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Abstract The phybgenetic diversity of culurable psychrophilic bacteria associated
with sea ice fran the high latitude regions of Canadian Basin and ChukchiSea A re-
tic was mvestigaled A ftotal of 34 psychmpilic strans were isolated using three
m ethods of (iv) dilution plating (at4 C), (@) bath culuring (at— 1 C) and
dilution plating and ( @) cold shock (= 20 C for24 h), bath culuring and dilu-
tion plating under aerb ic conditions Sea-ice sanplesw ere exposed to 20 'C for24 h
thatm ight reduce the number of canmon m icroorganisn s and encourage outgrow th of
psychrophilic strams This process m ight be able to be ntroduced to isolation psy-
chrophilic bacteria fran other environmental sanples n future study 16S DNA near
ly full-length sequence analysis revealed that psychrophilic strains felled n wo phylo-
genetic divisions Y-proteobacteria ( in the genera Cotv elliasM arinobacter Shav anel-
la. G laciecolaM arinanonas and P seudoalteranonas) and Cytophaga-F lex bacterBac-
teroides (F lavobacteruim and P sychroflexus). Fifteen of bacterial isolates quite lkely
represented novel species ( 165 IDNA sequence s ilarity belw 98% ). One of
strains ( BS20002) fran Canadian Basin showed 1007 sequence sin ilarity to that of
M arinobacter sp ANT8277 isolated fran the Antarctic W eddell sea ice suggesting
bacteriamay have a bipolar distribution at the species level
Key words Psychrophilic Novel bacteria Sea ice A ctic

1 Introduction

In recent years the study of psychrophilic organisns has been mtensified fueled m
part by the realization that the physiological and biochen ical adaptation to cold environ-
ments of psychropilesm ay have considerable potential for biotechnological app lications (D’
Amico et al 2006 Georlette et al 2004). A large number of psychrophiles were isolated
fran pemanently cold envirooments fran the deep sea to high mountams and the polar re-
gions which cover aw e range of phylogenetic diversity Polar sea ice is a prinarily origr
nating environment for psychrophiles ( Bowman 200, Brmkmeyer 2003 Den ng 2002
Hemke andW eyland 2004 Staley and Gosink 1999). Furthemore a considerable num-
ber of novel genera and species have been successfully isolated and characterized fran sea
ice (Bowman et al 1997 Bowman et al 1998 Junge et al 2002 Groudieva et al
2004).

M ost researches of the sea ice psychrophiles were carried in Antarctica ( Bowman et
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al 199% Brinkmeyeretal 2003). InArctic attention was paid to fjords of Spitzbergen
(Groudieva et al 2004), Fran Strait ( Brinkmeyer et al 2003 Helke and W eyland
2004), Nomwegian Sea (H elmke and W eyland 2004), and Chukchi Sea ( Junge 2002).
However no mfomation was available about psychropiles in the high latitude regions of Ca-
nadian Basin

In the present study diversity of culturable psychrophilic bacteria associated w ith sea
ice m Canadian Basin and ChukchiSea was mvestigated Isolation and molecu lar phyloge-
netic analysis of A rctic strans were performed m order to discover novel bacteria and ex-
pand our know ledge on biogeography of psychrophilic bacteria

2 M aterials and m ethods

2.1 Sampling stations and sample collection

Samples were collected using aMARK 1I ice auger during the Second Chinese N ational
A rctic R esearch Expedition cruise of the USCGC icebreaker Xue Long mnto the Canada Ba-
sin and ChukchiSea n August 2003 (Fig 1). During sanpling and processing careful
attention was paid to mantaning sterile conditions The ice cores were cut nto 10-an to
20-an sanple sections using a sterile sav. The ice sections were melted at 4 'C i equal
volime unanended pre-filtered (Q 2 Hm pore size) and autoclaved natural seawater

(NSW, fran Sm below the ice).
2. 2 Bacterial isolation

Bacterial strains were isolated using three different methods of ( 1v) spreading plate
method 100 HL of each dilution (1: 10) icemelt sanplewas spread onto the surfacem a-
rine 2216 agar (D IFCO laboratories Detroit M I) and mcubated for 30 to 60 days at4 C;
(@) bath culture and spreading platemethod ImL of sample was added to 9 mL of NSW
and mcubated for 30 days at — 1 C, then spreading plate m ethod was used to isolate bacte-
rial strams fran the pre-culured sanples ( cold shock bath culure and spreading
platemethod sanpleswere exposed to — 20 'C for 24 h  then bacterial strains isolated by
bath culture and spreading plate method under aerobic conditions Isolates were selected
according to the morphological difference of colonies and purified by streak ng technique
A ll pure strains were grown inM arine 2216 broth ( D IFCO laboratories Detroit M 1) and
preserved at — 80 C n 200 (V /V) glycerol

2.3 Tanperature tolerance of the strains

Freezing stored strains were moculated onto marine 2216 agar Upon the colonies
reached the desirable size they were transferred using a sterilized w ire loop onto marme
2216 agar and ncubated atQ § 1Q 13 2Q 2L 25 and 30 C. G row th was monitored
under a stereoscope ( Leica M icroscopy Systeams Lid H eetbrugg Switzerland) at the 64
fold m agn ification

2.4  Seawater requiranents and sodum chloride tolerance
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Bacterial isolates were tested for their requiran ent of seawater n grow th and sod um
chloride tolerance Such testing was carried out using modified M arine 2216 media nclu-
ding 2216 /NSW ( prepared w ith the natural seaw ater), 2216/ASW ( prepared w ith the artr
ficial seaw ater) and 2216/D [ water ( prepared w ith deionized water), or 2216E prepared
with different concentration of NaCl solution ranging fran 0 to 150 g/I. The pH of each
medim was 7 8 The differentm ediaw ere noculated w ith 100 HL pre-culture and incuba-
ted at5 'C with slight shaking (30 rpm) for48 and 96 h G row th was detem ned by m eans

of OD at 600 mm.
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Fig 1 The sanpling stations in the Canadian Basin and ChukchiSea ( adapted fran Liet al 2005).
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2.5 DNA extraction, PCR amplification and Sequencing of PCR products

Bacterial genan ic DNA extraction nearly full-length 16S HNA amplification PCR
products purification and purified PCR products sequencing w as perfom ed as described by
Yuetal (2005). The 16S iDNA nucleotide sequences of the bacterial isolates reported mn
this study have been subm itted to the G enbank and EM BL. data bank The accession num-
bers were given next to the organisns m Table 1

2. 6 Phylogenetic analysis

The 16S DNA nucleotide sequence of bacterial isolate was subm itted to GenBank and
FMBL to search for sm ilar sequences using the BLASI' algoritm. Evolutionary distances
were calculated by themethod of K mura to-param eter calculation model The phylogenet
ic tree was constructed using K mura 2-param eter and paiw ise-deletion model analysis m-
planented in the progran MEGA version 3 1 (Kumaretal 2004). The resultant tree to-
pologies were evaluated by bootstrap analysis based on 1000 replicates

3 Results and D iscussion
3. 1 Isolation of psychrophilic bacteria fran Arctic sea ice

The tem ° psychrophilic’ first tine used by Schm idtN ielsen was to define a bacterial
type which had the ability to reproduce at0 C ( Schm iddtN ielsen 1902 cited inH elnke and
W eyland 2004). In this early definition the m mmum grow th temperature was only consid-
ered and sane confusion arose because of the lack of differentiation bew een ‘ cold-loving’
and ¢ cold-tolerant’ adaptation types M orita ended the confusion with a new defmition in
1975 He assigned the tem ° psychrophilic’ to those m icroorganisn s whosem mmum, op-
tmun. and maxmum erow th tampveratures are at or below Q 15 and 20 C. respectivelv
while m icroorganism s w ith a higher grow th optmum and maxmum were called * psychrotro-
phic’ ( nowadays replaced by © psychrotolerant’ ) (Morita 1975). This definition is still
canmonly used today A lthoughM orita’ s definition has in principal been proven to be use-
ful the cardinal temperatures should be reconsidered on the basis of ncreased numbers of
cold adapted bacteria isolated fran various habitats and in the licht of new ecological data
Considering the quite a number of bacteria living in the different cold environments which
surpass the 20 C Im it by only few degrees Helmke andW eyland ( 2004) proposed to in-
troduce an additional group of * moderate psychrophiles’ with am nmum grow th tempera-
re of SO C and amaxmum grow th tanperature ranging fran 20 °C t0 25 °C. In A retic
sea ice a consilerable number of moderate psychrophilic bacteria were found (H elnke and
W eyland 2004). So we appont the temn  psychrophilic’ for those bacteria which meet

M orita’ s definition orH elnke and W eyland’ s definition n this study

A total of 34 psychrophilic strans were isolated fran A rctic sea ice using three differ-
entmethods W e found that of 34 strans 9 were isolated by m ethodiv belonged 4 different
genera 10 by method belonged to 3 genera and 15 by method @9 belonged to 7 genera
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(Table 1). The cold shock process resulted m even higher psychrophilic isolates Only a-
bout 40% of A rctic sea-ice isolates w ere psychrophilic bacteria based on results of G roud r
eva et al (2004) and our study ( date not shown). Sea-ice sanples were exposed to
- 20 °C for 24 h thatm ight reduce the number of canmon m icroorganisns and encourage
outgrow th of psychrophilic strains

A1l isolates had been shown to have an obligate grow th requirament for sali and grew
better on media prepared w ith the natural seaw ater than on those prepared w ith the deion-
ized water Phylogenetic analysis of the nearly canplete 16S 1DNA sequences of these iso-
lates mdicated that they were closest hanologous to same bacteria fran marine environ-
ments Those results confimed these strains as bona fide marine organiams A majority of
psychrophilic isolates were slight halophiles grow ng over a relatively w ide range of salinr
ties Concurrently the salinity within sea ice was known to vary w idely on both temporal
and spatial scales during the ice form ation process (A ckley and Sullivany, 1994). The ten-
perature w ith the canbmnation of salinity stress m ight prinarily control on the selection of
psychrophilic bacteria n the sea ice environment

3. 2 Phylogenetic analysis

A ll of the psychrophilic isolates fell mto wo phylogenetic groups the Y-subclasses of
Proteobacteria and the Cytophaga- F lex bacter-Bacteroides ( CFB) group (Table 1). Thirty
wo of strains were affiliated w ith the Y-subclasses of Proteobacteria and wo w ith the CFB
group W ithin the Y-subclasses of Proteobacteria the isolates were belonged to generaCol-
wellia, Glaciecola, M arinobacter, M arinanonas P seudoalteranonas and Shavanella. And
other wo isolates fallng nto CFB group were identified as themembers of genera F lavobac-
terum and P sychroflecus F ifteen of strains quite lkely represented novel species ( 16S 1D-
NA sequence sm ilarity below 98% ( Stackebrandt and Goebel 1994 Suau et al 1999
Paster et al 2001) ). But the novel bacteria at a higher taxonan ic levelw ere not found

W ithin the genus Colvellia, wo candidates for novel species existed anong our
strans Stran BS120517 was phylogenetically closely related to Colv ellia hornerae ACAM
607T with 97 9% smilarity and to othermeanbers of this genus with 95 8—97 7% st
larity Strain BS20537 showed 98 0% of siilarity to C. aeswarii KCTC 12480 and
94 3—9G Fo of smilarity to othermanbers of this genus ( Fig 2a).

Strains BS220138 and 170 w ith 99 8% sequence dentity fell n the genusG laciecola.
Strain 170 w as selected as a novel species candidate which was phylogenetically closely re-
lated 1o G laciecola mesophila KMM 241" w ith 96 8% s ilarity and to otherm embers of this
genusw ith 93 3-96 3% (Fig 2b).

One large group consisting 8 straing represented by isolate BS20001, was found to
belong to the genusM arinobacter. They possessed high 16S DNA sequence sm ilarity of
99 599 %% to each other The type stram BSi20001 was phylogenetically closely related
toM arinobactermaritinus CK47 with 97 4% sm ilarity and to otherm embers of this genus
with 94 0-96 0% (Fig 2c).

The last novel species candidate was found in the genus M arinanonas Strain
BS20328 clustered w ithM arinan onas polaris CK13T (96 Mo sequence sm ilarity), and
showed sm ilarity of 93 5-06 Fo 1o other species n this genus ( Fig 2d).
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A _ le Colwellia psychrotropica ACAM 179" (U85846)
. . T

55 Colwellia rossensis ACAM 608 (U14581)
%0 — Colwellia maris JCM 10085" (AB002630)
54, —— Colwellia piezophila JCM 118317 (AB094412)
Colwellia demingiae ACAM 459" (U85845)
80 Colwellia psychrerythraea ACAM 557" /AF001375)
l Colwellia homerae ACAM 607" (LB5847)
BSi20517 (DQ007432)
[—*‘-‘ Colwellia aestvarii KCTC 124807 (DQ055844)
BSi20537 (DQ007434)

Thalassomonas viridans XOM25' (AJ294748)
Thalassomonas ganghwensis JC2041" (AY194066)
Thalassomonas agarivorans TMA1T (DQ212914)
100 Thalassomonas loyana BA-3' {AV643537)

100

0.00%

74 Glaciecola chathamensis S18K6' (AB247623)
99 Glaciecola polaris LMG 21857" (AJ293820)
Glaciecola mesophila KMM 2417 (AJ488501)
170 {DQO07436)
Glaciecola pallidula ACAM 615 (U85854)
Glaciecola punicea ACAM 611" (UB5853)

99

0.005

Marinobacter algicola DG893" (AY258110)

¢ Marinobacter flavimaris SW-145" (AY517632)
_(—'— Marinobacter lipolytious SM-19" (AY147906)

m —— Marinobacter sediminum R65' (AJ609270)

58 Marinobacter bryozoorum 50-117 (AJ609271)
89— Marinobacter gudaonensis 61AT (DQ414419)

Marinobacter koreensis DD-M3 (DQ325514)

g1

54 Marinobacter lutacensis T5054" (AF288157)
Marinobacter maritimus CK47" (AJ704395)
Marinobacter sp. 1-Ca (AY770011)

Marinobacter sp. ANT8277 (AY167267)

BSi20001 (DQ007437)

BSi20002 (DQ007438)

100 L_ Marinobacter aquaeolei VT8' (AJ000726)
Marinobacter hydrocarbonoclasticus (Y16735)

Marinobacter daepoensis SW-156" (AY517633)
Marinobacter alkaliphilus ODP1200D-1.5" (AB125942)

99

76

- Marinobacter vinifirnus FB1' (DQ235263)
08 Marinobacter excellens KMM 38097 (AY180101)
75 Marinobacter litoralis SW-45" (AF479689)
—

0.005

97



98 Yu Yong et al

_131 Marinomonas aquimarina 11SM4" (AJ843077)
N 1 Marinomonas communis LMG 2864" (DQ011528)
Marinomonas vaga ATCC 27119 (X67025)
Marinomonas mediterranea MMB-1" (AF063027)
Marinomonas dokdonensis DSW10-10" (DQ011526)
Marinomonas ushuaiensis U1" (AJ627908)
Marinomonas pontica 46-16" ( AY539835)
Marinomonas primoryensis KMM 3633 (AB074193)
0 'I Marninomonas polaris CK13" (AJ833000)

BSi20328 (DQ492749)

64

p—

Fig 2 l-’hybgenetuigofiendmgran of novel psychrophilic bacterial isolates and related species based on 16S 1IRNA
gene hanology The tree was constiucted using the neighbor-pning method Numbers at nodes repre-
sented percentage levels of bootstrap support (% ) based on a neghbor-jpning analysis of 1000 re-sam-
pled datasets GenBank accession numbers of 16S IRNA sequences are given in the parentheses Scale
bars correspond to aQ Fo divergence n nucleotide sequence

The polar sea ice bacteriaw ere particu larly appropriate to study regard ing bacterial br
ogeography because of the dispersal of psychrophilic bacteria beween the north and south
poles being extramely difficult Staley and Gosink ( 1999) suggested that bacteria had abr
polar distrbution at genus level butwere endan ic to the north or south polar environment
at species level However Jungeetal (2002) discovered for the first tme an A rctic iso-
late (Shavanella frigidinara) which showed 1006 16S DNA sequence ( about 550 bp)
s ilarity to the same isolate fran Antarctica Furthemore one of our strains ( BSi20002)
fran Canadian Basin w as phylogenetically closely related to the AntarcticW eddell sea ice
solateM arinobacter sp ANT8277 with 10006 sequence s ilarity at 1493bp level ( Fig
2C). Therefore the earlier suggestion of Staley and Gosink should be revised The sane
species of bacteria also occurred at both A rctic and A ntarctica

4 Conclusions

1) Sea-ice sanpleswere exposed to — 20 °C for 24 h thatm ight reduce the number of
canmon m icroorganigns and encourage outgrow th of psychrophilic strans This process
m ight be able to be mtroduced to isolating psychrophilic bacteria fran other environmental
sanples in future study.

2) Five candidates for novel species were found m our psychrophilic isolates

3) Based on our results and that of Junge et al , the earlier suggestion of Staley and
Gosmk should be revised The bacteria not only had a bipolar distribution at genus level
but also at species level
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