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1. REPHEFHRER

3 RIRAAE S P 69T R B ARfe & £ BAGAR R K, R R E R P R RO, I
WIRA P I 509 Rt RS

AR AR, R IRIX —IFERRIGFA R ORI TT, B H B3 — A4k
R ) R AR A R G B i B R 1 R R AL R A2 7, R Z A
BR (B3, BERAMHSS) UREGESY I RAS RS, w7
WS R VR AP B T RE R BEXT BRI (POC) i Hii = 5200, AR AT KL
WUBRAR Y (0 D58 2L FaR Tl B AR VI B D RE R FAE VA A LB (DOC) ARt
MIVEFH S RO A MRV 2 R S A WA R G 2 IR ) e BBk . B R A S R 4
TR (14 22 I 2 R HLR, g AR 28 R GURRAA IR S FR S R 15 4 FH A FE S (R 22 K
1 -

R AR S (1) WA RS POC RSB THIE,  (2) K
RAEWThBERELE DOC AR P R 4% 1

AR S (1) HR7RIRIE AP O T BE 2 BETE A /KA (R A A KRR R H 2
S5H WA LS (2) BRIV 5-8 5.

ARAE S 7 5, BRI R B AL OO 5 S BB 7, [ I R4 7 st i
o, AR (BP) MIEEYIBIE (MCP) JCHEAE BN 25 o A R iE K FL i
A HUBARH 2 FHLHI A DR T Z5 K6 POC i 1845 . POC 2 1%l /% 41
B POC 4 N\ FIWE RLADE 40, 55 07 I EUG B, AR I B br. T Zot A R
e
1) PREASIN T IUH AL 2016 FRFEFRICES (GEHEBRETED EFMHHTK. 2017

TP E RN, 2017 SRR ARG B ORIER TR . 2017 4RI AR L HE-VE K

KZERR, #5380 2016-2017 SEARE LTI -JE 1 1S4 F. ZEHR. KR,

KEAFEAFRET  AREE RS AFKE R FRAE TR T 800 4,

HriH T DNA KB T A 2 FEVERER 650 A, PRBEAH % (BRI, el
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4) TERIFINGMGRGEEE-FEE - . RIGERAE R R X AIERR K XTI POC i tid &, 7%
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HG B R s g A TR A AN D s B, LT e i R 2 KA R
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1. REPHEEHREBR

BN BRAF LI TR R, TERMERR (—/AALDL 3 ) AATF,

TR AR IT I At OO 5 SEEG R 7T, [RIIN3EAT P sh 40l i B85 50, /£ BP
F1 MCP A ST 25 00 A RRAIE S LR AR A HUBRAR S o WL T30 A BT 4544
X POC it (520 & POC 3 /177 A2 . 4l POC i A\ A Hid N2 AN 4, 5 075 T XA E
TR
1.1. EZFEE BP 1 MCP XBEYABF S RN 5 HE
(1) 2016 FEFEERIGBFRWED S MR 510

“2016 4R AR AL TRBHT I R], 7E B AN )R A1 A ——Bf 4L X C6 il
ReREHIX ) CO ShEAT T JE ALK R K58 S Pl AR R i B R AR, IF BT AR
IRAS . LA B AR S ARIUTR &, I T 72 MFIEYIRE S K 4 A trap FERL, R
F B s T3R5 DNA KTERS T 5, JF R AEV 2 REE R A o3 . P38
CIER, FFAPSHEL S HTIFER BV 4 R EIR: C6. CO SHIF I A MIREE St W35 2%
5, BRAEEVIE B A AAE I R ERCE A, Horb, RIS B R R BT
N BAFEL AFERAREYBER RN AFAEER . HET, IEEFATMEW
B, ELFE SRR B . AL LR B R B 7 . IR 454 5 PR IR A
AT

AR 43 A 28 SR AZ R e A= 0 R B A R N B BRI AR /N BV T s B B
TR A 22 B R S S AR REAE A AT

o EREREVMZ ST
C6. C9 M ELVEFEZ AN T — LA ERRAIERE, SRR IR TEE

(Proteobacteria) N, H X NIEAE (Cyanobacteria). Fir, W54H 5 DB SRR
(Prochlorococcus) FIEEEREE (Synechococcus) NF (B 1), FT OTU £ K F s
ST (PCAY Bork (E2), C6uERIZEE DCM (1) 3-2000m F & HH 1 JF A% A= P ek 4544
FAEE 2SR, (H0.2-3um BEEEMEARFIKEZ R AR, COWREKENXRS
Co Wit [, /MRARZKZMHE, M RRASIEARIKE 258N tehk, C9 wif
¥ DOM [EfREE, fEREFEEMBAKERRFEE E, BWEZET Co ¥, HEK
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ZMRLINE LS, Ko VEATEES S TKEH POM KRS L.

1.C6. C9 uh[R¥ZEMHEITEREHE

2. C6. COuHE#ZEMET OTU FEH) PCA 73#f

© BB RERRIEY (0.22-200 pm) BRAES T
R R R E R, BN 022-200um ) E T4 Y 0 H N Rhizaria ,

Stramenopiles, Opisthokonta, Alveolata, Archaeplastida, Excavata /% Incertae Sedis 7 >
BRI, B 40 KA T EISHE, H A Dinophyceae, Syndinials F1 Metazoa ~“F-#J 4% £
FE e (B 3). RIS Alpha ZREMED TR R, IRFEEXPRIAE Y 3-200um ZEHER 704
SRR, R 0.22-3um BRI AT MR/ (B 4D T BHTR BEXS IORiAR i A= P ) 7 i
TERIILE, INRARZEMD ) AT BORRAR BV N iz o B A VSR 1] A A S
MriEsx (B 5), Dinophyceae 5 Syndiniales. Haptophyte 252 /MR 5 53 fiMHoC, C9
i AP R] BOAE R 58 R BEIR BE G I s b, AHOGPERT e AR Yo A2 . SR B |55
REA Ko
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5.C6. C9 uf 0.22-200 um E#GF IR & B

o /NEUERIESHYIRIH IR BE 2 AT RHE

2016 FEEZERR T X C6. CO BN (8] 7 1 il HEAT P E M 2 FEVE b, I X &
VS S USRATHTURL 32 (143 /N B i BN D B R S5 R AT T L. I B E AR RIFS,
SKFERKIEAT R A3 ik K . IRE K ETHRAIANEK . e 27 HU53 i) B e B AN
(Spirotrichea). M-MHZY (Phyllopharyngea). Z:fEZ{ (Oligohymenophorea) 55 7 ZH2H %
(B 6). Hrf, TEBNLFTBIARMALRE, HIKZMEN . ANREZKESE R 2R
FEREZER, HohmgKRINE KRB R 2R, EFHR XN 4B 2 HE
Bk (B 6). e N 247 B VA o A B2 K BT R 2 s 7E S-S KET S, TSR 7
P REVE AR SRR i m, BARTEKEIN, RIS VA 2 M IS5 R AN R

6.2016 EEBEBIRARREKEA B FERNNRIFERF OTU FEEER



BEAk, A 18S rRNA mid &N 5 B AR EMMITE, ME. ERERE
Fa AR AL TR C Wi BORE dtEAT 0 b, PRI IRSE7R 1T RIZ S 3902 A BRI alpha
DR S, R T DAERHRIR T B R FEER MRl . SRR EIR, C Wikl E
VR EZL /DT 60 pm AR AL, ot 20-40 pm IRFAL (B 7). 255 A8 EE T RNA
HIDHT AR AT DL 9962 h ZREERARAY I LF B IR EOR B TSR . RAR BN B
e TS 0T UAGHHAIENR RN beta ZFEMEDHTEIREIRI] . 5K ]
A T GERRAARLL, REEYIAIEA B R beta ZAEVER EZ KR AWFFTE UCK
MRS TG, SHEZHERRL . 2R U M 2 AR AT I 7T,
HEERR R 13T 2 RIUE BRI NP s 22 R PR A S8 A 25 5 ()l 1) i 22

o

7. BBRALED C BT EREFRIZA AR

o RIEHEAEY (>200um) BREMESHT

X C6+ C9 ufirh Y AL IR S 23 I BEAT TR AS %5 7€ 1 18S tDNA. 18S rRNA 773
Bro AT RR, C6 M BRI AR ECHN 57, C9 15 66: C6 MRt
YV £ 780.6+393.6 ind/m?, C9 ¥ 282.9£206.7 ind/m?; C6. C9 WhiFsh Wik
PRBEL AR E R FESS (] 8A. B) . 18S rDNA 5 3L3R75 10110 4> OTU, &AHf
fh A OTU Hm A% (620132 ) , FE1] NWEBOE MK TK g Yfha283) 11 A~ 3%
B, BFEMPBUE NS (65.1-96.3%) K OTU 5 E i = I8, C6 U
WHLFEIRZ (0.6-19.5%) , C9 Bli/KIE RGN ENFEEIXRZ (0.1-28%) . C6 5 C9
st T R AR R VR S5 ) A B 2 5, Bray Curtis FIUEAE 40 LT . C6 36 Y & FE
FE R R GHUE>60) , 1 C9 ¥ ASFII (B R R R 2 iR . fE—ANER



VG R I, BEE R PSR KOKIEUK BESE rp R P i AR VA AE B R TR B Bl ANTRISEAE
HEBEA R LR, TR EERAEEBRICEN, 1A KRB 2KV 4
T R IR, HAE— BRI A PREFARR AR E 2 9. AU rRNA K
rDNA 73 IR AL S S CUHE A 5, BB A s AR = AR AR S A
(<0.01%) AUHHEMES S T HEEIRE 1% « Hi, ARURETE& &R 3 2K
HEDHIONSERE A L BB (K9 .

&1 8. C6. C9 ufirhBYFip S MR = 454
BEFESEERTEREGNEXBBEXNEE (A) RFE (B) ; @i 18S rDNA MF
RGN BEBEXNFEE (C) ROTUH (D)



& 9.C6. CO uhrhALZMAEMRELEYE ((RNA) S5HEE (rDNA) X &,
(A)FTE OTU rRNA X rDNA H8xIEEHE XM 54; (B) EE3EEE (RNA:XDNA LE{EX OTU
#

(2) 2017 FEEFEHEILE- 5 RGP ED S I R =540
ARV B AE B AL - B AR KI5 F2. E1. SEATS. DC2. DC6 FiAM ][54
whi (B 12) SRR A, DRI V) 2 FETE RN 25 AR AE . I ETE
[ U A B T RIS 2 FEVE S B 5 TS — g R, HARRLARFEA IELE 2 AT

- BERMEYZ M

FERAS E B 8] 7 1)k 22 o0 RiAR i IR B 5 DCM iK1 e [l B A ) 2 ek
S A, FHERR ISR RS ASAEN AL . H TS 5ERE S DNA FE S
Mm@ RN 7, DNA B qPCR. RNA £ 5 )5 82 M IEfE Rt 4T

BT [ A M A nif PCR 9738 7 mi@ &0 5 1 an i, 4 sl 08 )G 3L 3R 45
362,665 274, 5 nifH $¥EE XS5 5] 258 NATHEAE > 2K 50 (OTU) o MIF455R E
w~, PEFEHR nifH R (phylotype) £ EALFERRE T (10 8 & A2
(Proteobacterio) A I A FRHE IV, Horb [l 5500 5 1) 2R KB Trichodesmium, 5

o



YT L[ % #57% UCYN-A. UCYN-B. UCYN-C, VLI 5 G- 8 (Hemiaulus) « 1R
E¥: (Rhizosolenia) LW H R MAIEA B (Richelia Het-1+ Het-2) {Erg AN SEAL
Bigeki 2l (& 10). fERTEE R A, SRR S R E A GEY (B
11A) o FFESh 2 B H 3 AL bx #7853 4T (Canonical Analysis of Principal coordinates, CAP)
SRR, B uGAL E RUMAE Y AR SRAE kS, R A B A P ) o A e P A
AR AL g, (RN 52 Sb IR BE R RER o G0 F2 ub A7 T 52 SRR 7 K i 5 & 6
FEHER IS, WA AR 4ty 5 e A BORAFE (B 11B).

10. PERE nifH E£758 (ecotype) HALHT.
ARG HUHET MRS MEAIgK R EREE R nifH #HTS@ENFTRGH
OTU #&, B4 OTU EARMEAIAIAEXFEERIBIRELFINFFIRITE.

11. FEREEEEAMEMEESMRESIMERFHEX M D,
(A) FEBERMEMABLHEHFE. 2ERBIBEEREMMHEZRKEN nifH OTU 3X13. B)
ErEmIE A ELIRABI ST (CAP) BRRESIMEETFRIHERXME,

10



o hEERESIVIZEAE S BERIEE M NRME

MRIEAFRNE OTU X RLIK &R i (14 Fp 5 B v SRR F2 B (18] 12), IR A —
IKIZ BB = T T e EE RS (B 13). RE 5 MU iEig s
ZSR, EMENFES1%MEHEPAELTILE, OB R TEES 2 E
(Acantharia). 8 Ht Collodaria. % Fi2% (Malacostraca). B /235 (Copepoda). ¥ 55)
¥) (Annelida). BA&Z1%) (Mollusca). #2/& 5 (Cercozoa). /K#EH1 4N (Hydrozoa)-
B WA (Nassellaria) . #¢#E5)%) (Tunicata). H 744 (Dinophyceae) F1#% ) #E
(Noctilucales). FHeHt, S B 15545 B 2 H (Acantharia) AU H Collodaria 7E 3 £63
AL FIFE LR P T A 3y, M= BE IR B 60-80% . FANSEALTE [F]— /K 2 B RAR N 4
ZAE>1%H R, HERGERBERAE . Flan, Ut H Collodaria 76 E1 3 H F] £
£ 0~30m 7K Z A1 200-300m /K=, A ESEHAE 0-30m. B 3t ARSI A B 21
BN 78 SO B

12. BIE rRNA X FEE AR REERERNFR)
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13. BULE—KEZiFNER BN FEEEERE
JefRRZERAZKEREBENEESTRE, EERKRARENEERTRE.

1.2. #1537 BP 1 MCP XEEMAFBITENBHRR BN D FHH
(1) EAFIFEYE VBN K 2T HUHET 5T LR R R R 3 R EAR

I 5 Y R IR SR 4 2 A AT LA RO H bR R R B S KT R 3Rk KT R E B A AT
7R T ASFIFPRE YR A DLBER 2 AR (1D KIREURE: (Karenia mikimotoi) ¥
ATP (R AL E R B BR G A K8, T2 i8I ) —Fh A S - R T BRI /K At
ATP, K] ADP/AMP H#E AN JE C0CAE N ERHIAZ IR . Bl EF AR S AR L] (] 14A,
Luoetal., 2017, Environmental Microbiology, 5 —kriE); (2) ZiER F#E (Prorocentrum
donghaiense) H B ARRERFHEH B (C-P BAVBLAY) 1AM —FIBE(E HERRE
A, EIREE RN 0] LA 5 C-P B IAT HLEE (M /K M (2 3 A58 A% IR e A 4
ZmfE K (B 14B, Wangetal., 2018, Frontier in Microbiology, %—#3E); (3) i
WU (Emiliania huxleyi) TIZRIEF= AW AAN R (B0 EBE R R, 76 48 B Ak T B A1) 2%
FETRI, AR T R g IR S A SRR B O T R A AN R A A . AR
T Tl 1R A 200l P AR A e R o B AP R T 22 M PR R K R Bk 4 A Y
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A T R Pl A 0 R TS 8 7K A v 32 T AT LB R I BB WL e R A A E KO A
VPR P 8 2 Tl 1) A AL 2 I A 38 LR 1100 52 e P ARV P BT 3 1) B AR 5 i L
(B 14C, D, Lietal., 2018, Frontier in Microbiology, 5—Fr¥).

PCP Hil acpPC & 15 2 FH L3R 1) e rh /N B L () R 2R 2 1, DARIE S 8 B bR,
TEBERT AR LA AN G RRBREE T, K R 2R 2 1 G i DR (4 %% i /K P 5 4 i o ) € 3
Er R G AT T, S5 EIR PCP Al acpPC (LR RIBHEAAE, 2 AR5 o
SAF R RN ZFE (Shi et al., 2018, Harmful Algae, 55 —H3iE)

XV AL DR A LB F 20T LA R R 2 i B IR B QI 98 46 SRORORER T 1 %
TR E TR RS, AR LE] . PRSI IE CEFRERIR . ARG e S
IR, IF ik — DR T 1 AR 3 3R 48 [ e AN i ik ot RE2 1) 41 Rz L ) 25 At

14 R EFRF s E R FH BB 5 F AL
(A) ATP FRAXREREREMBRAHNZWMEXE; (B) BEHEXNFRERREEFESDL
FHEFENAEGENEE; (C) MAFERMBRIBRRHNS; (D) BASEIFREIERIEH
BESENRIHKE THRIEER
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(2) HEEFEFREXEIMEEERAEHR

BRI Z AR, TR S FRIEIX SEATS ¥ AR FVAE (DCM. 200m A1 3000 m) K
BERE A, FH LT R BRA WL /NRLAR JBURL A WL R R A B 2 2 (1 i 4 (]
15) o SRR, R E MO SRR 2 BV BE AR I gk b, B v v 1) S AR
BRI I R SRE . RIERERE S, RRAE L. SARIL AREN oL
TR 973 B PR 14 T R I A AR SARNL MR o 93 B ATl 85 2R (1 HAZK U o A LA S
Sk, RIS FEURERE N T, R ORI R DCM i FE
FISAUREE . AR, AN SRR M [ . R AR,
A2 B A A A F LA K 2 2 RE IR SR 8 2 BRI AR i F2 .  O0 H A AL & 4 o
B2\ FEH SRR R 0 A AT A A DR IR 1% B R U 21, IR e AT TR R S A ) e 43t
L P B MU . [RIRY, V3l R 0 SR S R30S 2 1 1 R BIRS s R VRS2 /K
R REAFETEAT) B S 0 A D R, PT REIE I PR 2 A R A U A T 4 e P
J1o WA NA P AEE RE AR R R A, R s g R R A s R e,
N VR DA B 1 A IR S DA BT ) 7 (R P 2 TR A VR, 200 M 4
Wh MR B S A RE — BT IR (R T T SR AR AR I B & . i oo
FE U RAE R A KA TR (M R ARENE S, S VEAH I BRI AR A IR R
i R T o BRI AR

NI
N

/

NN -
A\

Phaeocystis
Pelagomonadales

272 Nother cyanobacteria
s wOscillatoriales (cyano-)
i wSynechococcus (cyano-)

Chloroflexi
-— Planctomycetes
o Verrucomicrobia
_ — - = other Actinobacteria
s0 [ Candidatus Actinomarina minuta
—-— other FCB group
c =
| P
40 B other §-proteobacteria
- s || L CsARI(G)
" i || % other y-protechacteria
» &R o e
© § \§ 30 i [ 7% Celivibrionales (1)
§ § i pee r— _— Alteromonadales (-)
" & § P f = wii mother o-proteobacteria
Bl / / | —_— Rhodospiralles (a-)
o 20 / “ | mué"m “
o« B m /« § saRhizobiales (a-)
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days), Prorocentrum donghaiense, a dinoflagellate known to cause major harmful algal
blooms in the East China Sea, could grow in a medium with glyphosate as the sole
P source; suggesting that P donghaiense growth was through bacterial mediation. To
understand how the bacteria community might respond to glyphosate, we analyzed
the 16S rRNA genes of the microbial community present in R donghaiense cultures
when grown under lower (36 M) and higher (360 wM) glyphosate concentrations.
Based on both Sanger and lllumina high throughput sequencing, we obtained more
than 55,323 good-quality sequences, which were classified into six phyla. As the
concentration of glyphosate rose, our results showed a significant increase in the
phyla Proteobacteria and Firmicutes and a decrease in the phylum Bacteroidetes.
Further gPCR (Quantitative PCR) analysis showed higher abundances of two specific
phylotypes in the higher-glyphosate P donghaiense cultures when compared to the
lower-glyphosate and no-glyphosate cultures. Correspondingly, gPCR displayed the
same trend for the abundance of a gammaproteobacterial type of phnd, a gene encoding
Alpha-D-ribose 1-methylphosphonate 5-phosphate C-P lyase, which is responsible for
phosphonate degradation. In addition, Tax4Fun analysis based on our 16S rRNA gene
sequences results in higher predicted abundances of phosphonate metabolizing genes
in glyphosate-treated cultures. This study demonstrates that glyphosate could selectively
promote the growth of particular groups of bacteria within an algal culture and in
glyphosate enriched coastal waters, this interaction may potentially further facilitate the
growth of alga.

Keywords: glyphosate, P-source, Prorocentrum donghaiense, microbial community, 16s rRNA gene profiling,
phnJ
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Utilizing 2'°Po deficit to constrain particle dynamics in
mesopelagic water, western South China Sea

Haoyang Ma', Weifeng Yang’' , Yusheng Qiu?, and

Minfang Zheng’

, Lihao Zhang?, Run Zhang', Min Chen?

'State Key Laboratory of Marine Environmental Science and College of Ocean and Earth Sciences, Xiamen University,
Xiamen, China, *College of Environmental Science and Engineering, Guilin University of Technology, Guilin, China

Abstract The 2'°Po-2'°Pb pair is increasingly used as a proxy of quantifying organic carbon export from
the euphotic zone. However, disequilibria between 2'°Po and 2'°Pb in mesopelagic water have been poorly
studied. Here we present unusual deficiencies of 2'°Po with respect to '°Pb in mesopelagic water
(200-1000 m) in the South China Sea (SCS). The total particulate matter (TPM) increased by up to 32% in
the mesopelagic layer comparing with the euphotic zone. The total 2'°Po/2'°Pb ratio varied from 0.41 to
0.98 with an average of 0.72 + 0.19, showing an enhanced removal of 2'°Po in mesopelagic water. On
average, particulate 2'°Po and 2'°Pb increased by 23% and 32% at the slope stations, respectively. These
results indicated that the 2'°Po deficits result from lateral transport, probably via benthic nepheloid layer.
Based on the deficiency of 2'°Po, the residence times of particulate 2'°Po were estimated to range from
0.11 to 0.25 year (avg. 0.17 = 0.07 year), allowing resuspended sediment to disperse over a long range. The
export fluxes of 2'°Po varied from 68 to 121 dpm m 2 d~" with an average of 96 = 27 dpm m ™2 d~", which
was 6 times that out of the euphotic zone. Using the 2'°Po deficits, the export fluxes of TPM out of the
mesopelagic layer were quantified to vary from 4.19 to 10.20 g m ™ 2d ™', revealing a large amount of
particles from the shelf to the SCS basin. This study suggests that 2'°Po-2"°Pb could be an effective tracer of
tracking particle cycling in mesopelagic water.

1. Introduction

In seawater, 2'°Po (T;/, = 138.4 days) is mainly generated by its grandparent 2'°Pb (T;,, = 22.3 years) via
radioactive decay. Both 2'°Po and 2'°Pb have very strong particle-reactive natures in seawater [Chuang
et al., 2013; Yang et al., 2013]. In the euphotic zone, abundant biogenic particles usually introduce a quick
sorption and sinking of 2'°Po and 2'°Pb on a short time scale, leading to insufficient time for 2'°Po accumu-
lation and resulting in an observable deficiency of '°Po with respect to 2'°Pb [Bacon et al., 1976; Nozaki
and Tsunogai, 1976; Cochran et al., 1983]. Due to the tight link between particulate organic components and
2190 or 2'°Pb adsorption [Stewart et al,, 2007; Yang et al., 2013, 2015a; Chuang et al., 2014; Rigaud et al.,
2015], the disequilibria between 2'°Po and ?'°Pb have increasingly been used to trace the export flux of par-
ticulate organic carbon (POC) [Buesseler et al., 2008; Verdeny et al., 2009; Stewart et al., 2010; Roca-Marti et al.,
2016; Su et al., 2017], biogenic silica [Friedrich and Rutgers van der Loeff, 2002], and nitrogen [Yang et al.,
2011] out of the euphotic zone in the last decade. The 2'°Po-'°Pb pair is also listed as one of the important
proxies for investigating the oceanic particle dynamics in the ongoing GEOTRACES program [Church et al.,
2012; Rigaud et al,, 2013, 2015]. Since the half-life of 2'°Po enables '°Po-2'"Pb pair to record information on
particle cycling over time scales from days to seasons, this pair, together with sediment trap and 2>*Th-238y
approach, is used to better decipher the POC export from the euphotic zone on different time scales [Hong
et al,, 2013; Ceballos-Romero et al., 2016; Maiti et al., 2016].

Although the application of 2'°Po-2"°Pb in the euphotic zone has been intensively studied recently, the
cycling of 2'°Po and its utilization in the mesopelagic (200-1000 m) and bathypelagic (1000-4000 m) zones
are poorly understood to date [Kim, 2001; Hu et al., 2014]. It is generally accepted that ?'°Po is in equilibrium
with 2'°Pb in deep water because the scarcity of particle allows '°Po to reside longer and reach equilibrium
as reported before, such as in North Atlantic [Bacon et al., 1976, 1988], Pacific [Turekian and Nozaki, 1980],
and eastern and central Indian Ocean [Cochran et al., 1983]. However, the deficiencies of 2'°Po with respect
to 2'°Pb have increasingly been found in mesopelagic water in the past years, e.g., in the Sargasso Sea
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Marked seasonality and high spatial

‘variation in estuarine ciliates are

driven by exchanges between the
‘abundant’ and ‘intermediate’
biospheres

Ping Sun?, Liying Huang?', Dapeng Xu?, Bangqin Huang?, Nengwang Chen' & Alan Warren?

. We examined the spatial and temporal variability of ciliate community in a subtropical estuary by

rRNA and rDNA-based high throughput sequencing of 97 samples collected along the entire salinity

gradient at two-month intervals in 2014. Community divided statistically into three groups: freshwater

(salinity < 0.5%o), oligohaline and mesohaline (0.5%o < salinity < 18%eo), and polyhaline and euhaline
(18%o < salinity < 40%o). Across all three groups, salinity explained most of the community variability.

Within each group, seasonal shifts in community formed cool (spring and winter) and warm (summer
:and autumn) subgroups, indicating that spatial variability overrode seasonal changes in determining
. community composition. Cool and warm groups showed opposite associations with temperature and

prey proxies, suggesting distinct seasonal niche separation. The community reassembly of cool and

© warm groups was essentially due to transitions between intermediate (with relative abundance of
. 0.01-1%) and abundant (with relative abundance > 1%) OTUs. Further analyses demonstrated that the

intermediate group not only encompassed comparable OTU richness to that of the total community

© and maintained high metabolic activity but also had the highest proportion in transition, either to
: abundance or rarity, thus offering a first view on how it varies across space and time and revealing the
. essential role it played in maintaining stability and functionality within the community.

: Microzooplankton are heterotrophic organisms with body size between 20 and 200 um. They can feed on pico-
. and nanoplankton unavailable to most meso- and macrozooplankton. They therefore occupy a key position in
. aquatic foodwebs as their grazing significantly affects primary producers and bacteria®2. However, our knowl-
. edge of the spatial and temporal distribution patterns of microzooplankton across a wide variety of environments
. and their shaping factors is still limited. Ciliates are single-celled eukaryotes (protists) that dominate many micro-
. zooplankton communities in terms of both species diversity and abundance®. By virtue of their short generation
© times, ciliates can quickly respond to environmental fluctuations®. Therefore, understanding the community
. dynamics of ciliates is increasingly important in an era of rapid environmental change, particularly in habitats
. where such changes are likely to be sufficiently pronounced to affect ecosystem function. Estuaries are highly
. dynamic ecosystems that undergo constant change due to both natural, e.g. daily (tidal) and seasonal variations,
. and anthropogenic factors. These variations in space and time make estuaries ideal ecosystems to perform inves-
© tigations targeting the community dynamics of ciliates.

Estuarine ciliates have been included as part of investigations on wider taxonomic scales, e.g. protozoa® or

protists®, or alongside studies of various metazoas groups, e.g. copepods, fishes, molluscs and crustaceans’. Other
. studies have focused on specific groups of ciliates e.g. tintinnids® or aloricate ciliates’. Studies on the full spectrum
. of ciliates along entire salinity gradients are limited, and those dealing with both temporal and spatial variations
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PCP and acpPC are the two major antennae proteins that bind pigments in peridinin-containing
dinoflagellates. The relationship between antennae proteins and cellular pigments at molecular level is
still poorly understood. Here we identified and characterized the two antennae protein genes in
dinoflagellate Prorocentrum donghaiense under different light conditions. The mature PCP protein was
32 kDa, while acpPC was a polyprotein each of 19 kDa. Both genes showed higher expression under low
light than under high light, suggesting their possible role in a low light adaptation mechanism. The two
genes showed differential diel expression rhythm, with PCP being more highly expressed in the dark than
in the light period and acpPC the other way around. HPLC analysis of cellular pigments indicated a diel
change of chlorophyll c2, but invariability of other pigments. A stable peridinin: chlorophyll a pigment
ratio was detected under different light intensities and over the diel cycle, although the diadinoxanthin:
chlorophyll a ratio increased significantly with light intensity. The results suggest that 1) PCP and acpPC
genes are functionally distinct, 2) PCP and acpPC can function under low light as an adaptive mechanism
in P. donghaiense, 3). the ratios of diadinoxanthin:chlorophyll a and peridinin: chlorophyll a can
potentially be used as an indicator of algal photophysiological status and a pigment signature

respectively under different light conditions in P. donghaiense.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Dinoflagellates and other phytoplankton live in a variable light
environment and during photoacclimation may modulate their
pigment abundance and distribution. Cellular concentrations of
photosynthetic pigments are expected to correlate with the
expression of individual chlorophyll-binding proteins (Iglesias-
Prieto and Trench, 1997). Changes in pigments under variable
light intensities experienced by dinoflagellates and other
phytoplankton are usually associated with antenna remodeling
(Peers et al., 2009). Each phytoplankton species has a specific
distribution of pigment in its pigment-protein complexes and the
distribution is rearranged during photoacclimation (Iglesias-
Prieto and Trench, 1997). For example, high light can induce loss

* Corresponding author at: Department of Marine Sciences, University of
Connecticut, Groton, CT 06340, USA.
E-mail address: senjie.lin@uconn.edu (S. Lin).

https://doi.org/10.1016/j.hal.2018.04.002
1568-9883/© 2018 Elsevier B.V. All rights reserved.

of photosynthetic pigments and lead to photobleaching and
photoinhibition, as documented in Symbiodinium (Takahashi
et al., 2008), a genus of dinoflagellates mostly endosymbiotic
with corals and other marine invertebrates. The loss of photosyn-
thetic pigments through the loss of antenna protein, particularly
acpPC is believed to be responsible for coral bleaching (Takahashi
et al.,, 2008). Thus, understanding the responses of the two
antennae proteins to the variable ambient light environment will
provide valuable information regarding the functional significance
of changes in cellular pigment concentration (Iglesias-Prieto and
Trench, 1997).

PCP (peridinin- chlorophyll a-binding protein) and acpPC
(chlorophyll a-chlorophyll c2-peridinin-protein) are two major
light harvesting components in peridinin-containing (i.e. “typical”)
dinoflagellates (Michael and Miller, 1998; Takahashi et al., 2008),
which form two antennas with associated pigments in the
photosynthesis system (Iglesias-Prieto and Trench, 1997; Takaha-
shi et al., 2008). PCP is a water-soluble protein, which only occurs
in light harvesting complex in dinoflagellates, usually located in
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Thalassospira marina sp. nov., isolated from surface seawater

Chunming Dong,t Renju Liu,t Qiliang Lai, Yang Liu and Zongze Shao*

Abstract

Two novel marine bacteria, designated strains CSC3H3" and CSC1P2, were isolated from surface seawater of the South
China Sea. Both strains were Gram-negative, oxidase-positive, catalase-positive, curved rods and motile. They grew at 10—
40°C, pH 5-10 and in the presence of 0-15% (w/v) NaCl. Their 165 rRNA gene sequences were identical to each other.
Phylogenetic analysis based on 16S rRNA gene sequences indicated that they belong to the genus Thalassospira, and shared
97.5-98.3 % sequence similarity to all other validly type strains of the genus Thalassospira, and the highest similarity was to
the type strain Thalassospira povalilytica Zumi 95" (98.3 %), followed by Thalassospira australica NP3b2" (98.2 %). The digital
DNA-DNA hybridization value between the two strains was 80.4 %, while the values with T. povalilytica Zumi 95" and T.
australica NP3b2" were only 20.5-20.7 % and 20.4-20.5 %, respectively. The two strains possess similar major cellular fatty
acids including Cqig.qw7¢, Cqgs.0, Ci9.0w8c cyclo, Cig.7 2-0OH and Cq7.q cyclo. The G+Ccontents of the chromosomal DNA of
strains CSC3H3T and CSC1P2 were 54.6 and 54.5mol%, respectively. The major respiratory quinone was ubiquinone 10.
Phosphatidylethanolamine, phosphatidylglycerol and several unidentified phospholipids, aminolipid and lipids were present in
both strains. Based on phenotypic and genotypic characteristics, the two strains represent a novel species within the genus
Thalassospira, for which the name Thalassospira marina sp. nov. is proposed. The type strain is CSC3H3" (=MCCC 1A11786"

=KCTC 62333").

The genus Thalassospira was proposed by Lopez-Lopez et al.
[1] and emended by Liu et al. [2] and Tsubouchi et al. [3],
belonging to the family Rhodospirillaceae within the class
Alphaproteobacteria. At the time of writing, the genus con-
tains 11 valid species, including Thalassospira lucentensis [1],
Thalassospira xiamenensis and Thalassospira profundimaris
[2], Thalassospira tepidiphila [4], Thalassospira xianhensis [5],
Thalassospira alkalitolerans and Thalassospira mesophila [3],
Thalassospira povalilytica 6], Thalassospira lohafexi [7], Tha-
lassospira australica (8], and Thalassospira indica [9] (www.
bacterio.net/thalassospira.html). In addition, ‘Thalassospira
permensis’ [10] and ‘Thalassospira frigidphilosprofundus’ [11]
are not validly described yet.

Previous studies showed that some Thalassospira species
were hydrocarbon degraders [2, 4, 5, 10, 12] or the domi-
nant member in the hydrocarbon-degrading consortia
retrieved from a wide range of global oceans [13-16]. In
addition, some of them can degrade other environmental

xenobiotics, such as polyvinyl-alcohol [6]. These results
imply that Thalassospira play a certain role in the carbon
cycle in marine environments, yet waiting for further
characterization.

During the investigation of particle-attached alkane and
aromatic-hydrocarbon-degrading bacteria in surface seawa-
ter of the South China Sea, strains CSC3H3" and CSC1P2
were isolated as potential degraders, and formed an inde-
pendent clade in both 16S rRNA and gyrB genes phyloge-
netic trees of the genus Thalassospira, indicating that they
represent a novel species of the genus. This study aimed to
determine the taxonomic status of strains CSC3H3" and
CSC1P2 by using a polyphasic approach.

Strains CSC3H3" and CSC1P2 were isolated from seawater
under the surface at 1 m depth at sites CSC3 (21° 18’ 9.43”
N, 117° 42’ 39.35” E) and CSC1 (21° 19" 49.59” N, 119° 21’
23.18” E) in the north-east of the South China Sea in Octo-
ber 2016. They were maintained as aqueous glycerol

Author affiliation: Key Laboratory of Marine Genetic Resources, the Third Institute of Oceanography, State Oceanic Administration; State Key
Laboratory Breeding Base of Marine Genetic Resources; Fujian Key Laboratory of Marine Genetic Resources; Fujian Collaborative Innovation Center
of Marine Biological Resources; South China Sea Bio-Resource Exploitation and Utilization Collaborative Innovation Center, Xiamen 361005, PR China.

*Correspondence: Zongze Shao, shaozz@163.com
Keywords: Thalassospira marina; new taxon; surface seawater.

Abbreviations: dDDH, digital DNA-DNA hybridization; JCM, Japan Collection of Microorganisms; KCTC, Korean Collection for Type Cultures; MA, marine
agar; MB, marine broth; MCCC, Marine Culture Collection of China; ME, minimum-evolution; ML, maximum-likelihood; NJ, neighbour-joining.

tThese authors contributed equally to this work.

The GenBank/EMBL/DDBJ accession numbers for the 165 rRNA gene sequences of strains CSC3H3" and CSC1P2 are MG458350 and MG458351,
respectively; for the chromosomal genome sequences of strains CSC3H3", CSC1P2, Thalassospira povalilytica Zumi 95" (=JCM 18746") and T. lohafexi
139Z-12" (=MCCC 1A01959") are CP024199, NWTK00000000, PGTS00000000 and NXGX00000000, respectively.

One supplementary table and two supplementary figures are available with the online version of this article.
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Transcriptomic and physiological analyses of the
dinoflagellate Karenia mikimotoi reveal non-alkaline
phosphatase-based molecular machinery of ATP

utilisation
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Summary

The ability to utilize dissolved organic phosphorus
(DOP) is important for phytoplankton to survive the
scarcity of dissolved inorganic phosphorus (DIP),
and alkaline phosphatase (AP) has been the major
research focus as a facilitating mechanism. Here, we
employed a unique molecular ecological approach
and conducted a broader search for underpinning
molecular mechanisms of adenosine triphosphate
(ATP) utilisation. Cultures of the dinoflagellate Kare-
nia mikimotoi were set up in L1 medium (+P), DIP-
depleted L1 medium (-P) and ATP-replacing-DIP
medium (ATP). Differential gene expression was pro-
filed for ATP and +P cultures using suppression
subtractive hybridisation (SSH) followed by 454 pyro-
sequencing, and RT-gPCR methods. We found that
ATP supported a similar growth rate and cell yield as
L1 medium and observed DIP release from ATP into
the medium, suggesting that K. mikimotoi cells were
expressing extracellular hydrolases to hydrolyse
ATP. However, our SSH, qPCR and enzymatic activity
assays indicated that 5-nucleotidase (5NT), rather
than AP, was responsible for ATP hydrolysis. Further

Received 31 May, 2017; revised 11 August, 2017; accepted 15
August, 2017. *For correspondence. E-mail senjie.lin@uconn.edu;
Tel. 1-860-405-9168; Fax 1-860-405-9153.

gene expression analyses uncovered that intercellu-
lar purine metabolism was significantly changed
following the utilisation of ATP. Our findings reveal a
multi-faceted machinery regulating ATP utilisation
and P metabolism in K. mikimotoi, and underscore
AP activity is not the exclusive indicator of DOP
utilisation.

Introduction

Phosphorus (P) is a vital element required by all forms of
life and its availability constrains the phytoplankton produc-
tivity in many marine ecosystems (Karl, 2014). The major
dissolved P pools in aquatic environments consist of dis-
solved inorganic phosphorus (DIP) and dissolved organic
phosphorus (DOP). DIP is the preferable form of P
because it can be directly utilized by phytoplankton cells
(Currie and Kalff, 1984), while the assimilation of DOP is
completed with the assistance of different types of hydro-
lases produced by cells (Azam et al., 1983; Cotner and
Biddanda, 2002). Because DIP is rapidly consumed in the
euphotic zone and replenishment from external sources is
slow, it is often at growth-limiting concentrations in the
ocean where DOP is relatively abundant (Paytan and
McLaughlin, 2007; Lin et al., 2016). For instance, the mea-
sured DIP concentration was 0.2—4 nM in surface waters
of North Atlantic where DOP concentrations range from 40
to 300 nM (Wu et al., 2000; Mather et al., 2008). This gives
a selection pressure to phytoplankton for the ability to uti-
lize DOP. Therefore, DOP availability is a potential driver of
phytoplankton species composition and may be of major
importance to bloom initiation and maintenance of harmful
algae (Dyhrman and Ruttenberg, 2006). Numerous physio-
logical studies have shown that most dinoflagellates and
other phytoplankters are able to assimilate various types of
DOP when DIP is depleted (Oh et al., 2002; Huang et al.,
2005; Richardson and Corcoran, 2015; Lin et al., 2016).
Alkaline phosphatase (AP), 5'-nucleotidase (5NT) and
other enzymes can facilitate utilisation of DOP in eukary-
otic phytoplankton and bacteria. In dinoflagellates, AP has

® 2017 The Authors. Environmental Microbiology published by Society for Applied Microbiology and John Wiley & Sons Ltd.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited.
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Enhancement of Non-photochemical
Quenching as an Adaptive Strategy
under Phosphorus Deprivation in the
Dinoflagellate Karlodinium
veneficum

Yudong Cui*, Huan Zhang* and Senjie Lin®*

" State Key Laboratory of Marine Environmental Science and Marine Biodiversity and Xiamen City Key Laboratory of Urban
Sea Ecological Conservation and Restoration, Xiamen University, Xiamen, China, ® Department of Marine Sciences,
University of Connecticut, Groton, CT, USA

Intensified water column stratification due to global warming has the potential to
decrease nutrient availability while increasing excess light for the photosynthesis
of phytoplankton in the euphotic zone, which together will increase the need
for photoprotective strategies such as non-photochemical quenching (NPQ). We
investigated whether NPQ is enhanced and how it is regulated molecularly under
phosphorus (P) deprivation in the dinoflagellate Karfodinium veneficum. We grew
K. veneficum under P-replete and P-depleted conditions, monitored their growth
rates and chlorophyll fluorescence, and conducted gene expression and comparative
proteomic analyses. The results were used to characterize NPQ modulation and
associated gene expression dynamics under P deprivation. We found that NPQ
in K. veneficum was elevated significantly under P deprivation. Accordingly, the
abundances of three light-harvesting complex stress-related proteins increased under
P-depleted condition. Besides, many proteins related to genetic information flow were
down-regulated while many proteins related to energy production and conversion were
up-regulated under P deprivation. Taken together, our results indicate that K. veneficum
cells respond to P deprivation by reconfiguring the metabolic landscape and up-
tuning NPQ to increase the capacity to dissipate excess light energy and maintain the
fluency of energy flow, which provides a new perspective about what adaptive strategy
dinoflagellates have evolved to cope with P deprivation.

Keywords: non-photochemical quenching, dinoflagellates, phosphorus deprivation, metabolic machinery
reconfiguration, energy flow

INTRODUCTION

Phytoplankton live in a constantly changing light environment affected by factors such as the strong
solar radiation and fluctuant waves in the surface ocean, and they often absorb too much light
which exceeds their photosynthetic capacity and would potentially cause photo-oxidative damage
to the chloroplast (Anderson and Barber, 1996; Niyogi, 1999; Li et al., 2009). In response, these
photosynthetic organisms have developed many photoprotective strategies to protect themselves
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Transcriptomic and microRNAomic profiling reveals
multi-faceted mechanisms to cope with phosphate

stress in a dinoflagellate
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Although gene regulation can occur at both transcriptional and epigenetic (microRNA) levels,
combined transcriptomic and microRNAomic responses to environmental stress are still largely
unexplored for marine plankton. Here, we conducted transcriptome and microRNAome sequencing
for Prorocentrum donghaiense to understand the molecular mechanisms by which this dinoflagellate
copes with phosphorus (P) deficiency. Under P-depleted conditions, G1/S specific cyclin gene was
markedly downregulated, consistent with growth inhibition, and genes related to dissolved organic
phosphorus (DOP) hydrolysis, carbon fixation, nitrate assimilation, glycolysis, and cellular motility
were upregulated. The elevated expression of ATP-generating genes (for example, rhodopsin) and
ATP-consuming genes suggests some metabolic reconfiguration towards accelerated ATP recycling
under P deficiency. MicroRNAome sequencing revealed 17 microRNAs, potentially regulating 3268
protein-coding genes. Functional enrichment analysis of these microRNA-targeted genes predicted
decreases in sulfatide (sulfolipid) catabolism under P deficiency. Strikingly, we detected a significant
increase in sulfolipid sulfatide content (but not in sulphoquinovosyldiacylglycerol content) and its
biosynthesis gene expression, indicating a different sulfolipid-substituting-phospholipid mechanism
in this dinoflagellate than other phytoplankters studied previously. Taken together, our integrative
transcriptomic and microRNAomic analyses show that enhanced DOP utilization, accelerated ATP
cycling and repressed sulfolipid degradation constitute a comprehensive strategy to cope with

P deficiency in a model dinoflagellate.

The ISME Journal advance online publication, 26 May 2017; doi:10.1038/ismej.2017.81

Introduction

Marine phytoplankton experience environmental
fluctuations in light intensity, nutrient availability,
temperature and pH. In the future ocean, warming
and intensified stratification may bring greater
nutrient stress. Phosphorus (P) is an essential
nutrient for phytoplankton growth as it is required
for cellular structures (membranes, DNA, RNA),
metabolism (nucleotides, NADH, NADPH), storage
of energy (ATP), cell signaling (cAMP, TP3), and
biochemical regulation (protein phosphorylation)
(Karl, 2014; Lin et al., 2016). In many parts of the
ocean, dissolved inorganic phosphorus (DIP), the
chemical form of P that can be taken up and
assimilated directly, can be diminishingly scarce
(Karl, 2014; Lin et al., 2016). P can be a limiting
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factor for phytoplankton growth even in eutrophic
coastal waters where excess nitrogen is introduced
due to human activities (Lin et al., 2016). Various
strategies have been identified in phytoplankton to
cope with low P availability, including changing
P transporters to increase uptake (Perry, 1976),
switching to dissolved organic phosphorus (DOP)
for P source (Dyhrman and Palenik, 1997; Dyhrman
et al., 2007; Karl, 2014), remodeling cell membranes
(Shemi et al., 2016), lowering P quota, bypassing
P consuming process in glycolysis reactions (Wurch
et al., 2011; Dyhrman et al., 2012), and recycling
lipid P (Dyhrman et al., 2012). The realization of
these strategies may involve regulation of gene
expression at multiple levels, ranging from transcrip-
tional, post-transcriptional, to post-translational.
While transcriptional regulation has been exten-
sively studied, post-transcriptional regulation (for
example, via microRNA) of phytoplankton responses
to P stress has not been explored even though its
existence has been reported (O’Rourke et al., 2013).
This study was aimed to address this gap of research
by investigating genome-wide responses to P stress
in a dinoflagellate.
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