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Abstract: A novel agar-degrading marine bacterium, SH-1
strain, was isolated from seashore of Namhae at Gyeongnam
province, Korea. The SH-1 strain exhibited 98% similarity
with Alteromonas species based on 16S rDNA sequencing
and named as Alteromonas sp. SH-1. Alteromonas sp. SH-1
showed agarase activity of 348.3 U/L (1.67 U/mg protein).
The molecular masses of the enzymes were predicted as about
85 kDa and 110 kDa by SDS-PAGE and zymogram. The enz-
ymatic activity was optimal at 30°C and the relative agarase
activity was decreased as temperature increase from 30°C and
thus about 90% and 70% activities were shown at 40°C and
50°C, respectively. The optimum pH was 6.0 for agarase acti-
vity in 20 mM Tris-HCI buffer and activities were less than
70% and 85% activity at pH 5.0 and pH 7.0, respectively, com-
pared with that at pH 6. Agarase activity has remained over
90% at 20°C after 1.5 hour exposure at this temperature. How-
ever, its activity was less than 60% at 30°C after 0.5 h expo-
sure at this temperature. The enzymes produced agarooligo-
saccharides such as agaropentaose and agarotriose from agar-
ose, indicating that the agarases are a-agarases. Thus, Altero-
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monas sp. SH-1 and its agarases would be useful for the ind-
ustrial production of agarooligosaccharides which are known
as having anticancer and antioxidation activities.
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1. INTRODUCTION

314 (agar)S galactose®} galactopyranose®] S£3A| =2, T2
S My A Rel BAAe] tashy BairigRol
o} [1,2]. 34 -2 3,6-anhydro-a-L-galactopyranosyl-(1,3)-D-gal-
actopyranose”| B-1,4 230 2 ¢4 % heteropolymer & Ej 2]
D, L-galactan?] agarose (70%)%} sulfate esters, pyruvate ace-
tal?} methyl ethers 5-of] &3} =415 3,6-anhydro-a-L-galac-
tose”7} 2R 5}= agaropectin (30%) 0.2 LA & o] QIT} [3-5].
FHE 7HSAA v E A o AFA = AR E AL
8t agarosedhS e A AlSko] EAMYESHA Aol A
A7) 9F 9 gela A= wo| &= ARE-H T [6,7]. F ol A=
FHH ] AAkeFo] 43 Eo| ol glo] BRa AL
shfolck. shRlgk oo} shie WA E T glo, 1
YA 6.5% A =R Sevhe A2 E o] AT YR 2 AN
ot

A7EA] B 5] ghHEe E A= 30~45°CY] 2
20} S0l £5E7E F4 FelolA] & BAS ek
), o-agarasce} fragarasce] 255 513 ek 7). FHH
2] 115 (agarooligosaccharides)2 SF4 o] G A% Hafjof 2]
3] A &= A S &2 a-agarase+= agarooligosaccharidesE Aj
AFs}al, B-agarase™= neoagarooligosaccharidesE AJAstc)al
gl A Qlot. hd el a2 v, B, hAkst W ek |
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W5 AP 7HA] f8t 7leE 7HA AL ok ERE Ak
oz Hluh HH|, G X 7 ol = AREE T [8,9].

oA R EH A E BAetE B S R a s
of gt A7} Wol MY = of $=1|| Saccharophagus degra-
dans 2-40 [10], Acinetobacter sp. AG LSL-1 [11], Flammeo-
virga yayeyamensis YT [12], Streptomyces coelicolor A3(2)
[13], Glaciecola sp. SL-12 [14] Y Thalassomonas sp. SL-5 [2]
o] Hixe] glon, 71E R ase ¥4 x5}
(artificial evolution)E E3F 84
He 5 SRS AR
At

2 Ao A= = et

3
o pul 2 el L 5
J
le)

Q2 o § H5 4 e AN s 5t

2. MATERIALS AND METHODS

21. AR E T #2823

e e Hollat v AQko A x| 3t s=2 s Fm]AY
= 257 Yste] St-& viA| 2 AHE-E = Marine agar
2216 (Difco, Detroit, USA) vl A| of] =&} 17, 30°Cof| A v oF
a1}, gH 84 ol |3 Marine agar 2216 ¥ & B
A7) SHL 255 AEsIT 334 ol 4 S5 melstel
A= lstAnt. &2 2%t & Marine broth
2216 v A] 4 mLofl 5 &3t 3 30°C, 250 rpm 2] =71 0| 4] &}
Zot v oFsl 5 YAl EE] (3000xg, 4°C, 15 min)s}o] A&
3|43} t). 343F #A= Wizard Genomic DNA isolation
Kit (Promega, Madison, WI, USA)E ©]-§3}¢] genomic DNA
£ 355131, o] & PCR ¥HE-9] =P o= AFE-5lo] 168
DNA 42 9H-& ZZ3514 ) PCR primerZ+= 27F (5°-
AGA GIT TGA TCM TGG CTC AG-3")9} 1492R (5°-TAC
GGY TAC CTT GIT ACG ACT T-3° )& ALR31g o, 22
% DNA ©@#H-2 PCR/Gel Combo Kit (NucleoGen, Siheung,
Korea)Z % A3} %t} DNA g 7] A € H-4-2 Cosmogenetech
(Seoul, Korea)ol| A 4=2§3}¢ich. 415 7] 4 92 BLAST
£ AHESEe] HalH 500 AN S A ESH S, Clu-
stal 3 2 13 (ClustalW2)& o]-8-3}] th= g 78] € (multiple
alignment)& =843t & Neighbor-joining method 2} Bootstrap
method (n=1,000)2 &4 5t0] AFEE A 9422 sfetat

At

22. 838 SF Y AR GHEHEL FH FA

0.2% agar”} 4 7}% Marine broth 2216 " 2] (pH 7.6) 50 mL
o #FZ2 HF 30°C, 250 rpmof A 627 HjoksATh
selE gao YT HARARLBAS Belels] $o)
o] 1212k}t o132 wjopol & 4 Hate] 2ol A-ge oL,
AP 600 nmo) THol 4 FHER 2geheln fh

FH L obdfe] 24 BABHZ S whiTh

23.RAALNY AR

Marine broth 2216 8} A] 4 mLoj| &5 2|3t SH-1 #F5 4
T3 T A7 E o]-8-5Fo] 30°C, 250 rpmof| A 1L 7 v
oFsl i th. Hj kA2 0.2% agar’} A 7}% Marine broth 2216
B Z] 50 mLof| At & g gr]E o] &5k 30°C, 250
rpmof| A] 3.5 7k vl QFs AT, wloF & 42 2] (3000xg, 4°C,
15 min)s}o] FojZ ArZHLS- SnakeSkin Dialysis Tubing
(Thermo Scientific, USA)o] €2 & 900 mL2] 20 mM Tris-
HCI (pH 7.0) 358912 o] §510] 4o 4] 38 48 523
sttt B41-2 24 7kafch 20 mM Tris-HCI (pH 7.0) &£
o1& Fhelx TASHE AL 2 W T 33 Aol 12417}
O] A} Al WS B4 B A 2% 28 A N2 membrane filter
(0.45 pm, Millipore, USA)E STHA| 71 & AME-& o) 71%] 4°C
o 4 W s}t

24. 528 &4

UL HRLO] TS DNSHE o] §3to] ZHatg o],
DNSH-& 3,5-dinitrosalicylic acid method2] HH o 2 A A]35}
&t} [16]. DNS &2 NaOH 13.2 g, 3,6-dinitrosalicylic acid
7.07 g, sodium sulfate 5.53 g, potassium tartrate (Rochelle salt)
204.00 g, phenol 5.07 g& 254~ 1 Lo|| =0l &) A 23}3ich. 1
mLe| & 4 Hk-S-olof 3 mLe] DNS §o0-8 A 7}s1¢] 100°C
o A 1027t 7FE_E 3 550 nm &} apFol| A FF =5 45t
&

w2

cientific, USA)E ©]-&3}o] AA]3} 3T}

25 @NEH 520 HY L5 24
2E29G o] gl Lxo| mE AR,
Aok FZ27) AL M0 B 0.2% (W) agarose”}
mM Tris-HCI (pH 6.0) &5=8N-S o] g3} 714
87143 3 229 (20~70°C)2 W2+t gich A g
£ 1.0 mLof] & 4N 0.5 mLE 3 7}3}o] 20~70°C2)
o 4] 3057F WHEA 7] T SRS 0] B L 2%

=

A

t Mo
o
4,

ofo
8-
o X o &3 ot

ol i
-
7

o
=3
=]

0

i

it
N

F

O_u\l

2.6. #AEFH B2 3 pH FF

pHO| U2 3HH 2o 5 4:2] 248 245)7] 95}0] 20 mM
sodium acetate $+5=-8-28 (pH 4.0~5.0), 20 mM Tris-HC] &+
g8 (pH 5.0~8.0), 20 mM GTA (3,3-dimethyl-glutamic acid,
Tris (hydroxymethyl)-aminomethane, 2-amino-2-methyl-1,3-pro-
panediol) 2384 (pH 8.0~9.0)< o] &3HITh HE%E = 0.2%
(W) agarose7} ZTHEL A7HA) 95 B01S ST 5
30°C7HA] W2hstal vk 2EE FASHHEA &5-&
o 1.0 mLof| 28499 0.5 mLE H7}51o] 3087 vh-3-A1 71
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27. GHENEL S AP &3

AR B AHAE 23] 95to] E )28
O 2= 0.2% (w/v)9] agarose”} EZ$HE 20 mM Tris-HC1 (pH
60) 45 801 ol §31eITh 2740 0.5 mLE W7hstel 2
25 (20~70°C)ol A 2+2} 0.5, 1, 1.5, 2A17H5-9F E A 23t &,
71489 | mLE H7ksto] 3087 30CoA HHE A 2
A s aa e detgAd A kA ok g
o & 9] 233} v walct.

Mr N

2.8. FHEFHH A 9] Zymogram

AR LS BHI51] $J5t] SDSE B S 10%
9] polyacrylamide 2] 0.1% (w/v)2] agarose (LMP, Promega,
USA)E 7tsto] A7 95e sk [17]. A7 952
Z7 49 10 pLoj| SDS7} 7= A] 942 sample £+5-8-9 5
uLE A 7Fsto] 0.1% (wiv) SDSE §H3-3F running 458
of| Al HAIstIth M7 G50l daH & AS WO 2 o]
el v = BLE9 GelCode Blue Stain Reagent (Pierce, Rock-
ford, IL, USA)E ©]-&-3to] 7HA] 3181321, zymogram 4]
S 915} A2 0.1% (v/v) Triton X-100 (USB, USA) & 252
E A7 M| 2 5lo] SDSE A ARE 3= 4°Cofl A 244171 -5
Al A3 FZ-8H (Lugol's solution)S o]-&35}o] FHH o] £3)
SREEENEREY

2.9. §A 715 AHE- 9] thin-layer chromatography (TLC)
£4

2R ANE 0]-§5}0] agarose?] FaljihE& TLCE £4]5}
At 28 A4N7} 20 mM Tris-HCI (pH 6.0) 245842 30°C
o] A 0,0.25,0.5, 1, 6, 24X 7+ HF-$-A] 71 2, Silica Gel 60 TLC
Plate (Merck, Darmstadt, Germany) & 5418 3§35}l th. A7)
Ll 2 n-Butanol/acetic acid/H,O (2/1/1 (v/v/v))E AF&5FS

a7, 10% (v/v) H,SO,2 7FAI3FA # ek 552 2 &= neoaga-
rooligosaccharides [9]15 AF&-3} 9t} ghd Ba] g aof o3| A
A= 7R AHE 9] =% = Image J 1.440 (Wayne Ras-
band, Bethesda, USA) 3 2 7135 A}-g-35}o] A 5}14 )

3. RESULTS AND DISCUSSION

3. AL F B L T

Marine agar 2216 Hj x| of| ] =2 A& Hol= 707 K
g ghdEelot SH-1 9F5=9] 16S tDNA 7141 d =441}
1,465 bpe] 17]A€S 21913, NCBIS| BLAST galo &
Alteromonas sp. Ant82 L Alteromonas sp. YD722] 16S rDNA
0} 98%9] =2 Fe S UeWl o g, ejytE Altero-
monas sp. SH-12. 2 3}t &2 o2} GenBankol| A £
E3} 16S tDNA ¢ 7] A €2 Neighbor-joining method2} Boot-
strap method (n=1,000)2 2435} YEIT & oG 529 A
FERA 1S Fig 19] Lebilch (A ST S 2o]
+ Alteromonas < ol gt B 1= A& [18], &= [19]
oA Hargar gt

32. 4F 9 AT FAEH AL B §F
0] Aol w2 FHH Bal| & A AA Q] AL Fig. 2(a)d]
Uetith HE $ FF =757k 3547 A di4=7 = &
A= om, o] & HH Aok TS Vel E3L
Hjokol 1 L SHH B a4 0] EAL 30°Co) A 3.5Y 59t
aoFglS w| 3483 ULZ 2122 Lehfigich 2E A0S
BCA Kit (Thermo Scientific, USA)Z o]-g-5}o] thulzS 4
2ot 231 208 mg/L2 Th 2 1 mg i SHH B a4 o] T4
< 1.67 Umg= Yetgth whebA] o] Aol = 21 &
A (348.3 U/L, 1.67 U/mg)S H.o]= 3.5U 71| v oFat ujok
AN o]g3le] TS A3

-="0=

E @ Alteromonas sp. SH-1
100 Alteromonas sp. Ant82 <GQ149231>

99

99

Alteromonas sp. YD72 <JX022750>

— Glaciecola agarolytica <DQ784575>
100 I Glaciecola mesophila <AJ548479>

41()()‘: Agarivorans albus <AB075560>
Agarivorans alvus <AB076561>

Pseudoalteromonas sp. TP3 <AF440442>

52 —|: Thalassomonas agarivorans <DQ212914>
100 Thalassomonas gangwensis <AY194066>

Bacillus cereus <DQ115540>

0.02

Fig. 1. Phylogenetic tree based on almost complete 16S rDNA sequence comparing isolated Alferomonas sp. SH-1 strain with other bacte-
ria. The numbers at the branch node are percentages of bootstrap values (n=1,000) and numbers in parenthesis are numbers in GenBank.
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Fig. 2. (A) Cell growth and total agarase activity of Alteromonas
sp. SH-1 (total agarase activity [units/L], cell growth [ODg]). (B)
Agarase activity per cell density [units/L/ODgy].

Jg Nz aA%AgS g
A o] 2HAd

5 S157] 915tel TR a4
3 AYTH ) BHER LPRof Fig 20 Liet
Wek. 7 AT 19000 4 14 2] hekit o o) Al ko] Ao
upel 47} gastsint

3. RAERAELY Y 2% 47
ZF 2ol A o] S E e Ao AT e Fig 30 UrEkRl
ot 7M=& 245 UEd 30°CY] BhE oA LRt
EATEE 100% 9L ul, Aol 40°Col Al oF
90%, 203+ SO°CAH A= oF 70%2 LFERY 3, Lol 2] & 2o
A= 60% o/ o] S 2 Ao = ek (Fig. 3).
2 AT} B A3 dlteromonas 4 |9 THA Rl E A0 F
Ao Rt k= 35°C [19]9} 40°C [16] To] Kl
o] gzt 2 A7 30°Col 4 HHTHS Kol 7ol S 1Y
t}. Alteromonas & Aj4-°o] ofd F3o) W2 &l g
A8 Saccharophagus degradans 2-40 [10]0] 30°C2 & &I
of| A B-2] 3t Alteromonas sp. SH-1 452} U35} 11, Acin-
etobacter sp. AG LSL-1 [11], Flammeovirga yayeyamensis YT
[1212} Streptomyces coelicolor A3(2) [13]+= 40°CE 2 ¢ TLof
A B2) 3} Alteromonas sp. SH-1 15 G- o) St E|asH
O =2 oA HAZES Yetdl= Ae & o S
ot wfobol | LT S Ralase BAS BE 2 el

100

80-

60

40

Relative activity (%)

20-

0 T T T T T T
20 30 40 50 60 70

Temperature (°C)

Fig. 3. Effect of reaction temperature on agarase activity. The reac-
tions were carried out at 20, 30, 40, 50, 60 and 70°C in 1.0 mL of
20 mM Tris-HCI (pH 6.0) buffer containing 0.2% agar and 0.5 mL
of enzyme solution for 30 min.

100
80
60

40

"

Relative activity (%)

pH

Fig. 4. Effect of pH on agarase activity. The reactions were carried
out at 30°C in 1.0 mL of corresponding buffer (m, 20 mM sodium
acetate, pH 4.0-5.0; A, 20 mM Tris-HCI, pH 5.0-8.0; ¢, 20 mM
GTA, pH 8.0-9.0) containing 0.2% agar and 0.5 mL of enzyme sol-
ution for 30 min.

Alteromonas sp. SH-1+= 348.3 U/LZ 12| & YEIU o Gla-
ciecola sp. SL-12 [14]9] 233 U/LRE th= 1.58] A= =9to
Thalassomonas sp. SL-5 [2]9] 363 U/LS} AN &4 & LEr
e A2 FlE 5 At

34. AR EL HH pHSH

RS & A7} ZF pHO A Kool = At /] Fig. 40]| Lret
Ek AL 98 913 ol 21l BRI 38
Uell = 28 20 mM Tris-HCl &8 o] A pH 6.0°.2 1}
Ebgeh 7H =2 €492 vkl pH 6.00) A e B A g
A& 100%=2 39S o SRS Adjg/do] pH 7.000 4
80% ©]4F0] T pH 5.09} 8.00]1 4] 60% o] G E|gloma,
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Fig. 5. Heat stability of agarase activity. The enzyme solutions were
pre-incubated at 20, 30, 40, 50, 60 and 70°C for 0, 0.5, 1.0, 1.5 and
2.0 h. The reactions were then carried out at 30°C in 1.0 mL of 20
mM Tris-HCI (pH 6.0) buffer containing 0.2% agar and 0.5 mL of
heat-treated enzyme solution for 30 min.

3

oRAHA T} oF1 7] Afole] WA W& Welol A EL
(o} I3
o et

!

I}
o

Atk & Aot F U3 Alteromonas <5 H|4t2] gt
saio AL B3t pHE 7.0 [16,19] L2 6.5
(87} ®E ek HHerel 27 pHolA 2o & Hol
Alteromonas 45 A|qto] thgFet PR A AF A 7Hs
45 Wt Aoz T E QU dlteromonas % 0] 219 4
F7HAAFSHE Bl 4] el 9ot A o] 34 pHYb
6.0%1 8= Acinetobacter sp. AG LSL-1 [11], pH 7.0¢1 739
= Saccharophagus degradans 2-40 [1012} Streptomyces coeli-

3t
=
il

H
L

B

color A3(2) [13]0]1L, Flammeovirga yayeyamensis YT [12]+=
pH 8.00]1 4 2] A&7 o] H i1 x ]t}

35. @ HEHELY AU &3
Alteromonas sp. SH-10] A A5H= s B e @40 gotA A
< Fig. 500 e T 40 & 50°Co| A= 14]7ke] &

Skl wf oF 40%9] A S FASHE Ao = BT
60°C 0]/9] Lo A= 054179 GA 2] & 5ol of 24
= AY o= Ao ® Yt webs Alteromonas
sp. SH-10] AJAtal= shd Bl g A= oFst YA S 7k 1L
U ALE A 4= 9l

3.6. R B 849 Zymogram

Alteromonas sp. SH-1 9-2jj o] th 2 i =9l st Heja s &
AAFS= Tl AL Fig. 69f YEFH T} Alteromonas sp. SH-
< °F85kDa % 110 kDa®] A& YEt= 2712 S &
fais Yitets A0 2 SRIE QT 2 Ao FARE A
7] 9] agaraseE R 113t At E0] 9121 [20,21], 85 kDa ©]A}
9] 37|15 7}HA| = agarase+= a-agarase”} QI T} [22].

3.7. A7 EE4HES TLC 4
Alteromonas sp. SH-1 #+5+5 3.54 7k vljoFslo] Al 28

MW
(kDa)

240
140

100

t1

70 -

50
35
e ——
Fig. 6. SDS-PAGE and zymogram analysis of agarase. The molecu-
lar masses of the enzymes were 85 kDa and 110 kDa. (protein mass

marker; lane M, cell free extract of agarase; lane C, zymogram ana-
lysis of agarase; lane Z).

NA2

NA4

NA6

+—® ¢ ¢ + 4 0

NA 0 0256 05 1 6 24
I J

Reaction time (h)

Fig. 7. TLC analysis of the hydrolyzed products of agarose by aga-
rase. The reactions were carried out at 30°C in 20 mM Tris-HCI (pH
6.0) buffer containing 0.2% agar and 0.5 mL of enzyme solution for
0, 0.25, 0.5, 1, 6 and 24 h. The reaction mixtures were developed by
TLC. (NA, neoagarooligosaccharides; NA2, neoagarobiose; NA4,
neoagarotetraose; NA6, neoagarohexaose).

Aolo) agaroseE 7| A2 Hrlsle] A|7PHZE HES-A
TLCE A3t A3E Fig. 7o UebRleh. A4 S
+ o-agarase®} B-agarase F 7} A2 22 ghchar &
B-agarase2] A=<l neoagarooligosaccharidesS 53 3t
A AL AHES Aot PR A 47 a-2) B-agarase
ojtjof &35F=x%] mlolsl it} [20]. Alteromonas sp. SH-1 o5
7F A ashe R e a4 e] EfateS TLCE 43 23

o 2 g
@l 30 dob =

NolN fz 2 B Ho
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= 51, agaropentaose W agarotriose 2] 1 agaroheptaoseZ2 ~REFERENCES

FA &)= agarooligosaccharidesE AJAFst= A 072 Ko} o]
d57F A= G452 a-agarase= Q15 1T} [20].

242te] Wh A\ Zhol A LiERE WHS AR O] 318 100%2 5
o] TLCE &A% Axt, 0.25A17H5E] 24474714 &) iz
2] agaroheptaose : agaropentaose : agarotriose2] ‘&= H|<
A g g on, P 0w 2k2F 21.2%, 50% 1 28.8%
2 AAE = A glskAth. Agaroses 712 AMEE A
- B-agarasex= neoagarohexaose, neoagarotetraose 2! neoaga-
robioseE AJ A3} 11, a-agarase+= agaropentose ! agarotriose
£ A%

A 7tR| o] B alof| w2 Alteromonas 2] SHH Halj o+
L %0 ule} a-agarase [6] = B-agarase [4,17,23]12 AJAFSH
ot & A Ql o} a-agaraseS A Al Alteromonas <5 4t
= Alteromonas agarlyticus strain GJ1B [6]2} Alteromonas
sp. GNUM-1 [17] &% 2 1% o] QIt}. dlteromonas < N+
o] 245t o-agarase] £AFEF2 GIB 357+ 180 kDa [6],
GNUM-1 37} 30 kDa [17]0.2 113 Qa1 of& Bl
= gl Agolth tfehA 2 Aol A B IsH of 85 kDa
2! 110 kDa®] ZAHF& Ueti= (Fig. 6) 27]1 9] o-agarase=
AlatAd o] srkal & Zoltt,

H o Lof| A EE3F Alteromonas sp. SH-1 152} a-agarase
S HE AR a LAY k2 o] 22 e 2§
M) cloning F3t rhakd 0 2 )54 gh o
o] 4191 7| AJALo] o] go] 7b53t F 0 2 7| A,

4. CONCLUSION
3 n) 2 Agte 2 HE 3 s4F o] &
o] & Hol= | At sttt A
H g Eal a5 168 rDNA ¢ 7| A G54 53l Alte-
romonas®] 16S IDNAS} 2F 98% -F-Al5E A © 2 2Fo| )¢l 0,
Alteromonas sp. SH-12. 2 W3} th. Alteromonas sp. SH-1
W 7F /3 8= TR A A= 30°CE} pH 6.00] 4] 2| &
AL Uetyglon, st B 74 xs 3483 U/L (1.67 U/mg
protein)2 et SHH 25| § 4= SDS-PAGE ¥ zymog-
ram -5-5ff Aol 85 kDa 9 110 kDa%l = 215} 3ith ®
gk 30°Coll A 1.5A1ZE 59 FA 23k wf oF 50% o]
A S H ol om, 40°Ce} 50°Col A &= 1A 7F 52k H A
Stel g ul of 40% ol 4ke] AT B4 & mole. 2 obet el
AL 7R = Ao 2 AR HET TLC B4 ATk, Alteromonas
sp. SH-1 o527} A /g k= $H 2l -6l f 4= agarose S -5 5t
of gtst 9 FansE 7Hx= 714 A
agaropentaose®} agarotrioseS YA oh= A 0 = H o} o-agar-
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