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BLER AR, Byl R WA SI0351 F sk & A . A T ke s0351 ez de TR E R R E A K%
wy 2, F| | Kana #it | & & 4% s1r0351, %% Synechocystis sp. PCC 6803 T #y slr0351 F & &t
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1 o 3,45 . S10351 (1Y 3R 38 K HAE Synechocystis sp. PCC 6803 H I g i) 4 BF 5% 17

Jot o I I i i 2 A H B R A T Aslr0351 5878
K, BT 38 T Aslr0351 55 B 4= B Synechocystis sp.
PCC 6803 (Wild Type, & #k WT) (it Wz e 5t 3% 14 7
PO T ANIRE FR TR B 2 2500 T BN R O6 IR 2% 1
AN M Y AR K R s S, AT B E 00351 7E
Synechocystis sp. PCC 6803 ) IfE

1 MRSk

1.1 SIr0351 §3Ri%k & WU S i 43 17

FA R KGR M4 sr0351 ¥ 17 R ¥
& s eS| 9 PL F P2( 32 1), LA Synechocystis
sp. PCC 6803 #L [H 41 DNA 4 #4 #& , PCR 4" 3§
sIF0351 % slr0351 % $:%] pET-30a( + ) ik Ik
)48 4 3k Bl pET- s0r0351, ¥ pET-slr0351
Ak E. coli BL21 FE5 A RAREE R UL P4 I
i 16 FH 1 = 415, 1) A 0 [ R 1 R ) 40 DU

JP Y I PRS2

Ea kL s ¥ pET-slr0351 1k E.
coli BL21, {5 A AR B 2 Ptk (9 Pt L 0 i e
b7 BRBCR ST T 5 mL g fifE LB Kr g b i 5%
% OD,, . H} 0.5 ~0.6, %R 54 A 250 mL LB
B Feih 37 THEFE OD,y, % 0.6 ~ 0.8, i
A 1 mmol/L IPTG, ¥ JK ¥ 3 & 150 r/min, {i% &
PP RIA 10 ~ 12 h, B0, WA 40 i 5 FH Z8 187K Bk
%2 K, A Tris-HCI 2% #h % (5 mmol/L DDT, 50
mmol/L NaCl, 10 mmol/L MgCl,,pH 8.0) & &4
fifL, im A 100 wmol/L Na,S #1 Fe(NH, ), (SO, ), -
6H,0" K5 fF 20 0 1 B, AE IR A HR A AR (< 4
ppm O,, 18 C) 3R F 8 # 5 A2 By ik 4l 1k 25
M 4k K [ 2 SDS-PAGE %3¢ H i % [ 19 3%
&I O, 7 A A Perkin-Elmer Lambda 25 £ 4p — 7]
AL R AT S 5 5 I O

x1 HERKETASY

Tab.1 Primers for construction plasmids

Gk ¥ 51 DNA J Bt
primer sequences DNA fragment
Pl 5'TATAGAATTCGTGGATCCCAGCGGCTCACTTTTGCG 3’ 510351
P2 5'"CGTCTCGAGTTAGCCCGCCATTGGTAAATTGCCTAT 3’
P3 5'"ACACTCGAGACAGCACGGACATCACAGATAGC 3’ s0r0351 | Jj% [m] PR
P4 5'"ATCAAGCTTGTGGAGGCGATCACCGAACT 3’
P5 5'TATGATATCACCAATGGCGGGCTAAATCGTAAACT 3’ s1r0351 F Jjif [R] PR
P6 5'"ATCGGATCCCTCTGTCTATCAATCTTGCATCG 3’

VE <R R 0 T P ) D 35
Notes: the underlined base sequences as restriction enzyme site
1.2 HEERERERTEHEMHE

Synechocystis sp. PCC 6803 g H 7 [E Bl % B
TR R R IR ZE 51 23 IR K BE A I, SR T (] i i 4
LA R B Asi0351 %R B K, TR A
Aslr0351 [ RAY Wi 5E s0r0351 I DI RE , BOE BF A4 Rl
(WT) Fil 58 25 4 Aslr0351 (935 3% 4 ¢+ " : BG11
B33k 30 T, IE# )G (Medium Light, & # ML)
St 50 pmol/(m® - s),CO, 0.03% ,150 r/min, 55
Jt(Low Light, fij#% LL) 3% 10 wmol/(m® « s) 5k
J%:(High Light, fij # HL) 5% 200 wmol/(m® - s)
BGI1 537347 k= C P N Fe .S %50 &Y
Nk 2 B IR R R

R B AR M) PA sir0351 Jy Hpty, 1] b fF
ZEAH 970 bp fE K sir0351 () I 7 W) ¥ (upper-
stream arm ) , [i] | JiF ZE ff 960 bp {E N slr0351 BT
Ji¢ [A) 58 (down-stream arm) , 71 b i [|] J508F 19

S BCITH1 4 P3 A P4 (3R 1) 78T il [a] P50 f) 44 i
WitE519) P5 fl P6, LA Synechocystis sp. PCC 6803
SE[FIZH DNA SH#EH, L P3 #il P4 Sy 5|4, PCR
4 s0r0351 FEPA Y Ui [R) 95 , B PCR ™ 4 3% 42 3|
pBluescript SK( + ) 1, ZEFH AN T HRIUMEN
LB V-l [ i 1% pBlu- |- {i# [F] I8 . DL PS Hil P6 2y
19 (£ 1) ,PCR ¥4 s10351 1Y T W [F] I 8% T
Ui [ U5 3 5 3 A0 1 20 Y pBlu- | i [] 5
W3k 45 pBlu- [ F [R) E - R TiF R O EF, PR
pBlue-neighboring . #XJ5 #]H EcoRV [ 1) pBlu- |-
i [7) D5 — R 9 [ 95 E, 5 R BE ] EcoRV L
pCOLADuet FYIF A8 3 719 Kana(kanamycin
resistance gene) $ii M i Wi i #2, 75 & A Kana 3 M4
i LB ~FH i vk , 75 321 pBlu- I i [ Y5 -Kana-
i [R) J5 5, {3 #X pBlue-neighboring-Kana, ¥ i% &
2 Ji #0554k Synechocystis sp. PCC 6803, 7E & &
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Kana $p P 19 - # b i 26 FH 4 5% 46 7 Asir0351, Kl H
PCR R % FITERE LT

A K& e e B WT K Aslr0351 Xt
HOUI 9 BE LT M ,5 000 r/min B0 2 min, 76 JC I 4%
P F BGLL B 97 3 MUK 19 Bk = 8 JF T R I 97
FEVR U B M 3 IR, 4% 2% 5 Fh = R R T R &
BG11 K557 58 FAH B (9 e = 8 55 T R B 97 2%, 1
Pl SR Al 3 AN EE , BT 30 ClEjE e KL =4
rhE SR BERE 12 h BORE I SEMCAE 730 nm AR (1
%% BE{H ODosg o

R 5o

2.1 SIr0351 gy B H IR Ut i 14 ot
1E E. coli 33K SI0351, JL A 451 T 44k 3k

2

M 1
[0}
66 KD — @ 2
=2
B2
@
45 KD m—
36 kD

(a)

AR B i, AR L B 5 1 it & SDS-PAGE, £
W= 7 50 kD K/ 2545 (& 1-a) , 5 SIr0351 #Y
gy R R/N—2, AR A R R IR
JGiE (& 1-b), SIr0351 7 460 nm 4k A7 B & /4 1
Wi, g R B 7% [ 2Fe — 28 ] I FRAIE W dig i
Hy 2 B STr0351 55 2k 4 2 A DX 4R 418 4 o 7% v o
O T, SI0351 O Bk R B o BR R R B
SIr0351 7EZ S E 3 h J5 , Hgi 8 i AR 4L 7%
BTG, 94 TG € 8 R R RO i, TR
460 nm Ab By W Y R K R, Y Bk B
SIr0351 % — W& B2 % (5 mmol/L,pH 7.5) i
JE, R B AR (1 SIr0351 ply 21 4% £ A48 i TG £, I 34
JE 72 10 B R S 3 P ) AE 460 nm b g I i
WA 2K

0.4
0.3
0.2
0.1
300 400 500 600 700 800
WA /nm
(b)

B 1 SIr0351 # SDS-PAGE B 3% W K R U St i
()M H B> TRARE, 1 SI0351 3 WokE il s (b) BRAR AT SI0351 (5L 4k) VBRBR 3 F SI0351 7E28 Ik 3 h J5 (k) LU

Fe 8 S mM 3 OB AR B85S (RLER) B0

Fig.1 SDS-PAGE and absorption spectra of Slr0351
(‘a) M :Protein molecular weight marker,1:SIrf0351; (b) Absorption spectra of iron-sulfur protein SIr0351 ( solid line) ,placed in the air for

3 h( dashed line) or reduction with 5 mM sodium dithionite ( dotted line)

2.2 Aslr0351 R HIE

ST Bk 42 3 PCC 6803 1y s1r0351 JL A
@ T & s0351 EF iz [ 5 A Kana Fr 87 19
Jii ki pBlue-neighboring-Kana, @ F Kana F Wi
Ui ] & A7 EcoRV g YI i 5, F] | EcoRV [ 1]
pBlue-neighboring-Kana, fiff Y] 7= ¥ 2 B 5 b B I
HLUK (] 2-a) , UK B 125 — 2%l 7R 19 42 pBlue-
neighboring ) /N Ky 4 830 bp, 55 4 B 1Y
J& Kana Jy i i /N g 1790 bp, 5 9 4 &5 2R
iE

¥4 J5i %7 pBlue-neighboring-Kana #% {1k 42 iy 3t
PCC 6803, 7& Kana i 144z I i %6 B 1% % 1k 7,

$AET slr0351 5 Kana [6)J5 32 e i T 1) Aslr0351
GEAS A, 2 ) G ) 5 o 2H A 4 B (8] 2-b) o B
Aslr0351 5, WT ) 3£ [ 41 DNA Sy 554, #) FH P3
1 P6 5| ¥ i 4T PCR, PCR 7 ¥ 245 35 i 4 56 I
HLUK L 5 1 2R VKGE FIES 2 Z& Uk I8 WT i PCR
Py, 5 DNA J BioR/Ny 3 130 bp, 45 i [7) 95U -
slr0351 -1 iif [a] Y5 9 R/ — B0 56 3 4% Uk 1B 1A
4 £ VKiE H Aslr0351 By PCR 724y, H. DNA H B
K/NJg 3720 bp, 5 i [A) I -Kana- T i [7] U5
B R/N—2 (K 2-¢) , i1 L3R B Synechocystis sp.
PCC 6803 H1 [y slr0351 gt Kana T 14 B & ¥,
Aslr0351 ¥ 33 o
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13 o P, % . SI0351 (1 33k K HAE Synechocystis sp. PCC 6803 w1 I fig 1 4] 4 BF 5% 19
2.3 sir0351 ERR MBS P T 4%k a FAKHA Wt %2 478 nm; Aslr0351 K a I &N

TMNEHEE

TEIE B 6 B4 11 T 55 75 38 40 M0, J B AH []
OD., ., 40 L Aslr0351 (i85 WT A8 L fhi
B 3-a)  SLIRAAT T UM LR AN 4 100%
VAR A BUIR v PE L R e L Wl i (18] 3-b,
¢) o Aslr0351 BEA ML H ISR E a A MRS K T
WT, 208 bR AR & T WT (& 3-b)
T L 22 D B A UG PSR ER a RIS N R )
Wl kAT RS, MR a IR 681 nm
WA % 663 nm, EH bR A9 R Y% 498 nm

7.249 mg/mL WT drif-4¢ & a i & &K 10. 530
mg/mL, Aslf0351 ff M 4% % a {1k WT
68.8% ,Aslr0351 Wil 4 2% a il W% i i BH & Ik T
WT, i Aslr0351 w28 35 | 22 0 W Wi v 4 1] &k
T WT (B 3-c) . H LA HL, sr0351 (1) il 25 fiff
WP R a T EFEAR, B PR T R
T o Aslr0351 F1 WT it 25 a FIZREI 8 N R
TE B0 M 1 5 AN ), o 5 A R T T R o 4 i
L 22 5 (] 3-a)

1 M
4000 bp
5 000bp Aslr0351
2000 bp EcoRV EcoRV 3000 bp
[ 0.97kb 1.79 kb 0.96kb
| |
Kana
— ]
sir0351F 1.2 kb sir0351F

(a) (b) (©)

B2 #ME Asir0351 {IREE R R BB ik 9 #7
(a) pBlue-neighboring-Kana [ fifi 1] [€1%% ,M:1 kb DNA #5 i ; 1:pBlue-neighboring-Kana fiff ¥J] 7= 4 ; (b) Aslr0351 4 & J57 Hi/R & K& 5
(¢)Aslr0351 1) PCR #;il] ,M .1 kb DNA #5#fii; 1 #12:WT PCR 7=4; 3 Fl 4:As/0351 PCR ;=4
Fig.2 Agarose gel electrophoresis analysis for constructing Aslr0351
(a)agarose gel electrophoresis of the digested pBlue-neighboring-Kana. M ;1 kb DNA ladder. 1 digested products of pBlue-neighboring-
Kana; (b)construction scheme of Asl/rf0351; (c) detection of PCR products of Aslr0351 and WT. M:1 kb DNA ladder. 1 and 2;PCR
products of WT. 3 and 4 :PCR products of Asir0351

r 0.8 r
440 nm
Aslr0351 430 nm

5
=N

1~ 498 nm

630 nm 681 nm 663 nm
)

DTl
absorbance
(=]

%

éﬁ78 nm

USTIE
absorbance
I
S

e
o

400 500 600 700 800

400 500 600 700 800

WK /nm WK /nm
(a) (b) (©)

B3 Asir0351 1 WT B9850 & K H R 5t i
(a) BN A ; (b) AN AYRBOLIE; (o) BEANNEZ VAR 2 IUS IO a5, e S84 WT, 40 Asl0351
Fig.3 The color and absorption spectra of Asir0351 and WT
(a)color of Synechocystis cells; (b)absorption spectra of Synechocystis cells; (c¢)the supernatant after Synechocystis cell extraction with

100% acetone. Solid line: WT; Dotted line:Aslr0351
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2.4 AEEFREZHET WT 71 Aslr0351 9 £ K
i &

fEAR HE BG11 K 3R 5 ML JE B & 14 T,
Astr0351 (A KR8 T WT (&l 4-a) , 5
AIMAERRE BGLL sh B SR A L, 7E Bk = COT™ (1]
4-b) = P(Kl 4-c)E 1 BG11 Hh Aslr0351 4=
KR L WT 08, iy IR WIZE SR s0r0351 (19 4%
PR BN X G 2R R i C M P O R SF KT
RFRET T EHR TR EE BGI =
Fe JLEMIEN T, Aslr0351 4k K K] B A% T

2.0 ¢
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202} B
.
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iFE] / h
time
()

WT KA (] 4-d) o 38 ¥R BE 1Y AUE 775
WM AE RS T b B, S0 00 25 R R /B 5
Bt Z X5} Synechocystis sp. PCC 6803 [ 4 & 5 i 4%
KK 4-e) , f 8RR, B = X Synechocystis sp.
PCC 6803 A= K 1y 57 i e # 5 A k= 2K, 7Emi
Bez Z0F T ,Aslr0351 i KR E AL R 0.27 , 1
WT (% 55 K W Wl ik 0. 51 (& 4-f), w] I
AslrO351 X Bl [ 38 45 15 + o3 WU BRE Rk =
IRXT Aslr0351 A KK % 4 5 S1r0351

FEMEAABERKKR,
2.0 -
/Y
L v
1.6 ) ?"/}AA
54 v E
m g 1.2 /?/ }/g‘
=2 ST
X208 v A
: 7
0.4 o
0 40 80 120 160 200
I 1E] / h
time
(b)
2.0 -
P s
LT /Y,/ pe
Q e }
@ % 1.2 F /" &
=gs A
X2 08¢ A
e . }/é
< } "
0.4 r =
0 40 80 120 160 200
IFIE] / h
time
d
0.6 -
gt ——TY
804t ;z/
og v
= v
=X 32 PN i . N, U, (. Uy S §
=202t / Ped—i——d

0 40 80 120 160
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4 FEEFEKMET Aslro351 1 WT £ K &
FEIE% BG11 B3R5 (a) Bk C(b) [k P(c) Bt Fe(d) 5k N(e) Flk S(£) TEZ I BG11 H1 Asli0351 RAK(A) 5 WT( V) K

Hh £k

Fig.4 The growth curve of Asir0351 and WT in different nutrition conditions
The growth curve of Aslr0351( A )and WT (¥ )in standard BG11 (a) ,BGI11 lacking of carbon(b) , phosphorus(c) ,iron(d) ,nitrogen

(e)and sulfur(f)

2.5 sir0351 BERA I RAMAER.B/ARE
T THILRER A
TE5E G (HL) 2504 T ,Aslr0351 5 WT (4=

KR IA— (A 5-a)  7EIEH G I (ML) &P
T, Aslr0351 g4 K H AR 12 T WT ([ 4-a)
I 7E 559 96 B (LL) 2514, Aslr0351 1) A= < 3 5% 1]
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1 o 3,45 . S10351 (1Y 3R 38 K HAE Synechocystis sp. PCC 6803 H I g i) 4 BF 5% 21

BART WT(E 5-b), it R W s0r0351 A 117 ik
JRAE 58 B 2% F TR AN 52 i 3 440 A 06 BE AR T AL
T 7E 55 06 IR A% 15T 0 35 4l #) O BE A R
ABIREW, Z R A BES Asi0351 it 4K a
M REEMRA L. 7 HL 80 ML /R, RI(E
Aslr0351 Hrit g % a & i BEAG (H 2 B HOL IR &

20

SR
absorbance

fFa] / h

time

(2

PEAEAR Astr0351 1 06 6 8 5 A 52 5% ) 58X 52 M) 48
/N B Asl0351 B AE KRS WT B — 3k
FE18 F WT{HAE LL 504 F , TR EE A 2 |
Nz Aslr0351 [yf 42 a & & G, i Aslr0351
M6A B F% 52 B R g, oA K R B B AIG
T WT,

201
i
5 e
=] 4
=t I
=g 1.0 /)
) T/Y 14
Yy /.
0.5 ,/A';;/;
0 40 80 120 160 200 240
BFIE] / h
time

(b)

BS5 FAEXBEHT Aslir0351 5 WT £ K &k
() 7RG I T Aslr0351 RABR(A) 5 WT(V ) A Kl Zk; (b) fESB G A /F T Aslr0351 AR (A) 5 WT(V) 4K

i £&

Fig.5 The growth curve of Asir0351 and WT under different light conditions
(a) The growth curve of As/r0351( A )and WT( ¥ )under HL condition; (b)The growth curve of As/r0351( A )and WT( ¥ ) under LL

condition

3 3t

FIR Gy F A 0 7 e MR M 2 T it
B s00351 1) 3Rk FkL pET-s0r0351, 31
E. coli BL21 W33k T SI0351, 7E To 4 551
F4lifk SIr0351 % SIr0351 5 S*~ Fe’* /Fe’ " fE{k
ShEA, BKTG T H A [2Fe - 2S ] W BB H B
SIr0351 , FI I HT 40 £k 75 3% — 0 B 12 M 348 D 42k it
BT S10351 7 460 nm A i 5 F W A U4 i
& b — 2R T Bk R 1 SI0351 7E O, 7 7E )
AFRE IG5 K AT 04 % 30 R 0 4 2k ot 2
1 ShB F 3 % 8 U B G2 250 21

T #E— W 5¢ S0351 1 Ui fig, F| F§ DNA
[F]YR B 20 4 AR, DA Kana 3 [ 2 e Synechocystis
sp. PCC 6803 1 slr0351 KA, 345 T Aslr0351 5
AR, WEEENEE R AP SRR a
B YIERERE I EID I N  = (N Z N iR 4
K m WG, 29 s i Wl i 4 R a
ZE,KNE NRZAMEAEBE, 5 WT M
b, Asl0351 b 5 a S AR, K88 MRS

T Wk R T As0351 B8 4 B Y A
FIHT BB 3R o0 R B FR AL KL R 0 A0 M, R
Aslr0351 X8I0 38 A AR Bk 38 + 23 UK X R 5
SIr0351 gl AR KR, HEgR a 2
BAPOLREN TEOLE G R WA K %
MR R EMPOCRER MR FEIE R IR
55 06 BRI RO BEORAF R BE FR e i i, & B 5110351
B Ry sk KB BB T SOt AMT
Synechocystis sp. PCC 6803 [y HE F| s %K, X
— R Asl0351 R a FR M EEIUE G, B
G K M R R B A R B R kR R
SdhB .4 () 5 728 2 5 | S DA D RE Y 2K L , E T2
M 400 6 P 0% 2 T 2 i R e L k]
DAAHE T s2r0351 K& [R] 4 dik 2k AN {5052 Wil 35 40 7D 1) '
SRR, 3R] RE R PR A P 3 R v, G 2 RE
ARt — LB HERAT

AEHIBE PCC 6803 J2& 5] B IR K KL HEFh Z
—, B TIRGEFABMEY, BT 7 R AR K,
NEeFHDCRE#AT A FRE K, — HOGIAE 77 5%
PRIEE, o R AR BB TR K A o AR S 56 B
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Expression and preliminary function analysis of SIr0351 in
Synechocystis sp. PCC 6803

MA Qiong'*, ZHENG Xiaojiang'*, ZHAO Kaihong’, ZHOU Ming’, WANG Shengpeng"
(1. Key Laboratory of Biologic Resources Protection and Utilization of Hubei Province
Hubei University for Nationalities , Enshi 445000, China
2. Biological Scientific and Technical College ,Hubei University for Nationalities,Enshi 445000, China;
3. State Key Laboratory of Agricultural Microbiology,Huazhong Agricultural University , Wuhan 430070, China;
4. Institute of Fruit & Tea ,Hubei Academy of Agricultural Science ,Wuhan 430071 ,China)

Abstract.; SIr0351 is an unknown protein and its homologs exist widely in many cyanobacteria and iron-
sulfur bacteria. We constructed pET-slrf0351 and expressed SIr0351 successfully in E. coli BL21. Using
affinity chromatography purification, we obtained purified SIrf0351. Under anaerobic conditions, SIrf0351 was
brown and had absorption peak at 460 nm,which was the characteristic absorption peak of 2Fe —2S cluster.
The brown S1r0351 is sensitive to oxygen and could be reduced with sodium dithionite, showing that S1r0351
was iron-sulfur protein. By homologous double-crossover, s/irf0351 was replaced by Kana, resulting in the
knockout mutant of Synechocystis sp. PCC 6803 ,Aslr0351. Via scanning the absorption spectra of As/r0351
and WT with ultraviolet-visible spectrometer, we found that chlorophyll a content of As/rf0351 is only 68.8%
that of WT under the medium light condition. The depletion of s/r0351 reducing the content of chlorophyll a
in Synechocystis cells. Compared the growth rate of cyanobacteria under different culture conditions,
Aslr0351 showed the following changes compared to the wild type: (1) more sensitive to sulfur and iron
starvation; (2 ) lower efficiency of light utilization and lower growth rate under LL conditions, which is
related to the lower content of chlorophyll a in As/r0351. This paper is beneficial to gene function research of
Cyanobacteria,and provides a certain reference value for the treatment of Cyanobacteria bloom and pollution
in freshwater.
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