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Amylase Activity and Characterization of Microorganism Isolated from in Aquacultural Effluents
Sediment Layer. Man-Chul Kim, Tae-Won Jang, Ramasamy Harikrishnan, Young-Gun Moon,
Chang-Young Song, Gi-Young Kim' and Moon-Soo Heo*. Department of Aquatic Life Medicine, Faculty
of Marine Science, Jeju National University, Jeju 690-756, Korea, 'Department of Marine Life Sciences, Jeju
National University, Jeju 690-756, Korea - In the course of screening of useful enzyme-producing micro-
organisms from marine sedimentary layers, we isolated 2 amylase producing strains and tested their
amylase producing activities. Analyses of 165 rDNA sequences and biochemical methods (BIOLOG)
of two isolates showed that they were confirmed to be a gram positive Bacillus sp. and gram negative
Pseudoalteromonas sp., respectively. Excellent amylase producing strains were termed Bacillus sp. ST-63
and Pseudoalteromonas sp. ST-140, and further studies were conducted on their amylase producing
characteristics. Optimum conditions for cell growth in amylase activity were obtained when the isolate
(Bacillus sp. ST-63 and Pseudoalteromonas sp. ST-140) was cultured at 30°C and pH 7~8.
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Glucose %A1 starche 71 @l o] &5 & A&
3l E 2 A amylasew ©] 8¢ starchE £3l8h= 40|tk
Amylase o-amylase, p-amylase, glucoamylase®} isoamylase
2[214,15] A T2 4 =0 c-amylase (endo- amylase)
= amyloset} amylopectin®] o-142 S FA9 2 7h23)
8to] dextring @733l a-amylase®] A2 Q1 &gl os]
maltose, maltotriose, maltotetraoses < oligosaccharide & Sl
3et 5 glucose$} maltoseZ 3| 3h= & A0t} -amylase
(exo-amylase)= starch®] H] 4 kO 2 BE maltose T
Y2 7R EE EAEA 0-1,628S X8EE dextring
RRckide

Gluconamylase™ starche]l Z-&3}o] amylose$t amylo-
pectin®] o-14, o-1,6 2%E 7HEa18+e] glucosed 4433}
© 9stadoly, iscamylase™ starch?] o-1,6 Aol 2§
B20lTH3A49]. oA F AR Eefdl #Hshs Eae
o], A, Hot B FEAWA 2] EATH.
FrzEAEe] 2RAYY wE
AdE FHe 5
o amylase A& SAsAUH, o]
o] amylase?] A4t z4s 4
n 2o AR A A9 etst



At A HAHSOZNH HeH, BiE XA
S o]g3te] Eit Ao ARE W A F 4CE 74
SHHA AFAZ Htete] AR o] &atdlh AFE HHF
1 g5 Bl 9 mloll ¥ FE3] 4l0lF &, o] AEE 49
02 109 AFE A3 5, Zzte) | HA ol 100 ul®
HEskaL 25°Cell A 793t wf kst

)]

=
TE9EAT B8 ¢ v k2 marine agar (MA; Difco.
Co. USA)HIA|, BF&E 7} = AT v g R2A agar
(Difco. Co. USA) ¥} A, g oko] F13 dubzlel wjx| 2 dul
Alt] ¥l S nutrient agar (NA; Difco. Co. USA)HIA], &%,
T3] = Wikt wlk-E YM agar (Difco. Co. USA) Hj %]
g AHgstel #FE st

=

B A8 9] 3¢ soluble starch (Difco. Co. USA) 1%S 7}
St NA (nutrient agar)#| A& B35 o] &3k A3 £,
Zt7rel EEE dES Wgo|E o]&ste] s, 25°C H
F71e 4] 48A1ZF FQF B S &, wj Aol 1M L0 EEHS

gojme] Hio] 7hpEal Fo] F1$H(clear zone or halo)<

01:1

Hol= #FE Egste] £ A7 ol&stilth. £ & #F
o B3-S 93t FF A glycerol stock solutiond A&}
WE REsigon, A998 HEEH T SAFAE H5

% soluble starch”} Z7}E NABIR| | A At) vl kslHA A
Hol| o] &34t

£ 3%=Z KOHZ ©| &3ty
Lol agsAE 3 7, Blolog/\}(BIOLOG Inc., USA)S] GN2,
GP2 plateE o3t 95712 ¢] 7]H ol SolS A A3
o, B4& MicroLog™
&34t

4% BoE #38

f

system (release 4.05) program< ©]

BUGM (Biolog Inc., USA) A H|A] o]

HE 3k 30°Col A 48217 Wi & §, dEFste] E=7 (Biolog
21907, USA)E o]&3to] 5 dgd-& 242k GPY 7% 20%,
GN9| A% 52~59%7} S| == 243 & GP29 GN2 micro

Plat‘34 7 wellel] 150 pl#) A 5, 30°CAHIA 24413t v
S RPGAS B E wellS GO AT
ojw] #etele NaCl 150 g, MgCl, - 6H,0 51 g, KC] 3.7
g& ST 912 mldll =<1 MCS stock solution [13]& /%
2 108 A% F, Hista] g3

16S ribosomal DNA €47|MY 2AM
28 759 A4S 93 16S ribosomal DNA S714 €<
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o]-&3tA o™, 165 rDNA 32 GHS PCR W&o 2 %
sto] @7 MES 243 A T PCR -0l AH8-E primere=
27F (forward primer; AGAGTTTGATCCTGGCTCAG)$}
1492R (reverse priver; GGTTACCTTGTTACGACTT)S AH&-
3F9331, ABI 3730XL capillary DNA sequencerE ©]-8-3 se-
quencing A& oH, A7IRA, I H I (pairwise
comparisons)& 13 ¥ 71X 3 %43, codon usage E 7 7N
A - AR G Zol= MEGA 30 Z213 02 74ty
Aom, mAE T LA o]&H AFFE distance L
& MEGA 3.0[8] Z&1% 9] pair-distanceZ °]-&3}e] 243}
Atk 24 ¥ 9714 4-& NCBI BLASTE ©]-8-3}¢] Genbank
o Ra ® g3t A5AS 2AEY S, Genbankdl] #
ddFo FAR G7IEE 523 &, Accession numberE

7—]'7—} To:} %ME}‘-

Amylase 2/30] &RI¥ 5 MB broth (Difco. Co. USA)
o Mg &, 717k AHEE 15w gl S 1 mlY F 3]
EFFEAE 0] 431 660 nmol A Zt2te] AAEE =43}
Ao, EelitFo] T4 7 amylase YAite] A 21& L]
At F2) 2xof 7] WA pHol MstE FHA g4
3& ZASIAT 712 E A2 MB broths ARS8 o.M, Hi
LEE 20~40°C 744 10°C 27 0.7 242} o) wj kgt
Z7) ¥R 9 pH\_ 4~10 744 2438t APS FastAh
A E F3FE MB broth(Difco, USA)ell uj %k 3, AJZhehd
Z g s 9600x gollA 383 AR, F5dE 28
Loz ALgstTh
28 439 amylase XL 1% soluble starch 0.1 mlol
ZE4Y 01 miE Y1 37°Cel| A 587 wHeAI7 3, A
S-S DNSH[11]S H& 3t 700 nmoll A FF =l A B
w35 S85A

DR BAE A4 e ATE B8 Sl &
2000 #FE Fo 2 AFsE A3 colony FHH A 02%
(W/V) KIIZ%‘?B,ELE A3}t clear zoneO] A7le dFTs
F 10875 st
‘Eiitﬂ, ol F 7} amylase 4] ?% TFE AA5H
Z+z} ST—63, ST-1402} W3ttt

g a2 o9 Asst 54 A 23E
Table 1, Table 20 UEFU AT}, 2] 75 ST-632 B-cyclodex-
trin, dextrin, tween 40, glycogen, arbutin, D-cellobiose,

D-fructose, genfiobiose, maltose, maltotriose, D-mannitol,
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Table 1. Biochemical characteristics of isolation strain tested by BIOLOG (ST-63)

Al A2 A3 A4 A5 A8 A9 A10 All A2
Water a-Cyclodextrin  |p-Cyclodextrin  |Dextrin Glycogen Tweend) Tween80 N-Acetyl-D-  |N-Acetyl-8-D-  |Amygdalin
Glucosamine  |Mannosamine
- — - + + + + + + +
Bl B2 B3 B4 B5 B8 BY BI10 BI1 B12
L-Arabinose D-Arabitol Arbutin D-Cellobiose ~ |D-Fructose D-Galacturonic |Gentiobiose D-Gluconic 0-D-Glucose m-Inositol
Acid Acid
- — + + + — + + + +
C1 Q a3 C4 C5 8 («] C10 Cl1 C12
a-D-Lactose Lactulose Maltose Maltotriose D-Mannitol D-Melibiose a-Methyl-D- p-Methyl-D- 3-Methyl a-Methyl-
Galactoside Galactoside Glucose D-Glucoside
- + + + + + —~ — + +
D1 D2 D3 D4 D5 D8 D9 D10 D11 D12
p-Methyl-D- o-Methyl-D- Palatinose D-Psicose D-Raffinose Salicin Sedoheptulosan |D-Sorbitol Starchyose Sucrose
Glucoside Mannoside
+ — + + + + + + — +
E1 E2 E3 E4 E5 E8 E9 E10 E11 E12
D-Tagatose D-Trehalose Turanose Xylitol D-Xylose - y- p-Hydroxy- o-Ketoglutaric  |o-Ketovaleric
Hydroxybutyric |Hydroxybutyric [Phenyl Acid Acid
Acid Acid aceticAcid
— + + — — — — = — +
F1 F2 F3 F4 F5 F8 F9 F10 F11 F12
Lactomide D-Lactic Acid |L-Lactic Acid |D-Malic Acid [L-Malic Acid Propionic Acid |Pyruvic Acid ~ [Succine amic  [Succinic Acid ~|N-Acetyl-L-
Methyl Ester Acid Glutamic Acid
Gl G2 G3 G4 G5 G8 G9 G10 GlI1 GI12
L-Alaninamide |D-Alanine L-Alanine L-Alanyl- L-Asparagine Pyroglutamic ~ |L-Serine Putrescine 2,3-Butanediol  |Glycerol
Glycine Acid
- - + + + + + - + +
H1 H2 H3 H4 H5 H8 H9 H10 Hi11 H12
Adenosine 2'-Deoxy Inosine Thymidine Uridine Uridine-5'- D-Fructose-6-  |0-D-Glucose-1-  |D-Glucose-6-  |D-L-a-Glycerol
Adenosine Monophosphate | Phosphate Phosphate Phosphate Phosphate
— + + + + — — — — +
Table 2. Biochemical characteristics of isolation strain tested by BIOLOG (ST-140)
Al A2 A3 A4 A5 A8 A9 A10 All A12
Water o-Cyclodextrin  |p-Cyclodextrin [ Dextrin Glycogen Tweend0 Tween80 N-Acetyl-D- N-Acetyl-p-D- | Amygdalin
Glucosamine  |Mannosamine
- - - + + - - + + +
Bl B2 B3 B4 B5 B8 B9 B10 B11 B12
L-Arabinose D-Arabitol Arbutin D-Cellobiose  |D-Fructose D-Galacturonic |Gentiobiose D-Gluconic o-D-Glucose m-Inositol
Acid Acid
— — + i + — + — + —
Cl Q (&) C4 C5 C8 (&) C10 Cl1 C12
a-D-Lactose Lactulose Maltose Maltotriose D-Mannitol D-Melibiose o-Methyl-D-  |p-Methyl-D-  |3-Methyl a-Methyl-D-
Galactoside Galactoside Glucose Glucoside
- - + + + + - - + +
D1 D2 D3 D4 D5 D8 D9 D10 D11 D12
p-Methyl-D- o-Methyl-D- Palatinose D-Psicose D-Raffinose Salicin Sedoheptulosan |D-Sorbitol Starchyose Sucrose
Glucoside Mannoside
+ — + + + — — i — +
E1 E2 E3 E4 E5 E8 E9 E10 E11 E12
D-Tagatose D-Trehalose Turanose Xylitol D-Xylose - y- p-Hydroxy- o-Ketoglutaric ~ |o-Ketovaleric
Hydroxybutyric |{Hydroxybutyric |Phenyl Acid Acid
Acid Acid aceticAcid
— + + — — — — - - +
F1 F2 F3 F4 F5 F8 F9 F10 F11 F12
Lactomide D-Lactic Acid |L-Lactic Acid |D-Malic Acid [L-Malic Acid Propionic Acid |Pyruvic Acid  |Succine amic  [Succinic Acid ~ [N-Acetyl-L-
Methyl Ester Acid Glutamic Acid
Gl G2 G3 G4 G5 G8 G9 G10 GlI1 Gl12
L-Alaninamide |D-Alanine L-Alanine L-Alanyl- L-Asparagine Pyroglutamic ~ |L-Serine Putrescine 2,3-Butanediol  |Glycerol
Glycine Acid
— — — + + — + — — —
H1 H2 H3 H4 H5 H8 HY H10 H11 H12
Adenosine 2'-Deoxy Inosine Thymidine Uridine Uridine-5'- D-Fructose-6-  |0-D-Glucose-1- |D-Glucose-6- | D-L-a-Glycerol
Adenosine Monophosphate |Phosphate Phosphate Phosphate Phosphate
- - + + + - + - + +




Fig. 1. Photos of amylase producing bacteria by using nutrient
Agar (Added soluble starch) agar plates.

D-mannose, palatinose, D-psicose, salicin, D-sorbitol, su-
32 0] AE S FelasT ®
dextrin, glycogen, arbutin, D-cello-

crose ¥ turanose, 52| B
§ el ST-1402
biose, D-fructose, gentiobiose, «-D-glucose, palatinose,
D-sorbitol, thymidine ¢ ©3l=0| tAlE S E<lst3
o AxAHor BydF ST-632 BIOLOG 4 Ao A
Bacuillus amyloiquefaciens 7} 744 frAkg A3}sh# 573
S Hole AL yehyton B ST-1402 Alteromonas
sp.-Z 53} Pseudoalteromonas marina®] 34848 o] 714
FAHA Uebsth el &A% 58S A8 165 -
bosomal DNA @7|XE A& AAsPod, Fda5
ST-63, ST-1409] Al53%H4 B2 3E Fig. 2, Fig. 30 Ueb
Atk dubHo g g HE RNA (rRNA)E A A& RAZFe
2 EAste BEAC 2 dEA Y, nAEY] M
o Ao 7 F&3 EAAR o] &H 1 itk 53] |

Bacillus velezensis FJ426275

~
©
&|" strain ST-63

Rl Bacillus amyloliquefaciens NC009725

Bacillus subtilis subsp. endophyticus AF399911

Bacillus subtilis subsp. chungkookjang AF233579
Bacillus subtilis FJ435234
Bacillus subtilis strain CB115 FJ426277

Bacillus pumilus SAFR-032 AY167879
Halobacillus aidingensis AY351389
|srl‘—virgibacillus carmonensis AJ316302
Oceanobacillus iheyensis NC004193
Paenibacillus favisporus EU798300

—
0.02

Fig. 2. Neighbour-joining tree based on nearly complete 16S
rDNA sequences, showing relationships between strain
ST-63 and member of the Bacillus sp.. Number at the
nodes are levels of bootstrap support (%), based on
neighbour-joining analyses of 1000 resampled database.
Virgibacillus ~ carmonensis, ~ Oceanobacillus  iheyensis,
Paenibacillus favisporus was used as an outgroup. Bar,
0.02 nucleotide substitution per position.
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Strain ST-140

100 |
94 IPseudoalteromonas marina FJ200648
76 Pseudoalteromonas agarivorans FJ200640
Pseudoalteromonas ruthenica AF316891
100 R6

Pseudoalteromonas ganghwensis DQ011614

Pseudoalteromonas tunicata DQ005908

Alteromonas marina EU189226

Microbulbifer agarilyticus AB304800

100 |

| wa—
0.02

Marinobacter koreensis DQ097526

Fig. 3. Neighbour-joining tree based on nearly complete 16S
rDNA sequences, showing relationships between strain
ST-140 and member of the Pseudoalterromonas sp..
Number at the nodes are levels of bootstrap support (%),
based on neighbour-joining analyses of 1000 resampled
database. Microbulbifer agarilyticus AB304800, Marinobacter
koreensis DQ097526 was used as an outgroup. Bar, 0.02
nucleotide substitution per position.

£A4o] ¥ BAH= small subunit rRNA (AAU rRNA)i/H

R o] &5 165 E 165AH18S) rRNAZ} ool &3t}
A v B EFAAE SSU rRNAS AHE ZAZ AT
ZHof glon, o] e nAE FF FHA Ao
A5 71 ol2F e} 53] v 9] #edFo] AFHA 9
AE 479 Hxo] APDA A SSU rRNA B4 H
Zo|t},

® 2|4t F ST-63, ST-1409] 16S rRNA PCR $%& 53] &
2 97]X €< National Center Biotechnology Information
(NCBI)9] Basic Local Alignment Search Tool (BLAST)E ©]
S5t et A3 75 ST-632 Bacillus velezensis FJ426275,
Bacillus amyloliquefaciens NC009725 T2k +73 2 99% &5
A& Bglow, BeldF ST-63S BIOLOGS A3hsta #4
A7 2 G7INE B9ARE TFNS W Bacillus sp.E &4
Hon, HFHOZ Bacillus sp. ST-632.2 B3k Lo
B2 ST-1409] 971 E B4 23 Pseudoalteromonas mar-
ina FJ200648, Pseudoalteromonas agarivorans FJ200640 w5}
99%2] FEAS B¥on, HFH20 2 BIOLOG| A3}3}3
EAQ 9 AVIHE BEHARE 712238 Pseudoalteromonas
sp. ST-1402. 2 HW3lgich. =& £ ¥ A7 g HolHE
2 Genbankell 47t 583 %, &5 Bacillus sp. ST-63&
FJ595989, Pseudoalteromonas sp. ST-1402 FJ595990°. %

Accession numberZS o ¥kokt},

F

bl 2E 3 pHoll ME THSA ¥ 54 2y I
8] T Bacillus sp. ST-63% Pseudoalteromonas sp. ST-140
o 242 9% AH WFLEE Gy 24LEd P
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g Bl 4 B4 WEE 2GR, oF slstel v]
¥ L5 5 20°ColA 40°C7HA] 10°CHA .2 w3l A2
F43 ¢ sholeh

EH"“ M Ee
Rk *é’“% Hoow, 2443k °]-"‘F°ﬂ§ AA71E AH A
2700l FolEe AL YehdTh shAIR, 30°Cs 40°Ce) 3
F =717k 30°Ce] AT 6413 A& i, 40°CH] ko) B
ojRth &2 3Ae R YENT taSA ]4 787 20°CHl
FollMe 24 ol 7HE =S FAS B F, vtE FA7)
gt APE7IE AR L2 vehd whd, 30°CHi o] -, 304
ol Aol S48 BAon, 40°CHj ko] Bf e &=
o MjFHY= 5 e dr]E Agsigloy, dedos
) SA L 30°CHFR T BolA L )= AA vEks
t}(Fig. 4).

Pseudoalteromonas sp. ST-140-> ¥ F-257} 20°CS| 7% 36
A F2718 AR F dF7]2 HolEo] 4841 ol )
THEFS Y 5 92 GA7] glol ArEE Aot

30°CHi kel A%, 6213 F71E AT HFSA7IE
HojEar 48213t ol] Ao S47Fs A i, 40°CH ¢
9] 7% 30°Cuf 3t mISzd Aol tj52] 710l Hol e
o Hof SAFL 30°CHFol viste] A v SAFE
H Y thFig. 5).

2|3 Bacillus sp. ST-632} Pseudoalteromonas sp. ST-140
o ZAzke] 2l S &£ U S mE gl Wt
£ Fig, 6~7°] YehfSith

T3 Bacillus sp. ST-639] 73-¢- Fig. 6} 2] 20°C9} 30°CHl
FAX e Az S5 wet amylase E4Jo] A|3to] B
ut fard oz Frkske Fde HEhile, 40°CY] A
% 3Nt & amylase 240 UEbES 29 & ¢ At

o|= Bacillus sp. ST-6379] 40°CHl 9] A% =717k 7{«]
S0l B2 e 24712 HolmE BL il AR
T3 AAHo 2 2=

o2 AR Hh ukehA] 20~40° C

Relative Cell Growth (OD 660 nm)

3hr 6hr 12hr ~ 24hr  48hr  72hr  96hr

Cultivation Time

Fig. 4. Effect of temperature in marine broth medium on the
cell growth of strain Bacillus sp. ST-63.

z 1.6
51.4 —— 207
S|
£
208
S 0.6
S 04
£ 0.2
g 0L .
3hr  6hr  12hr 24hr  48hr  72hr  96hr

Cultivation Time

Fig. 5. Effect of temperature in marine broth medium on the
cell growth of strain Pseudoalteromonas sp. ST-140.

Amylase Activity (Unit/ml)

S = W e h S -] 08 S

3hr 6hr 12hr 24hr  48hr  72hr  96hr
Cultivation Time
Fig. 6. Effect of temperature on bacterial growth and activity

Bacillus sp. ST-63 produced enzyme by the 96 hours
culture in marine broth.

Amylase Activity (Unit/ml)

=T S R FURRN SO ¥ BT I - - B ¥

3hr 6hr 12hr 24hr  48hr  72hr  96hr
Cultivation Time

Fig. 7. Effect of temperature on bacterial growth and activity
Pseudoalteromonas sp. ST-140 produced enzyme by the
96 hours culture in marine broth.

2E AYTAN AL W B, Ao ELBHS uYoT,
A £ Ao

kA 47} 7‘°%Zh gagdo] A9 AR ¢e o=
Blglo], B wF7F X0 g g28A4d A A
A2 AE e AR AR Hth(Fig 6). 28 TF7} H)

Ae] 27 pHol T2 BLE4E 24817 15t pH 4~10
99 A E ALgse] 2AeLATh(Fig, 8). 7] pH 491 )
AAHE FA FHL B2 & 5 990w, pH 691 WA
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2
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{
2
-
= 4
E
<
2 —8—ST-63
—O—ST-140
0
4 5 6 7 8 9 10

pH

Fig. 8. Effect of pH of medium at the beginning of the culture
on amylase activity of Bacillus sp. ST-63 and
Pseudoalteromonas sp. ST-140.

GABHA F2 0] o] FolA pH 78 A A A 7HE E2
e Byt
B3t 5 Pseudoalteromonas sp. ST-1409] 7% 20°C<}
o] 75 A1k 5ol whel amylase B4 9] Aol
AR, 249 A7 Frlete S Bl Wb,
FAEH] A gtz 244]
Ho|HA 96| 7H7HA] A&

EAt ole es47lE

2l =& 24 AA Hd 54
A} WS PP R FUHEHE El & < QUi 2En

BEE APFAA B GAIZE 2407ES 7IF0 2 GAE0] F
7beke A& Bom, 30°CoH40°C AP TollA = wj < A7t
9N = & LTS Hole A2 2 YetytthFig. 7).

83 Pseudoalteromonas sp. ST-140 w5+ 3 8l x| &] 27
pHell w2 5484E& 2Ale7] 91ske] pH 4~10 M99
AT A3 ZAISL0 B (Fig. §), 271 pH 49) WAol A
TA e T4 3% aadS A9 #F & 5 gislen, pH
630 iR MR Al F4 0] o] Fo1A pH 8l 2] ol A
M Ee EAEES BAT

o ok
I =

AFE FAG WES HAHTAA O Eads Bt
T ATS EH =R, 247F ST-63, ST-1402kaL ™ 3t ATt
273 ST-639] 165 tDNA2S] 47| E 4 A3} Bacillus
amyloliquefaciens®} Bacillus velezensis®] & 714 B3} 99%<]
A4S HYon, BIOLOGE ©]4& 4383 EXdAm
Bacillus amyloliquefaciens®t 748 At EA4S Hof HFH o
2§23t ST-63% Bucillus sp. ST-632.2 HH 3 ¥ ). ot
Be|¢F ST-1409 165 rDNAS 718 g B4 A3z
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