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Abstract Phylogenetic analysis based on 16S DNA of 8 strains of cultivable bacterr
a isolated fran Arctic sea-ice was studied The results showed that stran BJ1 be-
longed to genusP lanococcus which was a genus of low mole percentG + C gram -post
tive bacteria strain BJ6 belonged to genus Burkholderia of B- proteobacteria and the
rest 6 stran all belonged to Y-proteobacteria of which stram BJ8 was a species of
P seudoalteranonas strain BJ2-BJS and BJ7 were manbers of genus P sychrobacter.
Phy logenetic analysis also indicated that bacteria of genusP sychrobacter of the isolates
fomed a relatively ndependent phylogenetic cluster in canparison w ith other bacteria
belonged to genus P sychrobacter.
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1 Introduction

Existence of sea ice is an ephaneral feature of polar regions making it one of thema-
jor bianes on the planet M any planktonic organians mclhiding viruses bacteria  algae
protists flatvom s and snall crustaceans stick ta or are caught anong ice crystals rising
through the waterwhen surface w ater freezes m autumn Subsequently as the ice grow s and
consoldates the organisns becane trapped within the brine channels Hence a diverse
group of organism s is alost mstantaneously confined to a new habitat that is quite different
fran the one fran which they are recruited ™. The relative developm ent and canplexity of
the Sea-ice M icrobial Canmunities (SMCO) is prmarily detem med by physical forces
Changes in salinity are the dan mant factor in extemal chem istry to mfluence the biological
assamblages w ithin the sea ice In any case sea ice is a biologically active habitat and
where on a per volum e basis bianass ismore productive than that n the underly ng pelagic
zone 7.

Bacterial activity and populations i sea ice are tightly dependent upon algal prinary
productivity playing an mportant role n secondary m neralization of dissolved and particu-
late organicmatter . At certain tines bacteria can dan inate w ithin sea-ice habitats in
general] though they make up only a small proportion of the total SMCO bimass M ost
bacteria isolated fran sea ice have found to be pignented highly cold-adapted w ith both
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free-living and epiphytic bacteria present same are able to fom gas vesicles Extensive
cultivation and identification of bacteria fran SMCO idicated that about half of the taxa r
solated are psychrophilic while the rest are psychrotrophic M ost taxa isolated fran sea ice
belong to Y-proteobacteria and the Cytophaga-F lavobacterim-Bacterods ( CFB) dwr
sion ' MY,

8 strains of bacteria were isolated fran the sea-ice sanples collected during Chnese
2nd A rctic Scientific Expedition their phylogenetic positions were identified by neighbor-
joining method based on 16S DNA alignment and analysis

2 Materials and M ethods
2. 1  Sample collection and isolation of cultwable bacteria

Sea-ice was collected during Chmese 2nd A rctic Scientific Expedition ( location 73°
35’N, 168°45°W; tme August3 2003). The sanplewas kept in aseptic plastic ware at
— 20 C until cultivable bacteriaw ere isolated The culturemedium and procedure of isola-

. . 19]
tion was as LLin

2.2 Amplification and sequencing of 16S MINA

The procedure of DNA preparation and perform ance of PCR amplification of 16S iDNA
was as Yang o

Amplified IDNA were separated by electrophoresis on 1. 0% (W /V) agarose gel and
then purified by DNA extraction kit (Takara). The PCR fragnents were cloned mto vector
M D-18T( Takara), followed by transfom ation nto E scherichia coli DH5a. R estriction a-
nalysiswas adopted to confim the white colonies contamed the plasn id with the msert
Positive cloneswere kept at — 80 C mn LBmedium contaning 15 glycerin and 100Hg /m |
anpicillin

Sequencing was canpleted with wo priners R (RVM, 5° GAGCGGATAA-
CAATTTCA CAGG3’) and F(M 1347, 5° CGCCAGGGTTTTCCCAGTCACGAC3’). Clone
sequences w ere edited by DNAMAN and about 1 5 kb of the sequences were used mn the
follow ng analysis

2. 3 Phylogenetic analysis

The sequences of 16S IDNA obtamned fran 8 strains were canpared to 16S 1IDNA se-
quences available mn the GenBank by BLASI search ( http //www. ncbi nln. nih gov/
blast/blast cgi). 16S DNA sequences were aligned using the C lustalv multip le-alignm ent
progran ( ClustalW. ). Sites mvolving gaps were excluded fran all analysis Phylogenetic
and molecular evolutionary analyses were conducted usingMEGA version 3 0/

3 Results and D iscussion

3.1 Isolation of cultwable bacteria and analysis of physiological and biochen ical character-
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istics

A rctic sea-ice had highly active meanbers despite the extrane conditions in sea-ice 8
strains w ere isolated according to their grow th on plates and identified by their distinct colo-
ny morphology ncluding size pignent and growth tme One ranarkable result of sea-ice
m icroorganisn s was that the cultivable fraction and the PCR -detected fraction of bacteria n
sea-ice strongly overlapped The cultivability of A rctic sea-ice bacteria can reach 6%, ac-
cording to Junge et al whereas canmon cultivabilitv for most sea-w ater bacteria was less
than Q 01% "', This character favored isolation of cultivable bacteria fran Antarctic and
A rctic sea-ice The physiological and biochen ical character of the 8 strams of bacteria iso-
lated fran A rctic sea-ice were sunmarized in table 1L A 'll the isolates were gran-negative
except BJL. A1l the isolates were aerobic or facultative anaerobic Indole test H,S test
MR test VP test and ONPG testwere negative for all strains

Table . Physiological and biochan ical character of the 8 strams of bacteria isolated fran A retic sea-ice

strain

BJ1 BJ2 BJ3 BJ4 BJ5 BJ6 BJ7 BJ8
chamacteristics
m orphology bulbifom rod shape wd shape rod shape rod shape rod shape rod shape rod shape
size LO~12Mm 10x28dm 08x22Hm LOxX30Mm 0 7x20Mm 09x2 7Hm 05x16Hm 1 0x2 2Hm
G ram G* G~ G~ G” G~ G~ G~ G~
reaction
oxveen serob ic facultative  facultative  faculiative  faculative serob ic faculiative  facu ltative
yee ae ’ anaerobe anaerobe anaerobe anaerobe ae ' anaerobe anaerobe
calalase + + + + + + + +
ox kase B + 3 + B B 3 +
lest
nitrate
! - + + + + + + -
reduction
gelatin _ _ 3
liquefaction + + + +
ndole
test - - - - - - - +
H2S test - - - - - - - -

MR - - - - - - - -

VP - - - - - - - -
ONPG - - - - - - - -
urease - - - - - - - -
lysine _ 3 _ _ _ _ B .

decarboxy lase

omith ne B B 3 B B B 3 +
decarboxy lase

arginine + + + + + + + +
decarboxy lase

arginine + + + + + + + -

dihydrolase
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3.2 16S NA sequencing and analysis

Amplified 16S DNA of 8 strains of bacteria were sequenced The sequences with a-
bout 1L 5 kb in length were aligned and canpared w ith the 16S DNA sequences fran G en-
Bank by BLAST search 8 closestmatch reference stramswere listed in Table 2 The 16S
IDNA sequences of 8 strains were deposited to GenBank nucleotide sequence database w ith

the accession numbers DQ 298404-D(Q 298410 and EF627986

Table2 Hanobgy canparison of 16S 1DNA sequences of the 8 strains of bacteria isolated fran A rctic sea-ice

stram accession number C losestm atch(% sm ilarity) accession num ber Phy him
Bl D(Q 298405 P lanococcus sowthpolaris strain 840r( 98 52) A J314747 Fim icutes
BJ2 DQ 298406 P sychrobacter sp DVS150R ( 99 60) AY 864645 Y-Proleobhacteria
B3 DQ 298407 P sychrobacter sp DVS150R (99 93) AY 864645 V-Proteobacteria
BJ4 DQ 298408 P sychrobactersp DVS150R (99 86) AY 864645 V-Proteobacteria
BJ5 DQ 298409 P sychrobacter sp DVSISO0R (99 73) AY 864645 ¥Y-Proteobacteria
BJ6 EF627986 Burkholderia sp oral clonr AK168( 98 79) AY 005032 B-Proteobacteria
BJ7 DQ 298410 P sychrobacter cibarius stram JG-220( 99, 61) AY 639872 Y-Proteobacteria
B8 DO 298404 P seudoalteranonassp 2-3-6-2( 99 _80) AY 383040 ¥-Proteobactleria

16S IDNA sequences of strans BJ2-BJ5 and BJ7 were 9% sm ilar to that of genus
P sychrobacter, strain BJ1, BJ6 and BJ8 were 98%, 98k and 99% sm ilar to that of genus
P lanococcus Burkholderia and P seudoalteran onas respectively In general the 16S 1DNA
sequence hanolog should be higher than 98% anong species while no less than 930 ~
9% among genusl 1 The strans BJ2-BJ5 and BJ7 may be ranged asmeambers of genus
P sychrobacter. Strain BJ1, BJ6 and BJ8 may be categorized as am anber of genusP lanococ-

cus genusBurkholderia and genus P seudoalteran onas respectively
3.3  Phylogenetic analysis

A phylogenetic tree of the 8 strams constructed w ith the neighbor-jpoining method of
progran MEGA 3 was shown m Fig 1 Stran BJ2-BJ5 and BJ7 all belonged to Y-Proteobac-
teria  Pseudanonadales M oraxellaceag Psychrobacter. Stramn BJ8 belonged to Y-Pro-
teobacteria alteranonadales Pseudoalteranonadaceae P seudoalteranonas Stran BJ1 be-
longed to bacteria Fim icutes Bacillales Planococcaceag P lanococcus Stram BJ6 be-
longed to Bacteria B-Proteobacteria Burkholderiales Burkholderiaceag Burkholderia.

16SRNA sequence analysis of bacteria in A ntarctic sea-ice revealed that psychrophilic
strains belonged to the genera Colv ellia, Shavanella, M arinobacter, P lanococcus and no-
vel phylogenetic Ineages adjacent to Colv ellia and A lteran onas and w ithin the F lex ibacter-
BacteroidesCytophaga phylm. Psychrotrophic strains were found to be meanbers of the
genera P seudoalteranonas P sychrobacter; H alanonas P seudanonas H yphanonas Sphin-
ganonas Arthrobacter Planococcus and H alobacillus ™. Sea-ice bacteriaweremainly cat-
egorized mto 4 kinds Proteobacteria CFB, low mole ratio G+ C gran-positive bacteria
and highmole ratio G+ C gran -positive bacterid . Brinkmeyeretal ' conducted a can-
prehensive assessment of bacterial diversity and canmunity n A rctic and A ntarctic pack ice
through cultivation and cultivation-independent molecular techniques The results showed
that Y-Proteobacteria was the dan inating group in their sea-ice sanple and a few B-pro-
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teobacteria w as detectable Our results were consistentw ith conclusions above The 8
Psychrobacter cibarius(AF639872)

it -Psychrobacter sp. BJ5(DQ298409)
1 Psychrobacter sp. BJ3(DQ298407)

514Psychrobacter sp. BJ2(DQ298406)
Psychrobacter sp. BJ4(DQ298408)

73 L
5 Psychrobacter sp. BJ7(DQ298410)
89" Psychrobacter sp. DVS150R(AY864645)
8
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106 Psychrobacter glacincola(AJ312213)
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Pseudoalteromonas sp. ICO13(U85859)
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6
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9 Pseudoalteromonas YAAJ-9(DQ186668)
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98
6
9

100

_|_—Bw'kho!a'er:'a sp.(AY005032)
66

Burkholderia sp.BJ6(EF627986)

Planococcus psychrotoleratus(AF324659)

Planococcus southpolaris(AJ314747)
100 -|
79 Planococcus sp. BJ1(DQ298405)

0.02

Fig 1 Phylogenetic tree of 8 strains of bacteria isolated fran A retic sea-ice

stains belonged to genus of P sychrobacter, Burkholderia, P seudoalteranonas and P lanococ-
cus repectwely, ofwhich Psychrobacter and P seudoalteran onas belong to Y-proteobacteria
Burkholderia belonged to B-proteobacteria P lanococcus belong to low mole ratio G + C
gran -positive bacteria P sychrobacter, P seudoalteranonas and P lanococcus were all mean-
bers of gran -negative psychrotrophic genera

Bacteria of Genus P sychrobacter were the mam species of cultivable bacteria isolated
fran the A retic sea-ice sanple n our study The genusP sychrobacter w as created by Juni&
Heym to accanmodate a group of nonotile oxidase-positive non-pignented chiefly psy-
chrotolerant often found as diploforms measurng Q 4-1 8 by Q 40 8 Hm i sizg¢ Gramn-
negative rods or coccobacilli isolated fran the skin of fish and chickens and fran various
processed foods . Psychrobacter is a genus w ithin the ganm a-proteobacteria which be-
longs to Pseudanonadales M oraxellaceae These bacteria live n extranely cold hab itatg
such as Antarctic ice soi]l and sediments aswell as n deep sea envirooments (‘http //
m icrobew ki kenyon edu/index php/Psychrobacter).

Phylogenetic analysis also mdicated that cultivable bacteria of genus P sychrobacter of
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our study fomed a relatively ndependent phy logenetic cluster m canparison w ith other bac-
teria belonged to psychrobacter genus However the general sm ilarity of bacterial phylo-
types in A rctic and A ntarctic pack ice mplied that the sane selective m echanisn s occur at
the both poles Analysis at the conservative gene level of 16S 1DNA was not sufficient to de-
tem ne if the sane species occurred at the both poles O ther analytical methods such as
DNA -DNA hybridization could elucidate diversity that was not detected by 16S 1DNA gene
sequencing . Ttwas still uncertain whether A retic sea-icem ight have a relatively particu-
larm icrobial population unless othermore detailed phylogentic analysis was carried out
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