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Studies on the Cellulolytic Enzymes of Stachybotrys atra

—Partial purification of cellulase and effects of temperature, pH and

metal ions on the enzyme—
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(Department of Biolgy, Yonsei University)

ABSTRACT

A cellulase fraction (F IV-1) purified to about 8-folds was obtained from crude
cellulase prepared from the wheat bran culture of S. afra. The partial purification
of the enzyme was made by DEAE Sephadex and Sephadex cloumn chromatography
in conjuction with ammonium sulfate precipitation.

After standing at various pH’s for 22 hours at 20°C, F V-1 was most stable at
the point of pH
stability was raised to around pH 6.0-7.0. After heating at various temperatures

pH 5.0. but when the enzyme fraction was stood for 74 hours,

for 1 hour, F V-1 was most stable at 20°C. The optimal enzyme activities of
F V-1 were seen at pH 6.0 and 50°C. The optimal concentrations of Zn** and Ca**
but Ca** inhi-
bited the enzyme activity at concentrations below 2 mM and above 6§ mM. Both
Cu++
crude cellulase was achieved at concentrations of 5 and 2 mM of ions respectively.
When Na-CMC was used as substrate, the Km values of crude cellulase and F V-1
were calculated to be 5x107* and 2x10"mM,

for the activities of crude cellulase were 6 and 4 mM respectively,

and Mn** ions inhibited cellulase activities and a complete inactivation of

and V values 32 and 1.38 mmoles/
hour, respectively. The Ki values of Mn** for crude cellulase and F V-1 were found
to be 81072 and 3x10"2 mM while those of Cu** were at 210! and 1x10"! mM
respectively. Both Mn** and Cu** showed competitive inhibition with substrate.
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Fig. 1. Effect of Zn** and Ca** Ions on the
Activities of Cellulase.
The crude enzyme activity was determined
by measuring the reducing power of glucose
after incubation of the mixture of enzyme,
metal ion and Na-CMC for 1 hour/40°C at
PH 5.0. The optimal concentrations of
Zn** and Ca** for the unpurfied enzyme
activity were at 6 and 4 mM respectively.
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Fig. 2. Effect of Cu** and Mn** Ions on the
Activities of Cellulase.

The unpurified enzyme activity was deter-
mined by measuring the reducing power of
glucose after incubation of the mixture of
enzyme, metal ion and Na-CMC for 1 hour
/40°C at pH 5.0.
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W - o— X 5, 20x107 mM Na-CHC
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Fig. 4. Plot for the Inhibition Constant of
Mn** on the Activities of Crude Cellulase.
The Ki value was calculated to be 8X 1072

mM.
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Fig. 3. Lineweaver-Burk Plot of Cruds Cell-
ulase.
The values of Km and V were calculated
to be 5x19°* mM and 32 mmolss/hour
raspectively.

cu** (=)

Fig. 5. Plot for the Inhibition Constant of
Cu** cn the Activities of Crude Cellulase.
The Ki valve was calculated to be 2:x107!

mM.
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Fig. 6. Chromatogram of Cellulase on DEAE Sephadex A-25 Column.
A 1.0 ml of each fraction was analyzed for the enzyme activity using standard method.
Column “size; 2.0%41 cm, flow rate; 0.5ml/min.

100 T

0.5M4
acetate

(pH 5.0)

\acetste acetate

10,054 [0.1M
} (pH 5.6} (pH 5.0)

€]
&
T

0.D. ngo{protein)

Protein

egmmmoesCellulase activity/ml

—a——nf—Amylase actx’vx'.y/ml

Tube No. (1 tube = 10 ml)

AE o] R4 ZA ez, 34T 47+
2] cellulase 7} 9188 A A5z gt
= FI, FIdA% amylase 7}, FlI, FV
o| & cellulase 7} o} & AL Jehzm
d&5E v Fa gk

2) Sephadex Column Chromatography

(Fig. 7)& cellulase 9] A e] amylase
B} & FNV9 Sephadex G-75 column
chromatography 238 Jehie zoz
FIWV-1¢] amylase = #& sixis 2:, +
s B EH

(Table 1) 2 ¢3stgel4q Jebd &
4qe] oF B whwlde of w49 ¥Y 5
S Vel dl, FV-1¢& crude cell-
ulase of] ¥]3] oF g} S35 g-eL

L
ﬂ’t‘

2 E

*

o

<3t= Cellulase(FNV-1)¢] A2

) &xd g A=

FV-1¢ ¢xe d& A== (Fig. 8)
oAl 418} 7ol 20°Cell A 74 kg =z 60°C
o] Aol A = kA3 22455l o)

T 100
M M
acetate NaCl
(pH 5.0)
7 50
N
),
7 &
8
e
S
=
&
a
=]
- 10
0
4 T T i k]
@A mmasmmAe Protein
— Cellulase
had ol activity/ml
Amylase
EX X activity/zl
3+ -3
© F IV-1
P
o
-]
©
-
°
M
IC)
g °r 2
o~
o
©
1 = -1
oL a i3 L [}
o 5 10 15 20
Tube %o. {1 tube = 12 nl)

Fig. 7. Chromatogram of F I on’ Sephadex
G-75 Colum.

A 1.0 ml of each fraction was analyzed
for the enzyme activity using standard
method. Column size; 2.0x 39 cm, flow rate;
0.4 ml/min
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Table 1. The Recoveries and Activities of Cellulase during Purification

Fraction, F -1.

After heating F V-1 at various temperatures
for 1 hour and cooling to room temperature,
the residual activity was determined by
measuring the reducing power of glucose
after incubation of the mixture of enzyme
and Na-CMC for 1 hour/40°C at pH 5.0.
The enzyme was most stable at 20°C.

2) a4 A4 vlAe 2EY 9
(Fig. 9)&= FN-1¢] 50°Cell4 &Ae] 7}
A Zstel 70°C ol gell 4w FAo] P =

(Fig. 10a)= FIV-10] 2247k Zofl = pH
5.0414, (Fig. 10b): 74X 7 Foll= pH

Voul Protei Yield Adivity,
Purification step oulme rotein le Specific activity
(ml) (mg) (%) Units (unit/mg)
Crude Cellulase 10 512.91 160 61.82 0.12
DEAE Sephadex A-25
FI 70 120. 90 23.57 86. 26 0.71
FI 60 16.09 3. 14 19.19 1.19
Frr 140 26.60 5.19 61.41 2.31
Fi 80 157.60 30.72 53.93 0.34
Sephadex G-75
FN-1 40 30.59 5.96 28.56 0.93
e T T T T ——y T T T T
3 i
3
ol ot 1 { 1 o
il 20 30 40 50 60 :'u—
«°0) (%)
Fig. 8. Thermal Stability of the Cellulase Fig. 9. Effect of Temperature on the Activities

of F V-1.

The enzyme activity was determined at pH
5.0 by measuring the reducing power of
gulcose after incubation of the mixture of
enzyme and Na-CMC for 1 hour at various
temperatures. The optimum temperature for
the enzyme activity was at 50°C.
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Fig. 12. Lineweaver-Burk Plot of F V-1
The values of Km and V were calculated
to be 2x107®* mM and 1.38 mmoles/hour
respectively.

Fig. 10. pH Stability of F N-1.

After exposure F -1 to various pH’s for
22 and 74 hours at 20°C, the enzyme was
readjusted to pH 5.0, and the residual
activity was determined by measuring the
reducing power of glucose after incubation
of the mixture of enzyme and Na-CMC for
1 hour/40°C at pH 5.0. The enzyme was
most stable at pH 5.0 after 22 hours and
pH 6.0-7.0 after 74 hours. a; after 22 hours,
b; after 74 hours
[T T T T T T T
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T
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w
=
T
|

Rl =X 5, 2051670 KamCMC
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o ()
"ol 1 1 1 I I L
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pH
Fig. 11. Effect of pH on the Activities of F
V-1.

The enzyme activity was determined by
measuring the reducing power of glucose
after incubation of the mixture of enzyme
and Na-CMC for 1 hour/40°C at various
pH’s. The optimum pH for the enzyme
activity was at pH 6.0

Fig. 13. Plot for the Inhibition Constant of
Mn** on the Activities of F [y-1.
The Ki value was calcuated to be 3. 2x 10~
mM.
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Cutt (oM}
Fig. 14. Plot for the Inhibition Constant of
Cu** on the Activities of F IV-1.
The Ki value was calculated tobe 1X 107!
mM.
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cellulase & A& A A|5ke, Poria vailla-
ntii(Sison et. al, 1958)¢ll4] Zn**e] <] &)
Aol A=t A, A. niger(Clarke
3} Stene, 1965)e 4 ImM ¢] Mn**2} Cu*+*
7b 248 A4 G R4 ¥ 10m
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A & 4 do &9 Jermyn(1955)0] S.
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2. Crude cellulase & Z4¢ &x16& Zn**el Ca**e] A %5 = 27 6mMsh 4mMe]glz, Ca**
el

E2mM o] ghsk 6mM o] el 4% THL A7 5

3. Crude cellulase o] 248 2o A st Cut*g} Mn**e] 5= 2z 5mMst 2mM o] ¢ =},
'I
|

4. 9 LxdA 17 S A2
5. FV-12) 7 2she) 9849 #H4e

» FN-1& 20°C ol A 743 e stqdeh.
E 50°C gk
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