou J, et al. Companrison of three
methods of removing protein‘from polysaccharide extract in
plant [J]. Journal of Chongqing University (Natural Science
Edition),2004,27(4): 57-59

[3]  FMEALTK R LS - A RRE DI E 2 R SR bl
Frm ] E IR 24 ,2010,12(1): 36-39
Sun B H, Zhang W, Long Z M, & al. The sugar content
analysis of /codonopsis-astragalus root
Anthrone-sulfuric 'acid method [J]. Modern Chinese
Medicine, 2010, 12(1): 36-39

[4] EvaGO,AntomiolJ E Pilar R. Molecular weight distribution

injection  with

1550

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

of polysaccharides from edible seaweeds by high-
performance size-exclusion chromatography (HPSEC) [J].
Talanta, 2012, 93: 153-159

Cui FJ, Tao W Y, Xu Z H, et al. Sructural analysis of
antitumor heteropolysaccharide GFPS1b from thecultured
mycelia of Grifola frondosa [J]. Bioresource Technology,
2007, 98:395-401

CHEN H X, WANG Z S, QU Z S, e al. Physicochemical
characterization and antioxidant activity of a polysaccharide
isolated from oolong tea [J]. Eur Food Res Technol, 2009,
229:629-635

XuWT, Zhang F F, Luo Y B, €t al. Antioxidant. activity of a
water-soluble polysaccharide purified from  Pteridium
aquilinum [J]. Carbohydrate Research, 2009, 344 (2): 217-
222

Cai W R, Gu X H, Tang J. Extraction, purification, and
characterization ~of ‘the polysaccharides from Opuntia
milpaalta [J]. Carbohydrate Polymers, 2008,71(3): 403- 410
A2 T, RV IKNAE BB KB TEiE F 0] 25 A st
7K,2004,11(1):60-63

Bian S, Ye BP, Xi T. Progress on the studies of Griflan from
Grifolan Grondosa [J]. Pharmaceutical Biotechnology, 2004,
11(1):60-63

Sun Yong Xu, Liu Ji Cheng, Yang Xiu Dong, et al.
Purification, structural analysis and hydroxyl radical-
scavenging capacity of a polysaccharide from the fruiting
bodies of Russula virescens [J]. Process Biochemistry, 2010,
45:874-879

H H 7. 40 32 B (3R B 25 R 9 D] KRR Pt 9 5
JF%,1999,11(4):45-48

Bai R X. lIsolation and structural identification of a
polysaccharide of red seaweed [J]. Natural Produc Research
and Development, 1999, 11(4): 45-48

KRG MIATZ BB RS 44 23 S A s P 1A [ D] eG4
Hfk R B Rl 5 AR, 2006

Zhu C P. Study on structure and bioactivities of Lyciu
Barbarum poly saccharide [D]. Wuhan: Huazhong Agriculture

University Food Science and Engineering, 2006



