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Influence of Substrates on the Isozyme Patterns of
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ABSTRACT: The influence of cellulosic and hemicellulosic substrates on the production of cellu-
lase and xylanase complexes in Aspergillus niger was investigated. The culture conditions with
different substrates exhibited profound effects on the level of endoglucanase (CMCase), 8-
glucosidase, endoxylanase and 8 -xylosidase, and on their isozyme patterns. However, intracellu-
lar and extracellular isozyme patterns of cellulase and xylanase complexes were qualitatively iden-
tical and appeared to be simultaneous in the early growth phase. Prolonged incubation led to the
increase in the concentrations of isozymes with a little changes in the relative proportions of those
isozymes. These results suggest that the biosynthesis of cellulase and xylanase complexes in A.
niger is coordinately regulated at the level of induction. Moreover, multiple forms of extracellu-
lar cellulase and xylanase complexes seem to be the outcome of specific gene expression and should
not be considered solely as the consequence of post-secretional modification of synthesized enzymes.
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LR RE APAHE= A EHaine
F multi-enzyme system®.Z FAHo] givh
cellulosed] 24 71435 91§ cellulase &4A
< endo-B-1, 4-glucanase(CMCase, EC 3.2.14) cel-
lobiohydrolase (EC 3.2.1.91) % B-glucosidase(EC 3.
21212 FAE] 9lon(Bisaria 5, 1981), xyla-
nase JaA % endo-B-1, 4-xylanase(endoxylanase,
EC32.1.8) % B-xylosidase(EC 3.2.1.37) & FAlH
o] rk(Reilly, 1981). w3 o] Frlx] &EAAZ
TAEL A AR fie odAY FAax
(isozyme) & o] Fo1A glgo] B AfA Fan|
AEA gl 9l (Labudova 5, 1983 5 Dek-
ker, 1985 ; Wong %, 1988).
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Tet A el i FAARLe] 4] o
e AL o= 7HA] E st
A HHAA sivh. 259 A7A-E(Gong %,
1979 ; Wood, 1985 ; Eriksson %, 1985)2 A 31:\41
F-25E o2 847} HREE AAA glycos-
ylation®] %7} e A defvpAr} Fu] F i
JEpR-dd4e] ol 9@ modificatione] ©])Fo]
Hozy oo Aatr} Py Tﬂ'a}‘_’
uimo)] Th oj%LX}E—i(Labudova
Wong =, 1986 : Bhat %, 1989)
Aol AR e {3k walat
ek olefdt FAEL A7
lase®} xylanase &A4Al9] A¥A
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3oL, o]F Bt ARA zde] AEA #HES
ol F k= A W 2 et wig 2 R
Weojzich

= R "‘_:1101]/1‘]36 cellulase®} xylanase &2
Aol AAgol 3t AN EHAAA
o8 A FAEaAY A Q7 {8
Aspergillus niger(Vogt 5, 1977 ; Boyer %, 1983 :
Frederick 5, 1985) 2 |82 3lod ofujr}r] A4
7149 Hrlel wE AxEuele] ARA FalasA
9,} )\g/n]— u_l Ex]j__/]\__g] Oob\l——"— BHOJ:}\]7]-B:3_§:’_ 1/1].

oz FARL AN o ¥ EAAe
A 2o QolA HE2ke] DS 2
o},
M 2 Hk
25 U uix

B AFor= Aspergillus niger ATCC 1374 o}
AFF7E AHEEgl e, AR5 ulal 30T A
Harsanyi 5(1977)9] 38 x| T &4 x)ol 4]
v okalgitt. # 4wl A= minimal stock solution 20
m3 A grQgoer 2% §5EA(inducer) &
HEFZIH 1%(wW/V) EEE 59 =of ] liter2
nE9c)h Ale-E §EE24-E carboxymethyl cellu-
lose(CMC, Sigma), Larchwood & §-8] -2 xylan
(Sigma), 1213 Laminaria digitata)| A} 2 lami-
narin(Sigma) Folu, o]59 MFAEZE Fe)sld]
CMC(1%, w/v), xylan(1%, w/v), CMC-xylan(0.5 :
0.5%, w/v), CMC-xylan-laminarin(04 : 0.4 : 0.2%,
w/v)& aHEdch

ujF Sl FAMA

ofAFT AbE wiokd 2RE] 0.02% Tween 802
2 FAE2 S ghEe] bl Ao 1.0X10°
FEAZA/m A=A HE% 3, Rotary shaker
(130 rev/mm, r=>50 mm)e<ll*} 30CE 18A}7} =&t
weFstact. 2k FARAE 479 Az Py 5
3ty dad 49,(0.8%, w/v, NaCl) & A3 3}o]
oA 2+ ‘I'I‘E?ZJC’] A7k 2 22 (2 30 ml) o]
77 AE¢ F 30T M Aghodsidcy. 28w
s oAt e) FALHE UA AZPE R A # sl Wha-
tman No.2 HAEZo|E AHEZ vl ozjde Ax
gEL gAHoR Apgstedck Azl FARR(S

mg/dry weight)ell Aluminum oxide(Ale3) lg&

A 715l Tzl Apke) A 487} dAETE 7ol A
ZE A% H 4T 45 (8,000><g/30 min)

glo] d-& A=A (final volum 30 m)-2 AEWE A
4o Ag-3ksith

g4 g4x 53

CMCase®} endoxylanases] A== 72 CMC
¢} xylang 0.05M ZAMHEEA(pH5.0) ¢ 4l
g 09mi7 a48d 01miE A2 UEE
FEL 37ColA 158 ¢k ubeAIZ F So mogyi
(1952) 92} Nelson(1944) ¢] Hhol| oz} 3
nmel e} FFEEA freld FUGE —?"33}931.
EABATE Y9 2R 1854 FHFEA
E-(CMCase+ glucose equivalents, xylanase= xy-
lose equivalent) 1umoled WAshe A49) &
1unit2 #elste] #4381t

B-glucosidase % B-xylosidasex= 0.05M ZAF
8- (pH45)14 PNPG(p-nitrophenyl-g-gluco-
pylanoside, Sigma), PNPX(p-nitrophenyl-B-xylop-
ylanoside, Sigma)E 77 1 mME A HE 7134
09 m/3} E489 0.1me WHEFES 37CAA
15327k ¥H¢-A17]2 1M Na,COE 20 ml 713t ¥
TmiY FHTE 3Aste] #4420 nmel| A F2l®
p-nitrophenol(PNP) &) FH#=5 =A3lgicy. &4
FAE 1 unitE 139 1 ymole ] PNPE A A 3=
x40 ofo g Aoyl

CHHE M2

g Aeke Bovine serum albuming EFA]
52 3] Lowry 5(1951) 9] W e x|a)algict

= 7|%-E (Polyacrylamide gel electrophoresis)

Non-dissociating polyacrylamide gel electropho-
resis(PAGE) & Davis(1964) 8] 8h-2 33}
slab gel®] &€& high pH discontinuous gel A
719%5-¢ 3k A4 AEe FHE 2aLNE
Ag-slednh A ML coomassie brilliant blue
R2502 methanol/water/acetic acid(40 : 50 : 10,
Hau)ol 02%(w/v) 2 59l SHoA 4077
3}91 2 methanol/water/acetic acid(30 : 60 : 10, ¥
du) el 242 F] )

Isoelectric Focusing(IEF)

IEF-& Phast System(pharmacia LKB) IEFg

ol 43w, Fr|¥l ZEALNGE FRAERE AME-3)
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o 1 W=A sample-well stempel] @ojrtel 3 08
W7} sample applicatore]] 2X& dtod 1000 V( 2.5
mA, 35W, 15C) <4 ARk
M HAMU(Activity staining)
CMCase®} endoxylanase] %
polyacrylamide geloll 4 7] A|
=z A

AN E 11%, 9%
7l A& o] 43t
3} agar replicass 0.05 M ZA4k3-4-98 (pH 5.0) o)
713 (CMCase= CMC, xylanases xylan) 3 A%
agar(Difco) 2 Z+7t 0.1%, 3%(w/v)EA *q &
FA7F 14 mm¥E =2 2E 5 agar replicadl A ¢
& AAS 283 A7 # polyacryla-
mide gel GA] F¥-& A AZ &, agar replicacl
2eET geld} replicarleld] 71ZE A Ast R

‘% wt7] 98l parafilme 2 €& ¥ 40T
ol A 2417k wb-g-A1zich aElal 4Te) A 1587 3
2xj2]ste] wkS-& X)X, gel & WUl L agar
replicat 0.1% congo redZ 30%-%<+ A9 3}
i (Lee %, 1989). Lz} 1M NaClo] ©29]
F0.24 CMCase®} xylanaseo] s|wtéh= H-¢]2]
FoMo] BE AAHEEZE 3 F, 5% acetic acidol
golFe] oS AW bandsb i A ok Be-
guin, 1983).

B-Glucosidase 9} B-xylosidase] &4 4L Sch-
mid §(1987)2] whel wel AlaEsdry. WA
Phast IEF Systemoll 4] 1000 VE #7/§A[2] & gel
ZH5e £3& A Replicad 4-methylum-
belliferyl-B-glucoside = 4-methylumbelliferyl-p-D-
xyloside citrate buffer(50 mM) e} 5 mM=A =
3l -2-94-& Whatman No. 1 filter paperell spray3}o]
40Tl A 30 ZAxA)A Eulstsdnh 283 o)
A A gelell A% filter paperE Y-S £ 40T o) 4]
105-7F W21 A 7+ &.4-9] componentsol] 3]sk
band& 4-methylumbelliferone fluorescence(350
nm)elj A Fastech
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A. niger ATCC 1374 obHF5 CMC(1%), xy-
lan(1%), CMC-xylan{0.5: 0.5%), CMC-xylan-li-
minarin(04 : 04 : 02%) o} Z+7z} o9l FH )
Aol A} weksla, vl kA7l ule} CMCase, endox-
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Fig. 1. Effect of substrates on the production of
extracellular cellulase and xylanase complexes
from A. niger.

ylanase, B-glucosidase, B-xylosidase®] Aj¥.¢] H
Az BLBAEE zAbsled)h Fig 19 Fig 2ol
A R ple} zke]l CMCase$} B-glucosidases
CMC 97/ dd A$xrl= CMC ¢]#]4 xylano]
Hbe B Al fAe] AgtAEke] o
E9tl, &, CMCel| xylan ¥+ xylan-laminaring-
Hol 3908 uf Ax) P AZW a8 F
7VEe 7129 F-2 38 A (synergistic effect) 7} e}
stoh Alzee) AEd EA4gAHE u|Zdle] BE
B8l 259 3L Wols CMCaseeh= 2e B-



212 Kor. J. Mycol. Vol. 18, No. 4, 1990

CMCase (U/ml)
. o 2
L » oo

e
o

o
=

Endo-xylanase (U/mi)
IS
=) >

o
=
@}

—
L
T

—
(=
T

@
=

B -glucosidase (U/mi)

B -xylosidase (U/ml)
— — e
o (4] (==
jw)

j=4
ot
-

-2 L . = . R
1 2 3 4 5
Incubation time (day)
Fig. 2. Effect of substractes on the production of
intracellular cellulase and xylanase complexes from
A. niger.

glucosidase= A EHell4 F271%5-2 Hodslo=z
AxHct AZEW7L 5uf i =&
viebyict

Endoxylanase#} B-xylosidase+= xylan w+~7]2
Ao HA Ee BEAEAE Ro] 93, xyland
g2 /AL A7l FolT asgAdd HdE
FgFe FA @drh v9r] CMC dd7)dwt ¥
JF wlgFAo M= F fa FI] gl A9
HolA| 9= Ao g Mol CMC7} xylanase A3HA

fzo ko] §12-S o g Uk Alx et AEW
F4 3} B B-xylosidasew B-glucosidase9}
7o) A7} 58 o)A =A vy o), endoxyla-
naseX> CMCase$} =&] A £ E48Afo] 5uf A
% =4 elydo). Endoxylanaseol A o]23t Ak
o] &z} AFAY fEAIr AW AER
Bu|5)= 3o A modificationdl] )8 EA3HAfo]
71 Ao g Atasrt

Z T Lee 5(1989)-2 A. nidulans®] cellulase 2
xylanase &2A41¢] AAdo] CMCe} xylan®) &%
NAE ol galel S w e el dE el
2 Abgstels o 2o "M TIPS Hug b
ql.e v, Trichoderma viride®) 7-%-°| % laminarin®}
avicel & 747t $=r)AR AREEld-E o B} la-
minarin-avicel(7 : 3, w/v) S3ES FE71A=E A
435}9de u B-glucosidase 2 B-1, 3-glucanase ]
A ko] Zojgo] vzl vl gleh(Fukuda 5, 1987).
o)1= pectino]v} lignin®) AH-3]A] cellulose 7] 2
Hlel &) L Balgo] B} Fellvhe A7AH
(Hiroi %, 1976 ; Haltmeier %, 1983) ¢} & x]o]
2 df lignocellulosic biomass &aljo} #zlg HA
A2l AgAdE AE NUsA dxl 247 3be)
Ag ez nath F AR B @& H
Uzl de g o]gsh= vjdEY Afede ouA
EE5AS Zo]7] Y5te] cellulase®} xylanase FEA
Aol WA Ao FrEA 23k B4 F&
oA A3 dtE]e] glom, ofe] wz} cellulose
AE o]9)o)] xyland AH7}sh= 7o) cellulase &
A9 AFPAe) FxAANE vehd F e o=
ZH ) B QP AE vehd vhel et A -
gerdl]l 9lo1A] E37)Ael 23 cellulase EAA 2

FRIEIN= EaP410] ADE o)F F e A
o4 we FnE$ FAelzt & 4 itk

&g, 714wk 7tel whE o) AP

W) Fig 304 Hi= wpebgde) shid A3
MR AT FAdA vy Adkel frat
31A] CMC 7)1 29] A44] Br} xylan D714
= EE)R9 Al AZe] F Az A
Agrdeke] dA3s] gkt ol=d 2= CMC
w7 AbgA] vehd B SagAde] ohild
Agd=kst 9g% A7) sleE Bl £

EZFA(Isozyme)S| 2t
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3.0 3.0

Extracellular protein (mg/ml)
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Fig. 3. Effect of substrates on the production of extracellular (A) and intracellular (B) protein from
A. niger.

=714l w2 cellulase ! xylanase &4-#) <] Fhawg g Aste] 2 ofAS Hlwsleich
A 21 EAE shebslr] 915kl Zb 7] ol CMCase?] 7}1Ad| & FAHEAC] A o4
A Axe] 2 AxUgsio F2F A (isoz- S ¥ 32} main component(C1) ¢ 5712 mi-

yme)E Polyacrylamide gel electrophoresis =
Isoelectric focusing(IEF)-&- o] &-3ste] R2]ali 7t

[
1 2

o N C -— ) O opra
— = — c3
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Fig. 4. Polyacrylamide gel electrophoretic analysis of extracellular (A) and mtracellular (B)y CMCase conr

ponents from A. niger cultures grown on CMC (lane 1), xylan (lane 2), CMC-xylan (lane 3), and CMC-
xylan-laminarin (lane 4).
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o2 ARE3E W& xylan(ane 2) % xylano] &
13l 3714 (lane 2,3,4) AHEAlel vehd C3
band7} vrehtx] e¥sfrh ZejRE ol#igk C3
bande xylane|t} xylan Ao 93] F2x+&
Reg F2xEw, Fig 13} Fig 204 £317]4 9]
A5l aagAde] Frtd AL 023t C3 compo-
nent®] M2 AP F3e] o1& 2B Halrh

Endoxylanase®] &34 7z} o] aiE 1719
main component(X2) 2} 5712 minor components
2 TAENE, Aagdn 2k CMCoL ol
HAae] &4 A dEks F7 =)
CMCE 9 ®aded A43e A9l

% X59]
3%t componentite] FEEE Zo] TEE Q)
(Fig.5). =3t xylan ©d7|Ax Egr|ale] A
oli= components?] iAol WlE xlolr} gi=
o] ehiwrh
(A)
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Schmid(1987) 2] uhgel wlz} Phast system
[EFE 33t &G4 q ZH3} B-glucosidases
370} &% band 2 ebdch(Fig. 6). |5 F G2&
xylanel EoJgl= ekl (lane 2, 3,4) A ut el
@i, G3E xylan ©d7]"e] Eoigl=(lane 2) X
ol At vehds 722 v]Fo] G2, G3 band+= ¥]%
AaZo] FA xylan £ xylan F-=A ) 23]
AgAo] el ArZdTe] Fled 7147 A
oz Amgch

B-XylosidaseZ FAFA st 2709 FHEAR
band7} Wl (Fig. 7). ¢1& % XY1& CMCrt
Eojgli vofdo)Aut 2w, XY2& xylan ©F
d714e] sle(lane 2) FeAMT F==HAUch xy-
lano] Eol9le &322 (lane 3,4) ¢4 XY2 com-
ponent7} FEEA & AL EFV|H] Htl
wlefelu] xylan §xH|7} vF o} XY2 compo-

S)
s = = = e B S o 2 Eaxe
=m == - = = = == [A9xy
O o O O D O e O o O O D X5
= == P — = —~— o — =y <X6
A Iy i i
@ 3 4
5 day
(B)
G3
o = = = <« o= = = = [Xlx
s 2 8 s 2 = = = T Bx
o o o O D o O O oo O Q :;%g
'Y [} i i [} i [ [} 'y i i i
® 1 2 3 4 1 2 3 4 1 2 3 4
1 day 3 day 5 day

Fig. 5. Polyacrylamide gel electrophoretic analysis of extracellular (A) and intracellular (B) xylanase com
ponents from A. niger culturs grown on CMC (lane 1), xylan (lane 2), CMC-xylan (lane 3), and CMC-xylan

laminarin (lane 4).
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1 day

5 day
A)

1 day 5 day

(B)

Fig. 6. Polyacrylamide gel electrophoretic analysis of extracellular (A) and intracellular (B) g -glucosidase
components from A. niger cultures grown on CMC (lane 1), xylan (lane 2), CMC-xylan {lane 3), and CMC-

xylan-laminarin (lane 4).
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nents from A. niger cultures grown on CMC (lane 1), xylan (lane 2), CMC-xylan (lane 3), and CMC-Xylan

laminarin (lane 4).
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o wjopa e wE FAfs
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QYA el A HE Aoz FHoh

o A P
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formse] Hch= 7ol 2(Gong 5, 1979 : Wood, 19
85 : Eriksson %, 1985), ¥ AlE §52} 500 4
multiple isozyme formso] 7}7] t}& §H R}l =
Ashetr} o]Eo] AEW oA AT T AR
2 #¥Ev= Ae|ci(Labudova %, 1983 ; Wong
5, 1986 5 Bhat 5, 1989). z2ju} B Agle] Az
off Al A EUje} Al E92)9] multi-isozymes FAFS
™ band®] AHA intensityolls= 2¥7re] o)zt
Aspt, AEW Ao FARL AT A9
a9 FAHEL A Alolo] W3l ¢l Aol
=l 2322 A nigere] 914 cellulase
xylanase®] 3 &4 A4S post-secretional modi-
ficationell &J§F o] ojuz}, ztzte] EAF 47}
Z7] T8 ARl s AEEA S "ol we)
A4 s g AR ¥ ol AANSR
Xo} cellulase ¥ xylanase®] WAL F LB
A &40 FrFiodd AT AR ow A
o] zlcks ezl

o

#d,

w =B

Aspergillus migerdl] QlolA olz|7}z] A=A 7
Aol Hzuele) HfA FHasA) PP o
FEELS ofel wHE d¥S zAElTh Cel-
lulase ¥ xylanase &AA 2 AT 445 7]
Aol we} & Apol7b sl em, 53] cellulase &
2Al9] CMCase$}l B-glucosidase Ed7]"9) 1}
Al AxgAo] FxEE 1A ZxEANE ¥y
ok g 7)Ao wet Af ARl asd SR
A Fdol chzA vebdoy} AMEWZ A8
& ool Aol LAEZR odgkon ulekx| kel
W SAaste] Wi ¢lglch o)d S
A. niger®] cellulase ¥ xylanase E 44 9] Agral-e
7)Aol &gt 0] fE FFA A ABHoR
ZAHN L BT, AXe oA vehs
multiple-isozyme ®] #Ado] A% F 49| post-
secretional modificationo] <3+ ZH#elr] Hole
747kl AL wh Aol &7 91 A|Alek)
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