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Identification of Microorganisms Isolated from Jeju Coastal Sedimentary Layer and Characterization
of Their Proteases. Man-Chul Kim, Tae-Won Jang, Ju-Sang Kim, Yong-Jae Han, Ramasamy
Harikrishnan, Song-Hun Han, Duck-Chul Oh and Moon-Soo Heo*. Department of Aquatic Life
Medicine  Jgiu National University, Jgu 690-756, Korea, 1Departnmt of Life Science Jegu National
University, Jeiu 690-756, Korea. - In this study, protease-producing bacteria were isolated from the ma-
rine sedimentary layer in coastal Jeju. We isolated 2 protease producing strains (SK-2 and SK-125)
and tested their protesase producing activities. Gram staining and BIOLOG of isolated strains re-
vealed that strains SK-2 and SK-125 belong to Bacillus and Pseudoalteromonas families, respectively.
The 165 rDNA nucleotide sequences analyses of the isolated strains showed 99% sequence homology
with those of Bacillus sp. and Pseudbalteromonas sp.; therefore, the isolated strains SK-2 and SK-125
were named Bacillus sp. SK-2 and Pseudbalteromonas sp. SK-125, respectively. The optimum conditions
for the cell growth of protease activities were obtained when the both isolates were cultured at 30°C,

96 hrs and pH 7~8.
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Fig. 1. Photos of protease producing bacteria by using skim milk
agar plates (SK-2, SK-125).
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Table 1. Biochemical characteristics of isolation
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Cyclodextrin, Arbutin, Maltose, Palatinose, Turanose,
Dextrin, D-Cellobiose, Maltotriose, Glycogen, D-Fructose,
D-Mannitol 5] ©<3HE0] thek A4S 29stioH,
Bacillus % #FE% 7V FAHE 235 B Atk (Table 1).
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Agets 54 gls) 2 23 Table 29 o] Dextrin,
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D-sorbitol, Sucrose, D-Trehalose, Turanose &<] E<F3}&9)
ek At S18H 3 th(Table 2).
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strain tested by BIOLOG (SK-2)

Al A2 A3 Ad A5 A6 A7 A8 A9 A10 All A12
Water a-Cyclodextrin | -Cyclodextrin | Dextrin Glycogen Inulin Mannan Tweend0 Tween80 N-Acetyl-D- | N-Acetyl-p-D- | Amygdalin
Glucosamine | Mannosamine
— + + + + — - + + + + +
Bl B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
L-Arabinose | D-Arabitol Arbutin D-Cellobiose | D-Fructose L-Fucose D-Galactose | D-Galacturonic | Gentiobiose D-Gluconic 0-D-Glucose | m-Inositol
Acid Acid
+ — + + + — + — + + + +
C1 2 a3 C4 C5 C6 c7 (@] 9 C10 C11 C12
a-D-Lactose Lactulose Maltose Maltotriose D-Mannitol D-Mannose D-Melezitose | D-Melibiose | a-Methyl-D- | f-Methyl-D- | 3-Methyl 0-Methyl-D-
Galactoside Galactoside Glucose Glucoside
— + + + + + — + — — + +
D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12
p-Methyl-D- [ a-Methyl-D- | Palatinose D-Psicose D-Raffinose | L-Rhamnose | D-Ribose Salicin Sedoheptulosan | D-Sorbitol Starchyose Sucrose
Glucoside Mannoside
+ - + + - - - + - + - -
E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12
D-Tagatose D-Trehalose | Turanose Xylitol D-Xylose Acetic Acid  |o- p- y- p-Hydroxy- a-Ketoglutaric | o-Ketovaleric
Hydroxybutyric| Hydroxybutyric| Hydroxybutyric| Phenyl Acid Acid
Acid Acid Acid aceticAcid
— + + — — + — — — — — +
F1 F2 B3 F4 5 Fo F7 F8 9 F10 F11 F12
Lactomide D-Lactic Acid |L-Lactic Acid |D-Malic Acid |L-Malic Acid |Pyruvatic Acid|Succinic Acid |Propionic Acid|Pyruvic Acid |Succine amic |Succinic Acid |N-Acetyl-L-
Methyl Ester Methyl Ester | Mono-Methyl Acid Glutamic Acid
Eser
— — — — + + — + — — —
Gl G2 G3 G4 G5 G6 G7 G8 G9 G10 Gl G12
L-Alaninamide | D-Alanine L-Alanine L-Alanyl- L-Asparagine | L-Glutamic Glycyl-L- Pyroglutamic | L-Serine Putrescine 2,3-Butanediol | Glycerol
Glycine Acid Glutamic Acid | Acid
— - + - + - - + - — - -
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 HI1 HI12
Adenosine 2'-Deoxy Inosine Thymidine Uridine Adenocine-5'- | Thymidine-5'- | Uridine-5'- D-Fructose-6- | 0-D-Glucose-1- | D-Glucose-6- | D-L-a-Glycerol
Adenosine Monophosphate| Monophosphate| Monophosphate| Phosphate Phosphate Phosphate Phosphate
— + + + + — — — — — — +

Symbols: +, Positive; -, Negative; +, Weak positive.
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Table 2. Biochemical

characteristics of isolation strain tested by BIOLOG (SK-125)

Al A2 A3 Ad A5 A6 A7 A8 A9 A10 All A12
Water a-Cyclodextrin | B-Cyclodextrin | Dextrin Glycogen Inulin Mannan Tweend0 Tween80 N-Acetyl-D- | N-Acetyl-p-D- | Amygdalin
Glucosamine | Mannosamine
— — — + + — — — — + — +
Bl B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
L-Arabinose | D-Arabitol Arbutin D-Cellobiose | D-Fructose L-Fucose D-Galactose | D-Galacturonic | Gentiobiose D-Gluconic 0-D-Glucose | m-Inositol
Acid Acid
- — + + + — — — + — + -
C1 2 a C4 a5 Co c7 a8 9 C10 C11 C12
a-D-Lactose Lactulose Maltose Maltotriose D-Mannitol D-Mannose D-Melezitose | D-Melibiose | a-Methyl-D- | f-Methyl-D 3-Methyl a-Methyl-D-
Galactoside -Galactoside | Glucose Glucoside
- — + + + + — — — — + +
D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12
p-Methyl-D- | a-Methyl-D- | Palatinose D-Psicose D-Raffinose | L-Rhamnose | D-Ribose Salicin Sedoheptulosan | D-Sorbitol Starchyose Sucrose
Glucoside Mannoside
— — + + — — — - — - — -
El E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12
D-Tagatose D-Trehalose | Turanose Xylitol D-Xylose Acetic Acid  |o- p- y- p-Hydroxy- o-Ketoglutaric | a-Ketovaleric
Hydroxybutyric| Hydroxybutyric| Hydroxybutyric| Phenyl Acid Acid
Acid Acid Acid aceticAcid
— + + — — + — — — — — —
F1 F2 F3 F4 F5 Fo F7 F8 F9 F10 F11 F12
Lactomide D-Lactic Acid |L-Lactic Acid |D-Malic Acid |L-Malic Acid |Pyruvatic Acid|Succinic Acid |Propionic Acid|Pyruvic Acid |Succine amic |Succinic Acid |N-Acetyl-L-
Methyl Ester Methyl Ester | Mono-Methyl Acid Glutamic Acid
Eser
— — — — — + — — + — — —
Gl G2 G3 G4 G5 G6 G7 G8 G9 G10 Gl G12
L-Alaninamide | D-Alanine L-Alanine L-Alanyl- L-Asparagine | L-Glutamic Glycyl-L- Pyroglutamic | L-Serine Putrescine 2,3-Butanediol | Glycerol
Glycine Acid Glutamic Acid | Acid
+ — — — + + — — — — — +
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 Hi1 H12
Adenosine 2'-Deoxy Inosine Thymidine Uridine Adenocine-5'- | Thymidine-5'- | Uridine-5'- D-Fructose-6- | a-D-Glucose-1- | D-Glucose-6- | D-L-a-Glycerol
Adenosine Monophosphate| Monophosphate| Monophosphate | Phosphate Phosphate Phosphate Phosphate
+ — + + + — + + — + + +
Symbols: +, Positive; -, Negative; +, Weak positive.
Beaillus subtillus®t 9% ] 374 }53S EAth HFH 2 2|5 SK-125+ Pseudoalteromonas haloplanktisSt 99% <]
= BATT S AHAA % HIAA S0 AR 34 4EE Aoy 5, HAUA 59 X A0
Bacillus sp. SK-28}11 ™4 % 8} 9 th(Fig. 2). 3, GenBankZ % EAL 7|22 3o HFHOE Pseudoalteromonas sp. SK-125
E| Accession NumberE FJ595987% H-of vttt} 2t WYsl49om, GenBankZFE Accession NumberZ
FJ5959882 H-ofutgith. £2l® djA g A5 4714
Strain SK-2 = =
¢ AR5 NCBIA 918 4 gt
100 Bacillus licheniformis AF391127
BacillussubtilisAF233579 HiQF 20| 2 7 MsST 3 §4 EAMo| et
o 5 Bacillus sp. SK-28} Pseudealteromonas sp. SK-1259] %
00 Bacillus EF206294 1o ols < = ) - .
42 9% A4 MFLES BT S Lm0 BE Tl
Bacillus p ae AB245380 = - - -
w3 £4 B9 wakE AT ol& skl 20°CAlA
tnocobacillus kualawohensi 0 0 = 5 o
v 40°C7HA 10°C7HAS) WL mol A HlFete] A F42
| pwtiswenrss et SISO, F29] wjoFel S o] gaho] B AR Fao
4% ZAse
o PBacillus sp. SK29 5+ 27] W} 227} 20°Coll A <) uj %
. . L A7 =2 Ax & F =2 %
Fig. 2. Neighbour-joining tree based on nearly complete 165 o A5 24M2 {71 AR F, g 4712 Holge
. . . . = [e]
rDNA sequences, showing relationships between strain 72717 ol 7HE e M E ARE BHloH, 72413 o %
SK-2 and member of the Bacillus sp.. Numbers at the A= AA 7S AXH APE7)d Aolse Aoz el 8t
0
nogisb are ‘IE?V?IS of k;ootstr;}pl Osotgpport (A{),d l:iasectl) on 25k 30°C9}F 40°Co A o) Hj ko] AL G577} 6A|7FO
nel1 our-joming analyses o resample atabase. o~
EUITIOING ana Y. P . 20°Col A o) Wik B} 4u) w2 et o s, ti5EA 7))
Anoxybacillus kualawohkensis DQ401072, and Geobacillus 20 3O A A 7h] H Tl =218 1ol o o &
i = pd =Z=Alo
wzenensis AF276304 were used as an outgroup. Bar, 0.01 37 30°CAME 24A13hel) At S42 RO, 40°Cel A o)
o

represents nucleotide substitution per position.

Gl M= 4813k ol S-S BAT wekA Baclus sp.



2 Pseudoal; peptidysin AF007286
& | Pseudoalteromonas flavipulchra AF297958
Pseudoalteromonas viridis EU240534
Pseudoal haloplanktis DQ520895

lﬂ| I omona P
Strain SK-125

Claci

100

la nitratired AY787042

100 Alteromonas addita AY682202

Al g is AM887686

0.01

Fig. 3. Neighbour-joining tree based on nearly complete 16S
rDNA sequences, showing relationships between strain
SK-125 and member of the Pseudbalteromonas —sp..
Number at the nodes are levels of bootstrap support (%),
based on neighbour-joining analyses of 1000 resampled
database. Gladiecdla nitratireducens AY787042, Alteramonas
addita AY682202, and Alteromonas genovensis AM887686
were used as an outgroup. Bar, 0.01 represents nucleo-
tide substitution per position.

SK2wt79] 7% 30°Cell M o wjekol A 7HE WhE S45 Kol
v Ao2 YERT(Fig. 4).

Pseudoalteromonas sp. SK- 125L—’F—‘C— vl F2=7F 20°C] A
F 48213t F71E AR F, dig SA7IZ Holgol 722
b ol Foll AA71E AA /\}“ﬂﬂoﬂ Holee Aoz Yyt
Ch. SFAIT, 30°Ce} 40°Ce] B FE717F 64RO R 20°C) A
o wj g Kt SHH w2 Yebton, tia $47]9 44
30°CHi °k4 T 244 7Fe] Hf 45 B3lew, 40°Cell A 9]
Hj el 74 48/\]7}01] 44 e 248 B weba,
SK-12591 - 40°CoM o] wj gl M TP WE SAS Bole
Ao2 Yelth(Fig. 5).

el Badllus sp. SK-28} Pseudoalteromonas sp. SK-125
o] wjFA|Ztell mE A4S WskE Fig 69 Fig 7ol 2tz
YeM AT Bacillus sp. SK-2 752 7%, 20°Ce] vl A+

M= W FAITY] Skl e AAgd e ¥t A v

[o pad

olN
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Relative Cell Growth (OD 660 nm)
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Fig. 4. Effect of temperature in Marine broth medium on the
cell growth of strain Bacillus sp. SK-2.
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Fig. 5. Effect of temperature in Marine broth medium on the
cell growth of strain Pseudoalteromonas sp. SK-125.

300 | —+-20TC ®30C —+40T
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Cultivation Time (Hours)
Fi

—

g. 6. Effect of temperature on bacterial growth and activity
of Bacillus sp. SK-2 produced enzyme by the 96 hours
culture in Marine Broth.

300 - 20T =30T +40TC

Protease Activity (Unit/ml)

3 6 12 24 48 72 926
Cultivation Time (Hours)

Fi

=

g. 7. Effect of temperature on bacterial growth and activity
of Pseudoalteromanas sp. SK-125 produced enzyme by the
96 hours culture in Marine Broth.
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A3 7t sttrh 9eAlzidlel Mol FA4S HAon,
30°Ce] Wl FAF A E 12A274A] FaBA o] A9 W3l
7F ARAAT, 1243 W o] 7H BABA ] F48] St
Stth7E 961t ol = Al &5 BGlom, 20°C % 40°CY
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AT EY Fe 24084S Ut Fig. 6). o=
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