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Study on the optimization of the extraction conditions and
the anticancer activity of polysaccharide from
the highly-yielding strain Cordyceps Militaris N102
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Abstract: The polysaccharide in highly-yielding mutagenic strain Cordyceps militaris N102 was studied. Response
surface methodology (RSM) was applied to optimize the extraction conditions of polysaccharide in Cordyceps
militaris N102 mycelium. After repeated freeze —thaw,deproteinization,dialysis and ethanol precipitation,crude
polysaccharide of Cordyceps militaris N102(2FPS,4FPS and 6FPS) was obtained. The MTT assay was applied
to study the inhibitory activity of crude polysaccharide of Cordyceps militaris N102 on the Hela cells proliferation.
The results indicated that the optimum process conditions for the extraction conditions of adenosine were as
follow ; extracting temperature was 83°C, extracting time was 3.2h and solvent/solid ratio was 52:1(mL:g). The
average yield of adenosine in 3 validation experiments was 7.24%. The relative error was 1.16%. The results of
MTT assay showed that polysaccharides presented inhibitory activity on the cells proliferation of Hela. After 72h
incubation, the inhibition rate of Hela was 74.98%,and the ICs, was only 1.72mg/mL.
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Table 1  Factors and levels of RSM analysis
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Fig.1 Effect of extraction temp on the yield of polysaccharide
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Fig.2 Effect of extraction time on the yield of polysaccharide
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Fig.3  Effect of solvent/solid ratio on the yield of

polysaccharide

2.1.4  WNIVAAGIT RN TO2Z BRI T2 R
P P DR 2 S TR A5 IR, DABR B BE L SR BN TH] | 7K
LE oy B AR S, bR 22 A 22 BH B B3 kg i) N AR, SR FH i 2
THI S BT v2%) AN BRI 22 HEAT AL, LAAS 381 5 A6 110 iy ko
N102Z PRI T 2.

MY 26 1 BETH IR 2KF, SHRBGIRJE X) < $EHUR
] (X FIZRERE (X 43 HIBEAT g it i 1 = X = (Z,-80)
110, Xo= (Z,—3) /1, Xa= (Z;—-50) /10, F2 B 7 T Wi S [ 53
My 5 Ko i e, RIS AS RSREGX 2P Hels3t4 7 2047
A5 20 S ARG = AN AR B 1 2 100 R Bl E 5 AR

Y=7.1233+0.1313X+0.1075X+0.0788X+0.1879X -
0.0900X,X, —0.0025X,X5 —0.2704X,2 +0.0900X,X; —
0.2429X;2 =

SR AR, 56 56 [0 Y= 7t v 4 1) 28 o i) YA (YD
M S B MR T ), (R S5 RAnR3 FT7R  JT R X Xon
XX 5E M 25 T (p<0.05) 5 X« X X XA X2 X2 5%
i) B 52 25 0 (p <0.01) , — IR I (p=0.00105) F1~F- J7 1L

252 20125 148

(p=0.00022) FJ >k} 3 35 T, 11 42 H. I (p=0.02655) Ky
M Ak 2 T, 3K H 2% B AR ) M S AR PR S5 T R T 4K
PEICR AN, 17 TURNAZ B LGOS ARL 1 5 i (AR K, T
[ 7 2 I AH % R R 0.9840, i W 122 A 28 n] 455 Ay
A IR 25 B A8 5 i NYARL 2 A A OO &R -

%2 Box—BenhnkenS 50 15 U1 58 e S0 25 4

Table 2 Box—Behnken experiments design and the results of

experiments
ST X, X, X5 ZHERICE (%)
1 -1 -1 0 6.35
2 -1 1 0 6.74
3 1 -1 0 6.77
4 1 1 0 6.80
5 0 -1 -1 6.55
6 0 -1 1 6.45
7 0 1 -1 6.59
8 0 1 1 6.85
9 -1 0 -1 6.43
10 1 0 -1 6.72
11 -1 0 1 6.67
12 1 0 1 6.95
13 0 0 0 7.12
14 0 0 0 7.15
15 0 0 0 7.10

*3 A HTEE R
Table 3 Statistical results of regression analysis

TERE AME P 5 Ffi plE

X, 1 0.13781 0.13781 48.0462  0.00096
X, 1 0.09245 0.09245 322313 0.00236
X, 1 0.04961 0.04961  17.2966  0.00883
X2 1 0.13039 0.13039  45.4568 0.00109
XX, 1 0.03240 0.03240  11.2958  0.02009
XX, 1 0.00003 0.00003  0.0087  0.92924
X2 1 0.27000 0.27000  94.1315  0.00020
XX, 1 0.03240 0.03240 11.2958  0.02009
X2 1 0.21788 0.21788 7595964 0.00033
G5 9 0.88335 0.09815 34.21854 0.00058
etk 3 0.27988 0.09329 32.52469 0.00105
EJi 3 0.53865 0.17955 62.59752 0.00022
A H 3 0.06483 0.02161  7.53341 0.02655
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Fig.4 Response surfacegraphs and contour plots
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Table 4 The yield, protein and sugar content of 2FPS 4FPS

and 6FPS
i H 2FPS 4FPS 6FPS
ZHETFE (%) 0.43 1.97 0.67
FAE = (%) 1.67 1.39 1.82
& 5O B (%) 6.03 6.59 9.35
2 (%) 48.67 73.43 59.84
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Fig.5 Inhibition of proliferation of Hela cells by 2FPS
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Fig.6 Inhibition of proliferation of Hela cells by 4FPS
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Fig.7 Inhibition of proliferation of Hela cells by 6FPS

3 it

A SCRE P 2R S iR L, SR = K2R =K
FIJ V) S T 43~ AT 512 56 FRUII i H BN 102 22 4 (1) S5 A P B
T2y PRI EE83°C, $EHUIN [A] 3.2k, 7K f} Lk 52:1
(mLeg™ , EET T 2 PEFE IR H7.16% . B0 UESE 5
i HUORIN 102 2 SR IR [0 SMH N 7.24 %, 5 BER
FHOMAE P AH X2 22 S 1.16% , 7] WLAZASE TR B8 788 47 Hb 77
A RN 102 B8 22 A 2 B ISR IR o SR SFES3 2t
VE 7150y B39 B = Fh 2 W4 43, MT VAT I 45 3R
W, 2FPS . 4FPSFI6FPSX Hela 4 i 44 41 184 5 (1) 52 iy L5
VEFH IR Ta) R 2 5 BLAT W 35 R ROC R o HoharPs
T Heladl Mo L7 E 50 (A 30 R 4E 26 i ia) g 72h
I, AFPSX) Heladl I A4 4H 19 78 A 1CsofX 1.72mg/mL. i
TSI ATUE S AFPS () 22 Bl Bt i, 1) DL L RIN 10222
Wi LA B SR UM A -

£ % 3Lk

1 %eE st 2 ER . Sk LB 2 A RBR[]]. HED
4 %,2003,23(1) :61-62.

2] 2, Rm, FTEE,F ALRABRE SO R IR
SRR W2 EE B % ,2003,14(1):1-2.

3 ERL,FR,EAFF. A cl485F k EH 0 #H AN R R

—
bz

—

FerAE R[] B L ,1999,18(3):352-354.

[4] B3 KRR, A F ,F. MRERBRY I AFZINRIASE
PR AR A 0GR AP AR )] F Bl K 252 5 50597 5 ,2004,9(4)
386-388.

[5] 2%, #ek. MRESEF XA BARMH 051 R
[J]. i3 797 % % 4k ,2002,4(4) : 104-106.

[6] AR, & P&, ADE F REARENEE LR
BRI M K FF W TAHIR,2005,25(2) :24-27.

[7] Knubel G,Larsen L. K,Moore R E, et al. Cytotoxic,antiviral
indolocarbazoles from a blue —green alga belonging to the
Nostocaceael]]. J. Antibot.,1990,43:1236-1239.

[8] Ak A, B wel iR#uZA F. MERERXBRILEG T T
ARR[J]. B AL F 4R ,2006,26(2) :402-406.

[9] Kanekiyo K,Lee J B,Hayashi K,et al. Isolation of an antiviral
polysaccharide nostoflan from a terrestrial cyanobacterium, Nostoc
flagelliforme|J]. J Nat Prod,2005,68(7):1037-1041.

[10] A2, EX. R E S 4095 8 A L E WA R[]]. F
R AR %4 ,2007,5(1):73-76.

[11] Knubel G,Larsen L K,Moore R E,et al. Cytotoxic,antiviral
indolocarbazoles from a blue —green alga belonging to the
Nostocaceae|J]. J Antibot,1990,43,1236-1239.

[12] Chen W, Zhang T, Lu J, et al. Morphological and genetic
characterization of a cultivated Cordyceps sinensis fungus and its
polysaccharide component possessing antioxidant property in
H22 tumour-bearing mice[J|. Life Sci.,2006,78:2742-2748.
[13] F & F0E A3 F AT R¥E S HmEEEEDRLMN
HAR[T]. T B HA K S SR ,2002,33(1):51-54.

[14] Liang D X, Zhang N, Zhang Y W, et al. Response Surface
Methodology Used for Statistical Optimization of Fermentation
Media of Cordyceps Militaris|J]. Advances in Intelligent and Soft
Computing,2012,134:485-491.

[15] FRIE A, 48 5 &4 AH TR AR[M]. AL 47T R F HR
#,2003,12-13.

[16] BEFl 5. A4 5 A ol E I HAZM]. KA. T WA FH KK
At 999 ,474-476.

[17] Tsaffrir Zor,Zvi Selinger. Linearization of the Bradford protein
assay increases its sensitivity : theoretical and experimental studies

[J]. Analytical Biochemistry,1996,236:302-308.

111111111 1111111111111 1111111111111 1111111111111 1111111111111 1111111111111 11111111111 1@

(EE%246T)

cabbage juice by lactic acid bacterialJ]. Bioresource Technology,
2006,97 : 1427-1430.

[7] Kyung Y Y, Edward E W, Yong D H. Fermentation of beet
juice by beneficial lactic acid bacterialJ]. Lebensm.-Wiss. u.—
Technol ,2005,38:73-75.

[8] Ana Licia F. Pereira, Tatiane C. Maciel, Sueli Rodrigues.
Probiotic beverage from cashew apple juice fermented with
Lactobacillus casei[J]. Food Research International,2011,44 .
1276-1283.

[9] PR, § b, 3% 3 LB K B AR A A Hode T3 R[], #4%
# Tk 1991(4):18-19.

[10] Douglas C M[# ], 4= F. % ik it 5 4 A1 [M]. & B it
R AL | 1998,

254 0105 %12m

[11] AR, AFk SLBRWA > X ERAER T AM]. LK.
E % Tk g AR 1999, 117-129.

[12] E kR, SUBR R B & & BRI TT 69 BT B[], A Tk Bh3L
2004(6) :96-97.

[13] 48 F i, B4 F. SLER 1 K 850 25 kAT a0 a1 ()] & S o
#,2001(1):54-55.

[14] AR FE AL, 3 R 3 R H A4k e R8I [)]. A e A3 ,2004(4)
64-67.

[15] /B4, & &t e b5 47 [M]. Jb 7 .5 Tk & pr it | 1989.
[16] 4. X 2 8 s 69 B 2 IR (). P SF R T 9k ,2003(9):
58-60.

[17] AT, AAHZBFAB-ILRF T HMMERAILHE G F
% & LA AAR[D]. % RE A Rk X F,2009.





