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This experiment was conducted to utilize the water soluble protein from the fish meal
in wastewater as nitrogen source by alkaline protease producting bacteria and to investi-
gate the culture condition of the production. G-12 and G-14 strains having the strong acti-
vity of the alkaline protease were isolated from sea water. These strains were identified
as Pseudomonas chlororaphis and Pseudomonas alcaligenes according to physiologycal chara-
cteristics, respectively.

In enzyme production, galactose and casein for G-12 strain, and raffinose and the water
soluble protein of the fish meal wastewater for G-14 strain was favorable as carbon and
nitrogen source. An action of inhibition appeared in all of the metal salts used.

The optimal temperature of enzyme production was 30T for all strains. Optimal initial
pH for the enzyme formation in G-12 and G-14 strains was pH 10.0 and 8.0. When these
two strains were incubated for 30~35 hours in the optimal production medium, the en-
zyme production reached at maximum.
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cysteine protease, metalic protease % aspartic pro-
tease2 W1 (Chung, 1984), £/ pHol u}a}
M, it 4] A proteaseE ¥ o] A th(Lee and
Chung, 1980), °©] 7F&d¥lA <7tel4 proteases
B (Aunstrup, 1978; 1980), leather tanning(Co-
wan, 1983), FIEWET &4 kEFH B HER
#I(Christie, 1980), BMEFAREAE BN
(Noguchi et al,, 1975), 2 &% Bx&EEI(Umetsu and
Ichishima, 1985), MEMae] B FIASE Iytic
proteinase(Nakagawa et al,, 1985) 5] FIA=E Q)
o

WEHS FIAT olE protease AES] oA
nitrogen sourceX peptone, casein, soybean meal,
yeast extract, beef extract 59 £#3I Hikpa
(NH,):S0,, NaNQs;, NH,NO;, NH,Cl, (NH,).HPO,,
KNO; 59 #&idyS (M3t BREEKRSES &
5% BI(Chung, 1984; Lee and Chung, 1980; Nam
and Seu, 1987)% B2} fish mealKE HAi9
22 MY Ehgte 2124 €1 gt
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1. Proteaseifit: Wikl B
Proteaselfth o] S WS Sy 93 @K,
K, TK, BKE KR #EHSE BHRERANE
Bl ZEBE L &8 EREEXEIRISHAAN &

Table 1. Isolation and production medium

Y S BEslel Table 1] ZEEbEHI(ZE, 1985)
o 48, 30CANA 3~6HME BEMNA clear zones
aA g4 HEE —k EHEA.

2. BHBEe FHE

BEER A 5B 4988k & proteaserfiitol
B3 F EKG-UERE GREKE 8RFoZ,
G-12BfRE casein® FRFL 2 3to] BEHENHC]
B ol Wl & AEs P

BiE EE, oxidase, catalase FAER, RK{L
W SRR, AREER F9 B AR WL ¥
(1972)9) Ji#kol £RL MES Shewan(197D) 3
Bergy's manual of systematic bacteriology (Krieg
and Holt, 1984)¢] HikE 71€ L2 st SHERAE
Kk

3. HHEEEo| A

100m! Erlenmeyer flaskol 712W A 40mi& F ol
121T, 1550 WES % BIE B 1H4H #
el A 307, 4847 A (80 rev/mim) T H&
2T 10,000rpmol A 207 SELGEESY 1 LEW
& HEEERKCE 9ok 8 ERRKe BRRE
HEE 30~35tH o ERAE olst AL
o2 F ERolMe BREES A8 BEE 30T
2 g

4, BREME AE

Proteasei®th: & Hammarsten casein® ZHE= 3
o Anson-Ogiharaft B¥:(ILE, 1977) o} w2} Fig. 1
o vetd ulelgo] BEREMRS HlEstgTh

BERENE BE R BETAA 15 8¢9

Strain G-12 G-14
Glucose 20 %
Casein 05 %
Isolation- K:HPO. 01 %
medium MgSO,7H-0 0.05%
NaCl 30 %
pH 7.0
Galactose 1.0% Raffinose 35%
Production-  Casein 1.0% lezt?i.s;oxlﬁ:ﬁ g:(;teex_;:::? 15%
medium KHPO, 0.1% K;HP0.0.1%
NaCl 3.0% NaCl 3.0%
pH 10.0 pH 8.0
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FEREERER miZ 58 {25E tyrosine lyg
ol AREE RAEE HEhle BEES 1 unit2
stk

Addition Sample Control
Buffer solution 0.d4ml 0.4ml
2% Casein solution 0.5ml 0.5ml

Preincubation at
30T for 5 min.

0.1ml -

Incubation at
30T for 20 min.

Enzyme solution

044M T.CA solution 1.0mi
Enzyme solution -

1.0ml
0.1mi

Stabilization at
30T for 30 min,

Filtration
Filtrate 1.0ml 1.0ml
0.55M Na,CO; solution  2.5mi 2.5ml
Folin reagent(X3) 0.5mi 0.5m!

|

Coloration at
30T for 30 min.

Measured optical
density at 660nm

Fig. 1. Assay of enzyme activity
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BREE vXe 28 Bm5e BES REY)
8 RERQ%), EEFROS5%), HSH0.1%)S
EEEol Hinste] BRiEK ] BLE REstn
£&9] BFFR WE BES BREEES R
s O BREES 98 58 pH, RE, SER
Hi%S FEASIg.

EnERozA EHT BkE Table 29 2&
B 1R Rl kiEke] wRERCE HE
A Pzl BERE HmsiA BRI
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Table 2. Analytical values of sardine wastewater for

the fish meal

Assay Analytical values (ppm)
NH-N 320

NO,-N 13.0

NO:-N 51
Protein © 15200

Fat 218
Reducing sugar (glucose) 85

6. EHEHAE

ERdEEmE Al SRES 88 30T
80 rev/mine 2 BN I AL BEFHRNAM 5
B MBoE 3% AHES MY EREER VRS
o B 30t 3B E&S WEA

R A ER

1. ProteaseEiEE 2| 9% L RAE

K proteasefEHH o2 WKAA UEKE
SEEstd —woRER) ks SEE ZHEElA pro-
teaselEtE o] #E G-12, G-14 ¥ HEKE EHH

ZEN B 8By AR Table 39 2Tt

Table 3. Characteristics of tested strains

Characteristics
Factor

G-12 G-14
Gram-stain Negative Negartive
Oxidase + +
Catalase + +

Carbohydrate metabolism Oxidative Oxidative
Gas production - -
Motility + +

Optimal pH for growth 10.0 8.0
Optimal temp. for growth 30C 35C
NaCl tolerance 10.0% 70%
Carbon sources growth;
D-glucose + -
D-xylose - +
D-galactose ++ ++
D-fructose + -
L-arabinose - -
D-mannitol ++ +
Sucrose ++ +
Lactose - -




A2 #4545 o] &3 Alkaline Protease AT 53 R AL A4 =7

G-12, G-l4E#% =5 EBho]l AT oxidasest
catalaseRBR  BtEoln RALHE BEESe
gramfatd: BEO 2 Shewand] 535 (Shewan,
1972)el @2} Pseudomonas sp.2 REH AL F
B BRUOZ B pH/F G12, G-U4EK &%
pH 10.0, pH 8.0011 3 &EH ) ¥ fifiES G128
Bl 1oiA 100%, G4k 1A 7.0% AT

Rkt SfEeES G-128i#kol A glucose, xy-
lose, lactose, arabinose, fructose, sucrose, starchol
A —— =+~ Pseudomonas chlovoraphis(G-
12), G-14HE#kE glucose, fructose, galactose, xylose,
mannitol, arabinosed X — -+ —+ —2& Pseudomo-
nas alcaligenes(G-14) 2 FE= A},

2. SEEEe| BREEERS

1) EXF g

) 05% 9 & 2 ARERLEYE
st 30Tl A 2R M Rl (80 rev/min) §
EHERE Table 48 2}

G-12E#&2] proteaseifitd S caseinol 141%, EFK
oA 114% 2 BRIFELZAM casein®] EFTS &
F AN, G-UEHEINME caseindAe AFH &
teol gilet albumin® BEKAA &% 114%,
185% 2 A7t ERFELE Fa4T Aoz e

on il Hmdt AMs e FRERE FH
Rl BERAES HESACD 43 G-k
AHRERF ERERFEET dANA HESNE=
HES Bol F1, T Hik 5F €XEFos §
BHEKAA Ee B VeEld Re BRY 4B
FEEE &7 98 £EE9d EE e Re
2 A4dEd,

o]de FRER uE G-L2EKE ERFo=
HR7t ¥2 caseind] B, G-U4HEKE BKE &
RFEOZNA BER BEREEES NEd BR:e
Fig. 29} 24}

G-12E RN M caseiniBE 0.7~10% 93, G-14
Bk BK 15%99 7 4380,

ol 2 AL HE F(1984)°] Aeromonas
salmonicida Ar-4E FIF T protease AE] 101 A
ERR) B3 LEERE W BT FR
=29 casein, gluten, albumin® AR HihksE
FEAA SHEEES AL e #iEsde #
B3 A2 G112, G-UEK BT EREY W
FiEMol B Ao Ve

2) KB &

REFo] BERAEE vAe PESL BEI
A3 2E RERS HppiEtd 2% A Hmsto
BRIERES WES FRE Table 59 21},

Table 4. Effect of nitrogen sources on enzyme production

G-12 - G-14
Relative activity(%) pH(final) Relative activity(%) pH(final)
None 100 6.9 100 6.9
Peptone 27 8.6 20 85
Casein 141 6.1 0 6.8
Yeast-ext. 41 88 24 7.0
Malt-ext. 82 6.6 2 6.8
Beef-ext. 0 85 7 83
L-asparagine 23 6.7 0 8.9
Urea 70 75 48 75
(NH,)2S0, 82 6.9 80 6.7
NH(CI 23 6.5 77 6.6
NH.NO; 30 6.6 82 6.6
KNOs 91 6.8 0 6.8
Albumin 22 6.9 114 6.7
NaNO; 71 6.8 12 6.8
Water soluble protein from 114 71 185 70

the fish meal wastewater

Basal medium

G-12, G-14; Glucose 2.0%, K. HPO, 0.1%, MgSO, - 7TH:0 0.05%, NaCl 3.0%, pH 7.0
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Fig. 2. Effect of nitrogen source concentration on
enzyme production
*Nitrogen source G-12; Casein
G-14; Water soluble protein of the
fish meal waste-water
Basal medium

G-12, G-14; Glucose 20%, K.HPO, 0.1%, MgSO, *
7H.0 0.05%, NaCl 3.0%, pH 7.0

Tableol Al HE ul9} Zo] G-12E#ENNE RE
R 2 A galactoseol| A {EikS VEINS B FHT
RER 5 BREES HES RERAG @
EEEEM) UE MEYS proteaseEERE )
F gad] 22 AL &+ AN G-UEKkAAE
raffinose’] d 7} ¥& BREKS 2309 o
2 2 xylose, sucrose, rhamnose®] A, ot

* RRA ol EEES KHER FiMH Table

3% MRS ol JdEgtey £FIE v=2A B

KEE oM REF wet BREERE =
€ EEE FAS Ao odst AAdEr.

o] iFel X o} Zro] G-12Etkol A e galactose, G-14
B M raffinoses BIREES A% REFRLS
2 FAZIY ol&d HI BEREHE KR &
2 Fig. 3% 2t

G-128#kol A BRAEES 9T 718 $L& galac
tose?] BEYE 1.0% A1, G-14EKANMN = raffinose
3.0~35% Atk

REFR QA G-128#ke galactoseE FIHT
BRIENH ) 108%2 A9 9ol gy G148
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Fig. 3. Effect of carbon source concentration on

enzyme production
*Carbon source G-12; Galactose
G-14; Raffinose
Basal medium
G-12; Casein 1.0, K,HPO, 0.1%, MgSO; - 7TH:0 0.05%,
NaCl 3.0%, pH 7.0
G-12; Water soluble protein of the fish meal waste-
water 15%, K;HPO, 0.1%, MgSO, * 7TH:0 0.05%,
NaCl 3.0%, pH 7.0

¥& raffinosed| A 174% 2 B— Pseudomonas|RS
2 REF A3 287 AUt

Kanai®} Wakabayashi(1984) € Aeromonas hydro-
philaE, Chang¥} Lee(1989) Strepfococcus cremo-
ris MLA 2 Streptococcus lactis ML8E FIFH pro-
teaseE Ol REES BT EFHTY protease
HENN & ERE B A G12EkSe B
Yx g Aoz A

2) &BEE B8

EREH £ $BES ImMEA BN
30Tl A 2B RS & BREES NET KR
= Table 63 2t}

EHY &BE 257t G112 G-14Eke
BREES HEINFNL B3I G-L12#EKkRIMT
BaCl,, Pb(NOs),, HgCLoT A, G-14E#k A& CoCl,
CaCl;, BaCl,, AgNO:ol X B¥SRTEMS WA HE
3} Ak



AR H4E o] &3 Alkaline Protease AAH7e] 54 ¥ 444 =3

Table 5. Effect of carbon sources on enzyme production

G-12 G-14
Carbon-sources
Relative activity(%) pH(final) Relative activity(%) pH(final)

None 100 7.8 100 75
D-glucose 68 6.7 28 6.3
D-galactose 108 7.1 0 6.7
D-fructose 0 6.7 0 6.7
D-mannose 98 71 3 6.7
D-xylose 0 6.6 159 72
L-arabinose 41 7.1 71 7.3
L-rhamnose 0 6.7 106 75
D-mannitol 13 64 0 6.7
Sucrose 23 6.7 141 6.9
Maltose 0 6.6 43 6.7
Lactose 0 6.6 0 6.7
Raffinose 22 6.7 174 71
Soluble starch 0 6.7 0 6.8
Inulin 4 6.7 0 6.8
o-cellulose 0 6.6 19 69

Basal medium
G-12; Casein 1.0%, K2HPO4 0.1%, MgSO;. * 7H,0 0.05%, NaCl 3.0%, pH 7.0
G-14; Water soluble protein from the fish meal waste-water 1.5%, K.HPO, 0.1%, MgSO; * 7H:0 0.05%,
NaCl 30%, pH 7.0

Table 6. Effect of metal salts on enzyme production

G-12 G-14
Metalsalt -
Relative activity(%) pH(final) Relative activity(%) pH(final)

None 100 71 100 72
MgSO, 13 6.9 16 73
CoCl; 11 6.9 1 8.0
CaCl; 79 6.9 0 6.2
BaCl 0 6.9 0 7.2
CuSO, 19 6.6 4 . 5.8
Pb(NO»). 3 69 28 7.1
ZnS0, 63 7.0 17 6.4
FePO, 11 6.9 12 5.8
AgNO; 11 7.0 0 6.9
Li,S0, 7 7.1 12 6.9
MnSO; 47 6.8 7 7.0
HgCl, 1 6.7 8 6.5

Basal medium
G-12; Galactose 1.0%, Casein 1.0%, K.HPO, 0.1%, NaCl 3.0%, pH 7.0
G-14; Raffinose 3.5%, Water soluble protein from the fish meal waste-water 15%, K;HPO; 0.1%, NaCl
3.0%, pH 7.0
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Nagagawa 51985) ¢! Pseudomonas sp.Z FIFH
BEREE UM EHT £BH g EE)
BEEEES Agdte BESE HEY Aoz
et

4) pHel &

pH7t BEREE v e BEL #Hsy] 94
IN-HCI® IN-NaOHE& FIfste] EpEEitE pH 3
o)A pH 127}A] =239 BERERS HIED &R
€ Fig. 49 Zoh

1

activity (%)

Relative

Initial

pH
Fig. 4. Effect of initial pH on enzyme production
Basal medium
G-12; Galactose 1.0%, Casein 1.0%, KHPO, 0.1%,
NaCl 3.0%
G-14; Raffinose 35%, Water soluble protein from the
fish meal waste-water 1.5%, K.HPO, 0.1%,
NaCl 3.0%

G-14E#k< pH 808204, G-128i%k= pH 5.0,
pH 7.0, pH 100329 A BERiE# ] Kkol 23
t},
Lee$} Chung(1980)2 Aspergillus oryzae KC-1568
FIFE protease Y] HT FHiko)A RE—Eo
Bet, P, E71E)% protease’l AEHYTTL |
434t G-2EKEAMNE &7 e, B, b B
2 2 proteaselfdEol A el

o} g B3 Pseudomonas G-128) BET #t:
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o2 AFEHY #3] X Bk ESRFEL 2 casein
L BE BKAME &l BEFST FOE Rol
Eath, bk, Ld71el#: proteasedt ol= ¥ protease
o] A£ES HIHTE F de WSS Pedty
BE-EEKE fiEste Bayste protease® 4& £
o} EERLZ REIE Holer A4Er.
5) REC 43 ¥E

ProteaseZ=EE°) H3t REEE WES Uolrv]
8 AR HES By £ BEJHE E#
3 % BERERS UEd BRE PFig 59 2th

BRAEEY WY ERREE G12, G4 B
to] 30T A Jbg ARE Aoz JEsH

walx AEE AR REEHE & Table 19
G EEHE FIAst] 300NN SEEEd 02 B
EES BREMLE BET &RE Fig 63 2.

G-12B kRl M= 30T 35mefd] sEmEr £EM 7.8
X10"2.2 proteaselfitk el 385 unit/mlZ H&RN @
stk o9} 2L RS Kim(1985)°0) 25T, 80R5RS

100

80r

activity (%)
D
=

2 4o

T |

[}

o

20+

G-14

: G-12
o 0 40 &6 7

Initiali temperature (°C)

Fig. 5. Effect of initial temperature on enzyme produc-
tion
Basal medium i
G-12; Galactose 1.0%, Casein 1.0%, K.HPO, 0.1%,
NaCl 30%, pH 70
G-14; Raffinose 3.5%, Water soluble protein of the
fish meal waste-water 15%, K.HPO, 0.1%,
NaCl 3.0%, pH 80
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$2&3 Servatia sp.B FIFHT proteaselEiES 80
unit/mi% 3L, Chung(1984)°} 20~40Te A 488
B#ES Rhizopus japonicus? acid proteaseiFit
150 unit/miB o™ 2£(1985)7) StreptomycesS FlIFH
3t 25T A 3AM 55E#49 alkaline proteased]
B2 256 unit/mlo] ATh ©)d e o7 Ll
bl & EHEY proteaselEtES UHe) & A
22 el FF ol FHikEJ ol BIEEM
BiEe B8 HBEES TSt EEd &
Ag & IEE #lof & Aoz AGH,

500 10
—_ 9
£ S
: o)
.g L o
3 300 1 5?
> 2
] 9]
o J @
b i n
o 5
£ ok ;
S 100 P -
1 L 1 O
0 10 30 50
Cultivation time (hr)

Fig. 6. Cultivation course of enzyme production
(0—0 ; Enzyme activity of G-12 strain
I——B ; Bacterial counts of G-12 strain
O—0O ; Enzyme activity of G-14 strain
@ ———@ ; Bacterial counts of G-14 strain

BAENTES Loz st ARHRNLIBE
K7} —H # 3008 BE W=D o] I RE
BEAT RE/ TEHI U

o] Bk K EBERHEEMN MEVEBEE
9 proteaset B} IEMATREM 0] B& Hog ¢4
AR alkaline proteaselEthco] T WHE TE
ste] SEEEE(G-12, G-14BHR o BERAEERMS R
BHetIAr & FRe 73 deT 22 FHRE &
Atk

1. B{AKE 3E HEES alkaline proteasefEii ol
e G-12, G-UBEEe 128N MRk &l &

145

% Pseudomonas chlororaphisSt Pseudemonas alcali-
genes2 FEH A

2. BREES 8 Pseudomonas chlororaphis®)
RFFH ERFEL galactose?} casein®] 1, Pseu-
domonas aicaligenes®] 1A raffinose®} A ojg
Rt RS Al EaKel /M3 #astddh

3. FAY &8 2% HEFHAS el
o}

4, HERHE initial pHE G-129 G-148#k &
ol &% 80, 10001, BHFEEE 30T F
BT B—3tdch

5. G-12, G-148# =5 30T 3o8Ff] &R B
FiEH el &% 310 unit/ml, 385 unit/miZ Bl
g3t
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