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Algae-bacteria interactions and their ecological functions
in the ocean
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Abstract: Algae and bacteria are inseparable in the ocean and have sophisticated interactions with
each other, including mutualism, commensalism, antagonism, competition and parasitism. They are
both major players in regulating the structure and function of marine ecosystem. Around a single
algae cell, there usually exists a special microenvironment called “phycosphere” inhabited by
specific microbial communities. The phycosphere is the main location for the interactions between
algae and bacteria. The formation of specific microbial assembly within algal phycosphere has
certain regularity. In natural ecosystem, the algae-bacteria interactions affect the dynamic process of
the red tide and play important roles in water quality restoration. Moreover, algae and bacteria are the
major drivers for marine carbon fixation and sequestration, their interactions have important impacts
on marine carbon cycling. In view of the current research status of marine algae-bacteria interactions,
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several research prospects are discussed, for example, the role of viruses in regulating the
relationship between algae and bacteria is poorly understood and awaiting a deep study.

Keywords: Algae-bacteria interactions, Phycosphere, Microbial community assembly, Carbon cycle
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Figure 1 Schematic diagram of algae-bacteria interactions
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Note: A: Mutualism, commensalism and horizontal gene transfer between algae and bacteria; B: Antagonism between algae and bacteria.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2046 A 2 A

Microbiol. China

2.1 EAMHERIRSISHF

BN BEE TRV, ToR BRI
f#43 HL¥)(Dissolved organic matter, DOM )il A& e
WUk A ALY (Particulate organic matter, POM)'# 7] 4
R PTH . BEIRYIFISE 2R, KA srER AT/ R 4
WIEFRYR, ok &Y (G2 0
) . & WA 1Y) (Dimethylsulphoniopropionate ,
DMSP Z5)F1& A B (RIERRA) . #2Ril i B
Sl SV S AR, S YVIMAEOCR . LA,
PRSI AT LLAT M TR R AN R DNA A%, 3
TNH A W T B RE 71, i A R v 1 A
KF

PR LU G BT, AAFEECHEF R4
o XY F LSRRI . Z BRI L S
RACEYIAE . B A WA TSR RR IR A2
ZFE, BlUnfEEE Navicula delognei 7=/ )+ 75k =
IR . ToNERIUIRIR . T/ \BRPUERR . ik
U214 . Z2 R4 FI (Polyunsaturated aldehydes,
PUAs)E—F LIRS, 2RI T REB AP
PRI, SHFIE S AR AN A B
T S AT LA A 22 A pd A AR (L5 pa A 4
HEmEAEY) . WA G, XY A
TEEPENY Beah, BESEA AT LA 1 0 40 )
VIR RS, TR A0 R A s,
2.2 MEEREE KA IRERIDE

P RS E S T RIFAIIAE, flingebs
PR, S0 1A R R s U
G TR XA HIL S o ) R A A R e R A R
BIRER s NG RN A AR A 1,
AT (R B A AL AT B AT
N} 12 o B H AR BT T A ™ AR AT A A
HE K 2 (I W-3- 2 ) e b e g R T B T
FKAEK, MEAA B TIERES RS, #
AN AR T 458 Ulva mutabilis® ™25 1)
TER s XTI, AP nT LR s di i (k) 1
IHaNE 7R IR,

AU RS A BE, WRETYEA Cytophaga

sp. 1] L2 A% AU B AT 0 HF R 22 | L e i B
AL MR BE AR BN Z . R HE S 24,
— LI S B R SO B TS, AN S
06 N— R I TR Al Microbulbifer sp.HIAX
W oy B M — R p AR BT, o i
TARSRAY A BT AR R KRB . B THEY
FTi oy S alifb b 2, HT FE B Y B
IR . ZIK. FRIK . JK AR B A A Y0 S ) T (R
1) TP s B m R0y — B IO AEH
Rt A RE e, B2 41, AR T LA
AL L A 2R B L 32 3 A
WS Eh T 22 ZE AN A K B A v
YTV BEROR S Z BIAF SR BRI, L angm T i
BETE MRS AN R (A K — 2 2 R, A N
P FEERCR IR SIREANSS, B4 Ruegeria sp. R11
1E 25 °C AT, 1E 18 °C ARFEPY, A7 vyt i
AR £ 52 51148 3 SR PR 15 070,
2.3 WEGIEEXEBREFIRIE

PRI R AETTRE T I M 25 SR Sl TR Tk
ERERMEENRZ —, BFFETH— 1 EZEA
BUG G5, —LegHTE ] LG | i s i R AEFT
B, BIUntE 4% 8E Thalassiosira weissflogii BB
FHUMHE Marinobacter adhaerens HP15 0] DA S E
T 5% B T 0% B B A0 SR & R ) (Transparent
exopolymer particles, TEP), [ TEP J&ff: 8 RN
EEREAF, BT BEAKGE, SR T EEAYRERY,
BR T 38 5 e e AR M ARG PR B R A, Ak
P B A RR R A ZE R, MEAE B
PP A 22 RO A R i e O R
YRR TS BE ) S, #RT RE L S e A AR AR
MR REREE . 40 Malfatti F1 Azam F|FHJRF5
B SR R B A A R 250 SR ERBEAE A OK
RE S HADANDE S B R, % e ) 14 B 5l 2
[ 25 RIEE IS M R E AN I SR B AP 2 sy s
& PR ERTE Synechococcus sp. PCC7002 W 5iTikf
T P RETR Y BB R 1) SR AR AR I 1) T WL 8 A i B
(Kl 2). R, Bl TEE BRI

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



SRIE RS TR A B R MRS I RE 2047

R1 EREARRED AR EYR

Table 1 Algicidal bacteria and their secreted algicides

Liaes I BT pass i) LIPS =S SCHR
Substance classification Algicides Algicidal bacteria Related algaes References
ZAEEER Amino acid B-FIL-L-N R IR Vibrio sp. C-979 Oscillatoria amphibian [23]
B-Cyano-L-alanine NIES-361
L-#§i %R L-lysine Streptomyces sp. S-9 Microcystis aeruginosa [24]
NIES-112
L-%5i3 ik L-valine Streptomyces jiujiangensis ~ Microcystis aeruginosa [25]
FACHB-905
g2 Fatty acid +7SHkE TR Palmitoleic acid Vibrio sp. BS02 Alexandrium tamarense [26]
o~ ATGD98-006
S/ Y
gﬂjiiij;g;i/?epti de Tk Pentapeptide Sphingomonas sp. M-174 Microcystis viridis NIES-102 [27]
derivates Sphingomonas sp. M-174  Microcystis aeruginosa [27]
NIES-298
+ )ik Dodecapeptide Vibrio shiloi AK1 Zooxanthellae [28]
HJik Cyclo-(Pro-Gly) Stenotrophomonas sp. F6  Microcystis aeruginosa 9110 [29]
Bacillus sp. Ts-12 Phaeocystis globosa [30]
fit2 Enzymes 24 5 FR#E [ li§ Serine protease Pseudoalteromonas sp. A28 Skeletonema costatum [31]
NIES-324
JL T JFif# Chitinase Chitinimonas prasina LYO03 Thalassiosira pseudonana [32]
25 Amines ¥:B% Hydroxylamine Arthrobacter sp. Q1 Chlorella vulgaris [33]
2-S T A R I Brevibacterium sp. BS01 Alexandrium tamarense [34]
(2-Isobutoxyphenyl)amine ATGD98-006
LRSS R 2 Prodigiosin Hahella sp. KA22 Microcystis aeruginosa [35]
Alkaloids FACHB-1752
1-Ff JE-B-1EMK 1-Methyl-carboline Pseudomonas sp. K44-1 Anabaena cylindrica NIES-19 [36]
IEMR A M Bacillamide Bacillus sp. SY-1 Cochlodinium polykrikoides [37]
2~} I -4 -1 Ik i Alteromonas sp. Amphora coffeaeformis [38]
2-Pentyl-4-quinolinol Alteromonas sp. Navicula sp. [38]
3-FH 3L5|E 3-Methylindole Aeromonas sp. GLY-2107  Microcystis aeruginosa 9110 [39]
1-Z. P 3-B-IH Ak Brachybacterium sp. YS-3  Alexandrium catenella [40]
1-Acetyl-B-carboline
2,3-15[ I 2,3-Indolinedione Shewanella sp. Lzh-2 Microcystis aeruginosa 9110 [41]
Shewanella sp. Lzh-2 Synechococcus sp. BN60 [41]
Pseudomonas C55a-2 Chaetoceros ceratosporum [42]
C-16
J2 2 -3-05 TR s TR Rhodococcus sp. p52 Microcystis aeruginosa [43]
Trans-3-indoleacrylic acid FACHB 927
145 Quinolone Alteromonos KNS-16 Heterosigma akashiwo [44]
2% 3 JRC N FH o6 VR IVAIRES Pseudoalteromonas Emiliania huxleyi DHB624 [45]
Quorum sensing Quorum-sensing precursor piscicida
28 RN 4T Roseobacter clade bacteria ~ Skeletonema costatum CCMP [46]
N-acylhomoserine lactones 1332
HAh Others 1-#25LWy % 1-Hydroxyphenazine Pseudomonas aeruginosa  Chlorella sp., Klebsormidium [47]
sp.
KHEHE N & Deinoxanthin Deinococcus sp. Y35 Alexandrium tamarense [48]
ATGD98-006
=i }2 T} Triterpenoid saponin  Strepfomyces sp. L74 Microcystis aeruginosa [49]
FACHB 905
2 Benzoic acid Thalassospira sp. ZR-2 Karenia mikimotoi [50]
OUC151001
& 1) Protein Vibrio sp. DHQ25 Alexandrium tamarense [51]
Pseudoalteromonas sp. Alexandrium tamarense [51]
DHY3
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Figure 2 Cell aggregation and adherence of
Synechococcus sp. PCC7002 under axenic/non-axenic
culture conditions
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Note: The pictures show the algal mat adhered to the bottom of the
flasks after the interior algal liquid was poured out. A: Under
axenic culture condition; B: Under non-axenic culture condition.
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