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A KA /N BRI AN AT IE 0S5
1.2 AR5

N-ZE 1 -L- i 22 %0 BR N B (C o-HSL) A i e 5
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250 10min, BUITHE Y I3 mLAE# LK, VKBt
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Fig. 1 The effect of C;(-HSL on cell density of Chlorella vulgaris
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Fig. 2 The effect of C,,-HSL on F,/F,,, of Chlorella vulgaris
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HSLACEE B B A i3E 1 B vE 77, H.Co-HSLW B s
A k5% . 5 RubiscoAf HL TP P bt i fe] 1
FH 0 R NN, 60hAS 100+ 200£1300 nmol/LAk
PR BETE 134> B 91,65, 2.904114.46 U/mg prot, 1%
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B, T8 S 56 45 AR PRPYS Mk B 5t fIK A, C,o-HSLAL
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Fig. 5 The effect of C;-HSL on Rubisco of Chlorella vulgaris
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Fig. 7 The effect of C;-HSL on PFP of Chlorella vulgaris
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Fig. 8 The effect of C;(-HSL on FDA of Chlorella vulgaris
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-2 ik -y- T B S IR R (AHLs ) — R Al DA B & 410
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51, Cio-HSLXHYeild B4 i 5 Tt/ Foy B R
(3) /NERIE S 1 F OB BRI Bl — A% B B -1,5- —
W ER AL B/ N A BF Rubisco. 15 ER A ¥E 5 74 Bilg
TPI. FEREPR: FWE-6-WF MR- 1-BE IR L F2 BGPFP. R
BE-1,6- IR EE 45 BEFDAVE ME S R R L TF, %
HH/INBRIEE G B [ Bk S OB SR IR e 1A BT 08

SE3CHk:

[11 LiuJH, Yang H S, Wang H. Combined effects of tempe-
rature, salinity and pH on the specific growth rate of
Chlorella [J]. Acta Hydrobiologica Sinica, 2014, 38(3):
446—453 [XUINGEE, Bk, EHE. IR AIpHXS /)
BRVEAE KRB A AN, KA, 2014, 38(3):
446—453]

[2]1 Shi X, Luo Z, Huang C, et al. Effect of substituting
Chlorella sp. for regular fishmeal on growth, body com-

position, hepatic lipid metabolism and histology in cru-
cian carp Carassius auratus [J]. Acta Hydrobiologica Sini-
ca, 2015, 39(3): 498—506 [f1 74, D, s, &5 Nk
BT A A R T A 2 R
SRR . KRR, 2015, 39(3): 498—506]

[31 Fuqua W C, Winans S C, Greenberg E P. Quorum sens-
ing in bacteria: the LuxR-LuxI family of cell density re-
sponsive transcriptional regulators [J]. Journal of Bacterio-

(4]

[

(el

(7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[1e]

logy, 1994, 176(2): 269—275

Paerl H W, Pinckney J L. A mini-review of microbial
consortia: Their roles in aquatic production and biogeo-
chemical cycling [J]. Microbiology Ecology, 1996, 31(3):
225—247

Ianora A, Boersma M, Casotti R, et al. New trends in
marine chemical ecology [J]. Estuaries and Coasts, 2006,
29(4): 531—551

Qian Y P, Lau C S, Dahms U H, et al. Marine biofilms as
mediators of colonization by marine macroorganisms: im-
plications for antifouling and aquaculture [J]. Marine Bio-
technology, 2007, 9(4): 399—410

Merchant S S, Prochnik E S, Vallon O, ef al. The
Chlamydomonas genome reveals the evolution of key ani-
mal and plant functions [J]. Science, 2007, 318(5848):
245—251

Miller M, Bassler B. Quorum sensing in bacteria [J]. An-
nual Review of Microbiology, 2001, 55(3): 165—199

Liu B H, Koh P K, Kim S J, et al. The effects of
betonicine, floridoside, and isethionic acid from the red
alga Ahnfeltiopsis flabelliformis on quorum-sensing activi-
ty [J]. Biotechnology and Bioprocess Engineering, 2008,
13(4): 458—463

Xu L Y. Preliminary study on the algicidal activity of
commensalism bacteria associated with marine microal-
gae and genes related with quorum-sensing effects [D].
Qingdao: The First Institute of Oceanography, SOA. 2013
[ 2. VA Dol A 4 T 11D 988 355 1 R T AR SRR A 5
BRI A, 75 5 B ST R 5 — PR F .
2013]

Priha O, Virkajarvi V, Juvonen R, et al. Quorum sensing
signalling and biofilm formation of brewery-derived bac-
teria, and inhibition of signaling by natural compounds
[J]. Current Microbiology, 2014, 69(5): 617—627

Hou B L, Li A J, Sun Q. The effect of N-acy-homoserine
lactones mediated quorum-sensing on the adhesion
growth and nitrification of nitrifying sludge [J]. Acta Sci-
entiae Circumstantiae, 2015, 35(9): 2773—2779 [#& &
B, FgE, PR, AHLsEEA IR IAE 520 TR LTS5 Y8
B A K B RICR RS2 . PRI AL A 4R, 2015,
35(9): 2773—2779]

Pande S G, Natrah M F, Flandez V A, et al. Isolation of
AHL-degrading bacteria from micro-algal cultures and
their impact on algal growth and on virulence of Vibrio
campbellii to prawn larvae [J]. Applied Microbiology and
Biotechnology, 2015, 99(24): 10805—10813

Teplitski M, Chen H C, Rajamani S, et al. Chlamydomo-
nas reinhardtii secretes compounds that mimic bacterial
signals and interfere with quorum sensing regulation in
bacteria [J]. Plant Physiology, 2004, 134(1): 137—146
Xu LY, Zheng L, Han X T, et al. Screening of microal-
gae associated bacteria with quorum sensing system and
their algicidal activity [J]. Oceanologia et Limnologia
Sinica, 2012, 43(6): 1149—1155 [fR&i#k, Hr, BH%EK,
S FUA A JRRONE 2 Gt i AT 2 R 1) O 0 B AT
PERIRT 7T, MR ST, 2012, 43(6): 1149—1155]

Bi X D, Zhou W L, Xing K Z, et al. Effects of AHLs (N-



3 <

45 AHLsX/NEREEPS TG A 2235 1 5 06 5 1 I SR B ) 5 )

635

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

hexanoyl-DL-homoserine lactone, C4-HSL) on growth
and antioxidant defense system of Chlorella vulgaris [J].
Marine Environmental Science, 2012, 31(6): 897—900
(AR, JESCAL, TRPE, 5. AHLsTE 540 T X /N ki
AR B UEAEE R G R, MR, 2012,
31(6): 897—900]

Natrah M F, Defoirdt T, Sorgeloos P, et al. Disruption of
bacterial cell-to-cell communication by marine organi-
sms and its relevance to aquaculture [J]. Marine Biotech-
nology, 2011, 13(2): 109—126

Wietz M, Duncan K, Patin V N, et al. Antagonistic intera-
ctions mediated by marine bacteria: the role of small mo-
lecules [J]. Journal of Chemical Ecology, 2013, 39(7):
879—891

Zhang H, Zhang G Y, Wen X B, et al. Effect of pH on
thephotosynthesis, growth and lipid production of
Chlorella sp. XQ-200419 [J]. Acta Hydrobiologica Sini-
ca, 2014, 38(6): 1084—1091 [FK g, Tk EEHE, iR/, &
pHXF/NERIEE Chlorella sp. XQ-200419%&1EH . K
M= sem . KAELEYSFH, 2014, 38(6):
1084—1091]

Wen X, Liu B N, Zhou C X, et al. Characterization of
anti-predator abilities of Pleurochrysis carterae [J). Acta
Ecologica Sinica, 2016, 36(2): 525—534 [3CJiX, X% 7,
JE B, 2. A BEPleurochrysis carteraedii il & RFE.
R, 2016, 36(2): 525—534]

Xu X L, Song X K, Yue R, et al. Effects of nitrogen limita-
tion on photosystem II photochemistry reaction in dia-
tom Phaeodactylum tricornutum [J]. Chinese Journal of
Ecology, 2016, 35(1): 183—188 [ 4 34, SRELHh, FE 5,
S BRI 0) ek R = A M TR B R 4 TG 2 S R Y
s, ARSIk, 2016, 35(1): 183—188]

Xia S, Wan W L, Li A F, et al. Effects of nutrients and
light intensity on the growth and biochemical composi-
tion of a marine microalga Odontella aurita [J]. Chinese
Journal of Oceanology and Limnology, 2013, 31(6):
1163—1173

Wang G X, Roux B, Feng F, et al. The decoy substrate of
a pathogen effect and a pseudokinase specify pathogen-
induced modified-self recognition and immunity in plants
[J]. Cell Host & Microbe, 2015, 18(3): 285—295

Ding C C, Xu N J, Zhang L, et al. Effects of salicylic acid

[25]

[26]

[27]

[28]

[29]

[30]

[31]

on growth and stress-related genes of Chlorella pyre-
noidosa [J]. Oceanologia et Limnologia Sinica, 2015,
46(6): 1451—1460 [ T HREE, 4REZE, 5RHE, 25 KHERXT
£ A% /NERFE(Chlorella pyrenoidosa)d: K K Fiii fH =%
F R FIR2 M. WP S5 I51VH, 2015, 46(6): 1451—1460]
Syrpas M, Ruysbergh E, Blommaert L, et al. Haloperoxi-
dase mediated quorum quenching by Nitzschia cf pellu-
cida: study of the metabolization of N-acyl homoserine
lactones by a benthic diatom [J]. Marine Drugs, 2014,
12(1): 352—367

Zhou W L, Xiao H, Wang Y, et al. A study on the interac-
tion between Chlorella vulgaris and heterotrophic bac-
teria in phycosphere [J]. Transactions of Beijing Institute
of Technology, 2008, 28(7): 643—647 [ 4L, B =, £
f&, A5 NERER S 2R EEFR S TR A ELAE R AT AT, b
ST RS2 (E SRR RR), 2008, 28(7): 643—647]
Bi X D, Xing K Z, Zhou W L, et al. Detection of acyla-
ted homoserine lactone (AHL) in the heterotrophic bac-
teria Z-TGO1 and its ecological action on the algae,
Chlorella vulgaris [J]. The Israeli Journal of Aquacul-
ture-Bamidgeh, 2012, 64(404): 776—782

Rivas O M, Vargas P, Riquelme E C. Interactions of
Botryococcus braunii cultures with bacterial biofilms [J].
Microbial Ecology, 2010, 60(3): 628—635

Liu K. In situ photosynthesis of immobilized Chlorella
sorokiniana Gxnn01 and removal of nitrogen and phos-
phorus from waste water [D]. Tianjin: Tianjin University
of Science & Technology, 2012 [XIJFl. [ 5& 1k /NERTE
JEAL G A R R K TEN LA BE A B2 M. R R
HERHOR . 2012]

Bi X D. Ecological effects between Chlorella vulgaris
and dominant associated heterotrophic bacteria and re-
sponse to quorum sensing signal molecules [D]. Qingdao:
Ocean University of China. 2013 [Y¥EAHZR. /NERE 50035
N S5 57 A 1) AR LA FH B G0 4 R A A R LA 5 4
TR 5 8 rh R, 2013]

Zhou L J, Chen X L, Wang B, et al. The effects of exo-
genous AHLs on the growth and metabolism of blue-
green algae [J]. Journal of Yunnan University, 2007,
29(3): 303—307 [JHN4E, MR/, £, 55 MK
AHLs{E 5 B0 5 3 A KA SR . = g R 27244k
(ERELEAR), 2007, 29(3): 303—307]

EFFECTS OF AHLS ON PSII PHOTOCHEMISTRY ACTIVITY AND
PHOTOSYNTHESIS CRUCIAL ENZYMES OF
CHLORELLA VULGARIS

DOU Yong, JIANG Zhi-Fei, ZHANG Wen-Hui, GAO Jin-Wei, JIANG Miao, SHI Xie-Yao and ZHOU Wen-Li

(Tianjin Key Lab for Aquaculture Ecology and Cultivation, Fisheries College of Tianjin Agriculture University, Tianjin 300384,
China)

Abstract: As an excellent resource microalgae, Chlorella has wide applications for aquaculture, production of biofuel
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and development of functional food, which requires to develop the intensive cultivation pattern and optimize the breed-
ing environment of Chlorella. AHLs(N-acyl-homoserine lactones)are known as the quorum sensing signal molecule
produced by commensalism bacteria in phycosphere to regulate the biological function of bacteria and life activities of
algae. This study was conducted to evaluate the effects of 100, 200, 300 nmol/LC,,-HSL (N-decanoyl-L-homoserine
lactones) on PS photochemistry activity and photosynthesis crucial enzymes of the marine microalgae Chlorella vulga-
ris in the photoautotrophic culture process. The results indicated that C;,-HSL significantly increased the growth of C.
vulgaris by enhanced cell density in dosage-dependent pattern. PS photochemistry activity indicators—F,/F,, (maxi-
mal photochemical efficiency), Yeild (actual photochemical efficiency) and ETR (apparent photosynthetic electron
transport ratio) increased obviously by C;o-HSL. C;,-HSL had higher effect on Yeild than F,/F,,. The photosynthesis
crucial enzymes—Rubisco (ribulose bisphosphate carboxylase oxygenase), TPI (triose-phosphate isomerase), PFP
(pyrophosphate: fructose-6-phosphate-1-phosphoric acid transferase) and FDA (fructose-1,6-bisphosphate aldolase) in-
duced significantly by C;,-HSL, indicating enhanced photosynthetic carbon fixation and carbohydrate synthesis.

Key words: AHLs; Marine Chlorella vulgaris; Photochemistry activity; Photosynthesis crucial enzymes
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