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XoF N VA 42 JE B T I BE ST AR R A A 2
#H K.Mn Zn Ca Mg Fe % ZF 4 J8 LR, Zn™
FT LA A0 RS 1) 35 3 | 28 T 4 AR PR R
T 1 Z2 W5 0 BT B A D B T 2 R g Y 3 R 1A
F, AT LA AR R S e T

AHIF ST AL X PN VR 4 T S TR A I 2 R A
FITE P ) 5% 3 3 4 B 43 B 15 B o KL 2 0%
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1 #MEFE
1.1 R 5iF

s W A FE PR PE e B Tk L (ST Al
UG B Bl 2E A PR ] 5 4 B bR ME W, R KA
&)@ Bl TR I G s A e (AT
ali) ¥ B 2R T IR T (AT al) L &
LR AN (S HT4l) \65% s IR (g 2t ) , KT B
WAL # R AT BR A 7] s DPPH (ABTS, 22
MAERRHEABR AR,
1.2 {5 E&

RE-52AA Wik 22 AL, bl 2@ AE A A %
]~ ;Ultimaye 3000-ICP RQ %! ICP-MS, 3¢ [ %% 2k
KR s MFP-3D Infinity %57 8% | 4
759MC B AN AT A3 BE T, il AR RN
A BR N 7] TARffinity — s fH B A5 460 21 40 6 3
1%, ZEHE Thermo Scientific 23 7 ;SHA-BA #/K i
fEIRAR A%, DI DUE U A RAF
1.3 HEMESHENTSE

SR K 3 Pt 0 12 ) 25 77 R 2 VS BT A
T, VIR 1 mm B9 A, 60 CCHOKIZHE 3 h, [E K H
1:20 g/mL, 1242 2 ¥k, H 300 H g4 ug W uk
WA ITFIRW, T 60 “ClEZE W4 2 29 300 mL, LA
3AERBITC K BT 120 BT TR 4 000 1/
min &0, AHUITE, 60 CH A TR F 20
1.4 BHEHESENGL

K H Sevage ¥ X 7 45 ML 2 05 F 17 W & 1 Ak
RN B 10 g BLZHE T 100 mL X8 7K, £
WEIE W : Sevage 0 R (= P Be: IE T BE=4:1)4:
1, EIZHEY 1h,3 500 r/min 250> 8 min, B
W, AR HRAE 8~10 WK, B H G A B il Wik
LB W, T5% L BEVLYE 17,4 000 r/min #50 4E
UUVE , B s 205 (LNT) T2 1
15 HEEEBFES

HULNT, fin A % it EDTA-2Na, il A % &+
K,4CH% 6 h, IRGETHIG 4 CLEFKP&E
Mr(3500u)72 h, % 6 h B3 — UGB, BETL
e TR EE N, 158 X8 7 &4 2 0 (EL-
NT),
16 EBEBETREENE
1.6.1 FruEfhzz:dl Ml Fe .Ca Al Mn . Cu,
Zn .Cr K Mg #5 #E % ¥ (0.0,0.1,0.2,0.4,0.6,0.8,

1.0 mgrkg), VA 2%%ECFR FNbRIR, i HL S
BB TR RS AL (ICP-MS/MS ) il 5 # vHE 15 i e
JE A5 25 v 4 B E g5 R
1.6.2 FES AR R FH A 2 %l Bh B T A X
AR IE AL P2 MER BRI 20 mg FE S TR
A S mL A ER o GO AR 1 600 W IR 25
min, JEF}Z 180 °C, 1 600 W {475 74 f# 30 min, &
EENBEREEBH, 120 CHR 3h, BHE=
M, EBEFKERE 10mL, K ICP-MS M 5
1.7 EEMLIIMIE

RIS 2 LTS 5 P J7 ik IRARET 150 °C T
24 h B RE S S IRALER DL EE 10100 TR A5,
FFEE i 34 203 L4 000~400 em™ i 2R 3 [
WiE4T FT-IR 2387, 73 B 2 em™
1.8 RIRIIXE

SHEVFR PN J7 5 o BEH 2 mg/ml B S
T, B i V8 W55 W R 2T (0.2 mmol/1L) 53 51 8% B
1 mL, iTA 2 mL AN [R] ¥ B2 #6 B NaOH ¥ W, IR &
Y157, B R 10 min, 300~700 nm 5 K 1 FH
HEATEAMGIE A HG, WA TE 0,0.1,0.2,0.3,
0.4,0.5 mol/L & 8 Ak Al B rh s R i e, DAAS
JIRE WSR2 35 W o 25 Foxt R
1.9 BEFHEME

RISy L 7E Meng 5P a0 FUEf &R, i
il 1 pg/mL LNT #1 ELNT £ 5 8 W, B 0.4 wL i
PSRy s AN N A N8~ & L A N S S o C i By
JE 1 AR A s U EE i AFM B R
AT A3
1.10 oM ERMALNE
1.10.1 DPPH A M HER RXRIrks% 7Zi 42,
Fic 4 0.05 mg/mL DPPH £ BE¥ U, e SEARAT . L il
0.2,0.4,0.6,0.8,1.0 mg/mL FE 5 A, BOAS [F] e
FES 2 mL, il A 2 mL DPPH ¥, #8560
30 min, T 517 nm 20 & KOG RE id o As, BAJEK
L EEACE DPPH ¥ W, OB EE 12 Ab, B 2 mL Y
DPPH ¥ WM A 2 mL Jo/K B 1E A% B i8N
A IR IE R — X R a4 3 AT

DPPH [ HHEHS% (%) = [1-(A ~A,)/A ]x100 (1)

1.10.2  ABTS H 25 B ¥ ABTS /K % )&
(0.699 mg/mL) 5 = A 2 B 7K ¥ W (4.08 mg/mL)
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FERBURA , EiREOER N 12~16 h, F ABTS #
WO B =W N 0.7+0.02 Bt il 0.2,0.4,0.6,
0.8,1.0 mg/mL £ 5L . 53 0 8% HU#5 v BE A il %
W 0.8 mL, flA 4 mL ABTS % Wi, #E6K N 6
min, T 734 nm A0S AE A, DL B FORAREE
BESIA TR, DR OEEAE A

ABTS H HIEEBRR (%) = (1-A JA,)x100 (2)
1.10.3 FHAMREER BHE 0.2,04,0.6,0.8,1.0
mg/mL FESHE W, B2 mL FESREE W, MA 2 mL
FeSO, 7KIEW (9 mmol/L) ,2 mL /KR — £ BV TR
(9 mmol/L), #J5 M A 2 mL H,0, /K % & (8.8
mmol/L) J& 2l IV . ik IR 3450, F 37 CiEaK
7% 30 min, 510 nm AN EE(E A, KB F7KAQ
B H0, W, WG AL 5B TR
VSR, MO BEE Ao

¥ A RIEIERRR (%) = [A—(A ~A,.)/A,]x100(3)
111 A
1111 BEANEAE Bol LB Wik R (A
JR 10 /L, BERER 5 o/L, AN 10 g/L) . DIAFR
b 1:100 WK BFFE (&8O A ERE) Wk
W, 37 CHigi 24 h, &M,
1.11.2 7 2 Z2 08 60 K KT 0 0 4 360 7 4 BR 1A
RIS W I AT B RN 4 0 8 4 Kk 7R 0 i) 4
FfF LB WA R 35 3 ep 37 CC A AL BS 746 v 1 5%
24 h, JorE AR AR KB B AR 2 10°~10° CFU/
mL, PR AR TR SR L . 45 54 6.0 mm 1)
% g 4K, 43 S 3 1 ot dE vk B o 10,20,30,40,
50 mg/mL B & Z2 HE W T RS 2 h, =i
SEORE A X BR 2R M AE G B A B ER K
FLE Kb PR [ A 08 4T ) [ A S 3R 3 I
AR IR LA 3 AFAT, JCR AR B R KA A )
HE, 37 CHEFR 24 h J5 , LS I TR 1B KN | i b=
JUI o I 1 S5 400 147 P8 B AR S 34
112 HIBELEBESt S0

iz Fi Excel Z0HE Ab BRAR 4, R FH SPSS #1444k
LG Bl |, P<0.05 0 i 3 1 25 5% i A & 19 ok
3 WE IRV ME . I Origin 2018 23,

2 HR5SMH
21 ERBETHERAE
M A BOK R B IR BT A A 2 B B RCR O

(15.56+3.12)% , 5 i} i PR = B 45 3 — 3L,
23k EDTA-2Na Z# 5 A/EH, ik 2 il 48
BT HOBER, FH ICP-MS K 545 il Jm 7 s 20 0
SBEFHAEMSE, KBRS ARG TPIS 4
JRE T ERILE 1,

&1 LNTF#EINT &€BTRAMKEE(my/g)
Table 1 Composition and content of metal elements

in LNT and ELNT (mg/g)

&k LNT ELNT
K 112.28 +9.55 5.58 £0.42
Ca 0.56 = 0.06 0.86 +0.09
Mg 11.10 £ 0.95 7.15 +0.47
Fe 0.29 + 0.06 0.21 £ 0.08
Zn 0.27 £ 0.01 0.08 + 0.00
Mn 0.16 £ 0.02 0.04 +0.00
Cu 0.07 £ 0.01 0.04 +0.01
Cd 0.00 = 0.00 0.00 = 0.00

Fas & JE BT EEORE TR, WA
M XA 25 BT & &R AR AR, BG TR
T Z B ¥ &4 K. Ca Na Mg % ZFh 4 8 L £ |
HES AN, 453 EDTA-2Na # 415 , i %
WP RS ) Mg Fe Zn RBRECR 3% K B F
BN 112.28 me/g, il i B A VE T, 7 1% 22 h
K A ROBER . Ca EBR G & 3G T AB & R T
OB UN e SN A SN N7 =R R SO i A R S g
BFEGR, R s & )E s IR T e Lk,
IR A FRIE S 2 E S SR E TR/ T
EDTA-2Na, EDTA-2Na 2 & 1E F AT LA %00 bk &
WM &R E T,
2.2 (HEMOIMEES

AR IR L RINYEZ LTS e 7 iy B = s Y i i
FUEIA RSB 5 TR W 2 0w a5 . anigl 1
JJi7s ,LNT 7E 3 393 em™ Bt 3 A7 58 W M 0, 32 W A
W A P R I R A 0 | 2 0 A 45 32 B A C—HL 7 i
PR, 7R 2929 em™ BT A9 W4 Sy C—H BEEXT
PR A 45 Iz 2, A7 £ -CH , -CH,, -CH,, 7
1 633 em™ Ab (W08 38 H-O-H 25 fify f 47 F=
Bl REE G KT B YIS 251 P 7E 1305 em™
BT B O-H ZZIE PR 30,1 078 em™ Ab W ir
R L I BE 2, ELNT 78 3 399,2 922 em™ FlI
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1 634 em™ B30T [R] AF H BHOB (%) 5 A I i 0 | 7
1 207~1 242 em™ Pz BEH W2 i ié Sl O-H 289
JRsh, KHEEE FrlfesE 7 O-H L. 7F
1 417 en™ BT A WS AT U Sy b T T ) 2 AL s g1
Hh-C=0 M EABGEREFMER, Lke
BB E, RN R 1085 ecm™ A1 1028
em™ Kb Y W SC e 1 4G 3R ML g A 2F . 7E 899 em ! it
T W B TR T, AE 850 em™ I 1 W
WERy o RIS AES, W B AT LUE 1 LNT A1 ELNT
BRI B AU R bE UL 43 EDTA-2Na 43 5 5
& B BT R R G IF AR R 0 R AE 1 = A g (H
HBRIEE N E e & R —E 4B 1k,
2.3 NIRTiIRE

T alh 22 Wi — BB e 245 i 32 22 A7 i i 4 O 1
I3 F B RN SEAREER | 43 TR) SR S A i A
) FL HE R AR A5 3 R AT — R M
F, 0T LLE & = RE LS F ) 2 B 2% B, ik
R IR W SR 21— 22 M 445 15 W I S5 R e e 4 % 7
218, DRLE SRR 220 rh 2 5 AR A — IR e S
Fgu, B 2 ATRAE L SRR LA L INT £ K
WS A & AR B R 2T B e T LNT A2 e A
JP MR E LA i A B B B R A5 4 th
A 7B Wi 7% S O = MR E  ELNT e R W g g 21
Bta i ss, vReEm TR B i LRPm T
43 [ SU5H R B 1 3% 12 07 2, A 1 WP AR 55
—RE L K H A AR S TG R XA HIY 45 A
EIE I 227
24 BEFHEBEHE

T 2 Tor 7 K, 45 5 2, ks
FNALAF TR R TGS R R RS R B A
OB, BT R R 2 A T
ST T H . s 2 W R ) s an Al 3
FIE 7R 75 T 25 W B 1 2880 J3E 0008 1 M VR DR 0 R 3 Wk
JE R WA SR RGE  LNT A ELNT 18 /K% W
PR B IR 5 0 LNT BE 8% 4 Z 1] i T S
FHAE B SR, i )38 0 T R AS [R]85 42 07 =0OF
BRI AR AN B 4541 g 2 YRR 1,12
nmP7 3 gk 2 WEAE K WD T R AN (R T
mEERTE . A 3D B R LUA H LNT W6 = 5 200
1 nm, %45 R 5 Zhang FPWF 58 45 8 — 5, ELNT
B 3D EIH AT LIF 1 ELNT 216 8 50 1N RS,

LNT
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Fig.1 The IR spectra of LNT and ELNT
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Fig.2 The results of Congo red experiments for LNT
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B 0.8 nm, 17 PURLAR 22 0 = A, T RE AL Y
BB = AELS WA AR A G, A 1k 2 0 R 4
BB G — R LR TR LSRR B
RAESRE, T G50 /0 B )8 BT S 5 h
RGP LR 4 IR B T, WEBE B RRAIC . 3D BT
DA I F G 2 WA 2 @ OR T, JERIL AR e
RAEGEH, EAE A 20K oy BA S
S A G R

25 fKSMREN

2.5.1 DPPH HHiEFR#ES) DPPH & —Fhf2
el NSRS N NS R SR P Y SR
W 50 114 5 45 DPPH 1) B H 7 1] DB IS S 7 1k
FL -, T ol B0 6 AR 3 P T R 5 o R 4R B 1Y
BV BRAE I, ARWESE R BRI B R SE T
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Fig.3 AFM images of LNT(a) and ELNT(b)
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2.5.2 ABTS AW EIEBREE S 08 ABTS 7E %1k
FIEF S sk, B AR 2 i TH Ak
A% A 5Ol i NG . Qi LNT F1 ELNT
X ABTS [ FH A 400 6 4 FH B ASE ot e 8 348 R i 484
5, ELAS[R) e B ) 22 S vk W 3 SRR 4 e i 1
JEIE B ABTS HEFEEMEE T M, iKYy
Qian FWFFE A5 R — 3, FIREE T iR 4 )8 25
TJa & ik Z iRt T8 ) T 1%, SEOLIE MR
ik,

253 FRHMEWBRGE A0 MEWLLES,
B 5 R BE G B e T BR R R, H R
AR o BER A JE B T R RE SR B B
PR & FRE, HBE®H ELNT WA, 2 A
HiEFRE 1 %% 1,02 mg/mL F1 0.4 mg/mL Z
] A EE R R E SRR E, (K% ELNT i
JETHE, A HILTE R R RN B R AR
A 1 mg/mL B LNT B9F2 H B335 bR R e, il ik
89% ,ELNT (¥ H H IIE BRI H] 27% ., &85
T8 D FR O A A R (AR A T
i, FHIL AT WL, 408 B 1 X 3 R S A T BRVE A
R,
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Fig.5 ABTS radical scavenging activity of LNT

and ELNT
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Fig.6 Hydroxyl radical scavenging of LNT and ELNT
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Table 2 Antimicrobial effects of LNT and ELNT

H R R R LNT ELNT
(mg/mL) X W 4 8 /mm 4 3% & H) & R HE /mm X W 4 /mm &% &%) 2 B /mm
10 6.03 = 0.06° 10.38 £ 0.18" 6.08 £0.14° 9.38 £ 0.53°
20 7.83 £0.76" 10.58 +0.52" 7.00 £ 0.25° 10.00 + 0.41"
30 8.88 + 1.24% 11.25 + 0.50* 8.25 +0.87" 10.33 +0.72"
40 9.50 + 0.90° 12.25 + 1.09° 8.30 + 1.00" 11.33 +0.52
50 10.17 £ 0.58° 12.58 + 1.01* 10.2 + 0.50° 11.75 £ 0.35°

TE AN [ B8 37 [ 910 2 i) B30 A7 7 A 35 1k 22 57 (P<0.05)

3 it

Tt 2 B BUA AL PUE e BUIMAR iR
S5 TR VE 0 AR TR M s R £ R
RO R AT ED AR, %0t EDTA-2Na
BAR B4 204 R 8 T AL, &
Bk 4 B B T , 7 i 22 M A W SR IS AR A A 7R
Yok K AR Ak (0 H = SR 25 R PR AR 55 5 4 =
IRBELE M BENEIR s R B R RS T LA
i ELNT PRk 20 & i 2 | 55 1Y IR B ARIT, i
WA, &EETFHAESS T HL 2R R

R TR D 7 i 22 8 52 2% B 5 A 485 015 R A 10
FE MO R BV AT TR H R 201
SER RS 7 4l 2 W HAT Z R AR s WH5E R,
A 1t 22 W 1) = MR e 4 A 2 A 9 R 1) 2 R
LBRERE TR, W20 ABTS A i 2R A
A i S BRBE 1 A B TR, B DPPH [ i 5
WERRA PR, RS RE T X0 2h 2 0 i
PEAT BRI RS 2 I 2 5, LNT 5% KT
R R4 B0 4 R A IR A P, (G B R
TR,
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Effects of Endogenous Metal Ions on the Structure and Activity of Lentinan

Dong Zhaowei, Wang Anna, Wang Hui, Zhu Junyou
(College of Grain and Oil Food, Henan University of Technology, Zhengzhou 450001 )

Abstract Lentinan is the main active substances in Lentinus edodes, but its structure is complex and the activity
mechanism is not clear, so the application of lentinan is limited. Therefore, deepening the discussion of the structure—
activity relationship of lentinan is helpful to fully explore the medicinal value of lentinan, and it is of great significance
for the research and development of new products. Lentinus edodes crude polysaccharide was prepared by water extraction
and alcohol precipitation method, and Lentinus edodes polysaccharide was deproteinized by Sevage method. EDTA-2Na
was used to remove metal ions from lentina edodes. Congo red test, Fourier infrared spectroscopy, atomic force mi-
croscopy, DPPH, ABTS, hydroxyl radical scavenging experiments and antibacterial experiments were used to compare the
changes of the structure, antioxidant and antibacterial activities of lentina edodes before and after metal ions removal.
The results showed that after metal ions were removed, the rigidity of the triple helix structure of lentinus was weak-
ened, and the chain thickness decreased from 1.2 mm to 0.8 mm. The scavenging ability of Lentinan on ABTS and hy-
droxyl free radicals decreased, while the scavenging ability of DPPH free radicals increased. When the concentration of
polysaccharide was 1 mg/mL, the scavenging rates of DPPH, ABTS and hydroxylradical were 94.94% , 83.52% and
26.52% , respectively. The bacteriostatic test showed that the bacteriostatic effect of lentinan was decreased by removing
metal ions. When the concentration of polysaccharide was 40 mg/mlL, the range of inhibition zone against E. coli and
Staphylococcus aureus decreased from 9.50 mm to 8.30 mm and 12.25 mm to 11.33 mm, respectively. Metal ions, as the
main components of lentinan, participate in its structural composition and play an important role in its activity.

Keywords lentinan; metal ions; atomic force microscope; antioxidant; inhibition of bacteria



