5535 B 5 W) *E &~ 2 Eild Vol.35,No.5
20154F3 A ACTA ECOLOGICA SINICA Mar. 2015

DOI: 10.5846/stxb201305070961

BT, k5% S REIERIL, B .5 RRAUAR BIONE A B PR BT B 20 T 2 AR AR 252441, 2015,35(5) :1587-1600.
Miao Z, Du Z J, LiHR, Lou Y Y, Luo W.Analysis of bacterial diversity in the phycosphere of five Arctic microalgae. Acta Ecologica Sinica,2015,35(5) ;
1587-1600.

5 ¥RAL R BUE EBRIMENW A E S M

1,2 1 2 g 2 2
B M RERE L FAR BT H
1 IR (R ) T P2 B, JaliE 264209
2 o AR A AT L B SR R R M Bl T G A, I 200136
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JRZE AN o 3 WAl - IE AT TE  IIG R T S 104 i 5 4 T 2 %S y-Proteobacteria 41, /N 3K 0 I0F 5 Al R E 2R B-

Proteobacteria, Ifi] 5 AR ARG A0 322 1 Cyanobacteria ZH i, M DGGE iK% | 1 M AT 38 A 4K i S iy 391 45 B0 A e
H, FLBE PR T o2 2 DR RORG BT TR 1Y 16S rRNA JE DRI 1 2ty B30t R B 2804 B 0 25 5 (ELER A B ARl R s oAb 4 R BRK
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Analysis of bacterial diversity in the phycosphere of five Arctic microalgae
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Abstract: As an important primary producer in the marine ecosystem, phytoplankton cells excrete organic compounds.
These include high proportions of carbohydrates, amino acids and organic acids, including glycolic acid which forms the
base of the marine microbial food web, and affects bacterial growth. Bacteria can live free in the phycosphere and also
attached to the surface of algal cells, consuming extracellular products and consequently participate in biogeochemical
cycling. Phytoplankton-bacteria interactions range from symbiotic to parasitic interactions, which play an important part in
the microbial loop. However, research into phytoplankton-bacterium interactions is limited and yet to be published. The
object of this study was to determine the specific associations between dominant algae and associated bacteria in the North
Polar Region. We analyzed bacterial diversity in the phycosphere of four Arctic marine microalgae isolates ( Micromonas sp.,
Fragilariopsis sp., Attheya septentrionalis and Thalassiosira sp.) and one glacial isolate, Chlorella sp.. Fragilariopsis sp.,

Attheya septentrionalis, and Thalassiosira sp. belong to Bacillariophyta, while Chlorella sp. and Micromonas sp. belong to
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Chlorophyta. The 16S rRNA gene of the attached and free bacteria related to these five microalgae during different growth
phases was analyzed by polymerase chain reaction-denaturing gradient gel electrophoresis. The associated bacterial diversity
based on DGGE profiles was rich. These bacteria were clustered into Cyanobacteria, CFB, a-Proteobacteria, B-
Proteobacteria, and -y-Proteobacteria. Bacteria in the phycosphere of marine isolates Micromonas sp., Fragilariopsis sp.,
Attheya septentrionalis and Thalassiosira sp. mainly belonged to cyanobacteria, o-Proteobacteria and y-Proteobacteria. CFB
was detected only in the phycosphere of Micromonas sp. and Fragilariopsis sp. With regard to the only glacial isolate
Chlorella sp., cyanobacteria, CFB, a-Proteobacteria, and (-Proteobacteria were detected in the majority. Differences in
the dominant bacterial species of each microalgae, were distinguished. Cyanobacteria and o-Proteobacteria were detected in
the phycosphere of these microalgae. Cyanobacteria bands from Fragilariopsis sp., Attheya septentrionalis and Chlorella sp.
differed from those of Micromonas sp. and Thalassiosira sp. Sulfitobacter of o-Proteobacteria coexisted with both
Fragilariopsis sp. and Thalassiosira sp. [-Proteobacteria was traced only from the glacial isolate Cholrella sp. -
Proteobacteria was commonly detected in the four marine microalgal cultures except the glacial isolate Chlorella sp..
Shewanella was found closely associated with Micromonas sp., Attheya septenirionalis and Fragilariopsis sp., while
Pseudoalteromonas was associated with Attheya septentrionalis and Fragilariopsis sp. and Thalasstosira sp. DGGE profiles and
clustering analysis showed that the attached and free bacteria associated with Fragilariopsis sp. during the lag phase,
exponential phase and stationary phase varied, except that the dominant bacteria was constant. Free bacteria in the
phycosphere of the three diatom strains were claded into y-Proteobacteria, while free bacteria associated with Chlorella sp.
was clustered into B-Proteobacteria. Meanwhile, attached bacteria associated with these four microalgae were comprised
mainly of cyanobacteria. However, the attached and free bacteria from the other four microalgae strains were invariable,
indicating stability of the bacterial community structure in the phycosphere, except for a slight variation in the abundance of
the dominant bacteria. The associated bacterial community related to the Arctic microalgae isolations was analyzed and it
would help us recognize the mechanism of phytoplankton-bacteria interaction and their coexisting contribution in the Arctic

ecosystem.
Key Words: arctic microalgae; phycosphere; associated bacteria; 16S rRNA; DGGE

ORI WA B A1 %o A o B W B EL AT TSR R T A ot A 1) A7 22— B 8 A A A
SR PR DX, 2000 T B L AR PR BREE , 34~ X iy 44 D BEBRFREE ™ ( phycosphere) 1! . A7 BF 52 32 W1 8B 3R
B35 (1R Y177 5 40 T RO B A T R 9 2 A SR AN TA] 9 12| Fandino Z5BIF5 266 A 7 I 6 g 0% 1 301 1 O s A o 2 508 T
a-Proteobacteria il y-Proteobacteria , KB 41 & 2 L1 CFB BHRE L3 0 Schifer 25018 T 6 FhAS[a] 9 3 bk B
BAE R TR A REE , 1 H AR SUR R X fh e TR & R B NI E . I A sk & S Ay 2 [a] i
)BT a-Proteobacteria Al CFB H A AR —AS R A5 BFFT R 75 BRIFEE b 40 B e V5 R 7
IR AR REETER G E LA G VR D] 8B AN [) A= 77 BT 1 40 T et 48 4 2 i A [ 19
VR ITsgm > B 22 04 A A TR A A5 % B AR VR A A0 A 0 o AR v A TR R 9 A TR AR A R A A
KA BRIRASARIC 8 i WS BR S | A () 240 T4 B A A, b 7o o U AL 0 - 00 EL A T LA o i 4
PO R T RSO T ) F I A O o S AL FRUE B T | B I ] R

AR X 2 52 A2 BRAS A5 Wi e R 1) Ml DX, R TR E 2R G B T 32 B A BB B A5 DY T i s, & &5 iR R
RN X AR g DX I T G 0 ) 2 P R AR 2SS VR T AR R G . H AR M P G2 W) 2 R 9 22 LA g
UK KL 3 DU G RV IS 4 R AU T Sl P A0 T8 R G R B AR PR RIS R i e A 7 32
BATE a- y-Proteobacteria . 8-Proteobacteria . e-Proteobacteria , CFB ZEH 2% (4 AE A% 41 i A1 Verrucomicrobia iX
TAKIRE XS TE P A1 IR HICIE RT3 A PR BT P S0 A7 A o B DR E o ARG g e R Mo 7
AW BORTIE e 1 XA RE B A3 1 | IR A0 07 DT Y U AR K 0% BRI 00k v Y KR A B A TR R R B A
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PEST . EVKAATE 3228 T o y-Proteobacteria ,CFB fIk G+C & &t 5 =2 [CPHPE R AF ARy G+C & it 5 22 [GPH T
PRIFEL 0 TR DX At 2 DL VR I R S 2 BB () 2k 7 ) 2 AU S ) T BRI R
SREEMRERE , EAFEFEEAC KR R RSR[5 ot B AR BRI . ET AR Tk bRk A2 Ak
PRGN B I (PRI AR IR R T PR U s 4 ) B AR A A PR A T A X b A B AR 3 P A A S R
G RSN R HIL R 22 0 22 OB M — S O B . EULTT S5 B RITEE R AU AR AT A TR DL S e 3 b
FREE P e g OCIR Y AILER A A 5T

BET R AU (8 e ST i AR ) - 200 T AH ELAVE FIAIL R A PR 28 B A, DB A A= 358 v o3 5 S ) L S/ 2
PLATICEE | 0 5 X S f e B 3 SCHR Y Tl A WU RE I 2 RE R AT R 9 4 X A TR AR T Sl 1 0 38 A R v Y
BN EEFMOA T ERARIN,

1 #MR57FE

1.1 PR IR N 5 5

AW 5 BRI 5 B AR 1, TGO ML ( Micromonas sp.) JEHT#E ( Fragilariopsis sp.) .
VU (Attheya septentrionalis ) FI 5% ¥ ( Thalassiasira sp.) Wk m”] H 5 = & 5 7 B2 FRUE Y 0 (NCMA,
Maine, USA) ,¥R7K#E/NEKEE (Lw 2006/68) 5K H 2006 471 [E %5 3 YALAk BT 3k % 48, JUAR T DT IR LR AR 15
BT (78°55'N, 11°56'E) BT 19 2 Z= 0k )1 Aok 5T, A SRR ( (620.5) °C) LA Il [ 76 5250 2% 7 B Atk I
PRAF T AR HO AT 5T H O AP |

®1 FHARPERBRE

Table 1 Microalgae strains used in this study

e w5 3 FU Frgedt
Microalgae No. Classification Source Medium
WEAT 3 Fragilariopsis sp. CCMP 2297 Bacillariophyta WEASE L1+Si
VYR Aitheya septentrionalis CCMP 2084 Bacillariophyta WA 2
HEEE M Thalassiasira sp. CCMP 1056 Bacillariophyta Ei/19 %03 2
THEAMEE Micromonas sp. CCMP 2099 Chlorophyta WA L1
INEREE Chlorella sp. Lw 2006/68 Chlorophyta Ve R SR AR B

ORGSR T AT IR BE N (6£0.5) °C GRS 2000 Ix, JERESEI A iE =12 h:12 h, T A
PRI FREES IR 1, KR B AR K /Kl i 0.45 pum BIBEEEDE, 121 °C,20 min #E17 K, 484
REWGE L 0.2 wm JEAFIEITRREA
1.2 A K i Ze il

T 3 B R DG A A A48 . B 100 WL IRA) BT I A0 I A 4l - $obi T | D't s
(Olympus) (10x40) METHEL, THEUNEE 0 KIFUR, 5 2 d iH8C1 Ik,

1.3 PRI A 4 B R AT

BRI AE KIS 10 mL B2 0.2 pm 9 R R K ( Whatman ) 53598 | 2875 V% 25 F0RS B 04 5040 T8
BOARNTRV A K B 36 10 mL, e BT U8 | FRASTH05E 40 Bt (4 R B 20 7 ( Attached ) 5 H2H Micromonas sp. HH 141 il
2974 2.0—3.0 pm, FEHFLAEN 2.0 wm AEERE, CABSEEARIEFH 3.0 pum JEAR, KE UM FHE T 0.2 pm MUERR, 4R
PR T T B A TR, B MR T UKAR - 80 CIRAF
1.4 DNA #£H

DNA $2EUZ M Zhou %57 By I VE#EAT
1.5 16S rRNA JH 2K F5] PCR

Z I8 Bosshard %" (73547, 16S TRNA K5 [# 750 U0 F . 27F (5'-AGA GTT TGA TCC TGG CTC
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AG -3') 1 1492R (5'-GGT TAC CTT GTT ACG ACT T -3') . PCR FJi 55154 94 C 751 4 min, SRJGTE 94 °C
455,50 °C 45 s, 72 °C 1 min {3 30 %, 72 CZEMH 10 min,
1.6 16S rRNA #:[H V3 X[ PCR §3#

K JH Shabir 25 BT AT . SIS R 341F (5'-CGC CCG CCG CGC GCG GCG GGC GGG GCG
GGG GCA CGG GGG GCC TAG GGG AGG CAG CAG-3') FI534R (5'-ATT ACC GCG GCT GCT GG-3') , FRI%k
Ibh GC #FES] . PCR §7H7E Veriti Thermal Cycler( ABI) 47, LA 1 wL 16S rRNA 2K JF51 PCR F=41E
SRR, PCR SV 2514 .94 C HIAS P 4 min, 2R J5 /2 30 B34 (94 C A5 30 s, 58 CiBk 30 s, 72 CHEfH 1
min) , fiJi 72 °C ZE{# 10 min,

1.7 AR B BE i L UK ( DGGE)

800 ng—1 pg 16S rRNA JE[H V3 X ¥ 3 7= # 14T DGGE 4355, F D-code System HLJK{X ( Bio-Rad 23 #])
PEAT DGGE HLIK - B . il £ A8 PEAS B B, fiff PAGE BV B 8% , AR PR A 40%—60% (7 mol/L JK 2 Fl
40% F IERE R 100% 7485 ) | LIk ZE MR 1 XTAE, PCR F=#17E 60 °C,200 V 254 FHLPK 6 h, HIKk5EEE, H
GelRedTM ( Biotium) % {8, 45—60 min, DGGE K[i&if i Gel Doc 2000 EEJBE L RS (Bio-Rad, Hercules, CA,
USA) 3k 1%,

4 R IR B I 7E [F]— AP A B I 25 8 R  BO7E PCR /ZNVE T I 20 L MilliQ 7K, i 7E 4 <C
VKA, A AR, 54T 16S tRNA V3 X PCR 448 | SC86 4546 |
1.8  DNA JFI ¥ F43#r

Fi i pMDI18-T A X 7] & ( Takara, K% ) BEEHFEATHAE, FF 16S tRNA JE[H V3 X434 7= ¥ 53 il [
pMDI18-T #AREAE AL Wi A KIGATH DHS o JERSZ A, IR B S AN E R ER SOC AR [-,37 C
iR 12 hy B PARPRICGCRE 2 500 wl SOC WA EF7 5L 37 CCHE3% , 48 T #dA5 |9 PCR ¥ 347k FH A% vw
B, P54 M13+(5'-GTA AAA CGA CGG CCA G -3") Fll M13-(5'- CAG GAA ACA GCT ATG AC -3') ,i%
F (R FE A ) M, P3RS A9 16S rRNA JF 4 #E4T BLAST EEXT (http ://www.ncbi.nlm. nih.gov) ,
I CLUSTALX1.8( Z 78 Xt 27 ) BEATDLED e Xt , 5 FH PHYLIP 3.67 (FEALA 43 #r ) e Ak b > |
1.9 R

FR AR FL UK 2545 (10 T8 , 3 EME /3 B3 Quantity One (4.6.2) 4341 DGGE &3, % 4] UPGMA 47826
30T .

2 HR55%H

2.1 ARKHLIE SR

5 BRI AR LR 1, BT L thaT DU 5 BRISEE R A= K TR 2y 30 d ., /Nskise iy 3 MR K Be
ANE B/ NERE 3 AR R B BERECR 4y, SEEHZ 7 d, Bl E HE AR BRI 7E 21 d kB R KR B S
IR TR e AR . oAt 4 BRI AR A BT B W Sl | G35 | DTS | T sl R Rl P L e 0% 2 ¥ 9 4 ol oy
B9 d.5d 12d A9 d, 7516 d 14 d.27 d H1 16 d KB AR REE | B 5 EARE A KM B HIH A %
A PERR AR SE R HR SO A E I (18 1) .
2.2 BEBRMUEYIZ R

M DGGE LIk EE (K 24, 18 3A, 1 4A 1 SA I 6A) T LG H, 5 PRIMESE PRAN BT VR (0 4517 1040 A
A7 T D3] 100 B A ] AR ) 3 o 0 P R v 2L A ], 5 ol o o 40 T A 7 118 DL 32Tt X 120 BH R 2 i %o iz
T DGGE I 58 5517 . BL455 DGGE A7 B 1oz (1 200 T 2R A (0 i W] RE AR O HLAIR

BT 5 BRI BEPR AN T 1Y DGGE B3 22 550 AR 59 J8 si b e 41 (Hvh— 20 e 2R M), e AT A U
JPEEAREE BLAST HOUHI /R (36 2) |5 BR{MHESE BRI i FhE-5 2 5 i (9 200 31 B A B 87%—100% , £
5 : Cyanobacteria , CFB [# # | a- Proteobacteria | B - Proteobacteria . y-Proteobacteria ( &7 . F 22 Fll £ 4t i {b 44
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Fig.1 The growth curve of five different microalgae involved into this study
L: SR AR KW E. S88CE RS, RUEE R
0d 9d 16d 23d 046050  0.60 070  0.80 0.0  1.00

r T T T T T 1

FTAFTAFTA

Fc 0.2 (FO)
F9 0.2 (F9)

EE— F23 0.2 (F23)
£F16 0.2 (F16)
F93.0 (A9)
{Fg 0.2 (T9)
F16 3.0 (A16)
—|:F16 102 (T16)
Fc 3.0 (A0)

T Eip el e {Fzs 3.0 (A23)
CCMP2297 Fragilariopsis sp. P26 F23 0.2 (T23)

B2 RpiriEEPRa R A% AT 16S rRNA 2 F V3 X DGGE BiEMBAESHE (T, MAIW ;A K40 FF s 40 08)
Fig.2 DGGE patterns and cluster analysis of 16S rRNA gene V3 region amplification fragments of bacteria community in the phycosphere

of Fragilariopsis sp.
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(B 7) AT LR i, A 5 BRIGHE RS TR BRS040 TR B0 ARG TSR], (O e WA | Ll i g % 3 1Y)
FEFRAIE P, 2 Cyanobacteria ,a-Proteobacteria Al iy-Proteobacteria 2H A%, , {3 3 50 Bt 8 AN G AT S A 0 CFB
B, IRKBERR/NEREEJE H Cyanobacteria ,CFB B #f . a-Proteobacteria , B-Proteobacteria , Ifif TG y-Proteobacteria ,
TCIE TR , B8 0 DL SRR 140 B 8 BT 143 B F DGGE kB 52 5% . M DGGE B f R 4t it
AL AT LR Y TR M e B PR O B R B A Cyanobacteria Al y-Proteobacteria (€] 7 1 M 7R ) 5 E#T e i PR
BN Cyanobacteria ,CFB Fll y-Proteobacteria( [l 7 1 F 7R ) ; /NER 88 88 PR AL #2854 Cyanobacteria F1 B-
Proteobacteria (& 7 H' C 7 ) ; PUBISEBEPR L ZEHE A Cyanobacteria (&l 7 W A 3R ) ; 1A i e PROC A
A Cyanobacteria il y-Proteobacteria( Kl 7 #1 T 7). Al LL & BL Cyanobacteria Fll y-Proteobacteria 7£3X JLAE L
B BEBR IR h I AP

PEAT8E 5 PR 4l 1 I P B9 DGGE 257474 14 (1K1 2A) ,J& T y-Proteobacteria il Cyanobacteria i JF 514445 5
45, )T a-Proteobacteria 1 CFB BFFI4H 2 45, H ' a-Proteobacteria BT %) & T 21 40 f B i) IV B i £8 4T
W& (Sulfitobacter) ,y-Proteobacteria 1751 J& T £ FF 0 & | A FU AR M S B S i vl B 1) 2 BRI I v )
( Pseudoalteromonas ) 5 )& , CFB [ )74 J& T % SC [ 18 J& ( Owenweeksia ) , Cyanobacter )7 51) J& T £k 18 ik 147 )&
(Halospirulina) . %% & 1 4547 4 Band_17 . Band_18 Band_19 Band_23 FI Band_24, Band_17 J& T % [T
W E 5w R B A A S IR ( Owenweeksia hongkongensis ) MU A 95% | 553 1 1 5 1 I AR 1%
FUAT T 40 5 5L % P1_4b12a AHL PN 99%, Band 18 , Band _19 J& F Chroococcales H , 5 Halospirulina
tapeticola FHALLEE A 91% , 5 55 V4 BF IS 1Y 32 g 7K HP R K5 5% Cyanobacterium bg [ CMO1187X1E11 AHARIME 4351 4y
99%#1 100% , Band _23 J& T ¥ £ AT B & , 5 A I UK P 10 8 0% W AT B8 AH L1 99% , Band _24 J& T
Chromatiaceae 4, SIEFVEDIIY) T INE KA FLH ( Shewanella canadensis) BIFEIME R 93% , 53k H %8R M IE
I AREFER) Chromatiaceae 2041 e % Gap-2-29 AR 95%

MU RIS 09 DGGE 57 A 12 45 (K 3A) , 5 y-Proteobacteria AL 75 6 45,5 a-Proteobacteria
H1 Cyanobacteria #H L) 7 51 45 45 3 %%, H T a-Proteobacteria F ¥ %) J& T Bili F+ 28 % J& ( Loktanella ) , y-
Proteobacteria H [ ¥ 51 J& T 32 B AU TR H IR AT 0T AU e A 281 L OSSR PR I B R 1 A B (i B M T s L
FEBRIE R & ( Methylosphaera ) F15E 37 Pl B8 J& ( Stenotrophomonas ) % , Cyanobacteria %) J5 51 J& T 3k 12 i 1 J& .
SEPER R A 2547 Band _39 | Band _40 #JJ& T Chroococcales H , 5 B % % B9 Halospirulina tapeticola #1104 JE A
91% , 5% H S5 VU RS R K R B 37 Cyanobacterium e[ PI_4¢9¢ FHIE A 100%

AR DGGE EE M 13 5 (K 4A) , 5 vy-Proteobacteria #HLA T 7 45,5 a-Proteobacteria AL
P FIA 2 5,5 Cyanobacter fHENAIFSIA 4 5%, HH a-Proteobacteria 71 [ /3 51 J& 21 4 B B} 1) S 5t 12 6
581 J& F1E 5 45 LG 1T J& ( Hoeflea ) , y-Proteobacteria H 1 )7 51 J& B P B R} 19 1 5 M 11 J& ( Pseudomonas ) il
Bl JF PR & ( Ferrimonas ) , Cyanobacteria W85 3@ T Rubidibacter J& MR SEBREA)E . 528 &
5 25,43 9 J& Band_49 Band_51 #1 Band_55 J& F vy-Proteobacteria, Band_54 | Band_56 J& T Cyanobacteria,
Band_49 Band_51 1 Band_55 5 %kif 5 5t 1 J& AR e s, 5 H AT Ferrimonas kyonanensis FALYE S35 A
95% 94% 1 95% , Band_49 53 [ R H AT AL KPP B AR 15 37 -y-Proteobacteria JEf% JL-ETNP-R18 AH{EL1E: N
96% ., Band_51 Fll Band_55 52k F 8 P4 BHETRIE I K 57 y-Proteobacteria 5ef# OV01102/03 Fl H10-120 AHAL
P58 95% F1 96% . Band _54 5 Rubidibacter J&FHAL M i 55 , 5 K B P9 KV 1 48 va SR HE I 7K Rubidibacter
lacunae FARITER 91% , SARER B M1 HURRYI B9 K 5535 Cyanobacteria 1L/ DOSRT35 AHUYE N 100% , Band_
56 55V IR 4 BR B ( Prochlorococcus marinus ) MIAVYE N 87% , 51 v 1 5% vh R 55 % B Cyanobacterium 57 [
SGPW483 HHUMEN 97%

Fol o i v v P 40 0 1) DGGE 457 1 12 (I 5A) , 43 5@ T a-Proteobacteria( 1 %) . y-Proteobacteria
(6 45) . Cyanobacter (3 45) A1 CFB (2 %%), H: "' a-Proteobacteria ) /¥ %1 J& T 2L 41 o Bk 69 + \ AT 6 &
( Octadecabacter) ,y-Proteobacteria [ 51 J& THEFEFT B ( Marinobacter ) Fw FL# J& ( Shewanella) W&V H M &
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( Psychromonas ) . ¥ 1 %5 1 J& ( Thalassolituus ) F1 18 [X B J& ( Rheinheimera) %% J& , CFB ) ¥ % J& T
Leadbetterella J& , Cyanobacter 153 J& T JRZRER & ( Prochlorococcus ) J& , = JE 8= 1Y Band_4 Band_5 Band_8
F1 Band_9 ¥4JJ& T vy-Proteobacteria, H:*' Band_4 F1 Band_8 5% FL )& ( Shewanella ) FIVER & , ST DT
VI3RS B I E R A U ( Shewanella canadensis ) ¥ 5514 92% Fl 94% , Band_4 5 Norweigian R 7K PR 5%
ARG TR A TR SR Kwatd7 AN 98% . Band_8 52 F B aHR ML 1+ (1 R 15 IR 40 I 5E % Gap-2-29 AHAAME
N 95% ., Band_5 S5¥EFEIRERERE ( Prochlorococcus marinus ) FHLYE R 87% , 5 B i vk 1| FfF S0 748 7K oK 1% 35 19 48
PR SERE TBO346E7 AHAUIE 2 100% ., Band _9 N i ¥ AT W J& ( Marinobacter ) , 5 K JU ) 1 UK W 1% 1 4T 16
( Marinobacter psychrophilus) ¥R 100%

JNBRUE B BRI T P B9 DGGE 4545 7 25 (Fl 6A) | J& T a- . B-Proteobacteria Fll Cyanobacteria B %144
24,101 45J& T CFB, a-Proteobacteria " (1) J¥ 31| J& F H [A] AR J& B4 J& ( Mesorhizobium ) F1 55 I 5 i 1 J&
( Brevundimonas ) , B-Proteobacteria H1 (/75 J& T Herminiimonas J& , CFB W )75 J& T kb H BR =& ( Bizionia ) |
Cyanobacteria W7 51 J& T Eh MR i€ 1 8 . 2 ) 8 5 A 457 Band _29  Band _30 #1 Band _31, Band_29 J& F
Herminiimonas J& , 552k A L2559 7K B9 Herminiimonas fonticola ALl A 99% ., Band _30, Band _31 J& T
Chroococcales H , 5 Halospirulina tapeticola AR 91% , 555k H 2 V9 5 1 = 0K ) R B 57 Cyanobacterium
SERE Gap-3-60 AHIMEST IS 100% F1 99%
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Fig.3 DGGE patterns and cluster analysis of 16S rRNA gene V3 region amplification fragments of bacteria community in the phycosphere
of Attheya septentrionalis
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Fig.4 DGGE patterns and cluster analysis of 16S rRNA gene V3 region amplification fragments of bacteria community in the phycosphere

of Thalassiosira sp.
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Fig.5 DGGE patterns and cluster analysis of 16S rRNA gene V3 region amplification fragments of bacteria community in the phycosphere

of Micromonas sp.
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Fig.6 DGGE patterns and cluster analysis of 16S rRNA gene V3 region amplification fragments of bacteria community in the phycosphere
of Chlorella sp.

%2 JRECEEFRME 16S rRNA EF DGGE £HE 4R
Table 2 DGGE bands of bacterial populations from Arctic microalgae identified by partial 16S rRNA gene analysis

DGGE AR IR AT (B % 5) It B FE rh SRR R 51 (BSR4 ) .
P . b % /%
P 5t ok Most closely related sequence from S Most closely related S
DGGE Taxanomic group a validly described bacterial species \‘eqllien'(t‘,e database sequence éq%llen.ie
band (GenBank accession No.) sty (GenBank accession No.) Smrarty
TN Micromonas sp.
Band_1 Gammaproteobacteria  Psychromonas arctica( NR_028821) 94 clone Kwatd7( EU035868) 98
Band_2 Gammaproteobacteria  Thalassolituus oleivorans( NR_028972) 94 clone B78-116 (EU287080) 100
Band_3 Gammaproteobacteria  Rheinheimera texasensis (NR_043133) 94 clone SHAB602( GQ348690) 95
Band_4 * Gammaproteobacteria  Shewanella canadensis(NR_042994) 92 clone Kwat47(EU035868) 98

Prochlorococcus marinus
i i 21 IB0346E7 ( H 1 1
Band_5 Cyanobacteria cubsp. Pastoris( NR_028762) 87 clone 1B0346E7( HQ730061) 00

Prochlorococcus marinus
* Cyanobacteria 87 lone 1B0346E7( HQ730061 100
Band_6 yanobactenia subsp. Pastoris( NR_028762) clone (HQ )

Band_7 CFB Leadbetterella byssophila( NR_043233) 94 clone MEfO5b11G6 ( FJ828154) 95
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DGGE Taxanomic group a validly described bacterial species S.eqfler{ce database sequence Sfeq'Llerl'ce
band (GenBank accession No.) similarity ¢ Bank accession No.) similarity

Band_8 * Gammaproteobacteria  Shewanella canadensis (NR_042994) 94 clone Gap-2-29 (EU642169) 95

Band_9* Gammaproteobacteria  Marinobacter psychrophilus( NR_043513) 100

Band_10  Alphaproteobacteria  Octadecabacter antarcticus (NR_027580) 9 2;;‘;;‘&?:;‘?1223 - %

Band_11 CFB Leadbetterella byssophila( NR_043233) 94 clone MEfO5b11G6 ( FJ828154) 95

Band_12 Cyanobacteria Prochlorococcus marinus subsp. Pastoris( NR_028762) 87 clone 1B0346G2 ( HQ730072) 100
JEHFE Fragilariopsis sp.

Band_13 Gammaproteobacteria  Pseudoalteromonas arctica( NR_043959) 100

Band_14 Gammaproteobacteria  Marinobacter psychrophilus( NR_043513) 99 Marinobacter psychrophilus (FR691434) 99

Band_15 Gammaproteobacteria  Shewanella canadensis( NR_042994 ) 93 clone Kwat47 9

Band_16 CFB Owenweeksia hongkongensis( NR_040990) 95 clone PI_4b12a ( AY580701) 99

Band_17" CFB Owenweeksia hongkongensis( NR_040990) 95 clone PI_4h12a (AY580701) 9

Band_18 ** Cyanobacteria Halospirulina tapeticola(NR_026510) 91 clone CMO1187X1E11(GU170707) 99

Band_19 ** Cyanobacteria Halospirulina tapeticola( NR_026510) 91 clone CMO1187X1E11 (GU170707) 100
Band_20 Alphaproteobacteria  Sulfitobacter marinus ( NR_043936) 99 Sulfitobacter sp. LM-16( AJ534237) 100
Band_21 Alphaproteobacteria  Sulfitobacter marinus (NR_043936) 98 Sulfitobacter sp. LM-16( AJ534237) 100
Band_22 Cyanobacteria Halospirulina tapeticola( NR_026510) 91 clone AWO3F12( EF630247) 100
Band 23*  Gammaproteobacteria  Marinobacter psychrophilus( NR_043513) 99 Marinobacter psychrophilus ( FR691434) 100
Band_24 * Gammaproteobacteria ~ Shewanella canadensis( NR_042994) 93 clone Gap-2-29(EU642169) 95

Band_25 Cyanobacteria Halospirulina tapeticola( NR_026510) 91 clone AWO3F12( EF630247.) 100
Band_26 Cyanobacteria Halospirulina tapeticola( NR_026510) 91 clone AWO3F12( EF630247.) 100
INEKHE Chlorella sp.

Band_27 Alphaproteobacteria  Mesorhizobium thiogangeticum ( NR_042358) 100

Band 28"  Betaproteobacteria  Herminiimonas fonticola( NR_043090) 100

Band_29 * Betaproteobacteria Herminiimonas fonticola( NR_043090) 99

Band_30 "~ Cyanobacteria Halospirulina tapeticola(NR_026510) 91 clone Gap-3-60 (EU639772) 100
Band_31** Cyanobacteria Halospirulina tapeticola( NR_026510) 91 clone Gap-3-60 (EU639772) 9

Band_32 CFB Bizionia myxarmorum( NR_043121) 98 CLAb44(HQ230110) 98

Band_33 Alphaproteobacteria Brevundimonas nasdae (NR_028633) 100 100
VUK Attheya septentrionalis

Band_34 Cyanobacteria Halospirulina tapeticola( NR_026510) 91 MBE6 (AF191757) 100
Band_35 Gammaproteobacteria  Pseudoalteromonas espejian( NR_029285) 9% g:’;’ég‘;g‘;"};’&‘;’ggg;g) 9

Band_36 Gammaproteobacteria  Glaciecola punicea ( NR_036866) 99 Glaciecola sp. D94(DQ652563 ) 100
Band_37 Gammaproteobacteria  Methylosphaera hansonii (NR_026033) 96 clone MOH_577_24(EU399445) 99

Band_38 Gammaproteobacteria  Glaciecola punicea (NR_036866) 98 Glaciecola sp. D94(DQ652563 ) 98

Band_39* Cyanobacteria Halospirulina tapeticola(NR_026510) 91 clone PI_4g9g ( AY580402) 100
Band_40**  Cyanobacteria Halospirulina tapeticola( NR_026510) 91 clone PI_4g9g (AY580402) 100
Band_41 Gammaproteobacteria  Shewanella canadensis(NR_042994) 93 clone Kwatd7( EU035868) 99

Band_42 Gammaproteobacteria  Stenotrophomonas acidaminiphila( NR_025104) 100

Band_43 Alphaproteobacteria Loktanella atrilutea (NR_041390) 100

Band_44 Alphaproteobacteria Loktanella salsilacus (NR_025539) 100

Band_45 Alphaproteobacteria Loktanella atrilutea (NR_041390) 100

4R Thalassiosira sp.

Band_46 Cyanobacteria Rubidibacter lacunae( NR_044104) 91 clone 16B_215( AM501739) 100
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DGGE AR W EARRIF S (B RS ¥ R AR PR (B
o reriisuionnid s L et
DGGE Taxanomic group a validly described bacterial species S.equen'ce database sequence Sfeq'Llerl'ce
band ( GenBank accession No.) similarity ( GenBank accession No.) similarity
Band_47 Gammaproteobacteria  Ferrimonas kyonanensis( NR_041387) 95 clone JL-ETNP-R18( AY726789) 96
Band_48 Gammaproteobacteria fﬁ{ﬁ;ﬁ; ;ed””” subsp. Fulgida strain 98 M71_D72( FM992728) 98
Band_49 * Gammaproteobacteria  Ferrimonas kyonanensis( NR_041387) 95 clone JL-ETNP-R18( AY726789) 96
Band_50 Gammaproteobacteria  Ferrimonas kyonanensis( NR_041387) 95 clone H10- 120( HQ222995) 96
Band_51 * Gammaproteobacteria  Ferrimonas kyonanensis( NR_041387) 94 clone OV01102/03 ( HM587890) 95
Band_52 Cyanobacteria Rubidibacter lacunae( NR_044104) 91 clone DT_068( DQ881210) 100
Band_53 Gammaproteobacteria  Ferrimonas kyonanensis(NR_041387) 95 clone H10- 120( HQ222995) 96
Band_54 ** Cyanobacteria Rubidibacter lacunae( NR_044104) 91 clone DOSRT35 (GQ242576) 100
Band_55 * Gammaproteobacteria  Ferrimonas kyonanensis( NR_041387) 95 clone H10- 120( HQ222995) 96
Band_56 ** Cyanobacteria Prochlorococcus marinus subsp.Pastoris(NR_028762) 88 clone SGPW483(GQ346754) 97
Band_58 Alphaproteobacteria Hoeflea alexandrii( NR_042321) 100
Band_59 Alphaproteobacteria Sulfitobacter mediterraneus( NR_026472) 100
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