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Abstract

This study used response surface methodology (RSM) in an effort to optimize the water extraction conditions
of Hypsizigus marmoreus in order to increase cytotoxicity activity of the extract. A central composite design
was applied to investigate the effects of independent variables, which included the extraction temperature
(X3), extraction time (X3), the ratio of solvent to sample (X3) on dependent variables of the extracts, including
extraction yield (Y1) and protein content (Y2). The estimated optimal conditions were as follows: 51.3°C
extraction temperature, 8.2 hrs extraction time, and 46.7 mL/g of solvent per sample. The extract (CE) was
extracted at optimal condition and crude polysaccharides (CPS) were obtained from CE by ethanol precipitation,
dialysis, and freeze drying. Neutral (NPS) and acidic (APS) fraction of polysaccharides were seperated from
CPS by ion chromatography. The growth inhibitory effects of the APS (0.5 mg/mL) on AGS human cancer
cells were 73.97%. CPS showed the highest growth inhibitory effects on HepG2 human cancer cell at 0.5 mg/mL.
However all fraction polysaccharides from Hypsizigus marmoreus showed lower than 20% growth inhibition

on SW480 human cancer cell.
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Table 1. Experimental range and values of the independent variable in the central composite design for water extraction

conditions of Hypsizigus marmoreus

] Levels

Independent variables Symbol 163 T 0 1 168
Extraction temperature (°C) X 8 25 50 75 92
Extraction time (hours) X5 2 4 7 9 11
Ratio of solvent to sample (mL/g) X3 23 30 40 50 57

7} A eH(15,16).

3, ol e el Ale AFAN st vo] F
of A2 v, F3, YR, FFolA o] Frbekn qlk
A7, BEHA & ATl ME FGAIL Hold B U
A 2B ERE b A e 9E Sl u Aol
N EBHOR FEHLA WSEURAL o] §3te] FF
P BYD of FERL o] 83k ZTFAE An of
P FAF ol gl Held 1 LAY PAZYF oA
#2 golmgit,
M2 2 ey
Nz

B ATl AR s Eolm AL (F)lEAA T =

SADA ARG om 35°Col A 24A7F xS

of B2 grE9] -20°C Wa ol Bash Aol o] &3t
At

FEZTH MHE 25t AEEAE

B AYoMe FE2H 2 FEEAY ZUHYHY
FExUY HAAHSE st REEEHE AN (response
surface methodolgy, RSM)(18)2 AF-&3lAth. F&Z 74

Ue ARAD e FAFAAY19L AL, Mg
HEA-S 93] MINITAB statistical software(Version 13,
Minitab Inc., State College, PA, USA)S A}&-3}3ith o]
 FE2202 A8 O3 FEE(X)) 8~92°Ct FEA
Xy 2~11A1738 F=2-8-08](X3) 23~57 mL/gelleH,
olE EYHMFEL 5TA-168, -1, 0, 1, 1.68)Z {53}

(Table 1) P"q % A o) wha} 2077t AR E A
(Table 2). T3} 0|5 =W S0] o5 S W= Zanis

Y= 8 (Y1>-‘+ WA S ER(Y) o2 ST

p—

Saha®} Brewer(20)9] ol whet
phenol-sulfuric acid oz AAFHT. =, 5% phenol
(w/v) 0.2 mL9} sulfuric acid 1 mLE A& 02 mLe} ¥H8-A]
71 & glucoseE EFTF O 2 3ol UV-visible spectropho-
tometer(UV-1601, Shimadzu Co., Kyoto, Japan)Z 490 nm

Table 2. Central composite design and responses of depend-
ent variables for water extraction conditions to independent
variables

Exp. Coded levels of variables Responses
No. X] Xz X3 Y] Yz
1 -1 -1 -1 325 14.16
2 1 -1 -1 49.3 15.34
3 -1 1 -1 34.8 16.34
4 1 1 -1 52.3 16.22
5 -1 -1 1 34.0 15.84
6 1 -1 1 51.7 18.45
7 -1 1 1 425 19.54
8 1 1 1 54.3 18.88
9 -1.68 0 0 175 1451
10 1.68 0 0 61.8 1.91
11 0 -1.68 0 416 14.16
12 0 1.68 0 54.7 20.61
13 0 0 -1.68 44.0 18.54
14 0 0 1.68 54.7 19.15
15 0 0 0 55.1 19.87
16 0 0 0 54.9 21.54
17 0 0 0 52.1 19.94
18 0 0 0 53.4 21.61
19 0 0 0 54.4 20.75
20 0 0 0 54.3 20.04

X, (extraction temperature, °C), X (extraction time, hrs), X
(ratio of solvent, mL/g). Y, (extraction yield, %), Y (protein
contents, %).

> Lowry-Folin 2oz X3}t
0.5 mg9l Lowry-Folin ¥+$& 2 A]3F & bovine
serum albuming %3 @Az 3la] 740 nmol| A EFE=E
=43t Ach

Zroig ol =& 22
s EoIMA AEED 50 g& SFIHA HHFEZA
2,335 mLell ¥ aL awkslm 51.3°Coll A 82*]7P R

Caiy

FEIAY FEQ] BYE fsto dFA (Adventec 5C

filter paper, Tokyo, Japan)Z ©]&3la] o3} T oJajHS

evaporator®2 50 mL7tA] 5&3 & T A4x%

(CE)S 2t EFEES 40 brixs] s=2

Fo] L& 95%014)e B

A t7)eg AAEE Sokel 5L
AES EE5ld &% S/HFTE <

sis tube(Spectra/Por. Membrane, MWCO 12,000~ 14,000

Da, Spectrum Laboratories, CA, USA)o] ¥ 31 3

& NS B F

1

3} E—T—%%

=2l

= A=)
@@EE‘ = L

E 7t E T ‘_l
FAES AFsto] AAsta 24



g

21

Z 3t ZORFACPS)E AFH o2 EE st
SHCIEA|2 AMCHEH S| 22|

2034 15 g& 20 mLe] deionized distilled waterol
4-3lA1A DEAE cellulose resin®] %% ¥ ion chromatog-
raphy column®ll #-8&A1A 32 SHTE AN E &3}
Atk FAHA G2 §EHS FEUE 3o FAHAUEA
(NPS)E #2349tk Columnell &3 &S E&st7] 9
3te] 2 M9 NaCl 84S /)& 2 A5t &&31
3 g N £3E NaClE A A3 9ste] &
alysis tube(Spectra/Por. Membrane, MWCO 12,000~
14,000 Da, Spectrum Laboratories)oll 231 443t F413F &

TAAZE st PTG AAPS)E st
stetds EUtE fleh ehMlz dEdM sot

FolHAl Zt FEE9] GHME AFAA E3+= Green
5(22)9] W) W} MTT assay s ©]83te] HESI .
Ao AbgH 99 M EF AGS(stomach adenocarcinoma),
M EF HepG2(liver hepatoblastoma), & Al X5
SW480(colon adenocarcinoma)< 10% fetal bovine se-
rum(Gibco BRL, Grand Island, NY, USA)3} streptomy-
cin—penicillin(Gibco BRL) 1%7} A 7}¥ RPMI-1640 me-
dium(Gibco BRL)el ®HjoFsll o™, 124 L 7HA= A E
cell scraper® 3|5, FFAAX AREsHAH

MTT assay= A& 20 uLe} A E v kol A A& single
cell suspension(5x 10" cells/mL) 180 pLE 96-wellell 37
gol 4¢ 59t 37°CE #A8H A CO; incubatorel| A v &
‘3}0"3} HlF 49 & MTTG mg/mL) AlFS ¥ il thA] 44]
b B9k v AT o] AL 1,000 rpmol| A 10E7F 422
= "c}%° < AA3a DMSO 150 uLE #7hste] A8+
S3fA171 &, 540 nmollA] microplate
reader(Thermomax, Molecular device Co., Virginia, USA)
2 FHEE S4sATh MTT assayoll olsf S4€ iz
I AP OD. #& oS3 Zo] ol ALt 93|
AZAG JAEHE FatATh

Growth inhibition rate (%)={(Z=7 O.D.—

A3 0.D.)/tZET 0.D.} <100

ofr
=~

formazan 23S

S

= =1

S FolHA FExd W2 FEE9 542 MINITAB
program(Minitab Inc., Minitab Statistical software, USA)

HEAo| o3t sfo| A (Hypsizigus marmoreus) +2% & wilichtd o] oA E A A ax 1649

< AHgstel M ERS AR Lo BANY Sk WS
W BAoH ERNRX, X, Xool tie 23 HARG e
v}%ﬂ} o,

= Ay + A X, + A X, + A X+ A X4 Ay X
+ A33Xs2+ A X Xy + A X Xy + Ay Xo Xy
A71M Ye TE58E, X, X, Xsv S8ESF, A 24,

Ane BT A S0l T

WS EEEA o] 93t oA FE2x219 FHHd+=
MINITAB program= ©|-83t Ztzhe] Sydwi4o] 5%
o that Eﬁ%k% AARsle] Bx 7S wEAT)E Qe F

=3 éﬁééﬂr% B+ EFH 2 (Mean+SD)E %A 3}
gom =47 FoAle SAS(statistical analysis system)
programg ]%?‘5 o] 5% =594 Duncan’s multiple range

22088 A3
2, o @ a Zzte] 2220 tate] &, @A
F%e 249 27E Table 20] R AT
Zzte] A%E olgstel HA FEEAL AnA WS
=9 784S AAsd 2 2E5EF 5, £ w
A gl W@ H74e AATH(Table 3). SHRFE)
Wom %
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ot MY 37149 R 09430
W frolgE

tisticoll A3 FEMSF

Freladel 5%el
A Q1= AT (Table 3). Table 4= t-sta-
Y19 A, AKX, X, X3), ©]
XY, X, Xy, AAFEHX Xy, XiXs, XoX3)9] A5t £
& Ve agi 234 (p<0.01), LA (pP<0.05)2] A<}
FoAe] dE Aoz Yehy

E2RA o] Au}(Table 5), Y213} o] x}ate &7 2
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Table 3. Response surface model for extracting conditions of Hysizigus marmoreus

2

Responses Quadratic polynomial model R” p-value
=54.0749+10.127X, 4+ 2.8141 X5+ 2.3135X3—5.3569X 1 X1 — 2.351 7X5X> — 1.9274X3X3 0.943 0.0001
Yi —0.65X,X2—0.6X,X3+0.725XX 3 o :
Y2=20.7158—0.0648X; +1.1322X5+0.805X 3 — 2.754X;X; — 0.5567X X2 — 0.5479X 35X 3 0.904 0.001
Y2 —0.1312X;X2+0.0038X X5+ 0.0613X2X3 ’ '

X, (extraction temperature, °C), X» (extraction time, hrs), X3 (ratio of solvent, mL/g). Y (extraction yield, %), Y- (protein contents,

%).
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Table 4. Estimated coefficient of the fitted quadratic poly—
nomial equation for different response based on t-statistic
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Fig. 1. Response surface
for the effects of ex-
traction temperature, sol-
vent ratio, and extraction
time on extract yield from
Hypsizigus marmoreus.

Fig. 2. Response surface
for the effects of ex-
traction temperature, sol-
vent ratio, and extraction
time on protein contents
in Hypsizigus marmor-
eus extracts.

Table 5. Analysis of variance (ANOVA) for response of de-
pendent variables

Y, Yo
Coefficient p-value Coefficient p-value
Intercept 54.0749 0.001 20.6279 0.001
Xy 10.1270 0.001 0.3928 0.206
Xs 2.8141 0.015 1.3208 0.001
X3 2.3135 0.036 0.8549 0.015
XXy -5.3569 0.001 -1.9334 0.001
XoXo -2.3517 0.030 -1.1644 0.002
X3X3 -1.9274 0.065 -0.6482 0.045
X1Xe -0.6500 0.614 -0.5713 0.164
X1X3 -0.6000 0.642 0.1113 0.776
XoX3 0.7250 0.575 0.1338 0.732

X; (extraction temperature,’C), Xy (extraction time, hrs), X3
(ratio of solvent, mL/g). Y1 (extraction yield, %), Y2 (protein
contents, %).

2 FolAo] Y Ao VRO H(p<0001) mAFE f
0] QA A YATHP>0.1),

7t FEz0) ME Fedstel weEW B4 A3
Fig. 1o JeR At FZ-8vlu 7} 45u) o 7171914
E5&0] FI8IT A FAadte AEFS BYoH
MY FE225= W0CHI7HA S7Hstt 2L o] F 2
A W Qe 7
SAITMHA] FE5480] Z7138lth 1 0]F 9] Lr A=
Zg o] Wals} HolA ¢urh

Responses  Source DF SS MS ¥ D
value value
Model 9 207631 230.701 18.46 0.0001
Linear 3 1581.85 527.283 42.20 0.0001
Quadratic 3 48399 161332 1291 0.001
Cross- 3 10.46 3488 028 0.839
Yield product
Residual 10 12496  12.496
Lack of fit 5 11873 23.746 19.05 0.003
Pure error 5 6.23 1.247
Total 19 2201.27
Model 9 108383 12.0431 10.43 0.001
Linear 3 35913 11.9710 10.37 0.002
Quadratic 3 69622 232073 20.11 0.0001
Cross— 3 2853 09509 0.82 0510
Protein product
Residual 10 11542  1.1542
Lack of fit 5 8.337 6675 260 0.159
Pure error 5 3.205  0.6409
Total 19 119.930

22 Table 20419} o] 191~21.61%9] Mg 27
o tigk vhg- % 3] A4 9 R*E 0.904% FelAd o] 5%
o] fFoFFoA AAH=HAHTable 3).

Yool A, AAFEHX, Xo, Xy), o2 XS, X, X5, 3t

X1 Xs, XiXs, XoXs3) TollA 244 (p<0.001), L=}

3}

el Xo,

X3(p<0.05), 18] 31 0] 2FeH(p<0.05)°] frelAol e Aoz

el tH(Table 4).

g e A3 &3 ni7HA R A oA

EAAROZ §oAo] AdE Ao JEIFO U (p<0.01) mx}
g FoAol dAHA Ee AE>01eE YERyTH
(Table 5).
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Table 6. Optimal conditions of extraction from Hypsizigus
marmoreus for protein linged polysaccharide

o| WAl (Hypsizigus marmoreus) %%

Critical value

Independent variables

Coded Uncoded
Extraction temperature 0.05 51.3
Extraction time 0.61 8.2
Ratio of solvent to sample (mL/g) 0.67 46.7

Table 7. Experimental and predicted result of verification
under optimized conditions

Dependent variables Predicted Experimental
value value

Y: (Extraction yield, %) 56.4 595+3.2

Y2 (Protein content, %) 21.3 22.4+1.3

Z e e GME AFIAad 1651

1.0, 3.5
—*— Abs 750 nm
—— Abs 490 nm 130
0.8[
E ;
o 125 s
® g
0.6
3 120 3
c c
© ©
Q E-]
s 115 =
a o NPS APS 2
Q E-]
< {10
0.2
10.5
0. 0.0
0 20 40 60 100 120 140 160

Tube number

Fig. 3. Ion exchange chromatography of crude polysaccha-
ride derived from fruit body of Hypsizigus marmoreus on
DEAE-Sephacell column (3x45 cm). NPS, neutral fraction
polysaccharides; APS, acidic fraction polysaccharides.

Table 8. Comparison of total carbohydrates and protein
quantities of each fraction from Hypsizigus marmoreus

CPS NPS APS

Protein contents (%) 19.54+2.11 574+1.09 1847+1.56
Carbohydrates 58.15£1.25 57.49£258 40.44+0.83
contents (%)

FA(APS)E £33t} Fraction collector® o]-&3}o] &
g A EE A3 43 NPSeF APSe] E3A| 5 E0] v
Ay} Fo] HEH ] o]EL BT uwldy A ole o
WMo d Aow }»H‘ﬂ’q‘:}(Flg 3, Table 8).
a8y @id e APSYF 1847+156%% NPS9

574+1.09% Xt} = ‘4’5}‘4' APS7} Srel A o kol
H & Ao 2 YelgtH(Table 8). o]= o] 23 ZulE 1

&<l DEAE Sephacell resin®] F&&9 Wz S
fEE F2A717] Wil AeE AZETHRD).

Fo] g2 NPS7}F 57.49+258% % APSE Y =4
yelsgtt) o]} & A3t= Choi 5(27)0] Ba1gk o}rie]+F
2 WA A 2 23 dIAEY AERI v B
= Bt ol SATEA T SR A s AR
Ho}p Jojdoz A7) Wi g o] 52 o= AR
ot

2EY 2ME YEAN s}
qEolHA FEE] Yo WE ALANEF AGS A=,

0
L
N

H] z
AT HepG2, AT SW4AR0] tgh M E54] o
A& 7Z Table 99 JeEF AT}

YA EF AGSAlE AL A ] APS7E 0.5 mg/mL
91 %E oA 73.97+829%°] frelHow 7HE w2 AET
AAE Jep R on dlEolmAl 2FEE CE9 209

xﬂ CPS7} 2}t 52.07+5.01%9}F 54.23+4.79% =2 el o H
FATFA 2 NPSE 31.88+6.17%= frolHoz 7pg o
x2S JAEHE JeRf A ol= AGS MEZF2
Aazs dehdle E20] APSe Bo] & Jo g A8

12 rlo
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Table 9. Growth inhibitory effects of each polysaccharide from Hypsizigus marmoreus extracts for human cancer cells

Concentration of extracts (mg/mL)

Cell lines Fractions 005 01 05
CE 3.89+9.94°7 551+11.83° 52.07+5.01°

AGS cells CPS 17.23+11.60° 23.99i8_01z 54.23+4.79
NPS 4.04+3.94° 11.48+9.99 31.88+6.17°
APS 19.54+26.97 25.92 +8.05" 73.97+8.29°
CE 0.59+7.39° 14.57+14.78° 2151 +10.77

HepG2 cells CPS 48.19i11.8§a 77.42i5.883b 82.45i5.74z
NPS 1.31+8.31 30.45+10.17 49.71+6.05
APS 5.87+4.44° 26.10+12.48" 43.73+6.58"
CE 0.34+4.34° —2.76i3.01"b 3.10+4.69
CPS 2.44+5.25" 3.67+6.70° 1855+4.47°

SWA4B0 cells NPS 2.76+2.16° 9.41 +8.34° 15.16+5.74°
APS 2.07+2.96° 5.14+4.75° 4.61+5.82°

YValues expressed are means=+SD of triplicate measurements. Means in the same row with different letters were significantly

different (p<0.05, ANOVA, Duncan’s multiple range test).

Me ZE B39 Ax
1AA G FeojHo= x}ow e o= YEh
X3 HepG2 o= CPS7F g2 139 1&—;—14
AZZAIA G} =2 Ao Z e
M 05 mg/mLe] FEAME 8245+574%°] A EZFA A
27} de Ao Z Yt 28y APSSF NPSe A2
21 A E3= 0.5 mg/mLol A ZH2E 43.73+6.58%9F 49.71+
6.06%= UElO U fre]Hom= o]k gl

Chun 5(28)2 o7t F2MA E5FEEdd Ui 7kt
A 2T A8 84 SAANA s=7F S/l wheh Al
EAAEE S/t Rl B ArAget &
Absl ek Wb A A I SWARDOI e RE EF Y
A2 E0] 05 mg/mLY FEAME BT 20%0| 7] AEZ
2l AA &S Yeg o] dlFolHA FEE ] SW4R0 cell
AEZ2 dAER7 gle Aoz Azd.

7= l-:t:oﬂ}ﬂ L—_E
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=2
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gai
@
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E
D
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ARZAEAE AAs Y 203AE ci’i—o—‘:‘] Et}%ii]
013‘0}04 O] TR E o]t LA < T
AE 2t2re] A o] A EFFAABAE OLO]'E
At Hol'ﬁli'r AGSdl= A3 A 7 05 mg/mLe] &
T A 739T%E 71 =2 AEFTAGALH]E RPoH
H9A| L5 HepG2ol+ ZtH3A|7F 05 mg/mLe] F X0l A

245%=Z 714 =2 &35 BRIy a8y 2FIAEF

SW4R0ol| A= BE E& 9 Al87} 20% P vte] AlEAd4 o
Aads 2
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