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Isolation and Characterization of an Agar-hydrolyzing Marine Bacterium, Pseudoalteromonas sp. H9, from the Coastal
Seawater of the West Sea, South Korea
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An agarolytic marine bacterium (H9) was isolated from the coastal seawater of the West Sea, South Korea. The isolate, H9,
was gram-negative and rod-shaped with a smooth surface and polar flagellum. Cells grew at 20-30°C, between pH 5.0 and
9.0, and in ASW-YP (Artificial Sea Water-Yeast extract, Peptone) media containing 1-5% (w/v) NaCl. The G+C content was
41.56 mol%. The predominant isoprenoid quinone in strain H9 was ubiquinone-8. The major fatty acids (>10%) were C1s.107¢
(34.3%), C16:0 (23.72%), and Cqg.q07¢ (13.64%). Based on 16S rRNA gene sequencing, and biochemical and chemotaxo-
nomic characterization, the strain was designated as Pseudoalteromonas sp. H9 (=KCTC23887). In liquid culture supple-
mented with 0.2% agar, the cell density and agarase activity reached a maximum level of OD = 4.32 (48 h) and OD = 3.87
(24 h), respectively. The optimum pH and temperature for the extracellular crude agarases of H9 were 7.0 and 40°C, respec-
tively. Thin-layer chromatography analysis of the agarase hydrolysis products revealed that the crude agarases hydrolyze aga-
rose into neoagarotetraose and neoagarohexaose. Therefore, the new agar-degrading strain, H9, can be applicable for the
production of valuable neoagarooligosaccharides and for the complete degradation of agar in bio-industries.

Keywords: Agarase, marine bacterium, Pseudoalteromonas sp. H9, phylogenetic analysis
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Agarase ‘it O[4=2| 22

3ol A A)5k= agarase BAF PIES £ 517] A,
A= EYA A A2l YA 3= 239 s A
Fsto] Wtg=of 10'-10°2 2 3|45 & ASW-YP B ¥l
AR (6.1 g Tris base, 12.3 g MgS0,, 0.74 g KCl, 0.13 g
(NH4);HPO,4, 17.5g NaCl, 0.14 g CaCly, 1% Yeast extract,
0.3% bacto peptone, 1.5% agar; per liter; pH 7.2)0] =%
StTh =Ee A )R] = 28°Coll A 297t v g3t &
373t 2E colonys= MEE LA A o FFsHch
(replica A|ZH). 28°Col| A 2 v} & Lugol's Iodine &%
(0.05 M Iodine in 0.12 M KD)2 2 FX3}o] colony S o
o7t e/ e Uet F£H5HA Hol= colonyS AESHA
ot AgE nE FFE 2L ASW-YP == marine
agar (Difco 2216) ZLAHjR|of| A A 2¥47F vjF3}te] colony
of B9}, A7, B, 37 52 Baele] FoH 54
By 3709 1802 it o5 379 g4 2t
ZF 3t A Y RAFE AAste] 16S rRNA F32 &
Z7IAEE &4 FEH R Eo] S o HI9Z
Aeste] 2 Ao ARSI

F5 Hoo| HEl - Mlx SA EA
% H9+= Gram stain kit (BD Biosciences, USA)E A}

o A%t & du|F o2 HFSAT. F5 H9Y A
7] @ 2 I3 flagella®] F-F+= 297 A A] o] A
HjoFE #AE 1% phosphotungstic acid (PTA)Z FAgt &
EAAEA YA JEM1010, JEOL, Japan)o 2 &35ttt
Sad AHE 9 da, aaga 59 Ay S APT
20NE®} API ZYM kit (Biomérieux, France)S ARE35}o] A
ZALY] A}l et =3kt o, AlF 5= v Ao NaCl
= FFET 2%t g HUste] 28°CollA 297 v gt
T BESAY. #5F H9Y A% EA2, NaCle 555
0-10% (1% Zt&)7} ==& 212 F7Fs ASW-YP LA 7]
of #+FE JFT T 4947 vkt S BHSAY.
T H9Y A7l 9% A& pH 24 Yot 7] fsiA,
pH 4.0-pH 10.0 (pH 1.09] 71#)2] IAWIA & THE0] 45
£ AET F 497F vjgsto] A4S wEStaT ®B3 g
2] T A TS| fJEliA 4, 15, 20, 25, 37, 40°C
oAl Ztzt 4947t B gete] S BRI

HO ZF2| M3lsiy Ed 2

w5 H9S ASW-YP AR & 28°ColA 297 v &
od FAE B4 AT 8 F=2 C18 AHS
AHESE 9AF-HPLCE E43F4th. HPLC A28 (Younglin
SP930D, Korea)o| 94 Z& <l Spherisorb 5 um ODS2
(250 mm X 4.6 mm, Waters Corp., USA)E A&5te] AL
stRom, ol dEEE ofo]AZ 2 oHE = 4:1)2 1.0
ml/min &0 2 ARSIATEH 7742 AWARS methyl ester
3H14] A7) fatty acid methyl esters (FAME) 23&ES
Microbial Identification System (MIDI)®] X|2I[18]¢] ut2}t
Gas chromatography (Agilent technologies 6890, USA)
HhH o 2 HASIITH HP ultra 2 23 (25 m X 0.2 mm phenyl
methyl silicone fused silica capillary column)S ©]-83} 4
R HPARS B2} Sherlock system© 2 H&3}ho] B43}
Atk 27| 2% 170°Col A £F 5°CH A7 & HF
300°Coll A 2 B7F §-X3tH o1, carrier gase= HyS AME-5}
A makeup gas= NoE A3}t Genomic DNAS
G+C ¥ & BEXALe H9A-HPLC (C18 AH, o|5A 02M
NH,H,PO,4 (pH 4.5):acetonitrile = 20:1, +< 1 ml/min)
£ o] &3stgirh12].

16S rRNA R H7|IME sliis 2 AS+ HME

T3 H9Z ASW-YP AA|uj oA 2U7F Xgujef &
15,000 rpme| A} 1087+ YA E 2 steo] FATHS 3484t
345 #A| 25 genomic DNAS Genomic DNA extraction
kit (DyneBio, Korea)2 £&3}o] PCR 322 ALE39
t}. 16S rRNA §A A= bacterial universal primer (27F
o} 1492R)E AHE-ste] FE5191 e [19], $%E DNA ©H
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L pGEM-T easy vector (Promega, USA)o] S2Y3 &
A7)M DL BA5Hg T 45 16S rRNA §42 d714%
L GenBanko| JF9654272 S23}91 2™, National Center
for Biotechnology Information (NCBI)2] BlastN program
2 A}8-35}9] GenBank database?] R ZEHE 7|4 <F 9
A=X HAS 33519t E3F EZTaxon database (http:/
www.eztaxon.org) 25 E EFTF2 16S rRNA §-42} &
7INEE FHEstY ASEAY LS BASAT. R
H G714 <EE 7H9] Multi alignment= ClustalW program
(www.soft82.com/download/windows/clustalW2/)2 A3}
Fa 5-3} 3-EH] gapS GeneDoc program® 2 HZ5H
t}. A4 A2 (evolutionary distance matrix)= Kimura’s
two-parameter evolutionary model [9]°] &J&l AAFE] AL,
Neighbor-Joining (N-))H[17]2.2 AE4E A&t Al
Z = (bootstrap value)= 1,0008] 9] ALAE AR ZEE A
A treeE A|Zrsto] ALtstAt

T Hoo| M%E 9l agarase At

w7 H9Z ASW-YP HAuj2| &} 2FFE 0.2%= agar7}
H7He ASW-YPA HAufjA| o] 242 96A]7HE-Qt ulj gt A]
(28°C, 180rpm) 24AI7F ZHFH o2 MES AHEAT
600 nmof| A FF=E SAst MEY ¢A &S SA¢t
%L, 14,000 rpmof A 10827 AHEE] F HE 4549
agarase /3-& 5754t} Agarase 42 0.2% agarose
(AMRESCO LLC, USAE 7|2 & 3}= 3,5-dinitrosalicylic
acid (DNS)¥[13]2 2 540 nmo| A EZE=S =359t}
o, EANHS-S 20 mM Tris-HCL buffer (pH 7.0)5 AH&-3}
o] 40°Cof|lA] 33Tt

F5 HO MRS TEAo FH|

¢F H9S ASW-YPA MAuR| o A 24A1F wfj kgt &
14,000 rpmof| Al 1027 &2 sto] A7 AAE vigd
2 345k FH| " ujFd-2 ultrafiltration (3 kDa cut-
off, PALL, USA)S 2 108 =3le] 2842 ARSI}

Agarase AN 0|Xl= 2=t pHe| &1}

2= 270 WE H99 F agarased] AAEHE RANSH
7] oA, EH" 28AE o]§ste] 25-50°C (5°C 7)ol
A Z+Z} agaroseE 7| A 2 3= AAHFS(20 mM Tris-HC1
buffer, pH 7.0y 1087+ AX|3lo], DNS Ho 2 S8 =
A5ttt pH 279 W& agarase®| A 4842 pH 6.0-
10.0 (pH 1.09] 7+7)2] 7oA 40°CE 1087t B4EHS
= AAIste] SAsG. o] o AHEE HEHE 20 mM
MOPS buffer (pH 6.0-7.0), 20 mM Tris-HCI buffer (pH
7.0-9.0), 20 mM Glycine-NaOH buffer (pH 9.0-10.0)°]t}.
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Thin layer chromatography 241

Za4 10 uWlE 0.2% agarose’} EFE 20 mM Tris-
HC1 buffer (pH 7.0)°) A7}3t & 40°Co| A 24X 7H5<F wt
$5HEA 12417 AR WAL Ahel, Thin layer
chromatography (TLC) H# 0.2 714 BajA2< 24813
t} [5]. ¥H-S-9H(10 u)& Silica Gel 60 plate(EMD Merck
AG, Darmstadt, Germany)o]] ZE3}3 n-butanol, acetic
acid ¥ E(2:1:1, viviv)] SujA A" Ao A 23] A& A
sto] E2stict. EH ol B 30%(w/iv) SHito] g g
< §NE BHSL 120°CE 7HEste 288 422 A
shsiet.

1}
g NIE 4

X
L

w3 HO2| JEiH 54

FAEE g A XS T Ffetol] A4 st=
agarase A H]AE g F& At F5 HICE Ps}t
it #+F H92 Korean Collection for Type Cultures
(KCTC)o KCTC23889% 7|&rs}gith. #+3F H9-L marine
agar (MA; Difco 2216)2} ASW-YP LA v x| of| A =TS
= of2gt EHL ZH= colonyE FASIA L (Fig. 1A), 1
¥ QM A Gram 402 BYE YT =RAAH A
o 43 H9 FA1= A2 1.5-2.0 um 7}2 0.6-0.8 um =
7]olw, Z+zFo] A|3E o= 17] 9] polar flagellumS ZF1 9)
€ AL 2 BHEUH(Fig. 1B).

w5 H9E vjA| o] Na® o] &o] EA3}A] PO zetz|
%= Na' 84 432 BEEGIL Na® o2 FE7} 6% ]
Boll M AR Zeten, 2-3%9 oA MY A
%ol W E T H9Z pH 4.0 ©]8}¢} pH 10.0 0]/44¢] =
AolA = AR51A) 23HAT, pH 5.0-pH 9.09) ZAA
£ AR 4 U pH 7.0-pH 800 FAZA0A H o)
g7%o] |EE AT TS H9 w5+= 10°C ©]31e} 40°C o)
o] &= 2= AASHA ZoHAINE, 15°Co) 4] ket A
&S UEhH L 25-30°Coll A 2| 9 o] HEHT

3 HOQ| Mz|x EM

API 20NE kitE AM83t A2l EA 4 A3} nitrate
reduction, indole production, D-glucose fermentation %
9] ®}-8-3} urease, arginine dihydrolase, PB-galactosidase
Y AN SR BEEHYTH Arabinose,
mannose, potassium gluconate, capric acid, adipic acid,
phenylacetic acid 52| assimilation H¥F-g-oA SASZ T
ZE k. 23y esculin hydrolysis, gelatinase 52 &4
U322 okMS H P D-glucose, mannitol, N-acetyl-

glucosamine, D-maltose, malic acid, trisodium citrate &
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Fig. 1. Isolation of agarolytic bacterial strain H9. (A) Detection of agarolytic activity on agar plates. The strain was cultured on ASW-
YP plates at 28°C for 2 days and the plate was stained with Lugol’s iodine solution. (B) Transmission electron microscopy (TEM) analysis.
Cells cultured on ASW-YP agar plates at 28°C for 2 days were stained with 1% (w/v) phosphotungstic acid and observed with transmission

electron microscopy. Bar, 1 um.

Table 1. Phenotypic and chemotaxonomic characteristics of strain H9 and its related strains.

Characteristics 1 2 8 4 5 6 7 8 9
Pigmentation - - - - - + - - -
Growth at:

4°C - + - - + - + + +

37°C + + - - - - - - -

6% NaCl - + + + + + + + +
Enzyme activity of:

Agarase + - + + - - - - -

Esculin hydrolysis + ND ND - ND ND ND ND +

B-Galactosidase - ND ND + ND ND ND ND

Lipase (C14) - + + + ND ND + + -
Fermentation of:

D-Glucose - + + - + - ND ND -
Assimilation of:

Mannose - - + - - + - - +

N-acetyl-glucosamine + - - - - - - ND -
G+C content (mol%) 416 427 42.1 42.1 38.9 43.6 40.2 42.1 42.3

Strains: 1, strain H9; 2, Pseudoalteromonas espejiana NCIMB2127 [3, 6]; 3, P, atlantica IAM12927" [1, 6]; 4, P. agarivorans
KMM255T [16]; 5, P. carrageenovora ATCC12662" [1, 6]; 8, P, distinct ATCC70051T [7]; 7, P. haloplanktis ATCC14393" [20];
8, P. tetraodonis IAM14160" [8]; 9, P. arctica A37-1-2" [2]. Symbol: +, positive; -, negative; ND, not mentioned.

9] assimilation ¥1-&-2 FAL 2 HHEH I}

APT ZYM kit AH4-3 25 HOo| &4A4 24 A3,
alkaline phosphatase, esterase (C4), esterase lipase
(C8), leucine arylamidase, valine arylamidase, cystine
arylamidase, trypsin, o-chymotrypsin, acid phosphatase,

naphtol-AS-Bl-phosphohydrolase, o-galactosidase, o-

glucosidase, N-acetyl-p-glucosamidase 59| & A HFS-0] 9F
Aoz T/zE dHbH, lipase (Cl14), P-galactosidase, B-
glucuronidase, B-glucosidase, o-mannosidase, o-fucosidase
Y ANk SR HAHYT 4 HoY} A5 EA
4 AupArl B BE 2759 JH4 Aeistd 542
Table 1¢] v 23}t
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Vibrio cholerae CECT514

Pseudoal, sp. H9

Pseudoalteromonas marina Mano4

r— Pseudoalteromonas carrageenovora ATCC12662

Pseudoalteromonas undina NCIMB2128

Pseudoalteromonas nigrifaciens NCIMB8614
Pseudoalteromonas haloplanktis ATCC14393
Pseudoalteromonas aliena KMM3562

Pseudoalteromonas arctica A37-1-2

Alteromonas fuliginea CIP105339
Pseudoalteromonas translucida KMM520

Pseudoalteromonas antarctica CET4664

0.01

Ll 87| Pseudoalteromonas issachenkonii KMM3549
Pseudoalteromonas tetraodonis 1AM 14160
Pseudoalteromonas agarivorans KMM255

Pseudoalteromonas espejiana NCIMB2127

Pseudoalteromonas atlantica IAM12927
Pseudoalteromonas distincta ATCC700518
Pseudoalteromonas elyakovii KMM162

Pseudoalteromonas paragorgicola KMM3548

Pseudoalteromonas donghaensis HJ51
05 [ Pseudoalteromonas shioyasakiensis SE3

_'_7 Pseudoalteromonas prydzensis MBB-11
P

seudoalteromonas mariniglutinosa KMM3635

Fig. 2. Neighbor-joining phylogenetic tree based on 16S rRNA gene sequence. A neighbor-joining phylogenetic dendrogram based
on 16S rRNA sequences of Pseudoalteromonas sp. H' (JN578479) and closely related Pseudoalteromonas species. Numbers at nodes
indicate bootstrap percentages (based on 1,000 resamplings). Bar, 0.01 substitutions per 100 nucleotide positions.

T HOQ| AISEMSIE Akt 738

7 H99| 16S rRNA G372} |74 ES df=3to] NCBI
9] BlastN Z2aH 02 th2 n|YEELY 5= A
3t A3}k, Pseudoalteromonas &9 451 =2 AHEAS H
At #F H92| 16S rRNA G4 F7| B2 P. espejiana
NCIMB2127 (98.98%), P. carrageenovora ATCC12662
(98.78%), P. atlantica TAM12927 (98.64%) 51} =2 A4S
YUelWtt o]t A2 HE #3F H9L Pseudoalteromonas
2:0] g 2o 2 @i gt 16S rRNA 47 F714 8-S
EYz EZ2FEER ASLAY AVVAS FHe 1A
N-J o2 AF+E A&t 1 21, 16S rRNA £-4
A F7IAE s AL ubdTEAZE P oespejiana
NCIMB2127, P. carrageenovora ATCC12662, P. atlantica
TIAM12927, P. agarivorans KMM255 51} ASAsHe o
HHAE 2= AL 2 AUt (Fig. 2). TebA] AlFEA
S ABTA} =2 453 HOY FEjA - Qspstd £49
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oo Zo| A& 7Hetste] #3 H9E Pseudoalteromonas sp.
Hoo 2 gHsigict.

Pseudoalteromonas sp. H92| RSt EM 2 MEZH
X[t =

3 H99 FAA DNA U] G+C FEE 41.56%2 HA 5
Qlt}. o]&= B H Pseudoalteromonas 4 UAYEE2 G+C
T FXAQA 38-44% WY o] &dirii6]. #+F HIS
quinone-8 (Q-8)& & HA=L= i3l U=, Q-8
Pseudoalteromonas & B E0] 383l= FQ FA=o0z2 K
1 =0 Qirt. #5 H99| FaAAH>10%)2 Cr1007c (34.3%),
Ci6:0 (23.72%), C1g107c (13.64%) 5 22 {F = =], ©]
£ FAAYAE Pseudoalteromonas 4 n|AYE0] &5t
F8 AWAtne 2 dAFTH2). ol H3 ABES, HI9OJ
Pseudoalteromonas 40 &3tth= AMd& A A|8l= FA oIt}

Asgt vpel Zo] ety Aoy EQS7 43
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Fig. 3. Cell growth and agarase activities in liquid culture.
Strain H9 was cultured in ASW-YP broth and ASW-YPA (ASW-
YP containing 0.2% agar) with vigorous shaking at 28°C for
4 days. Cell density was determined at 600 nm and agarase activ-
ity was determined by the DNS method. All data shown are mean
values from at least three replicate experiments. , -e- cell growth
in ASW-YP; -o-, agarolytic activity in ASW-YP; -m-, cell growth in
ASW-YPA; -0-, agarolytic activity in ASW-YPA.

EAEL EYE #F H9Z Pseudoalteromonas 42| 1]AY
E2 B89 £ ot a3y H9 #F+= Pseudoalteromonas
49| ASUAY AHAAT w2 E]'e FTET= A3
A EREA B2 Fo|HES B (Table 1). B3 73
H9L N-J phylogenetic treeo| A AlEW¢ a2 A4
7l =& #Z2FFE3 B89 monophyletic cladeE 4

A=
Pseudoalteromonas 9] | ELE= LHEHE 43
AFgltt.

olg|d AMEL FF HI9o| NEF7A E1F
ME

T HO2| 4¥1t agarase M4t

T3 H92 agar7} Z3E Wiz A = 8 27| HE F
A3 AAsEo] vloF 24X 1A stationary phase (ODggo=
4.22)0 HolS%l L, wjeF 48A17k) 7HY =2 A% (ODgoo =
4.32)F B F A A 3] 25t B agar7h E23HEHA|
A2 vi R A= vl 24X 7HA X A3 (ODgoo = 3.87)=

HOl & Zhadl= Aoz T Qth(Fig. 3). H99) agarase
G2 F FF A BFoNA wiek 24X Y 2 &
o] W= =, agar7t Z3HE viX| o A oF 1.54] =2
gt o]l BAE T o3 A2 RE 3 HIL agard]
o A o] Zx1E Bal oy} agarase BAE T3]
oz ZAHL Aoz AT

1o ﬂﬂ?l ox e H

>

120 -

100

80 -

40 -

Relative activity (%)
3

20 -

Temperature (°C)

B 120
100 -
80 -
60

40 -

Relative activity (%)

20 -

6 7 8 9 10
pH

Fig. 4. Biochemical properties of the extracellular agarases.
(A) The effect of temperature. An agarase assay was carried out
at pH 7.0 by the DNS method at different temperatures. The max-
imum value obtained at 40°C was taken to be 100%. The relative
activities are the averages from three independent experiments.
(B) The effect of pH. An agarase assay was carried out at 40°C
at different pH conditions. The maximum value obtained at pH 7.0
was taken to be 100%. -m-, 20 mM MOPS buffer; -e-, 20 mM Tris-
HCI buffer; - # -, 20 mM Glycine-NaOH buffer. All data shown are
mean values from at least three replicate experiments.

T35 HI0| YAMSH= agarasel| S4X EY

F H9o| N2 Q2 uj&3l= & agarase= 40°C¢} pH
7.09 2700 A Hdf B4 BATH(Fig. 4). 45°CAN = &
o Z/49) oF 91%9] &/4d& Holil 35°Cet 50°Coll Al = ]
ol 849 oF 64%2 E4o] HEHUH. mehA F5 HIo|
ArohE agarasew 40-45°C Mol 2 B4BAYS 2
= ALR fdnh(Fig. 44). 40°Co|A BARSS FE3}
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2 ), pH 70014 o) o] BAEYL pH 8.00]41E
o) BAY oF 00%] BAo] B HeIThFig. 4B). pH 9.0
ZAGALE Fo A9 oF 83% FE 9 Ao $A 5
o], 3 H99| agarase= 4 2 L2 2HNA &
o BARHE 2 ACE BUHL ol 5o o Yol
HAJSHE vlsHEol SrrE ol HRe Aew FEHr
Z27HA] Pseudoalteromonas 42 u|REF2] agarase
of gt A= wWol Haxo] A g2, 92 F FR/e
B-agaraseo] T3t 42 EAuto] &4 A U}, Pseudoal-
teromonas sp. strain N-19] B-agarase= 30°C2} pH 7.09]
ZAA Ho A4S B I1[21], Pseudoalteromonas sp.
CY249] B-agarase AgaB= 40°Ce} pH 6.0 2AA o &
AS Blth11]. 22+ WA A SAE Pseudoalteromonas
sp. JYBCL 190] AYJAsl= & agarasew= 35°C2} pH 7.09] A
o @A4S Belos). F2, & dFXE HY 4 T2 5
agarase 5 ZEdt= FAR agaH925 S 2J5H ojFt
&3}o] agarase AgaH927| 45°Ce} pH 6.00A4 Z o] A&

§

_\2

G NA6 NA4 AhG S1 S2

Fig. 5. Thin layer chromatography (TLC) analysis of hydroly-
sis product of agarose. The reaction was carried out by using
the crude agarases at 40°C for 24 h in 20 mM Tris-HCI buffer (pH
7.0) containing 0.2% agarose, and then the hydrolysis products
were separated on a Silica Gel 60 TLC plate. G, D-galactose;
NAB, neoagarohexaose; NA4, neoagarotetraose; AhG, 3,6-anhy-
dro-D-galactose; S1, 12-h reaction sample; S2, 24-h reaction
sample. Major end products, NA4 and NAG, are indicated by
arrow heads.
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H9g Bt TH5]. o] T AgaH92 agarase®| AJs}st
A EAQL, & =wolA AASHE e HI #59 AA Al
9| A Yjo]] EA5HE= agarase] A T4 A 40°C,
pH 7.0)7= o] & Holi Qi o] 3t Zfol=, AA| A|E
o Aol = AgaH929= thE A3t &4 2=
agarase’} &ESHIL S-S AIAFSHAL §lof ofof tigt
A17F "asith B3 AgaH92: Fe?t o] £of o]2A
ol HET EAE 2 M2 agaraseo] WPH o], HI

F71 B #3%e FHE = 553 54% A= agarase
== A & 7HeAol A

fle -lﬂo;
1o

TF HI2| agaraseE 0|8 sHMS2| DTl it
w5 H99| 24X 7t viFA 2R FH|E 284 E 0]
3l agaroseE 7| AR St AATSS =S & BHSAL
£% TLCE Z43t3th(Fig. 5). 1 A}, &5 H9oll 234
AEZEZ AMAE]E agarase= (neo)agarotetraose?}
(neo)agarohexaoses FHFAEE AT 4= Q)5S Fels}
At (Neo)agarooligosaccharide= A 204 AFF%o] ot
S AYEES 2= AR dHA e F8e HAsdt
EE2A AF o 7427} Stk £3] 49 1% FHH 9 3}
o S FolA SHH ﬂi QE]—T—”%"
=aAE A7gt 7]%"" +E
o3 H99 agarases o] &
Holl S HH o= HE 71"5—"3) QE]"’E*——] Ay 4t
gt o] AHA S8o| 7T AR /\}EQ_E]K

2 o

qel= A -2 7Y agaraseE Y4HstE ¢ HI
& Bestnt. £ F3E 165 1RNA 7] 471419 244
B2 HE  Pseudoalteromonas espejiana NCIMB2127"
(98.98%), Pseudoalteromonas carrageenovora ATCC126627
(98.78%), TAM12927T
(98.64%), Pseudoalteromonas issachenkonii KMM3549T
(98.63%) T ¥ 45 4E Eth #F H9Z genomic
DNA U G+C =7} 41.56%°]1L &8 FH+=°Z quinone-
85 Z{sta Yok #5 H9Y F8 AWALCE Ci6.07c
(34.3%), Cig0 (23.72%), C15.107c (13.64%) 5°] ZFH A
o.oolzg §8F, AHd B4ol wa 2E HoL
Pseudoalteromonas &2] 422 535} Pseudoalteromonas
sp. H9L 2 sttt 5= H9o| |29 F 2 &H|ot= F
agarasex 40-45°C¢} pH 7.0-8.09] ZAH &2 a4 &
A zton, agaroseE £33l (neo)agarotetraoset
(neo)agarohexaoseS A5 TH #F H9L A EFE ¢
3 F&sHA AHEE 5 don, g YYEs A=

Pseudoalteromonas  atlantica
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(neo)agarooligosaccharide= 7|54 A&, SIAE S9] AH¢]
o fr&stA AHEE & & Aoz 7|dEh
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