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Abstract ; Silicon (Si), as one of the important components of the global biogeochemical cycles, is of great significance to
the primary productivity dominated by phytoplankton and the silicon and carbon cycles in marine ecosystem. It is well known
that diatoms dominate the silicon cycle of the global ocean, and become an important bridge for the interaction between the
silicon cycle and carbon cycle. Individual cells of Synechococcus play a key role in starting and supporting marine food web
and energy flow, thus they become the main contributors in global carbon cycle, recently, they were also found to have
important function in Si accumulation, which provides us a new perspective in silicon and carbon cycles in open ocean in
addition to diatoms, however, the discovery of Si accumulation by marine Synechococcus shows a large challenge to the
absolute position of diatoms in the global silicon and carbon cycles. For such a huge biomass of Synechococcus in the ocean,
even higher than that of diatoms, it is necessary to understand what is the mechanism of carbon sinking and to accurately
simulate its silicon cycle, nevertheless, the researches on Si accumulation by marine Synechococcus are very rare, the
mechanism of Si absorption and storage as well as the role of regulation mechanism are not clear. In addition, its regulatory
effect on the silicon carbon cycle has not been reported. Therefore, based on the previous studies in Si accumulation of
individual cells of Synechococcus, we hope that there will be a basic understanding of Si accumulation by marine

Synechococcus and their regulatory mechanism of silicon and carbon cycles in marine ecosystem.
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Fig.1 The significance of diatoms in marine silicon cycle interacting with carbon cycle
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Fig.2 Silicon content, Si/P and Si/S of individual cells in field-collected and cultured Synechococcus
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Baines(2012) %158 3k [R5 I3 X S0 e HE R | S 0eAE SR i R BRIE 1 X~ S IO &
BT A RE R (K] 2) 1% & LA UESE T #E SS 1 i 58 v, AT & BAE TR 7K 0 v 8 35 R e IR 25 AT TR
( Bacillus cereus ) it BRI SCARIE 2 A EAYSE , 7EAS R A IR LA K 3% 95 208 1, A 40 it 58 ke N ik 2R
AR E B TEAR R B IR 50 T ki 2R A WAR K (R 1, 81 2) (B2 5 H ATy 1k, 35 M i 15 5 40
Jif SR Bk ik R AR AR A 22 S A EOR B R R AN TE R . AR AR B AT 98 A B, ik 1 SRR I 22 ek | o
52 BRI PR R R VR B S ) T ELAE—E RERRER MR R R AR BB MR B AR
it E N REK PG IR R B, R R R VR AR i O PR T, SRR nY ik R ARSI A AR & , B AR TR Eh Uk
FERARAIG FRIREE , SR T [R1F 2R K B A0 A [) A6 4 U 2500 1 5 ik SRR i A2 A 07 AR DG M (B AR 4K R
18, ik RFURARGIE ) , PR Baines (2012) %811 405 T R Bk ik RV E K22 5 5 PR RERRER MR BE AT G
WL A, J I A A SR P R S e SR ke ik R AR 22 S IR R DA ERRER TN R R BRI AE K BAE K
TR, RN TEBA RERRER 35 IR T (<1 pumol ) , SRIKPEMYLE R HURAZ | s iR A R s HAE K
MR, 7EJLKPEPE, Ohnemus (2016 ) 457 [ £ & B, S48 1 22 1 7 vh 1 R 6 1) vk B A8 Ak LA /N (0.6—1.3
pmol ) , {HUZAN [F] 7K 2 L K SR BRE 240 B 1] 4k 1) SR AR B AR WY Wb 1) 22 S e, i EL X A 2 S 55 BRI v ek R 6 R 2
BAMKME(r=-0.22;P=0.52) , G\Z, HEVE P RERRER e 1 728 A0 AN J2 52 el 5 BRBE AN A ik 3R AR R 22 S MR 1Y)
FEA

F1 BRAEBXMENEFRKBEARNEREFETHERRE
Table 1 Silicon content of field-collected and cultured Syrechococcus in different growth conditions

R

G324 20 g 5 A AR AT Tk - SCks 1

Study area Cell type Growth condition Method Silicon content/ Reference
(amol/1™)

K- Pacific Ocean Ligase 35 IR SXRF 413+69 Baines (2012 41 16]

LR P Sargasso Sea LUQAte 3583 SRR T SXRF 120+15

th FE 1 Sargasso Sea B A= R pki AT SXRF 26+9

EWH;FE Culture WH5701 A ki K -Si RS 9421

EWHFE Culture WH7803 A #kifg K -Si R TRES 16+32

EWHFE Culture €C9311 N LK +Si I ReS 58+3

JERPU: North Atlantic Ocean P A Bk SML-6 J1 SXRF 57+2 Ohnemus( 2016 ) %[22

ALK PEPE North Atlantic Ocean A REREE SML-10 f SXRF 2x1

JELKVEPE North Atlantic Ocean 1 SRR DCM-6 H SXRF 161

AL KPEPE North Atlantic Ocean A R EREE DCM-10 A SXRF 602

EWHFE Culture WH5701 120 wmol Si R IRES 44x16 Brzezinski (2017 ) 4512

EWNHEFE Culture CC9311 120 wmol Si YRS 16+8

ZEHEFE Culture €C9902 120 pmol Si RS 4x1

EWNHEFE Culture CC9605 120 wmol Si YRS 1122

HVGEFE Gulf of Mexico W}/ B R R TS 44 Krause (2017) 412

HHK Bermuda HPrE R Bk ARG K BRI 46

FIARIK -Si: H AR KA BSINE TO R s AT K +8i: AT KISINEETCER ; SML: RIRG 2 DOM : MR R B K2 SXRF: [RI B INHE X 2k 5€
S RLAEBE 5 120 pmol Si: A TR RERRER FOVRIE D 120 pmol

1.2 Eekiat 200 I
i T SXRF 77 A BEff o SRR wa A0 e fi: R AUE A7 B A BRI, B 87 F AT 5 A A %) W S A0 i A7 AL
PRI AR 4E . Baines(2012) 2510 80T S 1 TG R 34 7 B8 TR i 40 L PN 38 At Ak P00 9 3, 2 00 40 i 1) e
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BRI 7E PN AE A0 J8 B30 81, 2 WO R AR O 0 1 — 58 43, A A7 76 D200 IR J55 43 25 s R T 1l i1 19 A I 1) e )22 v
)27 DRI, AT T 0 2 75 S o 9t A5 bR 2 A AT TR — B, 7 200 43 SR 300 T i e | SRR A 00 i e 5 4 e A
22 VBT B 40 e ) S () Bt Py, SR AR A D R L (E 0 ek MM H (DR ) B (4 WL A AR e it it v o L i
WEFE T A REREE LT #0A AN A B A rE SRR R e v DUYE 40 B P9 B WK S 19 TG 8 T2 R 0 B 76 A HILEC AR
ol SN 4 AV A HIURE B —3 43, DRI FE ok S8 20 AN B T 1 R O v B 22101 L BRI v R Bk
FEAMME P AMBTE B T H R BT A REH 2210 EJE ORI A LR LA R I (A 2 75 76 5 7 R Bk i th 77 7E 0 I 1T
fATAHSCHRIE . Tang(2014) 45 16 24 1 B BRI A0 MU A1 2 BRURE B £ vl LR A0 3B & 8 A0 I AN ILRE S h
JUE X At i REETE SR i A AN R &Y (B Tang(2014) ZE85 M IR AN R &4 RO RE Rk A 4009,
211 R Ao B TR i 0 B PN P R ol A5 A0 ) L Pk R T v, T A I P SR BR PR A i AR K B I A SR A
W), IEAVE N R A X SEREM A LT, ERIRE R A RoK R m b R 3 B2  RERNHE
HIA AN B 50 2 Hff 2 ek 70 SR R 4 I P A At A SRS E AT B A0 ) T SR ke e AR R R A
AU AT, FFIE A T A N A RO RE VR B 2% 2 T BRI P AR R R A DR R A 2 e i AN T R
fERIE R RATIUER AT E , A4 T ORAVEE 4 B S0 A A R T He . BAh, &F X SXRF 7
T HIBIEE , Deng (2015 ) 251 3 1 70 6 1 4045 A Ak 2 8 235 R TR R 20 B b e o ) AR A AR B L 5 40
SEF AL PR B AR | AT 5 B4 BOAF 9 il B e 2 (040 A 9 H L BRSNS ik R
2 HTEER Bk EE BRI A R AE
2.1 ifgEER

VR E SR BRI AN A P ik SR AR LA I S 1 22 S AR KEOR AT B R S SR B i A R AR 22 W R
R, IR ERSEAEAS [F)TRSk A 28 N B 932 25 PRk R R B R Y 22 5 (38 1) , Baines (2012) 25 5 2
FAFAEAS R PR T 5 35 2 P A R BE I o) 7 ol R[] () 6 R 47 1 A7, (EL/2E Baines (2012) 48 310% A $2 41k nT
SEI SEIIEHEACUE B P, SR BR ARV ol S BT 3 AR [RGB IR R AR IR 2R C &
Iy T B AR AR [E] B R EREDE AL 20 32, Tk B A 40 S nT 5 AR TRl AR 22 B TRl SR ke
AN TR) BRS04 40 0 = Bt LA T S A 22 5 | L Ao v R0 R Y S S A T B R 5. 13% 10° A/ mL 5 B
P ANM R A 2.65% 1034/ mL; ALK P BESF I AR Ny 7.4x 1034/ mLI 2 Th J 356 3 - 4 40 ify 3= i
HA4=15x10°4/mL>* o R, FA T 0 SR R A AR [R) VA 1 o 41 A = 138 1) d 3 25 5 LA B pl 5 PR 22 R 3 11
VU A 2 EE N AR, R i AN TR R X IR Bk e R 25 S R A
22 KEER

R LA G T o 20 SR Bk e SRR ) T B AR b 32 VR BE (1 R i W 4 (P<0.05) . HEIT T3
Bl py ik ZAE TR PR [F K2 (SML: RIEB G )2 ; DCM: 4 R I K2 ) 19 22 51k 28 PR AN [RDUL A
(1)SML<DCM; (2) SML>DCM ( & 3) 1) | 9 SML Al DCM 22 [i) , B BREEAE 32 B RiAR R/ N A K R 77
FEUR 225, AT K B SRR 41 =F B 3l B0 A A (L X 2EAE DCM 2, R 3RAT1 45 & L i 3.
18 A 20 = B 1T e ol R TR v ek B R X Bl 25 7 A IR, DCML 2 A9 1 40 2 8 T 6 S 0 T SR Bk
Tk AR AR, S5 A0, FRATTUO A B R I S IR BRI %) 20 Sk A G TR R A B T S B NS N AE 150m A
FPRARRKME (1 pm) , HAHORARAE DCM Z KT SML 2, R, AT I 2R BR A [ 2K 2 40 Mobi 42 1)
AR AR T B R R R B T e SO JE N IR R R 2O BRI B A R ER B A Pk K i DCM 2
F T BR AR | AR KR B AT SML JZV7Y | [H Baines (2012) 2519 A 0 A= K R 2 5 i T R Bk
fif R E SML<DCM 1) EZ5 P, Ohnemus (2016) %52 7E By g e ife R sk g ik R A 3 B ARk 25 5 5 R E3F
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K2 A [ ke i Bk e = 5 D R,
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M), T 40 6 = 5 SR Rl ik SRR R 2 IR A G
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3 Bk RAITEREEH

PR P T LF BT A ) B 200 L SR ot A R A e TR A P TS5 PR P ) Tk PR A R P2 O A R i LA R
2T HAM R e P Z S R R RS AR AL ARSI L T T 25 B H R E TS IR A B A RIS IR SR BR g
FRE AR AT BRI R BATIRME T — BT EE . BRI, Brzezinski (2017) % BB 4 Fi A 5021 6
PRI BREEIEAT S N BT, K IR BROE A T A e m] BB 1 4 M P R AT T L P 200 i R R i ot i e L
A — R IR PFERLR] e o B T LU IR A5 A B0 W PR AT RERRER DT 4L PN pH B ALl 2
TAELM N K A — RGN AR AR A5 8 SR e I aek T A A 3 mT s PERE R v b 1 R s igE
(R 5 FZ R A0 M N AR RE IR ER 11 b AR FNAS 5 A0 20 AN R 02, 70 SRR SR Rk 40 M0 P9 5 AT 9 28 i /N
I3 R KPR ARE K M T /NI R oK ok 200 i P ik R s S Y pHL 722 A T RE S 18 5 X 1P 288 e T/ v ok 9 4%
9. BT 2.1 PRARYRER AR IR ERBEANAL N (2-24 mmol ) 5P BERENL (0.6-1.3 pmol ) JE2 B F R ¥ S8 22 v RE Wi 2
F 35— ZRK I PR E B/ NI 368 RN |, 12 B/ INEL N B AT VA PERE T RE S A DGR ZS &, B PO e AR e
A o A SR P g AT T LA i SR R 0 D P TV M e S LT 9 s T G 8 e
KEEERET/INELH B BRAT] AT A BEA J7 H5 3 2 T MR B — R K i R D2 IR

ik 1 ik PR W SRR SR P AL ) 2 Pl A Y C AR 6 ek T R /N ) S ek R R vk
PR (N P i SRR AR R R RS L) 1 i D A e A R AL A S e A A
TR AR, A vh SRR A0 A I AR AR S IR AN S PR R R R ER W JBE A5 (ELJE: = N B SR ) 3R
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BRERE RN 5 T A RE R VR B AT — e XU AR 1, M A R AR 9 R B 3k B 80— 100 pumol B, REREEAE R
TR 538 2 S SR AN, U A A — 52 Y0 PRI T Bk R T DA I P 20 i SR Bk v 0 ik B R (181 4) ) i
BEAMMEAE — WA [ Si(OH) , I IREE R, o T o 10 R A0 3 ok W B 47 I e B P A 222 TR I AR 9 ]
Ab 11 T ERBERE MR SGH R Z M 17, AT DU AR A Ak R R vk B T, VA5 2 i ) B 1l G nT A TR AR 3
S SR BR PO A0 A Mk R £ 1 W XT BE P Bh B, W >97% M [ Si(OH) , ] DAAERR BRIRSAEEEDY 2R
YA R (X JCHLAT [ Si(OH) , ] BIFEE T2 HPOS BHES Ty b B ) | IS 7 fok il 0 5 2 3% 7K 38 B30 7 Pk
AR HPOS AW Mg™ ) {HJ2 Brzezinski(2017) 55" & SR R ik B R B2 15 F IERERRER 10 MR 2
DR] TR AT A7 D) T 1 2 e 2 3 AROK e R A Aol 7 1 b P LA B2 S, [T da SRR A W A i A g WL ke
M) 17 15 ek 5 LR ek W AL 0 g 2 AR e 9 X e O AC R 0 %) XL 28 o 50 1) 1 ok B A 4k pR B80S vl T L
Wy R Eshis i o D B HE, R IR AT THR 3 Brzezinski (2017) %5 A AU | i 25 R b ik R SRk 32 1)
AT, BT A SR ER S i R = shas i 0 SORMISCOABE TR e L B N IR A R ER e B
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