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Effect of Cellobiose Octaacetate, Avicel, and KC-flock on Production of
Avicelases from Penicillium verruculosum

Cho, Nam-Chul, Kanghwa Kim*, Soon-Bai Chun! and Ki-Chul Chur_?

Department of Food Science & Nutrition, Microbiology, *Genetic Engineering, Chonnam National
University, Kwangju 500-757, Korea

During the cultivation of Penicillium verruculosum in the media containing cellobiose octaacetate
(COA), avicel, or KC-flock as an inducer and as a sole carbon source for 21 days, cellulolytic activity
and SDS-PAGE pattern of proteins in the culture broth were investigated. Protein concentration and
cellulolytic activity were highest in the COA medium. As cultivation period was increased, protein content
and avicel hydrolytic activity of culture broth were increased as similar extent but neither 8-glucosidase
nor CMC hydrolytic activity was correlated to protein content. When crude proteins from the culture
broth were separated on DEAE column by HPLC, distribution of avicel-hydrolytic activities were well
correlated with that of major proteins. From those results it was suggested that three major proteins
having 60 K, 68 K, and 76 K of Mr. were avicel-hydrolytic enzymes.
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Fig. 1. Production of protein and cellulases by P. ver-
ruculosurn in medium containing COA (A), avicel (B) or
KC-flock (C) as an inducer.

After incubation of reaction mixture containing 100 mM
sodium actate buffer, pH 5.0, culture filtrate and 2% avicel
(n)or 1% CMC (e) or 10 mM PNPG (a) at 50°C, reduc-
ing sugar in supernatant of the reaction mixture was de-
termined by DNS method using glucose as a standard sugar
or produced p-nitrophenol was determined by absorption
at 400 nm. One unit of enzyme activity was defined as that
which released lumole of glucose equivalent or p-
nitrophenocl per min.
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Fig. 2. Thin-layer chromatogram of the hydrolysis
products of cotton by culture filtrate of P. ver-
ruculosum.

Reaction mixture containing 100 mM sodium acetate
buffer, pH 5.0, cotton and each cuture filtrate. The super-
natant of the reaction mixture was separated using butanol:
ethanol: water (56:3:1) as a developing solvent system on
precoated silica gel plate and reducing sugars were detect-
ed by silver nitrate-sodium hydroxide reagent. Lanes: 1,
COA medium; 2, avicel medium; 3, KC-flock medium,; 4,
cellobiose; 5, glucose.
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Fig. 3. SDS-PAGE of proteins in culture filtrate of P. verruculosum was cultured in medium containing COA

(A), avicel (B), or KC-flock (C) for 21 days.

Protein samples in the culture filtrate were separated by 10% SDS-PAGE. The gel was stained with Coomassie blue.
Culture days for lanes: 1, 6th day; 2, 8th day; 3, 10th day; 4, 12th day; 5, 14th day; , 18th day; 7, 21th day.
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Fig. 4. SDS-PAGE of protein produced by P. verruculo-
sum in a medium containing COA (lane 1), avicel (lane
2) or KC-flock (lane 3). P. verruculosum was cultured
in the medium for 6 days (A) or 21 days (B).

Protein samples in those culture filtrate were elec-
trophoresed on a 10% SDS polyacrylamide gel. The gel was
stained with Coomassie blue.

oAt 120kDa o whAdL

E—I o 7F-xL

109 ol 7k} 17
fm% 53kDa, 40kDa * % 23kDa sl

ol 3

5&1 HH“OJ 2! 7”'“‘01] 2 s5t9lr}, szce HHFJJ 73-3
COA vwiz|2} wlabria] g wijof 27]oll= 2. 60kDa 9}
66 kDa & whiAo] F-Zs}glon] wigkr|7lo] oo
upe} F2 o|F gl Fol| Frhsieict, wiok 10 Ol—?*
¥ 120kDa 2| shiAdE 233 66kDa et £ K

izl ol dbrl 60 kDa o}éle] ofg] chuiZlZo] ﬁgﬁgg_](}]
ujj oF vL;vH chulzl Bzokao falg COA wjz|el 7
oF vlsEbnh, KC-flock & #3@sle =]l #H$
COA v} avicel wiz]loh= whe] wickzr]o] Rzt 76K
o) chlAat obze] 34K & 24K g rhllale] Xy gl=
Hi sedA]7te]l F718kell wie} o]5 FollAl FE 76kDa
o] tlwlalalo] Zrlgon] w3l o) chalal v} Hzjako]
Fm A2 gl Ao wljek 10 YA HE ok ek
21 LA vllokolol Foll= 60kDa 2] v x glglch, wj
%F 1494 o] Foll& 120kDa o] whdo] §A8] Fridl=
ol o|& B-glucosidase S =2 F7ke}f dAdlich, o

gl Habs avicel W COA slja]ollAHe] 120kDa s A
o #H3lel g-glucostdase FAE L Wy} x| == A

dl

}::

KNor, [ Appl. Microbiol. Brotech.

i 7ekel, KC-flock ¥i=] wlokeded F=eo] 34kDa 2} 24
kDa sh8A2 avicel v COA HHR ofi A= ul 97| 7}l
Alglo]l AL EAehA] gistet, LYol ofE Al 5
Aol hefA B¥ = H° z7ell @A|gE Afo]7}

chl 2l o) okale] wiekr|zko| Zdo{Rel uwt
o] 7% 60kDa M6 76kDa ¥4
cheld 2y = wl=gich, zefvf 60kDa ofahe] xt
A =4 alelrt sladcl(Fig. 4), COA ¢
avicel -2 KC ﬂock# avicel £ s 2 ghel= vl
- wlofedollo] Eghxle] gle Al 9]
27k COA 3-8 KC-flock 3% 2.3}

o] 7} gisd

A 7Edsl et TS A Aese Aas
A deAEE ke A eE of#R glewy wliqbeddl
ol Wiz Awd SRSl 23 AsiEAs) ok E
7k Ghrh, weba] wickeiole] 4 gEnlo R s g4
of 77y Al £EE % ‘fiicé wab obdet 54 gl
A zte] RAE A 4 Q7] wel a4 F
Aol Hofdle Ao AtE avicel &R

el Al L @:}zﬂﬁin]—iig}r%
DEAE ol #4118 & KCl F7ulE o]8sjo] H2)%}

4 ddazeieacbne Felgs o thygel g
A ou) BBy Ech $3] Fol LZsl: ghiye
9% o2 Fig. 59 Agteh, wAe £2 100mM
o 4] 350mM 2] KCl w=HHollA 8-F51Q

1
210mM KCl Fx5 <28 F 3t 2al5 5ol 223519
(Fig.5). f-glucosidase 4= w3l gzt 2he
25 Fof Fxalont 250mM 5 HIolE ®
A

Lo Sk
°© & m L M

o

3
N
Ao,

i oo o
¥

HHEQJ %3 "S’»P ?’% = ?Lﬁkmmi

4 N
—

oz I‘ﬂ
f r
2,
L
o
et
_‘;1

SRS

> 2
—J
m
i
&
o}

Mz rr B



1”'!'3'!. ]("}J. .’\'{}. ‘-1 387

~ F0.4 04F LENISEI S BRI IS _
\ o |
. e - e e " e ? e _ —
: ‘"'?‘ 66.{3 K :,;.";_:. - : , B R | . i:* i 1.0 .-_._E_-,
*g U 427K = o B 1 5
= | B £z 2
fye o )
> = o =
3 & 0.4, S Iz
Eé -0.2 - 0.2 e o g BO
bﬂ = oo S =
c ol & =
I & —~ 40031 ¢ 05 &
= = : Y o
s | % s £ 5
= o - (.24 < 2
L 2 = “
> < ' s
f:‘_‘ '_-" — L
T O &
'E - :d k
_ () 0‘! 19
0 80O

Elution time, min

Fig. 5. HPLC DEAE ion exchange chromatography of crude protein produced by P. verruculosum in COA medium.
After cultivation of P. verruculosum in COA medium for 14 days, protein sample obtained from culture filtrate was
applied to HPLC DEAE column preequilibriated with 50 mM Tris, pH 7.6, and then eluted with KCI gradient (0.0-0.4 M).
Avicel (4) and CMC (m) saccharifying activities and PNPG hydrolysing activity (@) were measured as described in
Fig. 1. (Inset) SDS-PAGE of proteins in fractions. Fourty w1 of indicated fractions were electrophoresed on a 10%
SDS polyacrylamide gel and then stained with Coomassie blue. Numbers above the lanes of SDS-PAGE denote frac-
tion numbers.

-0.4 - N
~ 02 2 RINIRRIAISRSIT LR ~
7 92.5 K < .
~ - 66.2 K = o s s e = T EALO =
1 R e £ E
= | s =
5 — 427K - 5
n = ‘ ~+= 2
= = £ k=
= & b5 5
2 &N 0.4 < 4
;% - 0.2 & 0.1F a= o <
50 « s = o
£ 3 ~ 4003 &H05 =
o & " ' ' by
s E L : « =
c o : G L
3 o 1 0 2-1 [l il
- A e ] O
m > E 77 =5
S < = « 3 3
8 N S = =
» ! ! &
- () 0 a y - O"L 40
20 40 60 80

Elution time, min

Fig. 6. HPLC DEAE ion exchange chromatography of crude protein produced by P. verruculosum in avicel medium.
After cultivation of P. verruculosum in avicel medium for 14 days, protein sample obtained from culture filtrate was
applied to HPLC DE AE column preequilibriated with 50 mM Tris, pH 7.6 and then eluted with KCl gradient (0.0-0.4 M).
Avicel (a) and CMC (m) saccharifying activities and PNPG hydrolysing activity (@) were measured as described in
Fig. 1. (Inset) SDS-PAGE of proteins in fractions. Fourty x| of indicated fractions were electrophoresed on a 10%
SDS polyacrylamide gel and then stained with Coomassie blue. Numbers above the lanes of SDS-PAGE denote frac-

tion numbers.



388

Kor. J. Appl. Microbiol. Biotech.

04 o2r *FRE
5|
= -
ET z
2o 3
2 |} o
S Zr02%0.1
R .-
el 8
> S =
> 2z
Cl <

) 0

1
=
P

unit/m{ (—m—)

0.2

unit/m! (—a-—)
CMC saccharifying activity,

Avicel saccharifying activity,

Elution time, min

Fig. 7. HPLC DEAE ion exchange chromatography of crude protein produced by P. verruculosum in KC-flock

medium.

After cultivation of P. verruculosum in KC-flock medium for 14 days, protein sample obtained from culture filtrate
was applied to HPLC DEAE column preequilibriated with 50 mM Tris, pH 7.6 and then eluted with KCI gradient
(0.0-0.4 M). Avicel (a) and CMC (m) saccharifying activities and PNPG hydrolysing activity (e) were measured as
described in Fig. 1. (Inset) SDS-PAGE of proteins in fractions. Fourty u1 of indicated fractions were electropheresed
on a 10% SDS polyacrylamide gel and then stained with Coomassie blue. Numbers above the lanes of SDS-PAGE

denote fraction numbers.

Fig. 8. Thin-layer chromatogram of the hydrolysis
products avicel by culture filtrate of P. verruculosum.
Reaction mixture containing 100 mM sodium acetate
buffer, pH 5.0, 2% avicel, and fraction No. 24 or fraction
No. 32 in Fig. 5. was incubated at 50°C with shaking. The
supernatant of the reaction mixture was separated using
butanol: ethanol: water (5:3:2) as a developing solvent sys-
tem on precoated silica gel plate and reducing sugars were
detected by silver nitrate-sodium hydroxide reagent. Lanes:
1, glucose; 2, cellobiose; 3, reaction mixture containing frac-
tion No. 24; 4, reaction mixture containing fraction No. 32,
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