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Table 1. Physical and biochemical characteristics of
/solated strain AM-28,

Factor Result

B-Galactosidase (ONPG. PNPG)
B-Glucosidase (Esculin hvdrolysis)
Arginine dihydrolase

Lysine decarboxylase

Ornithine decarboxylase
Tryptophane deaminase

Urease

Gelatin liquefaction

Catalase

Citrate utilization

H.S production

Indole production

Acetoin production (VP reaction)
Nitrate reduction to nitrite
Nitrite reduction to N:

Motility

P4+ + 4+

b+ 4+

oA+

Table 2. Carbon and nitrogen utilization of isolated
strain AM-28.

Factor Resutlt Factors Result
Fermentation/Oxidation of  Assimilation of

glucose +(F) D-sorbitol -
mannitol +(F) L-arabinose +
inositol - propionate -
sorbitol - valerate +
rhamnose = citrate -
SuCrose +(F) histidine +
melibiose - 2-ketogluconate -
amygdalin +(F)  3-OH-butyrate -
arabinose +F) 4-OH-benzoate -
Assimilation of L-proline +
arabinose + rhamnose -
mannose + D-nbose +
mannitol - inositol ~
N-acetyl-glucosamine  + D-saccharose +
maltose + maltose +
gluconate + itaconate -
caprate + suberate -
adipate - malonate +
malate + acetate +
citrate - DL-lactate +
phenyl-acetaie - L-alanine +
D-glucose + 5-ketogluconate -
salicin + glycogen +
D-melibiosc 3-OH-benzoate -
L-serine +

L-fucose -

gl 3ol 58
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735 AM-28 F 55 5467 98l A Gram 945
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Table 3. Cellular fatty acid profile of isolated stramn

AM-28
Fatty acid Result (%)
10:0 —
10:0 30H —
12:0 485
12:0 20H -
12:1 30H —
Unknown 0.75
14:0 3.67
15:0 0.69
14:0 30H/16:1 iso | 440
16:1 wic 40.74
16:0 2425
iso 17:1 w9c 0.48
17:1 iso I/anteiso B —
17:1 w8c 0.75
17:0 cyclo —
17:0 0.69
18:1 wic/wWot/wi2t w9c/wi2ywic 18.03
wi2t/wot/wic
18:0 0.70

19:0 cyclo w8c —
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Fig. 1. Effect of carbon sources on the enzyme
production.
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Fig. 2. £ffect of nitrogen sources on the enzyme
production.
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Fig. 4. Jon exchange chromatogram on DEAE-agarose
column of crude A. hydrophila protease.
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Table 4. Comparison of proteolytic activity against
defatted soybean and Hammarsten casein
among various commercial proteases and
screened protease.

Activicty (unit/mg protease) on Relative
Enzymes .
Defatted Hammarsten activity (%)’
soybean casein
Protease p 7.5 37.6 20
Bromelain kN 111 28
Corolase p.p 8.5 36.2 24
Trypsin 59 19 74
Papain 19 9.8 80
Screened
protease 9.0 144 63

__Activity on Defatted soybean
R e —X 100
Activity on Hammarsten cassin

120

80

40

Relative enzyme activity(%)

[

30 40 50 60 70 80
Temperature ()

Fig. 5. Effect of temperature on the protease activity
(—-®@~-) and stability (—a-).
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Fig. 6. Effect of pH on the protease actvity (-&-)
and stability (~®~).

Table 5. Effects of metal ions on the protease activity.

Metal ions* Concentration  Relative activity (%)
None - 100
- 100
CaCl: 1 mM 100
SmM 30
CuCl, I mM 18
5mM 0.2
HgCl. 1 mM 19
' SmM 0.6
MgCi: I mM 96
SmM 54
Mn(Cl: I mM 65
SmM 79
KCl I mM 92
SmM 110
ZnCl: i mM 42
SmM 28

Table 6. Effects of inhubitors on the protease activily.

Inhibitor Concentration  Relative activity (%)

None - 100
- 100

N-Ethylmaleimide I mM Ho
SmM Hs

PMSF I mM 79
SmM “

EDTA I mM 4]
5mM 22

lodoacetamide | mM 100
SmM 100

PMSF. phenylmethylsulfonyl fluoride.
EDTA. cthylenediaminetetraacetic acid.

= ;9.
> [
o 3
%
2 -
£
\ &k
©
o
£ oX |
rlo
4
e
" 2

N+

Protease from Aeromonas hvdrophila AM-28 295

ehileh. £ o] Aol HAH pHE Yolir] 9
&lod pH 6.0~13.0 bufferef 0.6%2] Hammarsten
caseing &A1 71AE Apgsled Fae] HrE
A48l A4 pHel didt <h44e pH 4.0~
13.0 bufferel] ¥59 5898 H7kste] 30°Cel 4
1217} 842 Hel F fHte RHEHAE ZAsgc)
a2 7} o] 49 A pHE 800|911 pH 7.0 4
pH 137bA] w2 H kA steic (Fig. 6).

FE012 N E2 MM A&

A4gAe vAE F450]29 9%E Table 5o
vetliglc. 9 skeRa@ide] ImM Fx9
Cu’* s} Hg**ell =3 7343 M=o, SmM
59 Kol 98 o Zulsiddn SmM Fx9
Ca**oll o 433] Adsiich A f4o 9y
B4 AajAe] <8k Table 60l viehid niel 3to)
cysteine protease2] A3 #<ql N-ethylmaleimide 3
iodoacetamidesl] o8] &4 fAJo] A siukx] gk,
2388 SmM FEANE ALAe] Frishe <
42 ¥c) Serine protease®] H#{M<Q PMSF,
metal proteased] EDTAo| 3| & wre EXoz
Yo} 4ol AR Eo serine”] 2} metalo] T
dsh= e At

= U

I del®, wds|, ol&4M. Aew, HUBER, B84,
1990, 34zl Buallusd: dF71 JArstes
alkaline protease?] £+ gr-4tgjv| B3] 18
(2). 151-164.

20 df B, SR, 1989, 2|4 Bacillus sp. NO. 8-
162] . de)yd ol d Padse] PAet B4
Akl e 423 17 (6). 545-551.

3 BYT. OIZE, Y. MES, 2FH, 1989,
Streptomyces sp. YSA-1300]  A4bsl=  alkaline
protcase®] FAlsl EA. gAigie|AEg A 17
(4). 358-364.

403 M, HYA, S, HBS, oldid, =HN, A
RFl, 1992, Sweptonvees®H  FFIE WA

alkaline protease®] 4 2 A AP 5
&kl 20(2). 169-177.

. Bascaran, V., C. Hardisson, and A.F. Brana, 1990.
Regulation of extracellular protease production
in  Streptomyees  clavuligerus.  Appl. Microbiol.
Biotechnol. 34. 208-213,

6. Farley, P.C. and L. Ikasari, 1992. Regulation of
the secretion of Rhizopus oligosporus exiracel-
lular carboxyl proteinase. J. Gen. Microbiol. 138,
2539-2544.

7. Peek, K., RM. Daniel, C. Monk, L. Parkker, and
T. Coolbear, 1992. Puritication and characteri-
zation of a thermostable proteinase isolated from
Thermus sp. strain Rt $1A. Eur. J. Biochem. 207.
1035-1044.

8. Licaenstein, H.S., L.A. Busse, G.A. Smith, N.M.O.
McGinley, M.F. Rohde. J.1.. Katzowitz, and M.M.
Zukowski, 1992. Cloning and characterization of

‘I



296 Kim, Kim, lee Bae and Oh

13.

a gene cncoding extracellular metalloprotease
from Sirepronuvees lividans. Gene 111, 125-130.

. Mao, W,, P. Pan, and D. Freedman, 1992. High

production of alkaline protease by Bacillus
licheniformis in a fed-batch fermentation using a
synthetic medium. J. Ind. Microbiol. 11. 1-6.

. Palleroni, N.J., 1989. Pseudomonadaceae P. /n N.

R. Krieg and J.G. Holt (ed.), Bergey's manual
of systematic bacteriology. Vol |. The Williams
& Wilkins Co.. Baltimore.

. Eggen, R, A. Geerling, J. Watts, and M. Willem,

1990. Characterization of pyrolysim. a hyper-
thermoactive serine protease from the archae-
bacterium Pyrococcus furiosus. FEMS Microbiol.
Len. 71. 17-20.

. Rufo, G.A., B.J. Sullivan, A. Sloma, and J. Pero,

1990. Isolation and characterization of a novel
extracellular metalloprotease from Bacillus subtilis.
J. Bacieriol. 172. 1019-1023.

Sloma, A., G.A. Rufo, Jr., C.F. Rudolph, B.J.
Sullivan, K.A. Theriault, D. Ally, and J. Pero, 1990.
Gene encoding a novel extracellular metal-

16.

17.

KOR. JOUR. MICROBIOL.

loprotease in Bacillus subtilis. J. Bacteriof. 192
1024-1029.

. Stager, C.E. and J.R. Davis, 1992. Automated

systems for identification of microorganisms. Clin.
Microbiol. Rev. 5. 302-327.

. Sutar, LI, M.C. Srinivasan, and H.G. Vartak,

1991. A low molecular weight alkaline proteinase
from Conidiobolus coronatus. Biotechnol. Lent. 13,
119-124.

Teufel P. and F. Gotz. 1993. Characterization of
an extracellular metalloprotease with elastase
activity from  Staphyvlococcus  epidermidis.  J.
Bacteriol. 175. 4218-4224.

Vinci, V.A., J.S. Aphale, G.D. Gibb, and W.R.
Strohl, 1993. Purification and properties of the
chymotrypsin-like serine proteinase overproduced
by Streptomyces sp. strain Cs— A, Appl. Microbiol.
Biotechnol. 39. 69-73.

(Received May 30, 1994)
(Accepted July 27, 1994)

ABSTRACT: Properties of Protease from Aeromonas hydrophila AM-28 Isolated from Soil

Kim, In-Sook, Hyung-Kwoun Kim, Jung-Kee Lee, Kyung-Sook Bae, and Tae-
Kwang Oh* (Genetic Engineering Research Institute. KIST. Daejeon 305-606.

Korea)

A bacterial strain NO. AM-28. showing proteolytic activity against defatted soybean was
isolated from domestic soil. The isolated strain was identified as Aeromonas hydrophila by
both the biochemical tests using API kit and the analysis of cellular fatty acid profile with
MIDI system. The protease production from A4 hvdrophila AM-28 was highly enhanced
when it was cultivated in the medium containing glycerol as a carbon source, tryptone
or (NH,):HPO, as a nitrogen source. and CaCl, as a mineral source. The optimal pH and
temperature for the enzyme was 8.0 and 65°C. respectively. The enzyme was stable up to
55°C and at pH values ranging from 7.0 to 130. The enzyme activity was inhibited by
phenylmethylsulfonyl fluoride and EDTA, indicating that serine residue and metal ions

be involved in enzyme activity.



