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FEE [ H 09 ] UE Y4 M5 ( Synechocystis ) PCC 6803 Y & (K - 1 B FE 1A 5512138 Fl sll1092 #4) i, vapBC FK T4 11
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FEAE o [ 455 15512138 Fl sll1092 ¥ L1 — JTH N F 16 1E 8 A2 K A T 2 53t 5 SI1092 2% 35 41 1 K 19 AT
T ARG, Ss12138 1 [] iy % K ali Bl J 26 34l 4 Bt SI1092 14 A= KA il 45 5 Ss12138 & S111092 AH B AR HIIE )ik

Zae [958 100 T Rl — 907 P B R E FE D 5512138 F sll1092 4 vapBC KR TA R5E,
REEIA AN PCC 6803, ERPUHRARL, vapBC, EHEFIK

HRE 5 %ES:Q933 X ERARIRAD A
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system ) 1 o [F] — # G\ 5 o 43 5] 4 05 5 2K R B
REAM2 NEEML. EEEN TA ZXHLAR
[ B A AL T P 38 ok A T 0 T S A i R
AN A Kk PRt R SHER
R E A AR mdEEZam " . e TA R T
FURI AL 5 B %8 1 TA R %5 N A $E vapBC
M Z AN ARREBE o Fe) & BT A8 0ok 2 5
JRLRR 2 PR TA R Ge Al K & A7 A6 T 40 1 4 o 4k
BT et ik B TA R G AT 4 R a0 A
T R A A A K T 4 R R AS [ R A 85
U R R A A RO A 1 R
ZICBAEAN TR . AEIE KR AR R R R b, i
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Novagen (3£ ), L-Bal i {1 ¥ ( L-arabinose ) 1 5% N
#--D m AU 2F FL M ( isopropyl B-D-
thiogalactopyranoside , IPTG ) lj H Sigma-Aldrich ( 3&
) o 51%46 & PCR P31 7 Boll 7y by A= TR
Yy TARHOR NS5 A IR ) 58 o 32 B AR A0 45 o 2
¥ VR B L ( Centrifuge 5804R , Eppendorf, {8 [F ) | 45
4 H 3k {2 ( PowerPae Basic, BioRad, USA) , Jfi #% 4%
(Shimadzu Biotech Axima TOF2, Shimadzu Biotech,
HA) .
L 1.2 AR RIS SR &40 T UK 52 B /Y 1
F W KW FF 1 ( Escherichia coli) DH5 o #1i5 S KA E
HEHBE R E. coli BL21(DE3) #i2Fh T LB £ J5 3
o, 37°C By SR, 2H T AR B9 55 R I OCHH L B BT AR R
(R H R R MR R PR TAEWREY N 50 ng/
mL) ,
1.2 SFEYFIRE

DNA T 41 # b e A 7 ik 6477 o 4 30k (8 )
PEHUAY Synechocystic PCC 6803 4t {4, 4K F T PCR ¥~
38 R AR

pJS298"” k& % L-BI R A B A S B 3 T
Py FUIPTG 51 1 30 F P I ST 1
FRBEE AN R araC K lacl, T ssl2138 0
sU1092 ) 3% £ M F k. DL sll1092-N  ( GGAGA
CATATGAATTCTGTTTTGATAGACAC) F1 sll1092-B
( GGAGAGGATCCAGGATGAACAGTATTGGC ) 4 5]
¥, PCR ¥ 4 sl11092 3L [H, ¥ 16 7= 9 L Ndel
Bam M1 §HY)J5 #ke T pIS298 0 Ndel/Balll fi 3 ,
4 ORL fiy 45 4 p)S343, DL ssI2138-S ( GGAGA
GAGCTCGACTACTGAAGCTGCCCTATT ) #1 ssl2138-
K(GGAGAGGTACCGTCGTCACAGGCAAGTTAGAG)
MEIY,PCR ¥ 154 5512138 B, L) Sacl #1 Kpnl [if
VIJG 58 B T pJS343, %o J5 ) & 4 T ki fw &4 A
pJS349, pJS343 i ki & P, ¥ By sl1092
pJS349 & Py, ¥ 0y si1092 1Py, 6
ssl2138

L) ss12138-N ( GGAGACATATGACTACTGAAGC
TGCCCTATT) A1 sll1092-B(GGAGAGGATCCAGGAT
GAACAGTATTGGC) & 5| %, PCR ¥~ % & 3t
ss12138 F1 sl11092 R By, ¥ 14 B Bt 48 Ndel #l BamHI
BV 5 , 5C B T pET28a () Ndel Fll Bglll 7 5, 15 %)
H2H TR plSS41. % HA FUALAE E. coli BL21
(DE3) rhifs G Lk & SR g 5 A7 6 DA A TR Bk Ak

1) Hisg-Ss12138 4 1 Fl S111092 25 .
1.3 RNA {2E#1 RT-PCR K i

M 200 mL OD,,, %9 0.8 (¥4 Jfi 3 PCC 6803
FE AR b B A B, i SCHR [ 10 48 5 J 12 48 TR e
00 A RNA, HU 3 pg B RNA KE &8 B, LU
PrimeScript 1™ strand ¢cDNA synthesis kit & i, cDNA
B, I 1 pg ¢DNA 1E b 8L #l, LI ssl2138-S Fl
ss12138-K K 8| 4, PCR ¥l ssi2138 i sll1092 (%%
1.4 £ Ss12138 1 SI1092 19 K B7#F 81 &
KREED

VEFEPE R IR BTRL 43 5 74 4k E. coli BL21 (DE3)
CEIY IR R 7 SIS E D= ) A S | I
AJEFIE, W FRIEP RN 0.2% % 4585, 4 % LA
0.1 mmol/L # IPTG F10.2% (W/V) {57 4f1 b
VB H AW R T Py, FP 7250 B89 AH B EE I A 3
ik HEARKRZEM T LB KSR R AT 37CHf 2
0D, 27 0.2, 1 mL 35 329 53 5 /E 10 % 5 90 #i B,
2 WL A BERE 5 F & IPTG (Glu + IPTG) , L-
B[ 741 B8 ( Glu + Ara) , IPTG H1F[H7 A 4 ( Glu + [PTG
+ Ara) DL EAE S5 (Glu) B LB P-4 - ,37C B
F% 12 hy HAHRIER T Glu + IPTG, #{K LB 1
FRHEA WG ODg,, =0. 1,37 CHRGHF%, 703 T 0,
2.4 18 h I HURE, IF B0 AR AN, 40 DL G i
SR LB B SR BV U 2 K5, HE T AR [ A R Y
LB Br 32, B 100 wL 3 44 B e 1) 4 i 2l vk
AT TS AR5 S F A9 LB Ak |, 37°C 1552 30 h J5
Y% (colony forming unit, CFU)
1.5 EAEQAWNBFSREMANK

23K ik pJS541 %54k E. coli BL21 (DE3) %
FIHE AR R BL21 (DE3) (pJS541) . 21 18 bk 3 b
T LB MK 2 H b IR % 55 95 2 0D 2070 0.6, )10
A IPTG WS 1 mmol/L,i%S 3 -4 h [FUINERE
T, 155 2R 0K E A B 1 A I R 4l Ak 4 SCik [ 11 ]
iR AT
1.6 EHAEHRILEETE

JEA5 P 3t 4l 4k () His,-Ss121384 F1 S111092 £
15% SDS-PAGE i Jk 4r B 4 o )5, U1 N H 1 44 .
PR i Ak B B 43 B SCHR [ 11 ] R T ik i
o BK i m/z {5 MS-DIGEST #k { ( http://
prospector. ucsf. edu) BB 1H 73 M7 EL X .
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2 &R

2.1 ssI2138 70 sll1092 Wy iE & 5T GRAS =)
LM% PCC 6803 Y ik Iy FE A ss12138 5K
Wi B D sl11092 BB AHAR , JF A 1 AR IR 1 H
B, Al RELH L — D TR T (B 1-A)  ssl2138 Al
sI1092 #)1E B i 2 & 1 2 A (http://genome.
kazusa. or. jp/cyanobase ) , 43 Hl| 4% i 68 4~ Fl 128 4~
eI 4 F 0l A 7.7 kDa 1 14.8 kDa U H .
Xif 5512138 Fl sl11092 G fith 3 1 14 O/ ~F 45 4 3 53 A1

(A)

AAATTGAAAATTTAACGCAGATTATTCAAATTGACCAATTTCATTAAATTCAAGGATTTTCAAATG

B, sI1092 4% 7% % [ SI1092 4 A PIN 45 # 5§
( PFAM; PFO01850;
pilinbiogenesiss protein PilT) , ssi2138 %% & %1 ) fg
B4 H Ssl2138 ( Pfam ; PF10047 ) . A il BH ssi2138 il
sI1092 ¥ i — eI\ T, LIy B 5 ss2138 F 111092
HAMEX B B R WET1 ¥ RT-PCR 73 M HAe 5t 25
Bon, P8 S WO AE R — (271 bp) (K 1-
B) , W ssi2138 FIl 5111092 HL5E 5% I BAEIE ¥ 4 K
FAF T BT S, TR, 38 1% S5 48 R0 g B 7 )
Fe 91 1 53 B 45 R R W, 5512138 F1 5111092 7] GE 44 A
vapBC FKIEH TA R5E,

N-terminal domain of the

—=35 _10+ PS RBES.
.
TATGTAATGAA
P RKoy——
Z 5512138 ' s111092 7
= 271 bp o

B 1. ssI2138 #0 sl11092 WIimtE B S5 H R
Figure 1. Co-transcription of ssi2138 and sll1092. (A) A schematic diagram showing the structure of ss/2138 and sll1092. -35, -10 and ribosome
binding site (RBS) are underlined. PS indicates the palindrome sequence. Small arrows symbolize the relative location of the primers used for RT-

PCR analysis in B. (B) RT-PCR analyses for co-transcription of ssi2/38 and sl[1092. Lane 1,molecular weight standard, lane 2, the genome DNA.

lane 3, total RNA, and lane 4, ¢cDNA.

2.2 SN1092 FiEHPH KA # & 4 <, Ss12138 ]
S1092 # 4 < HP §1E A

TA RGN 2 FRAE 2 5 38 58 D9 32 5K 10 o 2
WAK. HTRBIFEC & THANBSFRER
gt T R TA R, FRATH & %
PEFE IR TR (& 2-A) [ E. coli BI21 (DE3) T 41 1
BRI AT 5512138 Fl sll1092 F3K =W 0%, PTG AJ
S H 4 Bk BL21 (DE3) (pJS343) Fi1 BL21(DE3)
(pJS349) Fik SI1092 2 11, B iz Af B 7T 7% F BL21
(DE3) ( pJS349) 3k SsI2138; & 25 #h {K pJS298 1)
20 R Bk BL21 (DE3) (pJS298) Jy B PEX . 4
2-B N, A EARKRIEA TSR B LB FAr |k
HREA A, XF B BR R BL21 (DE3) (pJS298) 7 % A [F)
WS A S A b fg OE AR K. {H BL21 (DE3)
(pJS343) 7 & PTG (1) F- M L 1 A= K 46 52 21 4 il 5
BL21(DE3) (pJS349) fEAL & TPTG (#-F- 4 |52 |4
il , 78 [F] B 5 TPTG A1 BAl 37 A7 B 1 7 B b AE 1E % 4=
K, I, TG Ss12138 Fikmf, SI1092 (1) 5% 3 u] 411 741
F W FE B A K 5 Ss12138 1 SH1092 [R] B 36 1k B, 41
REIE W A4, KRB 111092 HA M 40 Mo AE K AE T,

N REER 1 5 Ss12138 HATHEHL SI1092 25 17 H
NIFREA . W, ss2138 il sl11092 BAT TA £

Gt 14 S R AFAE
2.3 SsI2138 KR A AT IR A SI1092 5 S i 4 K 4]
i

E—RE TN TA R , AXIEHFREADN
FIRTT A A KR HA S TA R4
B R V5T A KA 75 2P0 R B A RE 1 40 ik
SRGEEN T g I SI1092 A N 40 M 3 A 1 5
mi , % IPTG % 5 S11092 %35 J5 19 B121 ( DE3)
(pJS349) 21 A 75 & A [F] 5 S 700 19 °F Al b 9 11 7% o
mE 3 froR, IPTG #5215 % (Glu + IPTG— Glu +
IPTG) 5% IPTG % 52 h /5 % 1% 5 (Glu + IPTG —
Glu) ,CFU 8RB A M (0 h) T REZY 100 ;0
IPTG 552 h 5 LL B S A 8% 375 5 B (Glu + PTG —
Glu + Ara) ,CFU 5 K153 401 (0 h) i) CFU AH I,
SEAAEIR ,SI1092 11 3R 3K (5 I 43 20 I 1 A= < 3% 7k
S FNI A AN 4R (17100 ) 40 f B A AR AT P 5 45
1175 5 SI1092 A fg Wk & 40 Jf 3% 4, 1 Bl J5 3% ik
Ss12138 A] i 40 Mk &2 A= K
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& 2. SsI2138 F0 SN1092 3 ik X & B7 #F B 4 K B0 221

Figure 2. Effect of SsI2138 and/or S111092 on the growth of E. coli.
and 5111092 under control of P, and Py,
LB plates with glucose ( Glu) ,
arabinose (Glu + IPTG + Ara) .

glucose and IPTG ( Glu + IPTG) ,

or B Glu+IPTG—Glu
B GlutIPTG—GlutAra
8 I O Glu+IPTG—Glu+IPTG

Log CFU/mL

& 3. %1k SN1092 K % =
T 20 He s M R R

Effect of the stop of SI1092 production or the subsequent
The IPTG-
induced cells of BL21 (DE3) (pJS349) were transferred at the indicated

FF S SsI2138 R iX

k33 K B #F

Figure 3.

induction of Ssl2138 production on viability of E. coli.

time points to LB plates with or without the corresponding inducers. Error
bars indicate the standard error of the means from three independent

experiments.

2.4 SsI2138 #1 SM1092 HHEE AR E S

T ssl2138 Al sll1092 3 F Rl — ¥\ 7 (K
1-B) , M3iF B H: 4 5 7= 4y Ss12138 xf; SI11092 7F 41 ifd
WA AR R B A E ARG g i )y 51
T pET28a P, Ji 3 76 T, *’@@iﬁ% His, -

A: Schematic representation of plasmids for selective expression of ss/2138

respectively. B: Growth of E. coli strains containing corresponding selection-expression plasmids on

glucose and arabinose ( Glu + IPTG + Ara) as well asglucose, PTG and

Ss12138 F1 SI11092 3 5% 3k Y 8 2 I bk BL21 (DE3)
(pIS541), WK 4-A, 4r F i K/NA R 9.7 F
14. 8 kDaf) 2K HFER 5T 5 M 4B M rh 3k, 5 His,-
SsI2138 #1 SI11092 & 20 4 i) 7r F & KR/h—3 ., 78
AEAS P S5 F T B 5 S 3R 5K 10 B 41 8 1w R I A4k,

M AR AR M 45 1F R AX9. 7 kDafy 4 2 (A g alifk . TR
WA R BN, 9.7TkDaly & (1A 2 4 K
(1654. 868 F11457.947 m/z) ,14.8 kDafy 3 4~ Jik g
(1333.732.1779. 122 F12958. 670 m/z) 4 5 5 i
M (9 His,-Ss12138 i1 SIN1092 ik 1% 45 S AH W), £
B His,-SsI2138 1 SI11092 #H HAE L & 1 & &
(LN
3 itk

ABEFEUEW] TR ML PCCO803 7r IF A= K 4%
PR ssI2138 Fl sl11092 % 53 5 s111092 3 2 35 Rg )
il A TR A A (B s A AR 3 iR T i [ i) 5 Bl
J5 323511 ss12138 T 3 Ss12138 &5 S111092 1] A B
VE I 52 A A5 0 S11092 1y 2 K I /E T . 3X
Sezk L2 W ssI2138 R sl1092 T 1 B\ F B A
TA ZEGEH— L ZERRAE . 85 15T 8 o A 4 R
7, SI1092 & A vapBC ZX 15 TA R G0 # & & H RS
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(A) (B) MTTEAALLNIAENLPDDLKIELLHYAEYIL MNK ©)
1654 868
kDa M 1 ) 2 3 4 5004 ' TFILPLPEDFDAPLEEFE
ol — L ' 1457947 MNSVLIDTHVFIWLAEDDSNLPVTTKDTLEN
97,4—1 1457.947 r 2958 670
66.2— = 3000 MDNVFVSIASFWEISIKLKIGKLSLCGDFNSIE
= 1 ASFQRTRFKLLPITLKDTIKLYNLPLHHKDPF
A o= ... = 1383.858 3 2000 1779.112 1333732

31,0— - <50 < 1333.732

-— 2 2 e

X £ 2 1000

= 1654.868 L= . 1779.112 2958.670
20.1— 8 1 1307.835 —L— —J!—
148 kDa 1 0 ' ) —— |

144_~g prm— - 111092 ) ] T T T T T T T T T T T

-_— -— <—His,-Ss12138 .14 | J 1500 3000

(9.7 kDa) 04 Mo Ao A n iz
T T T
1400 1600
m/z

4. SsI2138 #0 SI1092 2 8 #3948 B 1E B
Figure 4. Interaction between Ss12138 and SI11092 in vivo. A: SDS-PAGE analysis of co-expression and purification of His,-Ss12138 and S111092 from
cells of BL21(DE3) (pJS541). Lanel, crude exiract of un-induced cells; lane 2, crude extract of induced cells; lanes 3 and 4, products purified
from induced cells under native and denaturing conditions, respectively; M, protein molecular weight standard with sizes as indicated in kDa. (B)

and (C) analyses of peptide mass fingerprinting of Hisg-Ss12138 and S111092, respectively, by mass spectrometry. Amino acid sequence and predicted

m/z of both proteins are embedded in each panel.

(9 PIN Z5kg 3" o i & PIN 454 8 A0 3 % 2 %
€ vapBC X TA REMNEHBIHIEZ —, H i,
ssI2138 A1 s111092 F4 W EL A 1% 1 i) vapBC Kk TA
A%, CA WHFIE 4 RUEM, & PIN 2544 35 (% TA
B2 B R B M OF 8 O B mRNA 10 )
AR D, SI1092 ) A K A A A AT
FE A2 FH T I A 40 o i mRINA L DI 400 1 2 1 5 A
B o
ARWEIE 45 R WooR, U EE FE Ss12138 1] o Al
SI1092 iy A= K 4 i /E AT, & W] S111092 4 AT 3% 19 A=
Ko, AR ERY, EFREZ 5T
T A B AR I BE M 30 AT 5 5 R AN e 3 AR
KAkl SI1092 (4 AT 36 (14 A= K 40 k) V6 1 26 L T
AEEaFSFMEREAERERN, CEENS5HE
I PR A RN TA R G, FE EE AR K SRR AT
HLEAMEREAMS BENILEREN, B RT
Y0 M EE R Y TA BG40 BRI I ER8E aa i), 4T
B2 A 206 OF Howk 8 O R g, N G R
BECRE R o TTE IO FE 0 an DNA & 5 AR F
A 1A T AN 2, 5 04N A R 0 ) B 43 4
Magt T, H Ok, 4 M PCC 6803 B i fk L i
ss12138-s111092 TA Z %t ] fig o 38 2o 1 45 A= 4 fiff 41 g
3R A [R) 0 P 358 W 3, 0 3 P 8 s AL o A R B

EYEEHHERSMER B R TA REWRT 2
HFAETHRED T2 X8 TA R4 7] AE 76 1 9 1

IO 300 IO v 3 e R 4 0 A K e A A IR
i G i AR ROIR A AT o 11K 200 i 0 T2 5% A1 fE k9
FE , 5 20 0 0 R O A A S ST I B
TEME S WY PRI AR T 8 R B AR ol ek A
=TI, T TA RERMBPMREREABAEK
IR R, 9 HL A P A AR AN TR K P b AT R A
PR it 308 3 A DA 3K -7 3R R P 2 ) A A ]
FOABFE it , 900 5 2R A AR T, DA O KA g o
K EOR AL TR R R . TR, S R A TA
AGEFRANETE
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A hypothetical gene pair, ssi2138 and sll1092, constitutes

a functional TA system on the chromosome of
Synechocystis PCC 6803

Degang Ning ", Weifei Zhao, Yaru Qian

School of the Environment, Jiangsu University, 212013 Zhenjiang, China

Abstract: [ Objective] We characterized the hypothetical gene pair ss[2138 and sll1092 that constitute a vapBC-family
toxin-antitoxin ( TA) system on the chromosome of Synechocystis PCC 6803. [ Methods] An RT-PCR analysis was
conducted to confirm the co-transcription of this gene pair, a selection-expression system was constructed to demonstrate
the effect of their encoded proteins on E. coli growth. To validate interaction between these two proteins, an affinity
capture analysis was performed. [ Results] ssi2/38 and sll1092 were co-transcribed under normal growth conditions.
Ectopic expression of s/[1092 inhibited the growth of E. coli, which could be overcome by simultaneous or subsequent
expression of ss/2138. Both proteins Ssl2138 and SI11092 in wvivo formed a protein complex due to their specific
interaction. [ Conclusion ] ss/27138 and sll1092 constitute a functional vapBC-family TA system of Synechocystis PCC
6803.

Keywords: toxin-antitoxin system, vapBC, protein complex, Synechocystis sp. PCC 6803
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