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ABSTRACT

The purpose of this study was to investigate the fungal growth and enzyme production under different
carbohydrate substrate conditions. The anaerobic fungus Neocallimastix sp. NLRI-3 isolated from the
rumen of Korean native goat was incubated with different carbohydrate media containing 0.2% of glucose,
starch, rice straw, filter paper, carboxymethyl cellulose(CMC), Sigmacell cellulose, xylan or xylose,
respectively. The culture head gas production was the highest in the culture of filter paper medium, and
the lowest in the culture of CMC medium at 96h incubation (P<0.05). The fungal zoospore production
reached peak at 72h incubation, and its number was the highest in rice straw medium among the
treatments (P<0.05). At 96h incubation, carboxymethyl cellulase(CMCase) activity was the highest in the
culture of filter paper medium and the lowest in the culture of starch medium (P<0.05). While xylanase
activity was the highest in the culture of rice straw medium and the lowest in the culture of xylose
medium(P<0.05) at 72h incubation. There were no differences in culture supernatant protein expression
among the treatments. However, the patterns of enzyme expression were different among the treatments
with zymogram analysis. Six CMCases and 4 xylanase were detected from the results of zymogram
analysis. Therefore the present study indicating that the fungal enzyme expression could be stimulated
with insoluble substrates in the culture medium.

(Key words : Neocallimastix, CMCase, Xylanase, Carbohydrate, Protein)

I. M 8 dd @A @R Y Gas Wl

bacteria®} &2 9 FA A thekst EH9

g g WS EAEE @714 ¥ BAaE FHI@TH(Mountfort, 1994). 3 w53l
ol Afae Bl e protozoat), v JHES ARA ZFAPO|R AFATIoEAN

Corresponding author : Chang, Jongsoo ; Department of Agricultural Sciences, Korea National Open University,
110-791, Korea.
Tel : 02-3668-4636, Fax : 02-3668-4187, E-mail : jschang@knou.ac.kr

— 415 -



Son et al. ;
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stage) 2} < %877 (vegetative stage)oll ] E5F
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A424] Neocallimastix frontalis, Neocallimastix
patriciarum 2! Piromyces communise] At
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HA2kAZ A9 2 @H|Fo] F3IEna By
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Piromyces ¢} Neocallimastix < 7kl Z}o]7} Q)

12

Fibrolytic Activities by Anaerobic Rumen Fungi

1O ™(Teunnissen &, 1992), amylase <7}e}
protease & 7}= Orpinomyces, Neocallimastix =
Piromyces 7toll 2Fe]7} Qlttar B SlT) (Yanke
5, 1993). gk FAg w5t X wjg
= 7149 FH7F e A9 AN a
S el ol EAsks a4l 9rpF v=
Al et} (Teunissen 5, 1992).
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carboxymethyl cellulose (CMC), Sigmacell cellulose
(sigmacell), oat spelt xylan(xylan), =2 xyloseZ
o]-g3te] A 2] 0.2%(wh) FEOZ ﬂa]é}
o] #MAE Azt BrsEe] &

7F vh2 10mlo] iAo 33T wjgE *E 1
ml(330 + 27 zoospore/mN)E A E3Fe] 397l A
48, 72 % 96X17 E vjslel AnF A5
o] Neocallimastix sp®] A< % G4971E 574
3k

2. Gas MAZF pH 2 §FXKzoospore)
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Gase] MAFS SA 5 APHES 785t
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=A3t7] 98kl Ao 1mlE 1583 500 x g
o A A 3te] AFMS A ABIAL pelletol]
EA8HE - 72ke] 7155 haemocytometerE ©]
&3t S5k

CellA 15,000 x g

2miE # 3}
o= ARESRGTh
of EAlsk= %‘3‘47&19] S EAE]
A3 100 ule] wFNol Bradford - <% (Bio-Rad,
USA) 1mls #7lske] A7l & 505 nm=
HEE S5t dde] IS FAsith
3k A 1mlE AFH3e] 1ml9] isopropanol

J7}8le] 4°ColA 12 OOOXQE 157F 94
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&z dnltrosallcyllc aC|d(DNS)~ o] g3to] A
71 % s50nmol A FHEE S5 FE Aol
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PAGE®} 53t Mo R H7|gdeS Tt
A S S tLIn 5, 1999). H719%E
F 1%9] Triton X100 §-Ho =2 2054 33] A
3%k & 50 mM2] phosphate buffer (pH 6.5) &
oMo 2A1%F ZAAIA SDS-PAGE g4 #
AE TS ELA] I CHrenaturing). EANHS
S gel& 50mM sodium phosphate buffer (pH
6.5) &Mellx 37Ce 2w=xHoE 1247k )
< 0.1%(v/v) congo red® 1A%+ <1A15}+S]
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skttt Al A2l Foratioo] fFo40] U=
749 A7]7ke] Aol Fishere] least significant
difference(LSD) 'HO %  SAS  program(SAS,
1996)< ol-&3ake] EAsaitt

I
ULk WSl FU)E wFole
w FrZko] g 2gtell whel Adwke] frol Ao
2= F7beFl oM (P<0.05), HlF 271?01 48A1%F
o= Bl Mg B2 gas7t 2T}
S tH(Table 1). ¥l 3 72A]7Fe A= glucose,
filter paper, sigmacell wj=|o]A12] gas A =F
o] Egko}, of9le] 7Ho M= gas Ao
Azt vl STAEA 9647kl Ailter

Table 1. Culture head gas production(ml) of
Neoacllimastix sp. NLRI-3 grown
under different carbohydrate substrate
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w, CMC HIX A 7 AL gas7t HAH
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Table 2. The effects of substrates on pH in

conditions Noecallimastix sp. NLRI-3 cultures
Incubation time(h) Incubation time(h)
48 72 % 48 72 9%

Glucose 1.73°¢ 557 713 Glucose 654" 627"  6.21%°
Starch 113 240®  630™ Starch 656"  6.44™  6.28°C
Rice straw 260° 500"  6.70°" Rice straw 651"  6.36™° 630"
Filter paper disc 137  573®  980* Filter paper disc 653" 626 591
CMC 200" 227"® 333" CMC 651"  6.46°  6.47°
Sigmacell 173" 583" 760" Sigmacell 6.52"  6.271""  6.20°C
Xylan 1.40"¢ 413" 577 Xylan 6.48"  6.36"F 632
Xylose 153" 353 543" Xylose 6.47" 634"  6.28°°

e Means with differenct superscripts in the same

column differ significantly(p<0.05).
Means with differenct superscripts in the same
row differ significantly(p<0.05).

ABC

@ Means with differenct superscripts in the same

column differ significantly(p<0.05).
Means with differenct superscripts in the same
row differ significantly(p<0.05).

ABC
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CH(Table 3). Zz2fu} filter paper, sigmacell =
starch A2} 739~ wjefo] e uwhe} x4}
o 71 A% T)‘ﬂ'd’b e Btk e
72417F0] i FFAbe] e BiRuA e
A 7 3=9kal, sigmacell wiA| 01]/\1 71 Gk

o,

3l glucose iAol A o] gas A B
pHO] Trardide] =4 YeRd A glucose”t
AA g AxEre sl diabE S Q)
= Bdol7] wiE Aom FAHHAU. ey
22 FFH2 xyloseo] 9 AEUE 9= o]
% 1 o]8Ao] yrol gas WA pH Frad At

o] WA vehd Blom ek AfrAsd filter
paper<} sigmacell B <]ol 4] 2] Neocallimastix sp<]
3ol ¢ote] gas AT B wiAW pH A
b7t dAsialon, speteow AdE 84
°] CMC wjA|o A ] wgole] S A =3}
Atk Nad el carboxymethyl”] 7} cellulose
o] 7]Ez9} glucose 22 olFo=H 43|
e SN Y eMCE PAE 549
&ﬁci carboxymethyl 7] 7} -] = o] W] A&
AS Asls Aoz AL Bir|dol
2 7HeA =do] &afjEo] YFomA
710 gas®] TAFFo] Fo, Hjgo] 11

o & O_u
B o

Table 3. Zoospore counts(count/ml) in the
cultures of Neocallimastix sp. NLRI-3

Incubation time(h)

48 72 9
Glucose 243 6033 547"
Starch 427°  1933®  3600™A
Rice straw 1280° 11517%*  6250™°
Filter paper disc 1197°¢  3811°%  7294™
CMC 317 9011 4094%8
Sigmacell 320°  1344® 2894

Xylan 910° 9106  8483*"

Xylose 250°  4717™ 4861

acd® \Means with differenct superscripts in the same

column differ significantly(p<0.05).
Means with differenct superscripts in the same
row differ significantly(p<0.05).

ABC
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Hol| et Eafj&o] dagors b dia
714l vlal] A2 ZFe] gas7h AEE AoR
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Table 4. Extracellular enzyme activities and
protein concentration of culture
supernatant of Neocallimastix sp.

NLRI-3
Incubation time (h)
48 72 9%

CMCase(umol/mL/min)

Glucose 13001  98.33*°  247.34™
Starch 3202 89.95°  229.73%
Rice straw 61.16°° 159,95 239.38™
Filter paper disc 38.11°C 21611 678.34"
CMC 65.18™° 177.89°® 255.42%
Sigmacell 7222°¢  23861®  588.89™
Xylan 92.36™ 15550 247.20
Xylose 146.20° 13627 32476

Xylanase(umol/mL/min)

Glucose 58157 1289.85 1316.79"
Starch 840.77°  1611.37™ 134953"
Rice straw 149946  1844.88" 1353.78°
Filter paper disc 1085.12° 128837  1134.85"
CMC 1098.82°  121550"  1037.84°
Sigmacell 143454 1465.45™" 1262.76™°
Xylan 1102.15® 136443 1182.27"
Xylose 880.66° 1166.96" 1092.14°%
Protein(mg/mL)

Glucose 255" 2.49° 232
Starch 180 216 183"
Rice straw 191 221" 2.25"
Filter paper disc ~ 1.33%® 1514 157
CMC 1.58* 1.54° 157
Sigmacell 157 169" 155
Xylan 1.68™ 1.83" 1.69™
Xylose 354" 2.25° 2.28°

e \eans with differenct superscripts in the same

column differ significantly(p<0.05).
Means with differenct superscripts in the same
row differ significantly(p<0.05).

ABC

o] sk wigEx7]Ql 48A1Ztel  glucosest
xylose HJA| 9} e ©d7o] wjH|oA 7 =
ko LK(Table 4), 729} 96*]7koll = filter paper<}
sigmacell ¥lx9} -2 cellulose ¥iAolA] 713
=tk Filter paper wiA]e] 45 w27
4811 7Hdjoll = CMCase2] &HaFo] oo} wj
ol x1gel we} CMCase 97H7F S7Hek,
v FEAIEQ 96AITtel = 7P =it
&4 7174291 starche} CMCH#|, E3H7]122] 1l
A3 xylan WjAe] 39- Mg F= Al CMCase
A7}7} 200 unit W2 5= cellulose Hi#] <1
filter papertt sigmacell wi=]el] H]&l] A e}
wt}l. Carboxymethyl cellulase®] #-9]2FS Hij%]
Yl glucoseo] 3hFo] TUFSSE SA|dh=
7)z2] Azbsl 9xakgltHCalza, 1990).

Xylanase®] <7F= AlF27190 48417t B
A3} sigmacell WA A=A YERE Y TF
44 431521 glucose, starch 2 xylose HJjA]
ol WA UeldtiTable 4). w7zt S
xylanase®] <7h= 72A17F wiE Al 7P EQke
), o] Al7]e] garle= Bl 7Y H=%
L xylose HiA[| A 74 okt 12dvt glucose
Hiz] o] 79~ wjFAIe] A astell whel xylanase
o] 7Pt AEA o2 STk

A Eo] AAshE ane wiA ] 24l o
S W glucosetd xyloseet 22 W=
cellulaseS L Q=2 34| 9= 7| Ho| =2 cellulase
o] WHIE AFoA v AoR FEHY
filter papert} sigmacellZ} 72 cellulose WA=
n A gL EAHE F31817] wlie] CMCase
o] FH|FFo] T HixAditel Hlste] e A
o7 FAHAY G +Fold HiA WY
cellulose $FFo] 20mgimle] =2 &A% 7
¢ cellulase Ad%Fe] =izt iz, 20 mg/ml ©]
Aoz EAE 79 cellulose?] H-afloll 2ls] YA
% glucose= 213} cellulase?] H|Fo] 745
W(Mountfort®} Asher, 1985), 2 A& o|A] AREH
cellulose?] =+ 2.0mg/ml 022 CMCase2l
Aol 2298 Ao Helth Xylanase] 1]
T gl 7 Eokedl o= YA &
A3F= xylano] xylanse2] #H|E =31
2, ol BRI drlgey 43S
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of H7tstde -5 xylanse®] wH|7F FHXIE Tk
= Williams} Orpin (1987)¢] 2o} A =]3it).
I xylan ¥iX]o A= xylanase2] #H|7} =
HEAtE Bart A S K (Mountfort2}  Asher,
1985), ¥ A}l A= xylan 8|4 2] xylanase
WH 7F ?XJE]X] goks W oy}t d7]egol
o] Ao Asly= AFE BT ©]i= sigma
o 4 A== oat spelt xylan®] A&l %7
# e} o] 10%2] arabinose2t 15%2] glucose
ol o3k slo s FAH

3. SDS-PAGE % Zymogram

BrstEe] TRl mE sy dad
AYdS vlasty] 913 SDS-PAGEE Al
A7} 20-216 kDao] EAeF FAt]olA] A
o] A=H U#(an 1), theFgt S FollA
112, 95, 69, 56, & 28 kDa®] EA}HS zH= o

o] gt ?EHME}.

uld H7]gE § SDS-PAGE gel 3] &
avds AEsk] $18ke] zymograms A A
S A3} 28, 32, 38, 47, 87 3 186 kDa®| A}

m @ @ & 6 6 O @ M

184

Fig. 1. SDS-PAGE analysis of culture supernatant
of Neocallimastix sp. NLRI-3 after
96h incubation. Lanes 1-8 are the
extracellular protein when grown on the
substrates glucose(Lane 1), starch (Lane
2), rice straw (Lane 3), filter paper(Lane
4), CMC(Lane 5), sigmacell (Lane 6),
xylan(Lane 7) and xylose (Lane 8).
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I~

F= 2t 6719 @ido]l CMCase 97HE 2z
3L ASATHFig. 2). ©]#d CMCase2] WSt
< 7139 R #BAGle] AR EEEA
o, o ?H‘ﬂ‘j g ko] 7]H e F
e} xpel7h Sl “12vt coomassie blue %
Aol ofefjx= ket AFAQl Ao BV
s ot F7HH o] Aol d8¥ ZoE Alm
ek dAwbsow z7bol whpshEdol] weba
A bandE¢] UElGEH ©]& Yanke &
(1996)°] glucosel} xylans 7]H =2 S wjr )
Aad 71864 433S o endoglucanase
activity7} =dth= Aol dAEinh 19
U B A3 o] A= Neocallimastix frontalis®]
multienzyme complex= th2f4 o2 75~10 kDa
o &glrl= (Wilsone™} Wood, 1992)°] H. 19}
= UE A7E 1891, Neocallimastix frontalis
EB1882] WFEZHE 7712 CMCaseES &<l
3 Lis} Calza(1991)¢] Axtrt} HL 679
CMCases £ oAM= HEFY o=
SDS-PAGES$} zymogramS- ©]-&-3+ & dAqto] 4
ko) cloninge] ZA¥zre] WA xpol= <l
Ao Am¥th

1 @ @ @ 6 6 @ (©

Bl 32.5

Fig. 2. CMCase zymograph of culture supernatant
after 96h incubation. Lanes 1-8 are
the extracellular protein when grown
on the substrates glucose(Lane 1),

starch(Lane 2), rice straw(Lane 3),
fiter paper(Lane 4), CMC(Lane 5),
sigmacell(Lane 6), xylan(Lane 7) and
xylose(Lane 8).
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Xylanasee] <7} ZHe= dWAL 67, 73,
110 % 157 kDa®] A el HEH 3
om, Afiad 7120 BZ, sigmacell 2 xylan
HjAle A a7 kAl AEEI AT Yanke
5(1996)-2 N. patriciarume] xylanase <7}= U}
ERUlE 82 band7b 40~65kDao] el Al
Uepdohar stglovt 2 ARedA = 1 o]l
Al 2 xylanase %7+ YER = bandEe] Y
el dete = AaE Uit

olel Axs dAvEu) v 7Y 3
ole] UdF<l Neocalllmastlx sp NLRI-3-& A-f4E
7147 3fe] wjoFst 79 CMCase 2 xylanase2]
o] FXHH, 0131?'{} wA0 HHE FX
ade AFad 384 -zl oJs) ASsEHe
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Fig. 3. Xylanase zymograph of culture super
natant after 96h incubation. Lanes 1-8
are the extracellular protein when grown
on the substrates glucose(Lane 1),
starch(Lane 2), rice straw(Lane 3), filter
paper(Lane 4), CMC(Lane 5), sigmacell
(Lane 6), xylan(Lane 7) and xylos(Lane
8).
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