View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Xiamen University Institutional Repository

Bgmig: 10384 NRS B
2 B, 200334017 uDC

) Ee B
[N =S VA A&
TR SRR 1 — R AL
A PR

Sudy on the bio-production of
dimethyl sulfur compounds of typical HABs algae

%

fRREITEL: RRE
TGOS Wit

LT oMb & ORR: RETRE
W3R H#: 2006.08
WICEFI ] 2006.08
24782 F H#I: 2006.09

B ReEE: OB R R
P 5] A Ebil iy

B BTN

2006 = 08 H


https://core.ac.uk/display/41430095?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

B TR SR 8 7= B

2% BATWEEAL S, AR NTE FINHE T T M7 58 BRI Ak
R KNFEWILEAET S 2 1) LA KBRS, 7
S CAB A T bR o A A AR TR A AR 18 S AR TUR)
ML



B TR SCE VR AU = A

RNGEA TR TR AR L AR SCRE . TR
2 AT RCOR B I ) 5 28 1D B i s LAY 38 A8 148 SR AR B R AT
T ATRCK A AL SO TR A B K 2> 5 2 SRV SCE N
R LR A B, AU 24 08 SO Y A g N RS A TR R
ALK 25 ST AR BRI B Gt 1 R o (R 1 27 10 SC AR AR 3 e I
FHAFLE

AREEAT R T

1. % ), £ AR 5 IS AR

2 AR C )

CIETE L EAHNAE S N 4T “ v )

((FEEE2F H39] F H H
FIMEEA H 391 F H H



H X
B B I
AB ST R A CT ., v
BB B R VIII
B B B |
11 G T R B S S e, 1
111 VEVET DMSP [ A 5 2B e, 1
1.1.2 7K DMS 7 A G 22 B oo e 4
1.1.3 EZK T DMSO I A 5 22 e e, 4
1.2 R ERE D AR IBIOTATIER e, 5
1.2.1 W R AL 1) 2 83 AR RS2 M DR T (I e, 6
1.2.2 e A A B T BT I oo 9
1.3 R T IR I R oo 10
1.3.1 DX = IEER AT 25 0 AT e 10
1.3.2 WX BRI Z TR AT TT e, 12
LA R AR T T T B oo 14
Ll AT o R oo e e e s s s e s e s e s s s e s e s e s s e s e s e s s s s e seserrenens 14
L2 G BT oo et s e et e s e s e s e s e s s eser s 14
L3 T T T 2 oottt ettt 15
LA D T R EB LR oo r s s enns 15
T L BB T TR oot e et enen 15
¥ 2E DMSP. DMS#1 DM SO IiFMEFH ERIIEIL oo 24
2 L B B ettt et e et et e e e e et e s et e s rnaes 24
2 I BB oottt n s er e 25
22 A G ] ettt et 25



H

2.2.3 [f]—#E/KEEH H DMS/DMSP/DMSO [T SE oo 26
2.2.4 DMSP [1) 3 FIHEAR TTZ oo 27
2 3 B R G I o 28
2.3.1 DMS JU5E ZEPEIIIIIE oo 28
2.3.2 Tk Al Bl DMSP 5 InFABEAE . I = ORAE IR DMSP [ LE#L ... 29
2.3.3 DMSO JE ZAFMHITITE ovvorveeeeeeeeeeee e 29
2.3.4 JPEHANEVE . KRR [RIACRAAR XS FRiE R 22 (RSD) L. 30
2.3.5 TTVEIIREFH oot e 32
ATRBEINGE ..o 33
EO2BEBETTMR ..o 33

£ 3E =ZMHEBFIWRFREKHHE

RSB T 36
Bl Bl e e 36
B2 FRIEERBSY oo 36
32,1 B MIBEE TR I oo 36
3.2, 2 B T it 37
B3 B R G I e 37
3.3.1 U AR AN IR A L A I A AT e 37
3.3.2 ARFEHEA A AR HL = FIEGR AL MII AEDET™ 42
3.3.3 ZR I P AN () 2B K I B PR R R B T e 45
3.3.4 =i BAAT RN I PR IEGR AL B R AT B 49
B4 ZREEIINGE .o 51
341 I T o 52
342 BEFEWE oo 52
343 ZRIFSEF B oo 52

FHIEBEILM ..o 53



H

F4E ZHHEBFFRFREKHHAE

CEHER I R E R 55

AL BB e 55
B2 FRIEEBGY ..o 55
421 BEITEETE I oo e 55
4.2.2 FMHIREIETZI oo e 55
B.2.3 BERI I HT oot 56
A3 BEREITI oo 56
4.3.1 e S AN TR AR KIS L IR A R 72 2/ T R e 56
4.3.2 KRR AR AT F BRI 7 A T R e, 59
4.3.3 ZR I AN ) AR IR L AR A DT 7 A T e 61
B4 ZRBEINGG ..o 63
BEABBETIBR oo 64

ELE BRKERRIEP -_PEFYNEMEST 66

3 =1 1= OO 66
B2 B By oo 66
521 HEERIBAAE TR oo 66
52 B R T e 67
5.3 B R S TTIE oo 68
5.3.1 g Rl R AR A S rhosy BRI S5 20 2 TR R IR S0 68
5.3.2 g [ o AR 25 S rh R AR ) AR ) R R AR A DL SRR IR I .69
5.3.3 M IR AR S IR I B BB e, 70
5.3.4 FREEZHO G R AR A8 S 56 — FURGRAG A B B (R R 74
BB ZRTEINGE oo 82
EEE BEIER oot 83
BB BB . 86

B L A T B BRI oo 86



8.2 AR GBI TN B A oo
oI 3] -3 USROS
BLVRE R 1k =2 VA 111220 5= 1 1 0 O



Table of contents

TABLE OF CONTENTS

ADSLract (IN CRINESE) ..o I
Abstract (In ENglish)..........ccooooviooiiii e 1\
ADDICVIATION ......oooooeeeeeeeeeeeeee e VI
Chapter L1 PIreface........ocooooieieee e 1
1.1 The produce and removal of dimethyl sulfur compoundsin the ocean .....1
1.1.1 The produce and removal of DMSP in the ocean ...........c.ccoeeeeiieiniiiiiencnnnen. 1
1.1.2 The produce and removal of DMS in the ocean .............ccccociveiiiinniinnnnnnnn. 4
1.1.3 The produce and removal of DMSO in the ocean ..........c.cccoceeverviniencnnnen. 4
1.2 Current study of dimethyl sulfur compoundsin marineHABsalgae........ 5

1.2.1 Concentrations of dimethyl sulfur compounds

and their influenced environmental factors in the ocean ............cc.cccoceeeie. 6

1.2.2 The physiological functions of dimethyl sulfur compounds................c...... 9
1.3 Current study of dimethyl sulfur compoundsin the ocean....................... 10
1.3.1 Distribution of dimethyl sulfur compounds in the ocean..............ccc....... 10
1.3.2 The transformation of dimethyl sulfur compounds in the ocean............... 12
1.4 Objectiveand interestsof thisresearch........................oo 14
1.4.1 Research background ..........ccccccieeiiiieiiieciicce e 14
1.4.2 ReSEArCh ODJECTIVE ....eouvieiiieiieeiieeiie ettt ettt ae et esaee e 14
1.4.3 ReSEArch CONLENLS. .....couiiiiiiiiiiiieeiie ettt e 15
1.4.4 Technical approach ..........ccoooiiiiiiniiiiiee e 15
Referencesfor Chapter L. 15

Chapter 2 Establishment of analytical methods for

DM SP/DMSIDM SO.....o oo 24
2L INEFOTUCTION ... e e e e e e e e e e e eeeeeeeeeaas 24
2.2 EXPEITMENTAIS........ocviiieiiiiiece ettt ettt e 25

2.2.1 Instruments and rEAZENLS..........cceeriieriierieeiienieeiee et esieesee et e ereeeeesaneens 25



Table of contents

2.2.2 InStrument ParameEterS. .......ceeuveeeeeriuereeeeriieeeeeiieeeeesireeeesseeeeesennsneeeesnnneeeens 26
2.2.3 Sequential analyses of DMS/DMSP/DMSO .......cccoevirieninnienienieeiennn 26
2.2.4 Three alkaline hydrolysis methods for DMSP.........cccccoeviiiiiiiiiiieiieeee 27
2.3 ResultS and diSCUSSION ........ccueieuiriiieiieiiieeeee e 28
2.3.1 Optimization of DMS determination ...........cccceeeveeeeiieeecieeseieeeiee e 28
2.3.2 Comparison of three alkaline hydrolysis methods for DMSP ................... 29
2.3.3 Optimization of DMSO determination ............cccceeeeeuveeneiveenciieesireeeseniee e 29
2.3.4 Linearity, method detection limit, recovery and RSD ...........ccccocoiin 30
2.3.5 Application of the method ...........cccoeviieiiiiiiii e 32
2.4 Summary of Chapter 2..........cooviiieeeeee e 33
Referencesfor Chapter 2..........ooo oo 33

Chapter 3 Production of dimethyl sulfur compounds

in different growth stages of threealgae.............cccoocce.ce. 36

S L INErOTUCTION ...ttt 36
B2 EXPErIMENTAIS.....ccviiiiieiees it 36
3.2.1 Culture of the algac.........ccoeviiiiiiiiieiiee e 36
3.2.2 SamMPIe ANALYSES ...eeiiviieeiiieeiiieeiie et s 37
3.3 ResUItS aNd AiSCUSSION .....cc.ouimieiiiiieieieee e 37

3.3.1 Production of dimethyl sulfur compounds of Skeletonema costatum

in different growth Stages........cccveeiierieiiiieiieeiieee e 37
3.3.2 Production of dimethyl sulfur compounds of Phaeocystis sp.

in different growth Stages........ccceeevveeiieriiierieeieee e 42
3.3.3 Production of dimethyl sulfur compounds of Prorocentrum donghaiense

in different growth Stages........ccceeevvierieiiiieiie e 45

3.3.4 Comparison of the productions of dimethyl sulfur compounds

per cell of three algac..........eovvieiiiiiiiiiecee e 49
34Summary Of ChaPLer 3.....c.oioeiieece e 51
3.4.1 Skeletonema COStAtUM.........c.eeviiieiecicctee ettt 52

3.4.2 PRABOCYSIS SP .. ..uvevieiieiieeieeieeieettete e sttt et ae e sreesaeesaesseenseesaenseeneas 52



Table of contents

3.4.3 Prorocentrum donghaienSe............coueevieuieeueeieeieeeieeeeere e 52

Referencesfor Chapter 3. 53

Chapter 4 Production and consumption of dimethyl sulfur

compoundsin different growth stages of three algae.....55

.1 INEFOTUCTION ...ttt sttt ettt sae e eae s 55
4.2 EXPErIMENTAIS......coiitiiiieeiecieeeeeeeeete ettt ettt et ve e eae et e 55
4.2.1 Culture of the algae.........ceeevciiieiiiieciie e e 55
4.2.2 Inhibitor incubation EXPeriment ............cceecceerrueereeriueeseesiueenieeiieeiieesneens 55
4.2.3 SamPIe analySES ......cccvvieiiiieiiieeiiie et 56
4.3 ReSUITS AN QISCUSSION ......oovieieiiieeieeieeeeeee ettt sae e saesaeeneas 56

4.3.1 Production/consumption of dimethyl sulfur compounds of

Skeletonema costatum in different growth stages.........ccceevveeveevenieevennene. 56
4.3.2 Production/consumption of dimethyl sulfur compounds of

Phaeocystis sp. in different growth stages.........ccoeevevieviieienieneeiecieienne. 59

4.3.3 Production/consumption of dimethyl sulfur compounds of

Prorocentrum donghaiense in different growth stages..........cccceeevvevennnnee. 61
4.4 Summary Of ChapLer 4 . .......ooieeeeeeeeee e 63
Referencesfor Chapler 4..........ooe i 64

Chapter 5 Variation of the concentration of dimethyl sulfur

compounds of three algal bloomsin a mesocosm

EXPENIMENT ..o s 66

B L INEFOAUCTION ...ttt 66
5.2 EXPErIMENTAIS.....c..iiiiiiiiieieeeeee ettt 66
5.2.1 MeSOCOSM EXPETIMENL .....cccvvreeiireeireeeieeenieeesreeesaeeessreeessseeensseesssseeeseens 66
5.2.2 Sample aNalySeS .......cerieiiiiiieeiieie e 67
5.3 ResUltS aNd iSCUSSION .......ccueriiiiieiiieiieiieeieee et 68

5.3.1 Comparison of environmental factors in experimental

enclosures and CONtrol ENCIOSUIES ......covuuuunmeeee e e eeeeees 68



Table of contents

5.3.2 Variations of phytoplankton in experimental enclosures.............c.c.cc....... 69
5.3.3 Concentrations of dimethyl sulfur compounds
in experimental enClOSUIES..........ccviiiiiieiiiieiie e 70

5.3.4 Influences of environmental factors on the production of

dimethyl sulfur compounds.............ccccueeeiiiieiiiieiieeee e 74
54Summary of Chapter 5 ..o 82
Referencesfor Chapter 5.........ooviiiiiieeeeeeeeeeee e 83

Chapter 6 CONCIUSION............coooieceeeeeeeeeeeeee e 86
6.1 Contributions of thiSTeSEarch ... 86
6.2 Shortages of thisSresearCh............coooovieiieiiceeeec e 87
B.3 PEISPECLIVES ...ttt e te et e et e eaeeeaeeanans 87

Manuscriptsduring graduate study ..o 88

ACKNOWLEDGEMENTS. ..ot 89



S

=
LG (DMS) RGP D BRI GY, AR KA

IEEE . “HILHILNR (DMSP) & DMS [E R4, 74 DMSP 44
BEIVER T 20 DMS FINR . —HEE (DMSO) 7& DMS KBk 244k
YA B AEAL IR =40, A RT DA E A PR A P e ARV S S R
Fr B2 Bl R S B0 AH 45 5 IR A%, BIFFUERE — IR GRAL I A= A7 DA S —
T AR S AN TR A R LA = AR R FE 2, DUYRON T8 — T )
BEARZ RIS R e WEFTH) EZE NG R

1)

2)

DMSP. DMS #1 DM SO 43-Hr 75 ¥k g 3
LA AT B b e AT g K — PR AR R e 75, B — v B
A — AR RSV AL, 0 LA SO AN SE 3 o R F Aalint A o Dy <X B
DMSP, ffis€ T NaBH/HCl & i DMSO [ 5 £ 4 1 o J7 v K6 PR Ay
0.10nmol/L, [l 68.6-78.3%; DMSP. DMS Fl DMSO 6 X P41l 5 i)
FIXTBRE 2 (RSDs) 2050 5.4%. 3%H1 7.4%. J7i8 5 T 234 PR &
AL, (Rl T RE S TA BB, AT [m]— Mg /KRR i DMS/DMSP/DMSO
G000 5 P ST 1) 246 st DA 2010
3 Fh i B FREA B [F) AR A B S B — FR EEBRAL I I AR AR PR
e R MR 45 (Skeletonema costatum). AT (Phaeocystis sp.) Al
AR5 - (Prorocentrum donghaiense) 3 i WL IR ARl A BT 9T 0 52
DL —3555 075, 0 3 Mg T sege = 0 %, W AN [ ARG I L ) —
LA e A SRR
a) 4 E ) DMSPp Al DMSPd 2 & bifi 2 4 & 3 K ok, fEfa e 2k
KT B & ;. DMSOp A1 DMSOd 55 5 B A5 45 57 i 1) (16 189 1K 1 1
I, IR DMS EFREUE KRR A KA UK, e
D) HE IR R R IR I S
b) FRFEWH DMSPp & BRI O, Foe AR KA B i s
DMSPd % 5 75 5 2 AR e A KT I i, RS AR 5 1R
i FRIEHEEN DMSOp & i SE A LB 3% & i3 i 3 n; DMSOd &
BAEFR U KRR E 4 K IR DMSOp & B btash—8, fi5E¥



S

3)

d)

JIWEL A 1-2% ;. DMS {EASE A= KU AT IR 38 22 1015 A v, (HAR AL AV il
J5i-T- DMSPd & & 451k .

R F % DMSPp Al DMSPd 5 &= b A=) s 4 Kok, feoe B KA
e 5 s DMSOp F DMSOd 25 & 7 H8 B A KRR i AR B e
FE RO, RS A KIS ) DMSOp I8 & Bk sl N FE, i
DMSOd (15 AL NA N F-2%; DMS &5 5 (AR b e FR B E K
T KN 5 DMSP & AL AARLL., (FR& A 5 T DMSPd 15
A, RS2 DMS KERIBILE .

LA 3 A A AN ) A A B 30 L ) — R S A A2 1 A7 J5E 40 M 35 B mT LUK
W, 3 PR AR ZE S, R WG AP A AN 52 2 A ]
ZES IS, (RIS A 52 2R AN ) A RS 22 53 1R 5 )

3 7o B 2R S R AN (R A A I S B — R AR A B 7 A [T AR R BT 5

TSR T 25 B BRI BRI I SO B O 5, SR = S R e i

FIIMAGE, A5 T 3 AR A ) 5L RGP ) P AR T AR R, 45
R

a)

b)

b 2 AN A AR RGN I ) DMSPp AT DMSOp ¥4 1M #E, 32 A
A I I FEE %, 20504 98.71Inmol/L-h A1 9.92nmol/L+h; DMSPd 7
RO K SPIRIRS E AKHH 1 n, 7E 22 23 k44 #6; DMSOd #1 DMS
FEAS A AEAC I S R v 3, FLISTE 828 R AT B R i ARl %, 43931
A 4.97nmol/L-h A1 1.38nmol/L-h.

PR A K E W, DMSPp #1 DMSOp ¥ ¥, DMSPp 14
HCRIE AR, {H DMSOp £EAS [A) A=K NI B (R i R B R AT B K 22 57
DMSPd 7EFEEUE K IIRIRR & A KM i G, 7585 ) L 02 1 T A4
DMSOd 7EFR AR FI 2 3 0, Fose A KN A& 14 #E: DMS
TEAS R AR K I HH AR 2 14 36 I, BeoE AR KR A B K = AR Tl %, Ol
3.87nmol/L+h.

DMSPp 1 DMSOp 7T 4= if it F EEAN ] A A Hof 40 B 02 19V, RV Bl
FABKZE; DMSPA Al DMSOd ¥4 1380,  As[R] A=K iy S 5L 11
AR AT 22 5 DMS AEAN AR I 38 A i, AR AR KA fek

II



S

[PF= A4, i 3.45nmol/L-h.
4) ANEBRKEEFIRES ZREGUYH S BT EIARSEH — FER

WY& BRI W

K HME TR R AR A S0 T V5, KR F R X IR 57 30 7 IR I B
B, 15 ORI K e — feE K e — /K 4E, IRl DMSPd. DMSPp. DMS.
DMSOd F1 DMSOp fE/KHEE SRR & RmaNas. 4R KA EIKE
X HEGRAC ) S TTRAR ZE ORI KRB Tk R, BRI, R
FIEFOKAEM TTIR I/ N  SEI S5 IR R W PO NO, R NH, 12 258 i 5 i
WIS KORAS, BRI DMSP Al DMSO (14 ;. NO, Fl NH, 5 a] G ik
27 DMSP Al DMSO ZE41 Jg P (1A= 3L IhfE, 5% DMSP fil DMSO (1) 5 &
PO, NO, fl NH, "5 DMS & B¢ i & K

BRG] UG, CFRSUERNG RO PP E A AREEEE: R
Mg FIRRSEE, KA HEESH.

I



ABSTRACT

ABSTRACT

Dimethylsufide (DMS) is the most abundant volatile biogenic sulfur compound

in the surface ocean, which plays an important role in the global sulfur cycle and

global climate change. Dimethylsulfoniopropionate (DMSP) is the major precursor of

DMS, and DMSP can be degraded to DMS and acrylic acid with DMSP cleavage

lyase. Dimethylsulfoxide (DMSO) in seawater is usually considered as the product of

photochemical and bacterial oxidation of DMS, and also arises from phytoplankton

biosynthesis. This dissertation focuses on the production and turnover rate of dimethyl

sulfur compounds in different growth stages of algae through laboratory culture

experiment and mesocosm experiment. The detail information is as follows:

1)

2)

Establishment of analytical methods for DM SP/DM S/DM SO
A sequential method for the determination of dimethyl sulfur compounds,

including DMS, DMSP and DMSO, in seawater samples had been developed.

Detection limit of 2.5pmol of DMS in 25mL sample, corresponding to

0.10nmol/L, was achieved. Recoveries for dimethyl sulfur compounds were in

the range of 68.6-78.3%. The relative standard deviations (RSDs) for DMS,

DMSP and DMSO determination were 3%, 5.4% and 7.4%, respectively. This

method avoids the use of cryogenic trap and shortens the analytical time from

hours to minutes.

Production of dimethyl sulfur compounsin different growth stages of three

typical HABs algae
The productions of dimethyl sulfur compounds were studied in different

growth stages of Skeletonema costatum, Phaeocystis sp. and Prorocentrum
donghaiense. The results are shown as follows:

a) The productions of DMSPp and DMSPd increased with the growth of
Seletonema costatum, and reached their highest concentrations in the
stationary growth stage; DMSOp and DMSOd increased with the culture
time, and had the highest concentrations in the senescent stage. DMS had low

concentration in the exponential growth stage and stationary growth stage,

v



ABSTRACT

3)

b)

d)

but a very high concentration in the senescent stage.

DMSPd enhanced with the growth of Phaeocystis sp., and reached the
highest concentration in the stationary growth stage; concentration of
DMSPd was high in senescent growth stage and the prophase of stationary
growth stage, but low in the anaphase of stationary growth stage; DMSOp
also increased with the growth of Phaeocystis sp.; DMSOd change was
similar as DMSOp in the exponential growth stage and stationary growth
stage, but relatively constant in the senescent growth stage; DMS had high
concentrations in the stationary growth stage and senescent growth stage, and
the concentration variation was behind that of DMSPd.

DMSPp and DMSPd kept growing as the growth of Prorocentrum
donghaiense, and showed the highest concentrations in the stationary growth
stage; DMSOp and DMSOd enhanced with the growth of Prorocentrum
donghaiense in the exponential growth stage and stationary growth stage; but
in the anaphase of stationary growth stage, DMSOp decreased irregularly
while DMSOd was relatively constant; DMS had the same variation as
DMSPd in the the exponential growth stage and stationary growth stage, but
slower than that of DMSPd. High release of DMS appeared at the senescent
stage.

Comparision of the production of dimethyl sulfur compounds per cell of
three algae showed that there were differences in different growth stage,
which indicated the species and physiology of algae would affect the

production of dimethyl sulfur compounds.

Sudy of production and consumption rates of dimethyl sulfur compoundsin

different growth stages of threetypical HABs algae

Production and consumption rates of dimethyl sulfur compounds in

different growth stages were estimated for three algae, Skeletonema costatum,

Phaeocystis sp. and Prorocentrum donghaiense, cultured with inhibitor

incubation experiment. The results are:

a)

DMSPp and DMSOp were consumed in the whole growth period of

v



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

