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Effect of the paper acidity on the cellulolytic activity of fungi

BEEE - FEH - BAAE - =HF
Sung Hee Han, Kyu Shik Lee, Young Jae Chung and Hye Yun Lee

[J ABSTRACT The effect of pH on degradation of paper by some fungi, which able
to degrade cellulose, was investigated. Trichoderma koningii, Aspergillus niger
and Penicillium nigulosum were cultured at 28°C for 16 days in the selective
medium (PH3, PH4, PH5, PH6, PH7, PH8, PH9, PH10, PHC) containing paper as
substrate. Each paper was pretreated with each pH buffer (pH 3~pH 10, D.W.)
prior to addition to the selective medium. Enzyme activities in the each culture
medium were measured spectrophtometrically using C.M.C., Avicel, PNPG as the
substrates for endoglucanase, exoglucanase and BE-glucosidase, respectively. In all
experimental fungi, the enzyme activities of PH3 and PHY9 medium were usually
much higher than those of other experimental groups. However in the PH6
medium, enzyme activity was lower than other groups. To analyze the concentration
and pattern of protein in the each culture medium, the medium was concentrated
by lyophilization. The protein concentration of PH3 and PH9 medium were
relatively high (T.koningii; 6.31mg, 6,19mg, A.niger; 1.62mg, 1.96mg, P.nigulosum;
2.50mg, 2.73mg, respectively), but that of PH6 was relatively low. The protein
pattern of each medium was analyzed by using SDS-PAGE and VDS Image
Master Analysis Program. The concentrations of bands in the each lane were
usually high at lane2 (PH3) and lane8 (PH9) and low at lane5 (PH6). Therfore,
the incresed cellulolytic activity of fungus against acidified paper could be result

of structural change and deterioration of paper caused by being acidified.
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AFESA Y] BEHA ] FAAY 271 53] L2AFZASE HYE nYE 93
4L A "dve AL FAY AMolt. AFESA A n|AE] BAEA HE UL
dolut A Ao A Eub oy} FolHwe Bl 2 ANAE BIANA A2 SAHAY
FARA wrEn. dutz oz Fold WA= AT FRE o 10099Fe] A A
ow, wrHglolHT= APl o o &4RU. AT Fols Candida, Monilia,
Torula, Aspergillus, Penicillium, Trichoderma, Chaetomium, Alternaria,
Stachybotrys, Chrysosporium &°| At °|& AMITY tFE£L HFLEdlsS 21
ATHEHFHIEXK, 1980). A AEZZRE 5% HHZ= EAsA x 224 FA 31
o ArAdEE= gad, Hd T2 st Utk dFoE B AdEZ=2E
d#e AE22EY JuAEZ22Y HJadd} AusA ZAFEHo 7] HEd AE
225 oridste Hde 433 7=z AZE o= o wEhA ol A
s PP A==+ 99 AEEZZRYG THEI} AdeAY 279 FrAEE=
7t 2ol JATHME S GH, 1989). oA FX7F ARG HTAAFH W&o ¢
T3 A9 stvz Ayzdn.

EAl9] 34~45%F AA 3= MEZZE f-1,4-glycosidic bondol] &3 AZnjo]e
ze] FFAZAN e FAY HEAN HRAEE oFE U 3y 22 du
Aoy 712G EAR] SFREEE HA JHeEAAA Fevh HAE0] FolE &3
e Hole B2 79 247 22387 WEe|H mAE AT AEZ=9 TloE
o= 3FTF &4 F v FAAIY S FH3Y free chain endE P43+ endo-1,4-
B-glucanase(E.C. 32.1.4), A== AJL2HH o|BFHF cellobioseE EF3dt=
exo-1,4-f-glucanase(E.C. 3.2.1.91), 18] cellobioseE glucoseZ 7}FE3)st= B
glucosidase(E.C. 3.2.1.21)¢] 433802 o] Fo|WH(Yazdi, et al, 1990).

Tolo &4 A IS HA= AEEZ=Y JIFEAE HAE] F¥Ee E4Y
Zh-gol o3 BESHA £33 ool Fo] FWFHAY T LAY dastE 719 7S]
U, AANXE 8 Ale]=2AZ A}E-¥ Wuto|y aluminium sulphate 53 22 4H4
doll A% 533 ZteEart U §35H3 Tt dAl AgR= TRA L SFIAAYZE
&2 G gL ASAT, T AL FH A FLdAe oA mE
A AeEs9ctn 215 Qi Mark and Harris, 1946). ©]2+83, 24 283 Q&3
22 drldEdoy AAA HIEE AAHEHC AEEZ=Ud EAEE FAI
(-OH) ¢t &3t Folo IHET S7HE 2N 7heEs & &4°] EddEda B
SHATHERH, 1984 ; &L, 1986 ; EIEMALEREZTE®,1900 ; HFh 55,1990, = F,
1992 ; 3t 5, 1996).
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Folo &4 AAL EHF, 334, agn AEA 82 Tl A o] FoAXA T, o
23 &4 e 29 A SHH R BAFI| RO F2 7 209 45 F
Sl A FgH oz BAEy] diEd Fold EHARE st =43 5oz 4

B3t A2 u¢ oy

AF7HA v BE & Folo BETA e 2 Fol st wE 55
A Ztrddel de B A7 FREHAA fout A (EEA gDl o Fol
T2 350 g nAEY AFEANF(AETA 2o &3 A7+ 2ud v ¢
ok mE A EuoAE 31ehE 2906 93 Fol9 At AMdTEe] AEERZ BT
o WX F3F 3] EATH o ZAEE Y Hustua st

>

II.

= 2 e

L #F % AdFA=

= 3% (Trichoderma koningii, Aspergillus niger, Penicillium nigulosum)< 3
THY7|edTYE FATTEATE FAAANLAEH FAALHF(KCTCO)ANA 2 Fol 4
doF2 ALt eH, Folddls S LMA= MgSOs+ TH20 0.52g, NaNOs 6.0g,
KCl 0.52g, KHoPO4 1.52g, FeCls 25mgs S/HT 140 £ AFRE A4
o q7le] FAH e ARadeZE ¥R 10gS 74 pHE &584(50mM) 129 =27}
80TCelAl 15937t WHEAIA Folo pHE 233tk ol pH 3~pH 57HA & sodium
citrate 4389 pH 6~pH 77}AE= sodium phosphate ¢4=&<, pH 8& Tris-HCl
989 2831 pH 9~pH 107tAE sodium carbonate-HCl €458 4S AM233
o a8y dETEA S4FL&gtild FFHFFE AT IAE AEEAS. 4
pH(pH 3~10)Z ZHAH A= TFF 149 271 80TolA 10¢zt Wid NSFHFFE
DAt ol 2FATE AT Eol2FATE v FAAHLZ 80ToA 2443
AzAZ F AFAEE AHESIAT

2. Zt pHE FAEF9 A5

Z} pH ¥ 2 A3 AR A FAFF ASZAL ZAE] 3 T3z F
ANFFE 47 HZEFF g 6T FEZAARMg(NO;s): - 6H0, NHNOs3, NaCl,
KCIl, KNOs, DW)& o] &34 FE5& RFHFI 2=X7A(5T, 25T 35T)0A A8t
Atk

o%;



3. HH W71z AA

APTEF 339 HH wFNBE AAE7] A 250ml AZESEAdd 7D =2A
T2 F48 FIAANEECR)S AHETF AFuA(pH 6.008 100ml¥ ¥ 3 121TC 15
7+ ZAAEESAY. 283 A4 58 FaFoE JFFTE oS 1D SrI(28T,
180rpm) ol A 2445 <t wig3AA 29 ZHAoE Iml¥® FHatel YAE2(12,000rpm,
15min, 4T)% F H2 Y& ZFLE AEEZZ BHaL0) A4S Ao HF wjF
717+& AAR3AT

4. v FHix]9] 3 pH HA

APAF 359 A FA pHEAL Lolry] 3 7122 FFF2 J44
FA) A H(2%)S A&t 10M KOHZ pH 4, pH 7 283X pH 902 zdd 3%F9
AFWAE 3709 250ml S 2T 100ml¥ Y3 121, 1583 gD FeS
th 283 3% AYAFE 44 FFst ALeF71(28C, 180rpm)lA 1043t |l
¥ F 1mle st 9AE2(12,000rpm, 15min, 4T)F F FZ 4L ZEAZ 31
AEZ= Foaho S4& A WA A pH =0 AASHAT

b. B4 AHE A

A

AGFFo) 3 BEHETAZAHE =A317] 984 exoglucanase?t endoglucanase?]
42 42 CM.C.¢ Avicel 712d& AHg3te] 7[do] EajHo] AME ddTE A
3t =AYt & &4 0.1mlF 712 50mgS 0.1M sodium citrate(pH 5.2) ¢&5&
d 1mlel EFF F 40ToA 4087 HSAAHT. A §AL YFAHEHIE
A&l Y9AE2(10.000rpm, 10min, 20C)3tx, AS5He F4LBAHL Miller et
al.(1960)¢] WHd w2t FLdFd HE kit(Sigma, USA)E o]|&3t9 EJJ=AZ
475nmol A FA 3. f-glucosidase®] F4S Jeongs(1985)¢] WS <k 33
o FAs9Y. S &4 02mlT 0.06M citrate(pH 4.8) ¢FE&HoZ Ax3 ImM
p-nitrophenyl-BF-D-glucopyranoside (PNPG) 0.8mlES 40TolA 30&37F vk$ A1 AT
HH3-A171 & 1M sodium carbonate 2.0mlE H7}8le] vH$-S HAXA I, T/FF 10ml
2 3X3 ge PNPGOIA WEF p-nitrophenol(PNP)9 %<& £33 % A (Beckman
DU-68, USA)Z 420nmeol A F43A ).



6. XL FF

Zt pHZE Azx" FAE 7|42 3o wjgd wix & ¥5 A EE 7] (Jouan MR1822,
USA)Z 94 F2(12,000rpm, 15min, 4C)3tx I A5 25mleS FH 3t microfilt-
ration(0.2m) 2.2 A L JFAHAEES AASNT THFE 24X TN & A3 52
AZ71E o83ty FTHT 15mlE 53t ol oWl AFH AV|F9sS S &
HAEN 2 8H3ZAS AT =54 20N(FF 3Fx71E 9% 1 575, pH 3.0~10.0)
£ AxsATH

7. 9 d A

FRE =852 2709 A @A FS A7) A3 Lowry(1951)9] el wheh
23t ol EFDWAR bovine serum albuming AH&-3HSith.

8 W/95S B3 vy g B Hlw

>

AE g8 A Mg AN FHE ZE2A] G AS v 7] A
Laemmli(1970) ¥ S ¥ 83 SDS-A7| 952 AASAT o|# A}8-& polyacrylamide
9 FEE 125%2 AE A28 2 Multiphore- I (Pharmacia, Sweden) 3 X & A}-&3}
o 600V, 50mA, 30WZ 9085 A7|9F sid. 9&5° 3 AL coomassie
brilliant blue R-2502.2 dj3st] A Fe& vlu EA4 5t ol A& BFED
W22 phosphorylase B(94kDa), bovine serum albumin(67kDa), ovalbumin(43kDa),
carbonic anhydrase(30kDa), trypsin inhibitor(20.1kDa), a-lactalbumine(14.4kDa)% <
Abgsliom, 259 AA o] A7 E Image Master VDS analysis(Pharmacia,
Sweden)7]7] 2 A Z2a S o] &3 FAHI}AT

A TFF Trichoderma koningii, Aspergillus niger, Penicillium nigulosum®| 3t
AAAEZAL ZAE7] 94 2 pH B2 AP FAd HED G 4 LFEZA
A ASEHE ZAE 23 100% RH.9IA T. koningiic pH 3~6°]4 W3y o0,



A. niger$}t P. nigulosume pH 3~1091A4 W3R, 94% RH.9lA T. koningiic
pH 3~49lA, A. nigere pH 3~691A4, P. nigulosum= pH 3947 W25} 18
I 84% R.H.ol3lol & AR &gttt matx AdAdFE 259 T2 A 27
¥ g5 ¥ FE ¥ oz YeEt a8 d¥TF 3F2 ST FY
Aes & AJG-.

2. 33 W71zt # BAEIAFA

AP dF T koningii, A. niger, P. nigulosum®] W3 FZ wjF7|7+S AA3}7] 9
A 71AE FHTE AAE FAANACK) S HE2TE AHES AT A (pH 6) &7
o] #FE HFTSHA 20947 wigd A TFuh G Aol Ao HiFES A9
42 69FH FUHet7] Al 1693 oA Ao 4& Bl F AA3
239 th(Fig. 1) wWehA 2 APoAs Z pHEZE P AEY AFEN T 2ol E v
3t7] A3 HAu SIS 1692 AR eHA
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Fig. 1. Effect of cultivation time on the preduction of cellulase
from T. koningi. A, nmiger and P. nigulosurm

Fig. 1. Effect of cultivation time on the production of cellulase
from T. koningii, A. niger and P. nigulosum



3. A@dFol N WA HH pH =3

AT ik el 2 pHZAS AR A% 7|A=2 d2F& AME3td
10M KOHZ pH 4, pH 7 28|12 pH 928 ZFEd 3F9 AR oA 1043t v L3ty
24 SR 2 3F9 dF EF pH 494 4ol 71 A dEsten CMCase,
Avicelase 123l PNPGase® €4% EF pH 4014 7V =4 deistt. a8y T
koningii= pH 79X % =A% E4& Uedle Zo= Hol H3 pH o] HluH
Qe Aow AZAHY, A nigerst P. nigulosums pH 4945 @A4o] E4 Yelgon
2 E2AYPA vjFEnx e 33 pH =742 pH 42 AA A} (Fig. 2)
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Fig. 2. Effect of initial pH of medium on the production of cellulase. pH were
changed with 10M-KOH. (a) 7. koningii, (b) A. niger, (c) P. nigulosum
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4. 85 AT

Zt pHEE A" IXNE 74A=2 & 2425354 AFHAH 9o AJFF 3F &
HAF3 1697 A8 F7]414(28C, 180rpm) M1Y¥ & ¥ 1mI¥ S FH3ld AR
2(12,000rpm, 15min, 4C)% ¥ I A& 4L 2F A= 39 7]A(C.M.C,, Avicel 213
I PNPG)#H $HEAIZ thg 23 3=A F3EE SAsY dz7d dd 4o &4
Z(%) 2 YA

l

7} T. koningii®| Edls &8

T. koningiid]l 23 AU A== CM.C.o daiA pH 9914 100%, pH 3ol A
91.12%, pH 59l 4] 83.47%, pH 8|4 80.64%, pH 7|4 72.87%, pH 4°l 4] 68.43%, ©l
ZToA 52.656%, pH 6914 43.77%, pH 10914 45.13%< T2 2 YESSH, Avicel
o tisiAl pH 714 100%, pH 3°1A 95.21%, pH 84 94.8%, pH 594 93.22%, pH
99| A 86.85%, pH 4°|A 58.56%, pH 6|4 53.38%, 7oA 42.63%, pH 1094
38.64%¢ 2= YUEEth 283 PNPGY| th3lA pH 394 100%, pH 84 96.5%,
pH 594 96.28%, pH 7914 93.55%, pH 9°A] 89.2%, pH 4°lA 52.24%, pH 694
45.23%, pH 10014 40.53%, tE=TlA 38.75%< «o2 YEtsith(Fig 3).
w2t A T, koningii”} ¥9]3lE CMCasest pH 99 pH 3, Avicelase: pH 73 pH 3,
23l PNPGaset pH 3% pH 894 Hlud w2 Ad&4dS Yehliled, pH 63
pH 10914 Aol 71F ¥ o2 Yet. 1BBE T koningiiZt #YetE &3
o o Fold EilTo A= Fo8el de AT BLZYAAA ¢ w2
gA4o] Ugyes A €A XA tAZ 371A &47F dWAZ pH 33 pH 990 A
M =2 245 UElilen, pH 63 pH 1094 71 @2 84S E3H.

Lt A nigerel Edlls &3
A. nigerd] 9% Ao €A== CM.C.ol t3iA pH 7914 100%, th=T-olA 64.4%,
pH 44 42.2%, pH 9914 39.4%, pH 5914 30.9%, pH 8914 17.8%, pH 39l A
9.7%, pH 10914 6.1%, pH 6°1A4 5.7%¢ 22 Yelgon, Aviceldl tid|lA= pH 7
ol Al 100%, ti=TolA 69.4%, pH 994 30.5%, pH 4|4 19.7%, pH5l| 4|
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Fig. 3. Effect of substrates of medium on the production of
cellulase from T. koningii

12.7%, pH 3% 8olA 4.6%, pH 10914 2.9%, pH 6914 2.3%<Y oz Jehygth
PNPGel WalA pH 7oA 100%, tZTFolA 90.1%, pH 9elA 41.5%, pH 4°]A]
38.6%, pH 5914 23.1%, pH 3914 8.3%, pH 814 7.5%, pH 6914 3.9%, pH 1061 A
3.2%°] ol .(Fig. 4)

wZtA A niger7} 983 Aa4
Uelidlen, pH 10(¢7+E48) 3% oFit

o

Biase FHEH DA 7P &2 AdigA
4 (pH 6)9l4 E0] 7P &2 A= Yy

Ct. P. nigulosum®| 2dlls &3
P. nigulosumd] 93 ANFAEE CM.C.ol thsfiA pH 594 100%, pH 9 A
98.23%, ti&TolA 92.67%, pH 8ollA 89.14%, pH 3°lA 79.04%, pH 4914 45.96%,
pH 10914 43.43%, pH 694 33.84%, pH 7oA 26.76%<] T2 = UESOB, Avicel
o tialA pH 9914 100%, pH 8°1A 62.93%, tixTolA 62.07%, pH 5914 43.97%,
pH 3914 40.51%, pH 10914 34.48%, pH 4914 24.13%, pH 6914 18.97%, pH 7 A
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Fig. 4. Effect of substrates of medium on the production of
cellulase from A. niger

1551%& 4YErdt. PNPGel tisiA pH 3914 100%, pH 8°l4 89.01%, pH 59 A
82.38%, pH 9914 69.01%, tZ=TFolA 62.93%, pH 4914 23.85%, pH 10914 20.2%,
pH 6914 13.11%, pH 794 10.78%E X % t}.(Fig. 5)

w2bA P. nigulosum?} £1]3l= CMCases+ pH 5% pH 7, Avicelase= pH 9¢ pH 8
a3 PNPGase= pH 33 pH 894 7H =2 AU@8A4S YehReHy, 3% 84 EF
pH 63} pH 7oA EAo] 71 %2 ALoZE Uelgt. & P. nigulosum?} #3438t Af4
Biaie @42 AT drteldoA A deda, A WA HEEt

o]gx} Zo] Z+ pHEZE A3 FXA W] Wi 3% AFAF T. koningii, A
niger, P. nigulosum® 84 =E& SAI 27 fAol A= 2= YeEA gskey
ARtz o2 A (pH 3)3 ¢Z= 8 (pH 9)dllA Atz ez 2 848 193 $A4(H
6)olA 2 8L FFHLE AT F AATh FolY A WE HAE 9%
Fol9 Tt ARt or FFAA Y ARAxAY FHozE FHEH. 2y °]
H AES T o=AE mPE 9T JtFEA TS Ase mE FolAA T

§-l_
24 W5 % &4 JANE FAHE Re B & A9

%2,

- 12 -
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Fig. 5. Effect of substrates of medium on the production of
cellulase from P. nigulosum

5. @ AF 54

NAAEL 87 2 Az we "8 F I a4ES Aisa olE £y
3t A& st AFA3HA vt 2HEE wjgdoe E#F7F AF T wE
T AAY ETFZAAE AAY &3 Y3 AXY F2ENAS H] R

AT AE FAGWA 3 FAEEC] IFIA At wiEFA R
olz|g BATWE A BAE Frte TFo AFEEI WmE o FUHEA HH,

F9 Fo w, WEEd, 2%, 9449, X9 pH T w2 =24 4
Bidth. T vigzdCdA 4 pHEZ AT FX 9 7l o2t Add o
AZFE FAH3AT.(Table 1)

Table 194 H= uigzro] AP FFol 93 Z pHEE A AX=2HYH A
" g dZe T koningiiol A= pH 3(6.31mg/m¢), pH 9(6.19mg/m¢), pH 8(6.08mg/
m¢), pH 5(5.97mg/ml), pH 7(4.97mg/ml), pH 4(4.45mg/m¢), pH 6(3.81mg/m¢) 1731
pH 10(2.90mg/m) 8] +2o2 A YeEwth oAL 71AEE SH LA PN pH 3
Z pH 9914 7 =& &4& Hola pH 694 71 & 84 & Ued 2344
719 A3

- 13 -



Table 1. Concentration of protein produced from 7. koningii A. niger and P.

nigulosum
anismninmrg T. koningii A. niger P. nigulosum
Absorbance | Concentration | Absorbance | Concentration | Absorbance | Concentration
e (750nm) (mg/m) (750nm) (mgim) (750nm) (mg/m)
pH 3 0.625 6.31 0.161 1.62 0.248 2.50
pH 4 0.441 4.45 0.143 1.44 0.226 2.28
pH 5 0.592 597 0.168 1.70 0.246 248
pH 6 0.379 3.81 0.122 1.23 0.235 2.37
pH 7 0.493 497 0.360 3.63 0.241 2.42
pH 8 0.603 6.03 0.167 1.68 0.276 2.18
pH 9 0.614 6.19 0.194 1.96 0.270 2.13
pH 10 0.288 2.90 0.119 1.20 0.199 2.01
oz 0.332 3.32 0.309 3.01 0.244 246

A. nigerdlAd+ pH 7(3.63mg/m¢), pH 9(1.96mg/m¢), pH 5(1.70mg/m¢), pH 8(1.68mg/
mé¢), pH 3(1.62mg/mé), pH 4(1.44mg/m¢), pH 6(1.23mg/m¢) 183 pH 10(1.20mg/mb)d] &
o2 A Yest 53 FAHAEH NolA Auidez 433 g2 dulidzke] A&
AE H AL TF AAY AYH Sold HEd Aoz A4, 28l pH 7
S AY3H, A8 (pH 37 pH 5) 22 4ZH(pH 9)olA FdFHoz =& gy
ZFS Velgon pH 694 Aoz e dwlad o]l AFHAJY. P. nigulosumol
Ao 9iAdFe GE SARAR 2 gl FqA FRIE XolE YEA &1
A mFoz v &dHT)

o3 o] dMlAZFSE ZAY A dAZ AN (pH 3)F ¢7te 4 (pH 9) oA =2
g9 A Fo] FAHHIUAL, TAHPH 6)dA+ E2 ddFo] FAHHAUY. =3 AT+
H dWd WM FL T koningii, P. nigulosum, 2123 A. niger?] €22 Yeh} 43
o5 % T. koningii7t 7b¢ AF&Ed o] 0 AS AT 5+ AAyH

u9L

pH¥EE A3 Ao g 3F 59 MIA2m)S ATFEAx7|2 553
H 44E FFT 15mIE HA| 59 Z234AE AXR3GTH(Z pHE 7ol A T.
koningiidld 8" ZJZ42E TPHx, A nigerol td|x &= APHx 281
nigulosumd] WA= PPHxZ EAF7IZ 3) FHjd X845 20y A7 Y
TS AAFAY. oju A& EFEW AL Iphosphorylase B(94kDa), bovine
serum albumin(67kDa), ovalbumin(43kDa), carbonic anhydrase(30kDa), trypsin

- 14 -



inhibitor(20.1kDa), a-lactalbumine(14.4kDa) 5 A&t Z Ao tig A7)
4% Z2H4E Fsln 7 laned 23 EE @A A FFsn AT =
E2E 97] 99814 Image master VDS £4 Z23#& o] &3l EId T A9
271% 281 FAFEE(%)E FAdA

AA T. koningiidl q& H7|95 AFZAHE HHE AV|YFARE T34 o
(¢ 12704 %) @93 bandE AT < U3 TPH3F TPHS, TPHI9S =J:4AE A
lane(2, 7, 8)ol A & lane(th& ZE )R band’t ¥ A d¥E RS SUAS=
A2 4 YA} (Fig. 6-A) Image master VDS £ Z2338S o] &3te £ 4d
giidel =79 a8 AT E(R)E A7GEARY AFH=E oln g FH | A
Zo] lane 2(TPH3)¢} lane8(TPH9)olA &2 F% 86.5%, 91.3%E YElWow lane
5(TPH6) A& A8 ¥ $X< 68.6%F UEI A th.(Fig. 6-B)

A. niger 3%dE A7]9% A} EA lane 6(APH7)3} lane S8(APH9)o| A+ <k3H
99d bandE FA T § A[EH(Fig. 7-A) ol SUAAFFS T34 A8 ARG
Zo] AAMH o2 wjgFHo] Gl zgo] L Ao VA% Aol

Image master VDS #4] Z238:& o] &3t EA3 237 lane 67 lane 894 A
2 =77} ©2 4% F(85kDa, 33kDa, 29.1kDa, 26kDa)¢] 9ald e s & 99ln
I AY3d 3=E 386% 9 26.6%% et (Fig. 7-B)

P. nigulosumo|AE A7]9% A3} lane 2(PPH3)¥-E lane 6(PPH6) 7} & 3 w3t
A 295017 band7b e T AIH 02 lane S(PPHO)F lane 10(AZT)NA 3l
3 bandE < 4 YA .(Fig. 8-A) Image master VDS £4] Z2398 o] &3
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Fig. B. 12.5% SDS-PAGE and Protein concentration analysis of crude extracts.

Fig. 6.

(A) 12.5% SDS-PAGE analysis of crude extracts from T, koningii. Lana
1 marker pratein:Lane 2-10, crude extracts from T. keningil,

[B] Relative concentration of protein analysis by use of Image Master
VDS analysis program

12.5% SDS-PAGE and Protein concentration analysis of crude extracts.

(A) 12.5% SDS-PAGE analysis of crude extracts from T. koningii. Lane 1, marker
protein;Lane 2-10, crude extracts from 7. koningii.

(B) Relative concentration of protein analysis by use of Image Master VDS analysis
program.
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Fig. 7. 12.5% SDS-PAGE and Protein concentration analysis of crude extracts.
(A) 12.5% SDS-PAGE analysis of crude extracts from A. niger. Lane 1, marker protein;
Lane 2-10, crude extracts from A. niger.
(B) Relative concentration of protein analysis by use of Image Master VDS analysis
program.
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Fig. 8. 12.5% SDS-PAGE and Protein concentration analysis of crude extracts.

(A) 12.5% SDS-PAGE analysis of crude extracts from P. nigulosum. Lane 1, marker protein;
Lane 2-10, crude extracts from P. nigulosum.

(B) Relative concentration of protein analysis by use of Image Master VDS analysis
program.
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