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Production of Cellulase in Submerged Cultures of Molds

Noriyuki Konno, Yoshiko Ueda and Gy6z6 Terui
(Dept. Ferment. Technol., Facult. Engin., Osaka Univ.)

Studies were conducted on the submerged cultures of fungi for the production of
cellulase. From among many isolates, three (Penicillium sp., Trichoderma sp. and Aspergillus
niger) were found to be highly active in producing cellulase in 5% wheat-bran medium.

Opt. pH-values of 5.0, 5.0 and 3.7 were obtained with cellulase systems produced,
respectively, by Pen. sp., Trich. sp. and A. niger (Fig. 1, 2).

Culture conditions and the compositions of media adequate for cellulase formaticn
were investigated with these strains,
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Inducer or the source of inducer was necessary for the enzyme formation. Pulp
powder, rayon, cotton linter etc. were effective when added to 5% wheat-bran medium
(Table 2). Such inducer sources were advantageously used in conjunction with any
other carbon source readily available for growth in the early phase of culture. In this
case the preferential utilization of the latter substance was followed by the preferential
synthesis of cellulase utilizing the inducer source.

Lactose and cellobiose seemed to have the action, though weak, as inducers for cel-
lulase, and starch was relatively effective in the case of Pen. sp.

An example of the time-course of a culture of Pen. sp. in 20 L jar fermentor is de-
picted in Fig. 5, where the composition of medium used is listed.

Cellulase formation was initiated when reducing sugar was mostly consumed.

Induced mycelia harvested from a culturse for cellulase production could be reused
for the subsequent cultures yielding good results within a shorter time of culture. Suc-
cessful reuse could be attained when the culture period was reasonably determined so
that the active phase of cellulase production could be continued from culture to culture.

Reuse could be repeated three to four times without appreciable loss of productivity.

Zone electrophoretic pattern observed with cellulase preparation from a Pen. culture
indicatedthe existence of two enzymes exhibiting CMC-decomposing activity. Ultraviolet
induced mutants having higher activities of cellulase production were obtained from the
above strains.
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VT, BHERIREER, v v — SHREROBAEE & 1Lz DTEMNEEANDORBOYEE DTS,

PRV L — ZEFEEVIZHALNTH Y, DYETIE Trichoderma® DEKEEEIC X 2 BE 3 RBRANCTST/S
DNTVAEY, & JICHRREIBOTHRBEEEC L 2EEDOHRIIEETH 5.

U —Z3EGEER E UTED 51, Reese 43 inducer DRFHE & 3T 2 O@IGHIAARIC DU T #5758 & B
HUTHRE 2MA TV 5,

o IREEHCHE T 2O & MCEERFT OV THREH LIcD, OZER2HMET 5.

HEHAELUH®

ORI - v TR (100mesh) 19, CMC 0.5% % & ip ks Czapek-Dox #%ih, X3
%AV iz, THERZHIUMPIEIC L b 0C TSR 21T/, RET A2 0ML, |EIh ik L
DR % AW THEIC L b LIz,

BEEIHEDRIE— € L — 2 DFEHI B 2 BC U1 T 2 OFED BBHMIEINTVSH, COHMETIE
CMC 7)) & @ R ID 2T H> 6 JIE Uiz,

CMC #$E{t77 (CMC-SP) {30.5% CMC pA#k (pHS.0) \CHlERBR L IcEAER 2INA, 50°C, 1 REORUGT
T ABTUHEZEEL Tmg (Fva—2 & UTC) /mIfgRKTcEb LIz, CMC #{t)) (CMC-LP) T2\ T
& EOPHD!.4% CMC (A4 CMC K.K. ) 7AKI50°CCRERZERRT U THIEE OET % Ostwald
KRR TORYD I,

BESRINT DTV TII 2O mIERER B I BN S ml, JEER (0.5x 3 cm?), BLF x> 3ml %2 AH30C
THEERSR GEBREOHEFZ0, &5 cm, KEHKI0E/min) U, EREINCEEES OFERE, ERHEKES X
HERYT 2 BITHEREE U, COBE, 324 % 103481 % RS 5 8IcHiR (FDyy ; FDy) B8 I UE
BiEEBTEDLI.

BXE{t)) (Starch-SP) 3BERICHEL, 40°C pH 5.0, 1 IOEICHE (v 2 — 2 & UT) mgH/ml BRI
TEbUI.

IR Hi——rotary shaker 33 L ON20LAED jar fermenter (EFI2ZL) % T 30°CTfrisolz.

B BREOTFMERITIUTIE rotary shaker TpENERISE 272218, 74 o BHE2EETLY

i
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DEEREHNC U 2REBEELICL Y, ERERORD S, K91/1000721 7 BOH U,

£ BR B B

(1) AFEEEORER

HAREER X b DIREME % 5 %355 T30°C rotary shaker G5 HRiE#%, Z2h7Fh CMC 981, B
fET), BEMEALINCOWTHRE U, 8 1 RIDBERABREIBEO LEAEO 3 QIO THIER LI D TH 5.

TTREBEMRDW  Penicillium sp. 35 L 0¥ Trichoderma sp. T3 CMC 53#7), BEDRADHS D BV ORI
Xha, BIEOREDNTE Trichoderma HENT EMRD SN 5H3, BEE{LINE Penicillium sp. DB Th
%, Aspergillus niger 13 CMG 73)], WMEDMNITHT2H X b 50T 2 B EBEISIBINCHETT 5 5%
Wbid b, LIk, Penicillium sp., Trichoderma sp. 35 X U8 Asp. niger i{2\T, ZNFNE % T THHEICRE
UTERZ{T2DI,

(@) HETHELrL—2ROME

SHHEODEET 2BEHED CMC SBINCONTHEPH K ¥ 72 ® H5Fig. 1 TdH 3. Penicillium sp. 35 L ¥

Table 1. Comparison of enzyme activity among isolates.

300
CMC-SP FD,, Starch-SP Asp-niger
Organism
max. min, max. min. max. min,
Asp. niger 81 47 7.05 1.9 101 27 s00k Jrich.
Penicillium 280 33 10.3 1.9 300 18
Chactomium | 15.5 1.3 | 3.7 0.7 | — — 7
Trichoderma | 286 37 11.3 2.2 86 24 g
Laetiporus 40.8 3.0 — o 100l
Poria 11.7 1.42 —
CMC-SP : CMG-saccharifying activity expressed in mg
red. sugar (as glucose)/ml enzyme solution/hr
at 50°Cand pHb5.0 ; substrate conc. ; 0.5%,. '
FD,, : filter paper-decomposing activity expressed in mg 0¥2' 3 n ‘5 3 7 B
red. sugar (as glucose)/5ml enzyme solution in 48
hr at 30°C ; substrate : Toyoroshi No.2, 0.5 x 3cm pH
in size. .
Starch-SP : starch saccharifying activity expressed in mg Fig.1. Effect of pH upon CMC
red. sugar (as glucose) /ml enzyme solution/hr decompositon with

at 40°C and pHS5.0 with 1945 soluble starch

cellulases of various fungi.
as substrate.

Trichoderma sp. "CTi3pHS.OffEICdH 5 H3, Asp. niger TCi3pH3.TDBETH B, I HIT Asp. niger DEFRIIpH 3
KEWT i 2 BB OETHRIE U /NS, Penicillium sp. OEFBKD CMC ioxid 24867, W
673, B LI AU, EREBDEC OV TREPH 2 LicDOWFig. 2 Th 5. KiEME $5.00
micikEpHZHE L, CMC & @KL OZEEIBED SN gDt LYEBERHOV - BRKS 2 7755 &
Fig. 3 O { B L7213 —8.7cmiz | 7 D peak %7R3»5, CMC (L% 8IEST % & —10cm[X45) & —28cm
X7r&ic peak Z/RUTZ. 10emX MWD TR BAEDBEBRR LB bhicdd, —28cmX43r Tia EREPH T
BDHOLNIHD., BBDOGHEMAEV DOV TIDEMIEN 2 B0 O OB DH 5.

Penicillium sp. OBEFEHZ AV THRESHBR 28Rk T, Fig 40X 5ic, S0 1 LI & i
HMOERBLB JOWOEEIE Y, ZOMICEEABRESEY oh, Z0%, 5k 3BT TS. Liz
DO THBEBRZITI O T BRI, BRI b HEOER S hBOR OB LEM S RE 2H L T 3
LEbN3,
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Fig.2. Effect of pH upon activities of cm
cellulase preparation measured Fig.3. Zone electrophoretic pattern of enzyme
by various methods preparation from Penicillium culture.
(Penicillivm sp.) Conditions of electrophoresis : pH5.0, 13mA/cm?,
Weight loss : loss in weight of filter .
<5°C, 17hr, with starch as supporter.
paper as a measure of activity.
Table 2. Effect of added cellulose in various
)—* forms upon the production of cellulase.
These substances were added to 5%
fg 10 wheat-bran medium.
=
P CMC-SP
2 Substance Trichoderma | Penicillium
q sp. sp.
v
-
g 51 No addition 150 132
)
Eo Sawdust 162 140
Filter paper 230 206
Pulp powder
X , , ) ” (100 mesh) 290 285
0 100 290 300 400 500 1440 Cupurus ammonium 205 903
Time in min. rayon
Fig.4. Time-course of filter paper deco- Cotton linter 185 200

mposition by enzyme preparation

from a culture of Penicillium sp.

(3) RERHEEEMN

ENBOEFERSHEE LTI 2 FHFR & L2 3 OVFETH O DT, B %% VT b OREAREILE L,
CAUCETE 2V 0 — REFRRYZ TN U T2 4E R % Table 2 127k, /9L 78K (100mesh) H3§ § BB b,
DOTHM, VA3 UPHRERUI. BAKC eV 0 — 23T TV 20 TEIRINT b BEF/EFEIR & %25,
2SN TR EOFSING inducer DARKIT, I HEFBETHOIE $EALNS,
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Table 3. Effect of various carbon sources upon

the production of cellulase.

Carbon source was added to sugar-free Czapek-Dox medium.

RTERETE | %IRINO S % Fa~12
(BE3F)V ALV —ZADREER
Thbh, I ot —2BThic

Culture : 14days at 30°C. JEHBDTHO.. THHREELT,
inducer & UTORRPTRTEDER
Trichod . Penicilli . .
Carbon source (19) richoderma  sp emciiium sp MEhs. %@f@@ﬁﬁﬁ@?ﬁﬂmiﬁ
CMC-SP |Starch-SP | CMC-SP | Starch-SP ERECR L A EfPR L, BEDE
Cellulose 310 57 270 270 BEICIIZNR 2 /R 3 72> 1C.
Lactose 9% 57 180 145 SHEEBERES LORBHRORE
Maltose 69 75 — — (Table 4 ) | Penicillium sp. 1T IUNT
Glucose 60 56 180 155 {3 yeast ext., corn steep liquor, p=-
Starch 69 102 230 240 ptone 75 SI3SHE % R U 12 D5, Aso.
Xylose 18 5 - - niger TIXER S, Trichoderma sp.T
Ribo 0 48 — — .
ot o5 o e L% pH K TICHE  EEEDM 1EDS
ellobios — — )
© BDENE.
Table 4. Effect of organic nitrogen sources upon the production of cellulase.
Nitrogenous substances were added to 5% wheat-bran medium.
Nitrogenous Trichoderma sp. Penicillium  sp. A. niger
substance pH  [CMC-SP Starch | o lomasp SR pH loMa-sp| Stareh
Non 6.6 286 86 6.0 200 300 4.0 81 110
Peptone 8.0 285 48 6.2 310 218 4.0 80 152
CSL 7.8 57 57 4.2 300 48 4.0 82 149
CDS 2.4 57 96 4.8 324 136 4.0 70 140
Na-glutamate 8.8 30 0 5.4 350 290 — — —
Skim-milk powder 7.8 129 64 5.8 260 380 4.0 80 176
Yeast ex. 8.0 42 0 4.6 400 210 4.2 80 144
Table 5. Effect of pH of medium upon the BEFEAEFEICISU T B #b
production of cellulase. pHb s b DR % KT L,
In 5% wheat-bran medium for 5days at 30°C. P pH 233 U TFIB L6 LL
Initial Trichoderma sp. Penicillium sp. LTIRBRERE DT 2R
PH | 511 pH | CMC-SP | Starch-SP| final pH | CMC-SP | Starch-SP Lz (Tabled). Hists pH £
nal p ’ - ( arch- nal p - tarch- i@& bf&i%ﬂﬁ%5.0~6.0¢z:
2.6 2.6 72 53 6.6 140 380 LTEEIL 7 LLTIRT 503
3.0 6.6 140 200 6.4 240 284 @ THON.
4.2 7.0 105 147 6.4 238 230 DIF SRR % 43 U 7o
5.0 6.8 120 153 6.2 238 284 EEUZ 3 T 20L jar fer-
6.0 6.8 220 160 6.4 228 310 ter (AL
menter 7 )
7.0 7.0 180 160 6.2 180 220 HI2L) &= T
: Penicillium sp. D 5% 28 % K o
7o (Fig. 5). HEHMABIE S %, +<v THK 1 %, NaNO, 0.3%, (NH,),SO, 0.3%, Na,HPO,-12aq. 2.2, &

= L #0.8%, MgSO,-7aq. 0.05%, pH 5.0,30°C CisdE L.
HirEHETAEAITITELLIETFLES. v
BUEI R 205 CIITREE T T L, pPH 3PS L 03. 72 CIET 9 5. BuBETH, pHiZH

IRERER & & = U BRIBOTRINE 3 B ik TpHH
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FER U OBERCISWTEE{L16 L 0° CMC b o4
RANEFIC /s B, KERO08s[ T CMC {077 280 BT, BRI
{6J3 400 BAMRRRED § OME ST, MRS RIF T

& hBHEICEY 5, 60RE IR EEICEL, CMC ik

HEBIIACEFH 2RI,

BROEEMDH EDTeDITIZ v L — R R 2 %18 U

BRI 2 BRAT 2 HEVES TH D, Z0F&MLITON

C Trichoderma sp. % PN THast Lt (Table6).

HIKEE 2 His L 0° 3 HTid K53 phase 3500 T, HEH

FR%ZT2212358, BHEIEONT, 5 ATREKRE(LT

BRAGAMETH DN, piEE 4 HEYNTH 555, B

10 20 30 4050 60 ONEER2BERTAE, BAMOENZERSICUHOTH

Time in hours {4 phase 3R A A MM %R UBEIMIZBD L.

Fig. 5. Time-course of submerged KEBRFEHICISOTHEE 4 B, HABHE3 BPRETH D,
culture of Penicillium sp. ITEEFRAEEHAD phase 2FiR LYDIGA T L 2EDIDT,
medium : cf. Table 6. LN 2 EEREEDIIDD—ERE LS5,

(4) BRAMEISHIC X A BRAREIOR -

Table 6. Cellulase production by reused mycelia (Trichoderma)

Medium : wheat-bran (5%), pulp powder (19), NaNO,; (0.3%),
(NH,),SO, (0.3%), Na,HPO,-12aq. (2.2%), citric acid (0.8%),
MgSO,-7aq. (0.05%),

Starch-and CMC-SP

Preculture | Reused culture | Times of TFinal
(days) (days) et CMC-SP | Starch-SP | ek
1 162 48 6.3

2 117 50 6.4

* 2 3 105 43 6.0
4 93 48 |52

1 144 | 54 6.4

4 3 2 132 48 6.4
3 114 42 | 6.6

1 45 27 3.5

2 2 2 72 2 3.6
3 45 30 4.0

72 32 3.8

3 2 2 72 23 3.8
66 59 3.6

3 4 1 75 16 3.2
2 84 24 4.4

Penicillium sp. 35 X O% Trichoderma sp. {2 THEMNGIRE 21F720°30°C TV P85 (100mesh), CMC % &
{rfieht Czapek-Dox R THE R LD 3 HITHET S colony DA X 21T & h BIEROHIA TREIRETT/s
Ofz. BREHTO XM OV THM TSR 2 TR o THB R RIE LI

Trichoderma T3 REVRSHC X b DR ED b B EICE(LT 2 A ZR UK.

Table 71C/R Uz & 5 i€ Trichoderma 33 X 08 Penicillium T IOV THITE U BV EREN 2R TEEHIIE
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Table 7. Cellulase-producing activity of SN oTc B BRESHT X o TRIF L EHED
ultraviolet induced mutants, f%%ﬂﬂiﬁjj@iﬂi“@&)ot.

Spores were treated with a dose giving rise to a
killing rate more than 95%, and colonies rapidly
grown on pulp powder containing C.D.-medium

BESIUEE
T DWFRIZ £V L — 2 DEETFREEBRIC DV T

(sugar omitted) were sclected. The above procedure TENEEORMD 5=, =D 2117807
was repeated. LDOTH 5.

Organism Ti;?es CMC-SP | Starch-SP FD (1) ﬁ%ﬁﬁﬁ: Uiz 8 ¥k v Penicillium sp., 33
irrad. (max.) (max.) (max.) YO Trichoderma sp. DOYEERELZEEIKIZ CMC,
1 190 104 8.6 KR eV 0 — ZA\HEICHT B0BIBEL 2D
Penicillium 2 270 270 12 B#EpH 135.0TH b, Asp. niger TIIXMRIED
3 204 330 9.6 ReF (BEpHS.7) BAFEL, ZHikerL—

1 204 60 8 AHEFEREE UTREFTH S,
Trichoderma | 2 264 117 10.5 (@) THHERD LV L~ 2BEERRTDH
3 272 80 — h inducer 7zi Ui inducer JER T 5.0

Ehdh b, HERME UTRELEREIE LI
BETH 2 inducer JEE UTRIF/S/ OV 7K (100mesh) 2RINUIC b OWIFHERE A, XD RE
EORE 2 U, SEOBIGET % 4 @it induction BEFTH b, WMIIBEFEERECIIEESIER
LBt n—2%EESETAMEBBED L > Th b, GREBRBORMIE Penicillium sp. 1ZISWTHRITEY
B TH o7z, Trichoderma sp. TN RBOMEE, PHIET2HKIZL, Z20FETREMNRIIG LN/
1ehs, sk EAOPHEEI 2 A 2 NEDH 5.

(3) Penicillium sp. %4t L, 20L jar fermentor DREFT L b, 60RGRITIZix CMC gL BHIE LT 300
BAHE 5, TAUIKARBHEIC LTS, »2b OIERIZRT § D TH D1, BEEILEH 51T, BROEMK
BT ORISR SO RICEEIN S DO TH 5, LD T, BEIHICEVLTE, EiECRHAshB»
REBDBILIER TH b, ZOHHEUIKIC, BREEMI S D THDT, Monod” DERL TSR
#B D preferential utilization OBFEEX 5725, LIchioT, RAPBUCRELUIMET 35 —¥9, %
By vEEBEE OEBICWTIE, BREEEE inducer LZFA—RFERTHADT, il —REELIIH
SREPEICTAIIDTHHEEALND. o — A BHIERL L inducer ORFAFE UTHNS T L3
SEEENE LULETTA6DTHh, TENSBREEEDHED S ANVIRHEUTHOT, HELIERTS LD
LI BEDERE L EYD 5 & O 2RERORERSRL SN A, C CBEEIGEG 2 BRIAT 5 C &t indu-

ction (O lag %7¢ {95 & HERARDMER § 12563 LM MHISVD, =, ZOTHROPIROME
BEFLEFERHD phase ZEHGER L 5 L 5 RRHBKD 6N, TOFRMEHILH OB S ZERT 5 T EMVERA
Ini.
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