J. Lake Sci. (4176 #+5) , 2018, 30(2) : 449-457
DOI 10. 18307/2018. 0216
© 2018 by Journal of Lake Sciences

TR E SR FE =R ( Microcystis aeruginosa) BiiE&R 8
WML &P Xt E K E ( Chlamydomonas reinhardtii) B850

e RN R R, R A R, AR
CHVTARMIERl 5 A YR e, I 2 311300)

B OE: N TRRER(P) E SR BRI VA LA & (VOCs) B9 i K FE Pl 38 2 i AL AT, DU I
BEK A T2 BRI S b ( Microcystis aeruginosa) NAHEE, 16 TG P 5 7R A 4F T X B AY VOCs FEAT 04T , [ i 52
VOCs X} 3 104 4 B ( Chlamydomonas reinhardtit) A= 4& S A R ERADC A TERERI I, 450K, RAITE P K SR EE 4 774
LRI 24 h R R VOCs RISt B W R, SR of i 3R 2R FR AT L, VOCs S RECEEE AN 1™ 73.4% , 7 i 3L
TRREALE Y. KSR R VOCs 3l AR B AR BRI, TEARERT SR v SR A B VOCs X 3R b A 2k
KICRERNA , MJG P AAF TR VOCs JUJ I 5400 3 0 A 2 1<, Fenm 35 B (RE) S—0.25. 1Ak, R AR BOL A (LR
i OERSE L(PSID) IOt 77 (Fv/Fm) ARO[ Y(ID ] OtlesAd K 25 (oP) LA 12
AR (ETR) AL AR, MR SGAb 2 Ve X R E(NPQ) W BA BT, e RIS 0.26. piy ttml WL, i 61 o B AR LR I oo
BHHLI T P SUURER S BN P BLZ 22kl BRI VOCs, [AI X 8 VOCs TR RF I8 5 IR 38 PRk R i 2
REPEE > A LA .

KRR LR AT AR I AR AR e s 3D ACHE s Bl = S R A LI & 1)

Phosphorus deficiency inducing volatile organic compounds from Microcystis aeruginosa
and their effects on Chlamydomonas reinhadfii

YANG Wangting, ZHAO Jingxian, XU Qinghuan, ZHOU Lii, GAN Liping & ZUO Zhaojiang ™
(School of Forestry and Biotechnology, Zhejiang A & F University, Lin’an 311300, P.R.China)

Abstract: In order to uncover the effects of phosphorus (P) nutrition deficiency on volatile organic compounds ( VOCs) released
from cyanobacteria and their allelopathic effects on other algae in freshwater bodies, the VOCs from Microcystis aeruginosa that is
the main species of cyanobacterial bloom in non-P medium were analyzed, and their effects on Chlamydomonas reinhardtii cell
growth, photosynthetic pigment content and photosynthetic abilities were determined in this study. The VOC types and emission a-
mount increased after M. aeruginosa cells were kept in non-P medium for 24 h, with the increase of 73.4% of the total emission a-
mount in contrast to that in normal medium. Meanwhile, 7 new compounds appeared. There was no significant difference in C. rein-
hardtii growth after the algal cells were exposed to the VOCs from M. aeruginosa in normal medium. However, C. reinhardtii growth
was markedly inhibited by the VOCs from M. aeruginosa in non-P medium, with the response index (RI) of —0.25. Meanwhile,
the photosynthetic pigment content, maximum quantum yield of photosystem Il ( PSII) photochemistry ( Fv/Fm) , effective quan-
tum yield in PSII photochemistry [ Y (II) ], coefficient of photochemical quenching ( ¢P) and apparent electron transport rate
through PSIT (ETR) in C. reinhardtii also reduced remarkably, while non-photochemical dissipation of absorbed light energy
(NPQ) increased significantly, with the RI of 0.26. Therefore, P deficiency caused by cyanobacteria mass propagation and P sedi-
mentation in eutrophicated water might induce cyanobacteria releasing abundance of VOCs, which might play allelopathic inhibitory

roles in cyanobacteria keeping advantages for nutrition competition and the reduction of algal biodiversity in water bodies.
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SRR (1) 2-F L S SRR LR 2, I TTT SO A 2 B k. AT IR L5 oh R B, TC AR T 4
PEIKAETEHERE (M. flos-aquae) VOCs BEHL, [R]AF X 28 VOCs v il /NBR 3 ( Chlorella vulgaris) AR %t
3K 14 A 3 ( Chlamydomonas reinhardtii) 547 £, B \NaCl F1 Na, CO, I} 8 J& , FBHAY VOCs A Sy FAth 35 1 A< 342
Anp AL {5 BT Fink 251 098 & B0, 223 (Ulothrix fimbriata) FTRERLAY VOCs AT 05| 514 b 12 ( Radix
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Y HA SO WA B R P 97 35 U FR e AR RN, HUEEZE VOCs (2-F1 J-1-T 8 3-F Jk-1-T
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1.1 &

AR THE B FACHB-1028 & & 1 F1 b [ R A% B K A A 0 1F 50 I 0 /K 8 i R, SRR T i 9 1)
( Cyanophyta ) i BEHE R} (Microcystaceae ) fHE BB (Microcystis) . SEPHACHE CC1690 (thERI = ittE 5 & H
A2 W 5% T X SR R Y L B S ) SR8 T 4% B 17T ( Chlorophyta ) 4K # £ ( Chlamydomonadaceae ) 4% 3 J&
( Chlamydomonas) . 43 55%FH BG-11 Il TAP £ 35 355 724 SR I 8 3N S A 38, 35 9% 4 R B (16 h) /
M5 (8 h) 3R 50 wmol/ (m’+s) R 25°C.
1.2 VOCs 4325 @ %

g BRI T B S0 A3 1 AL 300 ml BG-11 TG P RIARHERS FR SR SEANI AR Ay 1% 107 cells/ml. K SC
HRL61 4% VOCs (i3 0.01 m'/min) 3 A 300 ml 3P ARG, BB TE g 4x10° cells/L. LA A TG
SRR IE 7 SR AT 3 AL, 24 bR ISR A AR TE O (536 & ORI SR S5 .
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1.3 KW %
L3.1 i 5 E e SRATER & (25x 16 21 T B A 2 ARAE A0 (1) 2EA 7. B0t s 6 1k,
R HHAFEE R B AN B L (cells/ml) .

2 L 2 E = K 80 400 1000075 B fi 4 (1)
1.3.2 VOCs Y5 5 4040 M H 251 753, R QC-2 R ACRAEAL (AL 50l 57 3 (b Bk 24 B 5 BT R
HOR RN W) il ZhAS T 2 B4R IETE BG-11 ARUEREFRILAITE P 1E IR rh 37 24 h 1) 51 G i e i B i
f¥) VOCs, BEAN L5 B A 5 10° cells/L, SRk 0.3 m’/min , SR ] 40 min. X% 948 A7 RS ME RS
PG BRI AU B A 3/ B 15 325 (' TDS/GC/MS) 43 B S R 41 43, TDS ('TDS-3 %, 48 [ Gerstel 24
Al) BGEASUT ST 20 kPa, JEEE R 250°C , Bt fHELEE 250°C 543 10 min, A BHEE - 120°C 4% 3 min, A Bf
PERERHR % 2 260°C. GC (GC 7890A, ZE[H Agilent /A7) ) {24 HP-5MS 44 (30 mx250 pmx0.25 um) ,
58 I WA IR S 40°C, £/ 4 min J5 L)L 6°C/min [#FET; 2 250°C , fR45F 3 min J5 LA 10°C/min (A THE
F) 270°CHFARAF 5 min. MS (MS 5975C, K[H Agilent 22 ) K EI J7 g EATHLE , BT HESRE 70 eV, BTt
28~450 aum, $% [ R 280°C , 25 F 5 IR B 230°C , PUZEAFIE B 150°C.

i 3 K% NIST/EPA/NIH 3% P (NIST 08) JF45 4 Sk ™7 Rt (9 VOCs {3 BRI Tl i VOCs B 53 IF
A5 GC/MS it Hid. VOCs W5 5 I 5 e 40 M 4% 5, I LA 107 AN i BE i Y VOCs WAL /R VOCs
I3 BIARXS R & AU W IR VOCs iGAMARD 3 e ARAR , X428 VOCs ST JEs2m, [l inf 2 <0 iy
VOCs i 7E 2 VOCs T 4711k
133 646 %4 BNE 3 ml EEAKBEIRIREE DG, TR T 3 ml 80% NEIHIF & T 4°C vk h#- 8 J2 5
24 h. R FARIGE MU , K A Lichtenthaler 25" f) Jy i 0 2 42 ORI 4 3K a (4R b KIS N %
i ( ;.Lg/lO6 cells).
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C...= (1000 OD,,,— 3.27C,-104 C, ) /229 (4)

A, € C AN BRI E a AT b S8 C BT MRS
134 s R EH ORI AE B 3N FR (29 1x107 cells) 8505 , TA T 10 wl 55553 b I3
T3 em JEAE L LUB IR 0.5 e’ BEA . BEREPHCE 15 min 5, 5 ) PAM-2500 ( Walz, 78 ) Wil & Hot %
i1 (PST) RO T 4 (Fv/Fm) AROGCA T (YOI ] OGP R 25 (qP) AReik
SR ZEU(NPQ) LL BG4 FAE s R (ETR) ™
1.4 iR E

SR ST 746 5 (response index, RI) ' F&7m 4l 4% (400 35 BT BE AL EY VOCs X 36 0 A M4 i 2 K e (%%
SrRRDGA PR RE I 0 .

1- C/T(4 T=C)
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A, T HIS A SE VOCs 3B A S B AR F2 1 (AL BR) | C Sy T B % 95 5 v 10 2 A0 A3 1 K B8 1 3R
(XHIR) 24 RI>0 I 32 B4 4R (M6 38 VOCs X 36 0 A3 BLA S MEVE P, 24 RI<O Bt W) B LA 40 o .

S TN 2 4 G KO SR P SPSS 12.0 B s ¢ KRS HEFT 07 224387, 7155t R JS FI Origin 8.0 4%
AT
2 #R

2.1 & P &4 A HMEE R VOCs BRI

SRR BEBEAE BG-11 ARifERG SR rh 3557 24 h J5  HUBSIU VOCs th & 26 Fiik &4, AR4E1L &
AL RRARY) R WSS R BEZE SRR , b L R DY O TR (7.13%10°/107 cells) R HE
(fb) Z B (2.26x10°/107 cells) Fe i (3.11x10°/107 cells) & 475 (2.60x 10°/107 cells) .+ F % ( 2.22%
10°/107 cells) FHPNFR-2- 1 JE-1-( 1, 1-ZFF R 2, 35 ) -2- 1 3= 1, 3-75 3L R (5.55% 10°/107 cells) W TR AR K,
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HEBEWI(FE ).

TG P BEFRAF T SRR VOCs B A S I, S5 1 15 7% S AH b SRR N T 73.4% . Ik
Hh,TC P EEFERET T RS R, N a-UR IR 2- L T U 1R BE-1- TR 9-5 TR 3.3.1 ] k-
2,6- il . LR FETR TH-1- 2352 F0 2,6, 10- = H - DU s [RIA (Z) -3-+ 4 . (18) -2, 2- — H 3-3-T
FHBE- 3R 2.2.1 ) Pl . p-Sfb ke (2, 6- AU T SN AERAN (Z) -7-- [ 7591 5 b A HIE R (£ 1).

21 0 P BEFR XA S M HE VOCs BRI S (bR ik 35 36 b BRI VOCs 51 [ HE40)

Tab.1 Effects of non-P medium on VOCs emission from M. aeruginosa

WETRY
vocs AR i, ¥k st 0l
min 1‘/]?7/95 kP
BRE ERkE
Wiy 7.563 3 SR 3 Methyl isopropy! disulphide C4H0S,  7.13+0.35 14.68+0.74
11.086 FHRE(E) Z6 Bis( 1-methylethyl) disulfide CeH4S,  2.2620.12 3.94:0.21
B 8.517 2,4-T HI -2 3- k-5 2,4-Dimethyl-2,3-heptadien-5-yne CoH 0.26+0.01 0.29+0.02
15.535 (2)-3-+—H (Z)-3-Dodecene CipHyy  0.26£0.01 —
19.068 + =k Tridecane CisHyg  0.2740.01 0.45+0.02
19.417 W[ 4.4.1]-+—-1,3,5,7,9-Fif% Bicyclo[ 4.4.1]undeca-1,3,5,7,9-pentaene ~ C;H;y  0.1320.01 0.30+0.02
22.156 F ke Tetradecane CiHyy  1.39£0.07 1.89+0.10
24.716 + ke Pentadecane CysHsy 2.22+0.13 4.16+0.21
28.957 +-EhE Heptadecane CisHs  0.68+0.04 0.92+0.05
30.809 2,6,10-= 3+ pukz 2,6,10-Trimethyl-tetradecane Cy7Hs¢ — 0.10+0.01
WhZE 8.725 -k a-Pinene CioHye — 0.65+0.03
18)-2,2- " i 3£-3- 1S)- 2,2-Dimethyl-3-
9140 EEEP%)—:%[ Zq;ﬁ Bkt melh}flene?—hicyc]n[ 2.2. l}] heptane Cuothe 0452002 B
11.350 FreEds Limonene CioHyg  0.45+0.02 0.57+0.03
11.407 e Eucalyptol CioHigd  3.11£0.17 4.64£0.25
16.414 B-I IS B-Cyclocitral CioHig0  0.62+0.03 0.70+0.04
21.372 BN Himachalene CisHyy  0.3120.02 0.44+0.02
22.364 K- Longifolene CisHyy  2.60£0.15 3.39+0.17
22.544 AR Cedrene CisHyy  0.16£0.01 0.21£0.01
HHK 9.547 1 5E-1-T 1-Phenyl-1-butanone CioH 0 — 0.54+0.03
10.094 FELT 205 Methylstyrene CoHyo 0.89+0.04 1.57+0.08
11.256 oAtz 0-Cymene CioHyy  0.3120.02 0.52+0.02
12.843 p-Ltb ke p-Cymene CioHus  0.19£0.01 —
15.346 1-3 1 $&-1H-2 1-Methylene-1H-indene CoHg 0.28+0.01 0.53+0.02
16.668 2,3,5-= FHIEH ik 2,3,5-Trimethylanizole CioH ;0 0.45:0.02 0.4320.02
18.869 1H-1-1F 2, 32 1H-1-Ethylidene-indene CHy — 0.54+0.03
23.942 2,6-ZHUT HER R 2,6-Di-tert-butylquinone C14Hy00,  0.4120.02 —
B 9.339 2-HO 2-Fthyl-hexanal CgH 60 —  0.670.03
20.579 (Z)-T-F7~ Kk (Z)-7-Hexadecenal Ci6H300  0.10+0.01 —
2k 13.344 9-48- I 3.3.1 | F-4e-2,6- i 9-Oxa-bicyclo[ 3.3.1] nonane-2,6-dione CgH 405 — 0.61x0.03
14.373 1,7,7-=H3-3[2.2.1] g-2-fi] 1,7, 7-trimethyl-bicyclo[ 2.2.1 Theptan-2-one  C;oH ;40 0.80+0.38 1.23+0.06
figds 14515 LR 5 Tg Acetic acid-2-ethylhexyl ester CoHp0, - 1.07+0.05
2-2-H Be-1-(1,1- " H 3 2 ) - Propanoic acid, 2-methyl-( 1, 1-dimethylethyl) -
26.945 e Z%WEE-I(,&W:;?EZJE) ' 2-methyl-l,3-p;'0p<£alnediyl es[ery " Ciotlso0s  5.5:0.24 9.49x0.52
32.065 A IR 5 T 1 2-Benzenedicarboxylic acid, Cioto0,  0.55£0.03 0.67£0.03

bis( 2-methylpropyl) ester

" FRIRARMEN RN VOCs.
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2.2 AR TR VOCs B R MM £ KK

R A B AR S R L v BT A ) VOCs %o 3 1 A e A 1 B b/ L (B 5 0 IR L (285
ARFR) FFIAT 1 22 5 T MR FHIC P ORGSR I SR R e 5, L VOCs I A Id 410 i) 396 B4 A 6 A4 K RE Ry
-0.21, 3 H 22 F ik 0z 8 3 KF (P<0.01) (& 1).

FRifERE IR 3% JoPHEFEHE
0 1 1
= -0.1F
i
bt
=2
§ _02f T
1
-03%-

Pl 1A 2 sl BRI VOCs X1 147 A 35 4 i £ K 19 5 T
(# RN SRR, 78 P<0.01 KK 2257 B 3%)
Fig.1 Effects of M. aeruginosa VOCs on C. reinhardtii cell growth
(% ;Significant difference at P<0.01 level compared to the control )

2.3 AFMBEERMM VOCs MERKEXRACESENTN

S3 PR R SR R FEAE AR HERE FR I FTE P 8525 0F T REALAY VOCs b B TR AHE , HiH 4R 3 a RI 5359
H1-0.05 F1-0.25(P<0.01) ([l 2A). 50143 a M{RL, JC P 404 T4 S e SRR VOCs R 1B 3 (P<
0.01) BEAIRI-4% 2 b FIZEH S R &6, L RI 437 29-0.26 F1-0.24( [ 2B.C).

PRfERE AL JoPRE IR brifidg gt JoPRE IR PRfERE L JoPRE IR
0 L L 0 L 1 0 1 L
—0.1F -0.1F -0.1F
~ ~ E
55 54 W{.
% o2l % -02f “ _02f [
% % i)
= T = T =
K
—03F * -03} o -0.3F
*
*
oal () o4l (®) oal ©

Pl 2 i 2 G 8 S R V OCs X6F S8 1 A A (8 22 1 52 T
(o TR XA L, 75 P<0.01 K- 255 B 3%)

Fig.2 Effects of M. aeruginosa VOCs on photosynthetic pigments in C. reinhardiii cells
( ## .Significant difference at P<0.01 level compared to the control)

2.4 SAFMEERMA VOCs M EEKENLSH RN

] 53 S AR AR S SR B P R VOCs X3P ACEE Fv/Fm JC 10 255200, T C P 45 4F T B VOCs
WU R S BEAIR Fv/ Fm JE R 2-0.08(P<0.05) (I 3A). 5 Fv/Fm #{L,Y( 1) .qP F1 ETR 4E7C P 44T B
J VOCs Ab B 5 B35 B B REAIG, B RE 230024 -0.12 ,~0.16 F1-0.16, 3 H 2% 5 Y35 B i) 2 2 /K F- (P<0.01)
(& 3B.C.E). %t NPQ Ti & , ARSI B BEAERHE IR IR B ATC P BSR40 T B VOCs ¥ L i It , RI
A351k 0.04 F10.26( P<0.01) (& 3D).
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PRHER AL ToPEE IRk PR FRdE  FoPRE IR Ak ﬁ‘/’iiﬁ“?féﬁg %Piﬁf??‘i
0 1 1 O 1 1 0
-0.03 -0.05 -0.05
= =
£ -0.06 | Z -0.10F E —0.10f
3 = s
LL I
-0.09 | . 015 : -0.15F
(A) (B) ©
—0.12L 020" -020"
041 PRUERE R AL ToPHE SR AL
(D) 0 .
03 i 0.05 y
> {
L -0.10 +
§ 0.2 5 010
&
=

-0.15
0.1
*
*

-0.20 -
oL L L
FRUERESRIE ToPHAR AL -0.25L
Pl 3 Al 2w BRI VOCs X1 B4 ACHE G A5 B T 52 T
(= FR SRR 1 P<0.05 /K L2225 B s FoR G XML, 7E P<0.01 K EZERRHE)
Fig.3 Effects of M. aeruginosa VOCs on the photosynthetic abilities in C. reinhardiii cell

(®)

( * :Significant difference at P<0.05 level compared to the control;
## ;Significant difference at P<0.01 level compared to the control)

3 itit

W I U AR AR A VOCs , M3 AT 52 86 IR IR I 5 3R AR PR 3RBE IR I s > 25k
DRESFHER RS SR KA AEE VOCs IR RUBCE S5 W S HE AN 5 214 N 35 JR 6 SN , ] o 08 358 35
T B VOCs Rl B3RP RE IR ICIE ™ . Dazialowski 45> 38 1o %2 SMR A 2 B, /K rh bk 38 4 it S5 0 HLm &
RPN, HRBEERAETC P A PF PR 24 h 5, H VOCs BEicE: W 5, R Hh 8L 7 Mg ik & 9
(). dybnl W, 5 FR ik = 2 (et 0 A ML HEA T O A AR, AR B H R iR VOGs.

FEYPRE LB VOCs T2 545 57 3 0 L FPLl A7~ i FOUURS G r A7 22 i T 220500 2o 290 M6 Jo v iy
PP AR AR A T T S5 36— P AT UTRR D) = 0 o S A v g P ol e -4 A PRk A2 (ML 4R AR DB -5- A 148
) AT AR W S0 T P AR A PR SR DR R B 5 AT 2 B 13 VOCs 14 5 i >
TATHRI S B A A PRI T AR EIR ™ B KR 5 2% VOCs, 955 JE 141 (2 4 1 O, Ikt AT 8 5 1L 4
JRL3AR A PR SR DR 2 AN T 2 0k LR . AESARE ST (Arabidopsis thaliana) P 2 TS 1000 ZF0JE
Pk, HE PR IR D SRS VOCs RN R ARHIARC " . Araii2k VOCs FERP hIF R Z WL, T4l
SR AT BLAY , DN R R 2 AR R Y IR AT L A 05 R T ok B R BT i 3
PS8 TR A A , FEOR U5 S B IR R IO 2 SR T . 0 4 L REE i et 460 7 s 7 i P 7 A i 11
PR AT A e B R IR , HEAE NG It -NR It 48 PR 2 P I Il (acyl-ACP i J5Ull ) (A6 B BONR T I , 14520 I Mt ok
BRI IR T e ™ 60 P AR S A SR BB B S R S BRI ZS VOCs B 1 W g 34
X RTREIETE P AR S ARG AR IR ek, AT (2 2E 173X 48 VOCs (945 -5 R, SR T H LA Y775
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AL R AR

TEJC P 2&AF R 2 FIRITHE VOCs (Z)-3-+ 2465 (Z) -7+ 75 1 Fhiliffii2E VOCs (18)-2,2-— 1 BE-
3P FAE-TAR[2.2.1 ] BEREAN 2 FIORZE VOCs p-AE)e 5 2,6- 0T FEXTARER I A Bl ar U 3], HC I R 7T g
o P &2 Tk 5 Rk G YA G B OB R P, R IR TR B AR S . Bilhn, T P AT piz
TERE AT PR 0 T BER A I B o~ , AT SR AT o-RAE IR BRI 34 I, p-R AR AR 2R (3R 1)

TER L E RS R G R RIIBEILNY VOCs nT 5 S e R LA T3 A3 7 N4 ) B S 4
REJI IR BERREY R BRT FE KBS RS, 32 VOCs W BA 5 BALE IR N, 2.7 NaCl #I
Na, CO, 1360375 5 3 04 A BB B VOCs T g JHL At 356 4 < 385 40 ML A2 13 0 5 61, DT ok EC A i i e 47
MR VOCs 4b 392K 198 /NER 3 ( Chlorella pyrenoidosa ) J& , Fo 40 I A 4 W 8 22 4. fif pens
S B I P K A AR ) 4 ( Ceratophyllum demersum ) FII35 3L ( Vallisneria spiralis) B VOCs v i
il LR A B AN AR . AR SR B R TS P AR R VOCs AT 254 3 o Ak AR 1 (18
1), 3% 5 N YR AP T /K S0 B BB VOCs TR/ NER A KOV R bl e, Aol e i £ 55
FRERZ Z6A T R VOCs W B A 100 1) JFEAth 5 48 i A < i AL B8P .

TER AR A D DA E AR i EE MY BRI R R LA R A S AR b B AR B
FEEERERIE . SISt mAETC P A FRAY VOCs 1] B BRI B AR i rh S Z A N RS
it (1812) , [FIH Fv/Fm Y(IL) (P Fl ETR AW SRLFEAR 105 NPQ WU B R 7H w5 (181 3) . X RUITE P B SR Z %
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