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Abstract Bacterial diversity in sea ice brine sanples which collected fran four sta-
tions located at the Canada Basin A retic O cean was analyzed by PCR-DGGE Twen-
ty=three 16S DNA sequences of bacteria obtained fran DGGE bands were cloned and
sequenced Phylogenetic analysis clustered these sequences w ithin ¥Y-proteobacteria
Cytophaga ¥ lecibacterBacteroides (CFB) group F im icutes and A ctinobacteria The
phy lotype of P seudoalteranonas i the Y-proteobacteria w as predan nant and m eanbers
of the CFB group and Y-proteobacteria were highly abundant in studied sea ice brine
samp les

Key words sea ice bring Arctic bacteria 16S 1DNA, phylogenetic

1 Introduction

M ajority of the A rctic O cean is covered by sea ice formost of the year with the area
varying beween 7 and 14 x 10° km® seasonally (G radinger and Zhang 1997). Sea ice w ith
tem perature ranging fran 0 to — 35C (Haasetal 1997) is an mportant and extram e hab-
itats on Earth formarmne life Once sea ice fomed fran seawater it is a sem isolid matrix
being pemeated with a labyrinth of brine-filled channels and pockets Such a sem iren-
closed or even canpletely enclosed ecosystan is a m icrohabitat characterized by highly
changeable salmity aciity dissolved gas and light signatures ( E icken ez al 200Q Than-
as and D ieckm ann 2002), and mwhich very heavy highly active and diverse sea-icem r
crobial canmunities ( SMCO ) develops annually (Homer et al 1992 Grossnann and
Dieckmann 1994). Sea-ice m icrobial canmunities lvemamly m brme channels and pock-
ets n the icematrx which play a significant role n the marine food webs of the A rctic O-
cean Itwas believed that heterotrophic bacteria represent amajor group w ithin sea icem r
crobial canmunities ( Sullivan and Pal isano 1984 Staley and Gosink 1999 M ock and
Than as 2005).

The phylogenetic diversity of sea-icem icrobial canmunities has been studied mamnly n
the Antarctic (Bowman et al 1997 Brown and Bowman 2001, Brinkmeyeret al 2003).

Just recently has the diversity of A rtic sea-ice bacteria been nvestigated by Brown and Bow -
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man (2001) and Brinkmeyeretal (2003 2004), canbining both cultivation and cultiva-
tion-independentm ethods It has been found that the A rctic and Antarctic sea ice bacteria
fall mto 4 major phylogenetic groups mcluding a-proteobacteria Y-proteobacteria Cytoph-
aga T lexibacterBacteroides ( CFB) group and Gram-positive ones ( Brown and Bowman
200L Junge et al 2002 Brinkmeyeret al 2003 Groudieva et al 2004). In addition

the phylotypes of both regionswere found to be highly sm ilar each other In this study, the

phylogenetic d wersity of bacteria in sea ice brine sanples of four stations located at the Can-

ada Basin A retic O cean was studied using PCR-DGGE
2 Materials and m ethods
2.1 Sampling

Four Sea ice brine sanples used i this study were collected fran the Canada Basin of
the A rctic O cean during the Louis S St-Laurent W ACS/NOAA Canada Basin expedition
fran 19th to 28th August 2002 (Table 1). A fier the sea ice coreswere taken hy MARK (©
at 4 stations the brine sanples were collected into sterile plastic bottles and kept at 4°C.
W hen reuming to the lah the brine samples ( 1500~ 1900 m 1) were filtered through a
W haman filter (Q 22 Pm pore size). The filterwas put in a sterilized 2 m | centrifuge tube
and kept frozen at — 80C until DNA extraction

Table 1 Sites and tine of brine samples
Station Designated sanple Latitude and longimde Date Volme (ml)

1 8 72°52 588N, 136°32 218W 19th Aug 2002 1500

2 12 73°30 059N, 136°59 012'W 21stAug 2002 1900

3 22 73°30 596'N, 136°59 980'W 22nd Aug 2002 1600

4 45 76°49 154'N, 148°18 438'W 28th Aug 2002 1900

2. 2 DNA extraction

For total DNA extraction m icroorganisn s w ere w ashed off the filter by rinsing the fil-
terw ith lytic buffer (50 mM TrisHC] pH 8 @ 20 mM EDTA, 50 mM sucrose). A fter
centrifugation the cells were re-suspended n Q Sml lytic buffer 15 mg of lysozyme was
added n and m xed The m xture was incubated at roan tenperature for 10mn A fter
adding SDS and proteinase K to final concentrations of 1% ( v/v) and 100 Hg/m | respec-
tively them xture was ncubated at 37°C for 30m n and then at 55°C for I0Om n DNA was
obtamed fran the lysates using standard phenol-chlorofom extraction and ethanol precip ita-
tion procedure The pellet was suspended n 20 H1 sterilized M ill{) water RNA was re-
moved by incubating the DNA solution w ith SU DN ase-free RN ase at 37°C for 15 m in
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2.3 Amplification of 16S IRNA genes

Nearly full-length 165 DNA was anplified fran genam ic DNA follow ng the method
described by Bosshard et al (2000) with the primers 8f 5'-AGA GTT TGA TCC TGG
CTC AG-3" and 1492r 5'-GGT TAC CTT GTT ACG ACT T-3. Amplification was carried
out m 50 M1 reaction vome containing 1 X buffer L SmM MgCL 200 Hmol ANTP each
kinds 1U Tag DNA polymerase ( Pranega Gemany), 10 pmol primers ( each direc-
tion), and 1 P1 tenplate DNA. PCR was carried out by denaturing at 95C for3min fol
low ed by 25 cycles of denaturing at 95C for Im in  annealing at 50°C for Im in and exten-
ding at 72C for 2min and a final extension at 72°C for I0min For DGGE analysis a
nest-PCR was carried out The prmers for anplifying eubacterial 16S 1RNA genes were
341f wih GC clamp ( 5'-CGC CCG CCG  CGC GCG GCG  GGC GGG GCG
GGG GCA CGG GGG G CC TAG GGG AGG CAG CAG-3") and 534r (5 -ATT ACC GCG
GCT GCT GG -3!) as described by Muyzer et al (1993). 1 H] of the first PCR product
was used as the tanplate of the second amplification in a 50 B 1 reaction volum e containing
200 Hmol each of ANTP, 10 pmol each of prmers 1U ofT'ag DNA polym erase ( Pran ega
Gemany), and 5 Hlof10 xPCR buffer (100mM TrisHC] 15mM M gCh, 500mM KCJ
pH 8 3). The themocycling progran inclided an mitial denaturation at 94C for 4m in
follow ed by 30 cycles of denaturation at 94°C for 30s annealing at 58°C for 30s and exten-
sion at 72C for Imin and a final extension at 72°C for 7m in  An aliquot of PCR products
was electrophorezed m QO 8% agarose gel Gelwas stamed with ethidim bran ide and re-

coded using an ultraviolet analysis system.
2.4 DGGE analysis

DGGE analysis was carried outw ith the D-CODE unwersal mutation detection systan
(BioRad USA). Approxmately 700 ng of PCR product was loaded each lane PCR
products were separated m Q 75mm 8% volvacrvlan ide denaturant eradient eel ( acrvlam-
de: bisacrylanide 37 50 1) in 1 X TAE buffer at 200V and 60°C for 4hrs Denaturant
gradient ranged fran 30 to 6000 lmnearly ( 10070 denaturantw as defned as 7M urea and
40 foman ide). The gels were stamed for 30m m w ith ethidum bran de and visualized
under UV irradiance The number of operational taxonam ic unit (OTU ) for each sample
was defined as number of DGGE band found mn that sample

2.5 16S DNA sequencing

A total of 23 bands (Fig 1) were excised fran the DGGE pattems Excised band w as
suspended i 20 1 of sterilized M illf) water and kept at — 20°C ovemicht The supema-
tantwas collected after centrifugation at 12 000 g for Im n at roan temperature 1 HI of
such supematantwas used for re-amp lification w ith priners 341 fw ith GC clanp and 534r
The PCR productwas ligated nto MD-18 T V ector (TAKARA, JAPAN) follow ingmanu-
facturer’s instruction and transfored into E. coli DH5a. The plasn id contamning mserts
were sequenced w ithM 13 foward prmer using an ABI PR ISM  autan atic sequencer (model
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377).

2. 6 Phylogenetic analysis

The sequences most smilar to the obtamed ones were found through BLAST search
((http //www. nchbi nln. nth gov) aganstGenBank Database and retrieved A 1116S DNA

sequences w ere aligned using clustalmultiple-alignm ent progran ( ClustalW ). In such a-
lignment prmer corresponding region were mclided Phylogenetic treeswere mnfered and
bootstrap analysis ( 1000 replicates) was perfomed w ith MEGA version 3 1 (Kumaret al

2004).

2.7 Nucleotide sequence accession num bers

Nucleotide sequences have been deposited in the GenBank database under the acces-
sion numbers DQ 838467 to DQ 838489

3 Results

3.1 DGGE

The V3 region of 16S RNA gene of bacteria retrieved fran the sea ice brine sanples
collected fran the Canada Basin were anplified and profiled usng DGGE As showed m
Fig L DGGE profiles of different sanples were canplex and distinguishable each othey
and that each sanple was canposed of a set of bands ( at least 10 distinguishable bands).

M any of the DGGE bandswereweak mplying they correspond to relatively low abundance
of tanplate (Del.ong and Pace 2001). DGGE revealed also that san e bandsw ere shared by

samp les

Fig 1 DGGE profiles of 16S DNA V3 region of sea ice brine sanples The bands
marked w ith “0” were excised clned and sequenced
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Table 2 Phylogenetic affiliations of 16S IDNA sequences in this study and their detection in sea ice brine san-

ples (+ positive — negative)
Detection n
Band Pll'\_"]flgtfljﬁti(.' M ost closely I'('?Id!,('?(l sequence Sin ilarity Source brine san ples
affiliation and the accession number v(% )

45 22 12 8
Cl Y-proteobacteria  AY 167313 P seudan onas sp. ANT92 99  Antarctic pack ice + + + -
c2 Y-proteobacteria  AM 111024 Stenotraphan onas sp 7022 98  Deep sea sediment + + +
C3 Y-proteobacteria AY 771728 P seudoalteram onas nigrifaciens S3-28 99  Arctic bacteria + - - -
C4 CFB DQ 186953 Polaribacter sp  clone SBI104_ 133 98 A rctic Ocean + + + +
C5 CFB AY 167338 Bacteroides bacterum ARK 10264 99  Arctic pack ice - - - -
Co CFB AY 921684 clone AKYH 1027 87  Soil near to a silage storage - - + -
C7 CFB DQ 129648 clone AK W 814 95  Urban aersol + + + -
C8 Y-proteobacteria  AF468287 clone ARK A -103 95  Arctic pack ice K - ki i
c9 Y=proteobacteria AY 771728 P seudoalteran onas nigrifaciens S3-28 98  Arctic bacteria - - + +
C10  v-proteobacteria AF539778 P seudoalteranonas sp RE2-11 99  Biofilns of themarime alga - - - -
C11 Y-proteobacteria  DQ 537521 P seudoalteram onas sp BS20629 98  Arctic Sea ice - - + -
C12  ¥-proteobacteria DO 517877 P seudoalteranonas sn BS20590 99  Arctic sea ice - - - +
C13 Fim icutes DQ 239694 Enterococcus faecalis stran D3 99 / - - - -
C14  vY-protecbacteria AF469307 clone 33-PA60B00 100 Subseafloor habitat -+ + +
C15  Y-proteobacteria AY 771728 P seudoalteran onas nigrifaciens S3-28 99  Arctic bacteria + + -
C17 CFB AY 238335 Flevibacter sp MDA 2495 95 A patient’ s sputum + + +
C18  vY-proteobacteria DQ 517880 P seudoalteranonas sp BSR20673 100 Arctic sea ice + + +
C19  vY-proteobacteria AY 167267 M arinobacter sp ANT8277 100 Antarctic pack ice - + + +
C20 CFB AY 258121 bacterum DG 887 99  Associated with the shellfsh -+ + +
C21 CFB AY 167338 Bacteroides bacterim ARK 10264 99  Arctic pack ice -+ + -
C22  Y-proteobacteria AY 167267 M arinobacter sp ANT8277 98  Antarctic pack ice + - - -
C23 Actinobacteria  DQ 449553 clone lee-10K-112 99  Arctic fiord ice - + + B
C24  Y-proteobacteria DQ 060402 M arinobacter sp_ BS 20041 98  Arctic Sea lee + — — -

3. 2 Phylogenetic analysis

Twenty-three mdividual bands were sequenced fran the DGGE gels (Fig 1). The
lengths of the resolved partial 16S DNA sequences varied fran 174 to 194 nucleotides A f
ter a BLAST search the phvlogenetic affiliations of the seauences obtamed mn this study
w ith their sm ilarities ( 87 to 100% ) to their closely related known sequencesw ere shown in
Table 2 E ighteen sequences showed the highest sin ilarities to GenBank sequences of bac-
teria origmnating fran marine envirooment especially the Antarctic and A rctic sea ice A ll
16S DNA sequences derived fran sanpleswere clustered mto four phylogenetic groups n-
cluding v-proteobacteria CFB groun Fim icutes and A ctinobacteria( Table 2). Fig 2
showed the phylogenetic relationships of the sequences isolated n this study w ith those re-
trieved fran database

A total of 14 sequences were grouped into Y-proteobacteria M ost of the sequences
were closely related to species previously isolated fran Antarctic and/or A rctic sea ice
These sequences were found to belong to 3 known genera includ ing P seudoalteran onas
M arinanonas and Stenotrophanonas (Table 2 and Fig 2). The sequences of the genera
P seudoalteranonas were dan mant which mclide sequences C1, C3 C9 CI1Q Cl11,
Cl12 Cl14 CI15 and C18 The band/sequence C1, which was present in four brine sanples
(Fig 1), had 9% sm ilarity toP seudanonas sp. ANT92 isolated fran Antarctic pack ice
( Brinkmeyer et al 2003). Sequences C3 C9 and C15 were closely related to P seudoalter-
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anonas nigrifaciens S3-28 isolated fran deep-sea sediment of the east Pacific O cean Se-
quences C11, C12 and C18 clustered w ith genera P seudoalteran onas were highly sm ilar to
sequences of bacterial strans isolated fran A rctic sea ice by us The sequence C10 was on-
ly present n sea ice brine § with 9% sm ilarity to P seudoalteranonas sp RE2-11 isola-
ted fran the biofims ofmarme alga Sequence C14 show ng 10000 sm ilarity to uncultured
bacterial clone fran subseafloor habitat Axial Volcana Three sequences (C19 (€22 and
C24) were related toM arinanonas sp  fran Arctic and Antarctic sea ice w ith sin ilarities
ranging fran 98% to 1000o. Only one sequence (C2), which was detected m all lanes
was the closest relative ofS tenotrophanonas sp 7022 isolated fran the deep-sea sedment of
east Pacific O cean In addition to the sequences mentioned above band C8 which was
clustered mto ¥Y-proteobacteria but could not be affiliated to known genera show ing 95%
sm ilarity to uncultured bacterial clone AK WA -103 obtained fran A rctic pack ice ( Brink-
meyer et al 2003).

Seven sequences ( 30% ) were clistered nto CFB group (Table 2 and Fig 2). Four
sequences (C4 C§ (€20 and C21) were closely related to species previously isolated fran
A rctic sea ice and otherm arine habitats Itwas surprising that other sequenceswere closely
related to those retrieved fran soil urban aerosol and patient’ s sputum. These sequences
were found to belong to 3 known genera mcludingPolaribacter, Bacteroides and F lex ibacter.
Four sequences (C6 C7 C17 and C20) related to clones or bacteria fran non-polar envr
rooment clustered with Flexibacter, mplying that this genus was dan mant n the CFB
group Sequence C6 was 8% smilar to an uncultured bacterim clone AKYH 1027 ob-
tamed fran soil adjacent to a silage storage bunker Band C7 was closely related to the
clone AK W 814 of the urban aerosol of wo cities m Texasw ith 95% sm ilarity W hile se-
quence C17 was the closest relative of F' lexthacter sp MDA 2495 isolated fran a patient’ s
sputum; sequence C20 showed 9% sm ilarity to bacteriim DG 887 which associated w ith
shellfish Sequences C5 and C21 were 99% sm ilar to Bacterowdes bacterim fran A retic
pack ice Sequence C4 was 98% sm ilar to uncultured Polaribacter sp  clone fran A rctic
O cean

Sequence C13 which is related to Enterococcus faecalis stran D3 was found to belong
to Fim icutes This sequencewas only retrieved fran and present in sea ice brine sanple §
and itwas only one low G+ C Gran-positive bacterial sequence detected m this study
Band C23 presented i three sea ice brine sanpleswas closely related to the clone Ice-10K -
112 fran A rctic fiord ice which was grouped to A ctmobacteria ( G ran -positive bacteria
with a high GC content of DNA) with a 99% sm ilarity

3.3 Detection of bands in sea ice brine samp les

Bands C1l, C2 C4 C7 Cl15 C17 and C18 were detected in all studied sea ice brine
sanples (Table 2), suggesting the meanbers of Pseudanonas Stenotraphanonas Polari-
bacter, F lexibacter and P seudoalteran onas were presented mn all sea ice brine sanple Se-
quences corresponding to bands C14 C19 C2Q C21 and C23 which were clustered 1o
P seudoalteranonas M arinobater, F lexibacter; Bacteroides and A ctinobacteria respectively,
were detected i all sea ice brine sanples except 45 The results ndicated that phylotypes
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of P seudoalteran onas S tenotraphan onas Polaribacter; M arinobater, F lexibacter, Bacteroides

and A ctinobacteria were rich n studied sea ice brine
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Fig 2 Phylogenetic relationsh ips of bacterial 16S 1IDNA sequences fran sea ice brine san-

ples to closely related sequences retrieved fran GenBank The tree was constructed
based on K mura ( wo-paramneter correction) distances using neighbor-jpining meth-
od Sequences fran this study are n boldface type The numbers n parentheses are
accession numbers of sequences Bootstrap values > 50% ( 1000 iterations) are
shown Scale bar ndicates O 02nucleotide substitution per sequence position

4 Discussion

Phylogenetic analysis of 16S DNA sequences of bacteria fran the sea ice brine sam-
ples collected fran the Canada Basin revealed rich genetic diversity These sequences are
highly smilar to those reported before w ith sm ilarities ranging fran 8% to 10006. In gen-
eral] themost closely related sequenceswere retrieved fran sea ice A Il sequences derived
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fran sea ice brine samnples fell mto four phylogenetic groups ncluding Y-proteobacteria
CFB group Fim icutes and A ctmobacteria Sm ilar to our previous results ( Li et al
2005), sequences fell nto Y-proteobacteria were found to be predan mant and menbers of
CFB group were highly abundant mn this study Beside the cultivation of sea ice bacteria
Brinkm eyer and his colleagues ( 2003) constructed also 16S DNA libraries fran A rctic and
Antarctic pack ice sanples They found that Y-proteobacteria and CFB group were the dan-
mant taxonam ic groups at both poles A sm ilar predan mance of phylotypes was also found
in sea ice m icrobial canmunities analyzed by Brown and Bowm an ( 2001).

M any sequences obtained in this study were the closest relatives of species originally r
solated fram A rctic and A ntarctic sea ice and san e otherm arine habitats A ccording to phy-
logenetic nferences most of the phylotypes were known to be heterotrophic bacterial gene-
ra Fran the results of our and previous studies (Bowman etal 1997 Gosink et al 199§
Brown and Bowman 2001 Junge et al 2002 Brinkmeveret al 2003). it could be sue-
gested that heterotrophic bacteria were the major prokaryotes in sea ice and most sea ice
bacterial strains could be cold adaptive and halotolerant The studies of Brown and Bowm an
(2001) and Brinkmeyer et al (2003) showed that 16S HDNA sequences of the cultivated
bacteria and uncultured clones fran sea ice were overlapped strongly These results indica-
ted that only metabolically active and cultivatable specieswere able to significantly canpete
and successfully colonize sea ice during sea ice fom ation

However the diversity in sea ice based on cultivated phylotypes and 16S DNA clone-
libraries seemed to be reduced in A rcticm icrobial canmunities (M ock and Tham as 2005).
In our study the diversity i sea ice brne sanples detected is less than that m Antarctic
sea ice Brown and Bowman (2001) analysed 16S iDNA sequences data fran sea ice
mainly n the Antarctic and found that sea ice bacterial phylotypes fell nto a- and Y-pro-
teobacteria CFB group G ram-positive bacteria and the orders of Chlanydiales and V erru-
can icrobiales In contrast only sequences of Y-proteobacteria CFB group and G ran-posr
tive bacteria were presented in our study. Junge et al (2002) had proposed that consider
ng the years of sea ice habitat fom ed on Earth was geologically young relatwely little tme
had been available for the evolution of highly diverse sea ice bacteria

Beside sequences closely related to species previously isolated fran A rctic sea ice and
other marine habitats sane were the closest relatives of bacterial strains originating fran
soi] uiban aerosol and patient’ s sputum. In contrast to the Southem O cean, the A retic O -
cean was strongly nfluenced by high terrestrial nput The sea ice clone sequences related
to B-proteobacteria which was characteristic of freshw ater habitats have been reported in
the study of Brinkmeyer et al (2004). M oreover our results may indicated that aerosol
could be considered to be one source of sea ice bacterial canmunities
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