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On the Existence of Cellulase in Marine Gammarid
Amphipods Inhabiting Seaweed Beds

Tatsuo MORISHITA, Toshiyoshi Araxi, Hideo SekicucHi,
Isao Sucanara and Ryuji Ueno

Faculty of Bioresources, Mie University

Summary

High cellulase activity was detected in the extract of marine gammarid amphipods inhabiting sea-

weed beds.
umn chromatographies.

The cellulase was partially purified by ammonium sulfate precipitation and successive col-
One of the two fractions separated by Sephadex G-100 gel chromatography

was C,-cellulase (correspond to avicelase, E. C. 3. 2. 1. 91), which hydrolyzed more insoluble cellulose,

avicel and filterpaper, than soluble cellulose, carboxymethylcellulose.
respond to CMCase, E. C. 3. 2. 1. 4), which cleaved more soluble carboxymethylcellulose.

The other was Cy-enzyme (cor-
Both en-

zymes had pH optimum of around 5.5, and was fairly stable in a pH region of 5.0 to 8.0 for 20 hr at
30°C and was completely stable below 40°C for 30 min-incubation at pH 7.0. C;- and C,-enzymes had

molecular weights of approximately 34,000 and 26,000, respectively.

These cellulase were estimated

to originate from gammarids in the shsence of cellulolytic symbiotic bacteria.
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Fig. 1.

First Sephadex G-100 gel filtration of the dialysate from ammonium sulfate fractionation.

The sample solution (15 m/, 465 units of C,-activity and 65,200 units of C,-activity)
was applied to the column (2.5X93.3 cm) and eluted with 0,02 M acetate buffer containing

0.1 M NaCl, pH 5.0, at a flow rate of 22.2 mi/hr.

lected (First Sephadex G-100 fration).

Contents in tube No. 32-48 were col-
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Fig. 2. DEAE-Sephadex A-50 chromatography of first Sephadex G~100 fraction.
First Sephadex G-100 fraction (358 units of C;~activity and 47,200 units of C,-activity)
was loaded to a column (2.5 X 40 cm) and eluted with a continuous linear gradient elution
of NaCl in 0.05 M acetate buffer, pH 5.0, after let flowing 250 m/ of the same buffer at a
flow of 31.1 mi/hr.  Contents in tube No. 174-186 were collected (DEAE-Sephadex A-50

fraction).
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Fig. 3. Secondary Sephadex G-100 gel filtration of DEAE-Sephadex A~50 fraction.

Five milliliters of DEAE-Sephadex A-50 fraction (C,~ and C ~activities; 294 and 41,900

units) was loaded to column (2.5x93.3 cm).

tion size was 4.2 ml.
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Table 1. Purification of gammarids cellulase
Cy~activity Cy—activity
Total
Purification step protein  Total Specific Purifi- Yield Total Specific Purifi- Yield
(mg)  activity activity cation (10«/3 ) activity activity cation (Lf )
(units)  (units/mg)  (fold) ° (units)  (units/mg)  (fold) °
1% NaCl extract 26,800 1,320 0.0492 1 100 213,000 7.95 1 100
30~70% satn. SO4(NH,) y
precipitate (dial;zed)d 2 923 465 0.503 10.2 35.2  65.200 70.6 8.9 30.6
Sephadex GA00%el 302 38 118 240 271 47,200 156 19.6 221
DEAE-Sephadex A-50 .
chromatography 139 294 2,11 42.9 22.3 41,900 301 37.9 19.7
Sephadex G-100 gel 25.6 158 6.17 125 120 13,300 519 6.3 62

filtration (second)

Table 2. Comparison of activities of gammarids cel-
lulase with those of three commercial cel-

lulases
Activity
Cellulase (ug glucose/min/mg protein)
Preparation
G C,

Cellulase “Amano T"*!
(Trichoderma viride) 12.7 222
Cellulase™?
(Trichoderma viride) 14.7 176
Cellulase “Amano A”"*!
(Aspergillus niger) 14.8 1,970
Cellulase (Gammarids) 6.17 519

*1 Amano Seiyaku Co.-made products.
*2  E. Merch A. G.-made product.

Each enzyme activity was determined under optimal
condition (pH 5.0, 40°C), but reaction pH of only gam-
marids cellulase was 5.5. Incuvation times of C,; and
G, were for 3 hours and 30 minutes, respectively.
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i 40~50°C TR LC A C e dh b, C, itk
Tl 60°C HhiEicd 5518718 Gammarids )V J —Eid,
FOHEBIBUKRPOFMS N L I, oI~
TR VIR C & (T B 2 L2 L 72

pH TEM & HETM | Bk pH B L Uk lis e

Fig. 5 {07R ¥, pH @wEtid, B#HE* pH4~10 (pH4~6
D0.2M FRIBARIERE, pH6~8:0.2M V) BRI,
pH8~10 : 0.2M s~ v BE#RAE #0) T, 30°C 200 4
o T~ Cp, C, WS b pH5~8 THKNEE
T, pH7.0 TIRIO0%GDEH RN e T OREFIR
i, T. viride % A. niger D DO pH 4~6431519 {2 g
TRRE TR pHIICH 0, Fil pH CoOFHE DM
FHEELHHELTD, LhL, ZOREFEEHINS
ERBUTRIE Lz —, B LTI, REEpH @
7.0°C30AHANR LU CHE L7cas, €, Coiithe b &<
WAEEERL, WPRL ACCHIETClTE o72K %
HETHbD, LL, 45°C 2 5 LML 2HHD
RN AR D, BWRREN 60C DLTHLR
A T. viride % A. wniger O b M50 1= 2T, Gam-

marids D4 T~ BIEBIIH L CRRREETH b,

SFHE 3 E0H 2B H ¢ Sephadex G-100 ¥V 7 11w
Mo T4l BIS CIEHE C, HknBERE- 2
12, MBHROEVOBEERETA8-D-r V2L ¥~
CORYR ESHELSNDLD, Wik -2 thEh
DEEF OB &% 2 C, TiBEFE OO %
KTz, 33, Wil Sephadex ¥ WADRFHIZL B
BB, B~ bR TIEEAE R P o7
bNEFEZOLND, Fig. 6 IS EOMBOL ELF—D
S ACHBERR R LTEOREETHL, Z0l
Mo, Cp iEMERTBEOSTEAH34,000C, Co i
PR IR TSI H26, 000 L HiEE S iz, OKADAMI® gt
IR LU T viride D5 —¥ [1-A, I-B B
& U 22130, 000, 43,0003 & TM45, 000D 43Tt



WS OWMMWEII BT 520 T — EOFEAE

93

100 /m \ - O, §
3 /
] o)
80 - \ +o—" 4 .
[ 0 /
- ]
2L I ]
R o]
d
\S]
e
L40t- + .
pe o
% ©
=20} 8 1 .
@]
g bt i i | i 1 1 I ) i
4.5 5.0 5.5 6.0 6.5 30 35 40 45 50
pH Temperature (°C)
Fig. 4. Effects of pH and temperature on the Cy~ and C,~ activities of partial purified gammarids
cellulase.

The enzyme assays in the pH-activity curves were carried out at various pHs in 0.05 M
acetate buffer and at 30°C, while those in the temperature-activity curves at various
temperatures and optimal pH 5.5.  The incuvation times in those assays were for 3 hours
on C;-activity and 30 minutes on C,-activity.
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Fig. 5. Effects of pH and temperature on the stability of partial purified gammarids cellulase.

In the pH-stability curves, the enzyme was incuvated at various pHs (pH 4-6:0.2 M
acetate buffer, pH 6-8:0.2 M phoshate buffer, pH 8~10:0.2 M borate buffer) for 20
hours at 30°C, The residual activity was assayed at pH 5.5 and 30°C, for 3 hours upon
Cy-activity and 30 minutes upon Ci-activity, On the other hand, in the thermal stability
curve the enzyme was incuvated at various temperatures for 30 minutes at pH 7.0, then
residual activity was assayed.

Symboles are the same as those in Fig. 4.
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Fig. 6. Determination of the proximate molecular weight of partial purified gammarids cellulase by
the column gel filtration on Sephadex G-100.
% & 075, Gammarids LT — ¥id T, viride D40 AT B RPN E BT AEMIC L 200, O
F—H-A LW TRES s bDEEbIE,  HEERWT 2O, Lo — AGMHEORERR €17

IO — X G ERE DI IERER

LEO X S, Gammarids A5 2 T~ E D58 -
R a AT, MAMNBREI LI L TE, £
DEFOURESHBELL, LibL, 204N T -
Gammarids 2D b D74, €& b Gammarids DHfE

Table 3. Cultivation test of cellulolytic bacteria from
gammarids™®!
Homogenate  Washed water
(cells/g) (cells/m)
Bacteria 2.6X10° 1.0x10*
Cellulolytic bacteria
Medium [** ND#$ ND#*
Medium I1*2 ND# ND*¢

1

Gammarids (3.486 g wet) were washed with 380
mi of sterile sea water.

*2 Cultured for 3 months at 25 °C.

*  Not detected (less than 1.1X10° cells per 1 g of
wet gammarids).

E2]

Not detected (less than 0.2 cells per 1mi of
washed water).

%ol Table 3 1R L7 & 912, Gammarids Lk,
FEV A= EDL3HALBETHEMOMENA SN
B e HEEMEEIZD VTR LTy dwnds, AR5
s, Gammarids DERED SV idtkiz Lo~ 2
DRSS L VEERE L TR e S h b, *

Table 4, Composition of media for cellulolytic bac-

teria
Medium I Medium II
Yeast extract 1.0g Polypeptone 1.0g
KNOg 2.6¢g Yeast extract 05¢g
KH,PO, 0.5g City water 100 m/
FeSO," 7TH,0 0.1g Sea water 900 m/
NaCl 30.0g Filter paper® 1X10cm
KCl 0.7g
MgCly+6H,0 10.8g
MgS0,+7H,0 54g
CaCly-2H,0 1.0g
Distilled water 1,000 m/
Filter paper* 1X10cm

#1

Toyo No.51 special.
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