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Strain Improvement of Penicillium verruculosum for High Cellulase
Production by Induced Mutation

Chung, Ki-Chul

Institute of Biotechnology, Chonnam National University, Kwangju 505, Korea

In order to obtain a regulatory mutant strain with high cellulase activity, a newly isolated Penicil-
lium verruculosum, strain F-3 was used as parental strain since it was proved to be an efficient cel-
lulase producer. A number of experiments were conducted to determine theoptimum conditions to in-
duce mutagenesis and isolate the desirable mutant strains. Out of several restriction compounds test-
ed, 1.5% oxgall was found to be most effective to restrict the colony size by suppressing overgrowth.
Derepression of catabolites was employed as a criterion in selecting mutant strains with high cellulase
productivity. Production of cellulase by Penicillium verruculosum F-3 was suppressed when cultured
on the media with more than 1% of glucose or glycerol. It was found that either irradiation with UV
light for 19 mins or treatment with nitrosoguanidine at 200.g/m! for 60 mins, induced mutagenesis
at desired level, when the survival rate of the spore was 0.2% and 48%, respectively. Three mutant
strains of F-3, UV-9, UV-10, and NTG-3 that had the highest cellulase productivity were finally sel-
ected, based on filter paper degradation rate, size of clearing zone on the screening piate and cell-
ulase activity in the medium containing cellulose powder. When the mutant strains were compared
with parental strain F-3, on the KC-M-W medium containing cellulose powder, the filter paper act-
jvities of UV-9, UV-10, and NTG-3 were increased by 34%, 55%, and 41%, respectively. However,
the assimilation of cellobiose octaacetate by UV-9 or NTG-3 was markedly reduced. When the mu-
tant UV-10 was grown on cellobiose octaacetate medium (CCA-4) in shaking flasks, the cellulase
activities of the mutant increased by 20 to 50% compared to the parental strain. Excreation of solu-
ble protein from the mutant also elevated up to 30%. The mutant also constitutively produced both
CMCase and S-glucosidase, though at relatively low level, in the presence of glucose or cellobiose as
carbon sources.

ATl b TR AR (renewable  AskE ¥IFo] 60%v He FAHE AL
resource) Q) Aol vl EsA Wake dAlelva (). webd 2HE B4 e B4E AR A
, Behqids, A e AR 5 RET AddY de Aol AfraAsl fraelde Al "rh
28 ot ohel FAAs e goIME WS F2 Afra FelEad] A4S Hezs 543
& A= ks oot A FAAAAAREE BA g AT (co

A4 BAL ¥rp BgHoE o|gsly] HslA stitutive mutant) 2] AFoled, o] WHolFE o
£ glucose 5o AEAEAZ Ralslojol e FFoEH AFaxRlel 54 Pl P2

)

Ao A%es magsl dold Eadavish & F AAA g AgAds

Key words: Penicillium verruculosum, mutagenesis, cellulase activity

388



Vol. 15, No. 6

AE =58 4 A3 (2).
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Table 1. Media for cellulase production by P. ver-
ruculosum F-3.

Component (g/1) KC-M-W A-3 COA-3 COA4
(NA,),S0, 14 56 42 42
KH,PO, 20 20 20 20
Urea 03 03 0.3 0.3
CaCl, 0.3 03 0.3 0.3
MgS0,-7H,0 03 03 03 03
Trace elements 10 30 30 30
solution®(mi/l)

KC flock W-200 10,0 0 0 0
Avicel SF 0 5.0 0 0
Cellobiose octaacetate 0 0 10.0 100
Proteose peptone 1.0 1.0 1.0 O
Wheat bran 0 0 0 10.0
Tween 80 20 20 2.0 2.0

a) Composion of the mixture (%): FeSO,-7H,0, 0.5;
MnSO,-H,0, 0.16; ZnSO,-7H,0, 0.14; CoCl,, 0.2.

Table 2. Media for screening of high cellulase-produc-
ing mutants of P. verruculosum F-3.

Component(g/l) SCA FP

SC-A-3 G-A-3 CB-A-3

(NH,),S0, 14 14 56 56 56
KH,PO, 20 20 20 20 20
Urea 03 0 03 03 03
CaCl, 03 03 03 03 03
MgSO, 03 03 03 03 03

Tr n
Solfl‘:ozl.?(’;‘;mts 1.0 1.0 30 30 30
Proteose peptone 1.0 0 1.0 1.0 1.0
Glucose 0 0 0 5.0 0
Cellobiose 0 0 0 0 5.0
Swollen cellulose 5.0- 0 200 0 0
Filter paper? 0 1.0 0 0 0
Tween 80 0 0 0 2.0 2.0
Oxgall 0 0 150 0 0
Agar 20.0 0 20.0 0 0

a) Composition of the mixture(%): Fi €S0-7H,0, 0.5;
MnSO,-H,0, 0.16; ZnSO,-7H,0, 0.14; .CoCl,, 0.2.

b) A filter paper strip(Toyo No. 1, 1 x 10cm) was added
to 4m! of medium in 16.6 X 165mm test tube.
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(H2¥= 200 ug/ ml), 30C, 147k A=A HE
J/Q—r-i] (21,000 g, 158)3ked AEsln &i42 2
3 AHgct 24 5miol FEHgk ZAdRCY 0.1
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Fig. 1. Effects of several compounds on colony size of P. verruculosum F-3 on SCA medium.
A: Control, B: Oxgall, C: Triton X-100, D: Rose bengal, E: SDC
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Oxgall(Difco), Triton X-100(Osaka <+2]3}8}) Rose
bengal(Wako pure chemical Co.), Sodium
deoxycholate(Difco) & AF-& 38l =}, PDA vl 2 o]
30T, 747k whekqt F5 glass beadsZ 2087 A
SHL gauze®. ol #slo] TxHetl S wlE3 o] T
AF# o (2X10* spores/ ml) 01lmle 1.5%
Oxgall, 0.19 Triton X-100, 0.005% Rose bengal,
0.08% Sodium deoxycholate(SDC) & colony <&
Al 24 A718 A7) Table 29 SCA LR s
sk, 30T, 847} wioksisdch.

CHAMM2 2 Hl (catabolite repression) 299 ey
% HHAMEE AWM TIb SHE cellulase AUAMA &
ojFe| &2

4719 2Ade 01mig SCA WA pe-
ptones A= Oxgall 1.5%, glucose E= glycerol
= 01% °l49 4% FE2 #4713 wixlo] W2}
A 30T, 11-13%7F m& 45C, 747k o oksic},

Cellulase TA4HY wio|Fe| Ha|

UV = NTGZ 9elxa]5t1 PDA slantell 30,
747 F7 N F2 Table 29 FPulixlo] A=
Sta 307C, 7-14%7F A Ehel ok (spm 136, 5cm) F el
4719 wok Ao (x104) 01 ml& SC-A-3 plate
of AFsa 30C, 14947 wiokgict o] ulx]ol4

Fig. 2. Repression of ce]]ulas formation qofP.
ruculosum F-3 by glucose.
A:0.5%, B: 1.0%, C: 2.0%, D: 4.0%
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CMC Edoi&4 : 0.05M citrate buffer(pH 5.0) 0l
L3 1% carboxymethyl cellulose(D.S. 0.6-0.7,
DP 450-500, Wako pure chemical Co.) 0.25m!, F4
A 025mlg 50T 3087 wheAA A" 3
4 2 FHskde
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Table 3. Effect of UV irradiation* time on survival rate
of P, verruculosum F-3.

Irradiation Survival number Survival rate
time(min) (x10%m)) (%)
0 581.0 100.0
13 3.6 0.62
14 1.6 0.28
15 1.9 0.32
" 16 1.7 0.29
17 1.9 0.32
18 1.7 0.30
19 1.1 0.19

*15 watt, 45cm.

Table 4. Effect of NTG concentration and treatment
time on survival rate of P. verruculosum F-3.

NTG Treatment  Survival Survival
concentration  time number rate
(ug/md (hr) (x104/m!) (%)
0 0 607 100
20 1 527 87
20 2 518 85
200 1 293 48
200 2 152 25

Cellulase TAH4HA wo|Fe] #2]

Hl 1%} screening : Cellulase AJ4H4] Wo| 5 o
7195l P verruculosum F-391 EAp@Etelo] UV
24 o NTG Hgl& #Hol& #%3 % PDA slant

o 30°C, 797 Fzbeekdt 12058 FPHixE ol &
sto] AElulokslm o= 5H 57}t FEFF cellulase T
AArA WolFE screeningdtFrh o AAAM UV
28 Aoz 3E 5F, NTG Hejd Aoz 44
3%3% Adetglch Fig.3ol webdl upe} 2o} AF=
30C, 79 wieRAlelE AR} FAEA g A
Pels FAtn 148ollof 2bdd 3o s
2= (No.3-10) & 7 ez o7
7t A3 B Ho] oAt

M| 2% screening : Al 12+ screening A7 AHH
85=9] uljokol-g- ] A(x10*u])3led 0.1 mi& SC-A-3
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clear zoneol & colony 1852} A¥ clear zones ¥
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Fig. 3. High cellulase producing mutants selected from
P. verruculosum F-3 by filter paper degradation method.
1: Parent at 30°C for 7-days culture, 2: Parent at 30°C
for 14-days culture, 3, 4, 5, 6, 7: NTG treated, 8, 9, 10:
UV treated.
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Fig. 4. A plate culture of UV-treated P. verruculosum
F-3.
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Table 5. Comparison of cellulase production between mutants and parent strain, P. verruculosum F-3 in varying

culture media

Cellulase activities (U/m/)

Protein
Strain Medium pH
(mg/mi) Avicel FP CMC Salicin
F-3 KC-M-wa 6.2 0.73 0.35 0.29 1.24 0.57
A-3 6.0 1.23 1.27 0.69 0.18 1.06
COA-3 4.9 0.80 0.98 0.47 5.03 0.48
COA-4 3.4 2.56 2.66 1.80 25.46 1.33
uv-9 KC-M-wa ND¥ 1.37 ND 0.39 ND ND
COA-3 7.0 0.23 0.03 0.03 0.12 0
Uv-10 KC-M-w2 ND 1.48 ND 0.45 ND ND
G-A-3 5.9 0.23 0.01 0 0.18 0.22
CB-A-3 6.9 0.39 0.01 0 0.20 0.22
A-3 6.5 0.59 0.70 0.35 4.59 1.02
COA-3 4.0 1.60 1.60 0.64 7.40 0.97
COA-4 ; 3.5 3.31 3.55 2.16 25.46 1.97
NTG-3 KC-M-w?a ND 0.92 ND 0.41 ND ND
COA-3 5.3 0.19 0.14 0.05 0.03 0.14

a) Cultivated for 14-days.
b) Not determined.
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