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Identification of a Pair of Toxin-antitoxin (TA) Gene in the
Chromosome of Cyanobacteria Synechocystis sp. PCC6803

CHANG Jia-Ning NING De-Gang’

(Environmental School, Jiangsu University, Zhenjiang, Jiangsu 212013, China)

Abstract: Chromosomally encoded toxin—antitoxin (TA) systems are thought to result in growth arrest and
eventual cell death upon exposure to environmental stress in E. coli. In the chromosome of cyanobacteria
Synechocystis sp. PCC6803, the genetic organization of a 360 bp open reading frame (ORF), slr0664, and
another small ORF of 256 bp, ssri114, is similar to that of TA system. The predicted protein encoded by
slr0664 is homologous to RelE, but neither homologue of ss71114 nor ssrill4-encoding protein was found
in TA system. To see whether s/r0664 encodes a toxin protein, ssr///4 encodes an antitoxin, an expressing
plasmid containing promoter P, and Pg,p, was constructed. In this construct, Both slr0664 and ssrili4
were controlled by P, and Pg4p, respectively. Expression of s/r0664 in Escherichia coli results in the inhi-
bition of bacterial growth, the expression of ss7///4 neutralize the toxicity of s/r0664 expression. These re-
sults show that s/r0664 is toxin gene and ssr///4 is antitoxin gene, both ssr//1/4 and slr0664 constitute a
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chromosomal TA system in Synechocystis sp. PCC6803.
Keywords: Synechocystis sp. PCC6803, TA system, slr0664, ssri1114

- (TA, Toxin-antitoxin system) TA
’ 1 AR
’ 1.1 ER. SRR, RRFEFENS
(1 PCC6803
- ., BGII 28°C~30°C
’ [30 RE(m™$)] :
’ A ’ ’ E. coli DH5a  37°C LB :
31 ( ,
50 /mL
A ’ pBAD-gfp!” e
mazEF
relBE MazF RNA Y oie
41 RelE mRNA [43] 1.2 P@;ijﬁiﬁ'ﬂ,ﬁDN A
T 1 DNA B PCR
’ ’ 10 mmol/L Tris-CI( pH 8.3), 50 mmol/L
TA ’ MgCl,, (1) 100 pmol, 200 pmol/L dNTPs,
. 50 ng DNA, 2.5 U DNA (Tag/Pfu=1/1,
PCC6803(Synechocystis sp., U/U) PCR 94°C 5 min; 94°C 1 min,
PCC6803) ) 60°C 1 min, 72°C 1 min, 30 ; 72°C 5 min
1996 (http://www.kazusa.or.jp/ PCR ,
cyano), TA , (
PCC6803 TA )
, slr0664 DNA T4 DNA
RelE , ssrill4
slr0664 ,ssrlll4

%1 PCR3|#REFFI(5-3")

Table 1 Nucleotide sequence of gene-specific primers used for PCR(5’-3")

Primers (5'-3")Nucleotide sequeces

pDAB-1 GAGAAAGCTTCGATGCATAATGTGCCTGTC(Hind III)

pDAB-2 GAGAGAGCTCCACATGTATATCTCCTTCTTAAAGTT(Sac 1)

slr0664-A GAGACATATGTCGAATAATCTCCATTTAGTC(Nde I)

slr0664-B GAGAGGTACCTTTGGCGATCGCCGTGAG(Kpn I)

ssr1114-A GAGAGAGCTCGAGAGCTTTTGAGGTAATGGC(Sac I)

ssr1114-B GAGAGGTACCCTTCTCCTATATTCGGG(Kpn 1)
1.3 slr0664, ssr1114 EX BT E MR FIFSRIE ; E. coli BL21(DE3),
EED T 50 pg/mL 0.2% LB

slr0664 slr0664-ssri1l14
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L-(+)- M9(GCA) , slr0664, 256 bp ssrili4,
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Kasuza Symnechocystis sp. (www.kazusa. 4.53; slr0664 120 ,
or.jp/cyano/cyano.html) , NBCI 13678.58, 8.32

=222 2 GGGAATTGATGTCGAATAAT= «= <2< =
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x £
PCC6803 Choromosome 86 a0

ssrll14  slr0664 v

]S?y6803 : MSNNLHLVNHDFIPEIRISLEYIAKKYIN ! RSDVOP“A!KGV [ SHR!AGFGSD ! YNI 68
EcoK12: ———- MAYFDFDERALIEwﬁKIGSTvI——EoLKKKMV!SPR [ EAIKIR———GMPDCSI 58
N73102: MT-DQPF | QEAIATININL@IAKKYIS IRNDI opﬂolerLpﬂoﬂp——Gvsvnl 65
A11017: ————- M SRFIPRIKIRLESIKKRYIQ | QSDLQPMQIQGNF | EQIP——GTTATAINI 60
MePAl: -—-— MHAMVEIPTILTDAHAAGVSD————DERAAMLAMASDPTAE\/HP———GTGGIR AGK 55

Sy6803: NI OK.SM—LIESENS IYSIAIQEIAASD———INGEYS——— |ED——————- 120
EcoK12: ————————M@I | DEKquuI SVGRIRSEYSEA———KR 95
N73102: DAQK.GMYIKTATG | IYTSIQVIAAKD——*IO.AEYEQQT INDEERD | -—- 125
A11017: DI PT.GM—OI | SPEDLIYAESDQAMR | NE-—-IQIAMTEAL-—-—EE ————————— 111
MePAI: ——GK.GSYAAADVPF!AIVSGIRAISOAERNA!R ITLADLYRQG | AGRIREGG 121

1 ssrlll4. slr0664 7€ PCC6803 ik b Ry iR 4544
Fig. 1 Genetic structure of the ssr1114/slr0664 locus in the chromosome of Synechocystis sp. PCC6803
a: ssrill-slr0664 s ssrlll4  slr0664 s (IR); b: slr0664

RelE , Sy6803 EcoK12 N73102 A11017 MePAl Synechocystis sp. PCC6803  Escherichia coli K12 Nostoc

punctiforme PCC73102  Acaryochloris marina MBIC11017 ~ Methylobacterium extorquens PA1.

Note: a: Schematic representation of the ssr//1-slr0664 locus; b: Sequence alignment of the putative RelE proteins of Synechocystis sp.
PCC6803 (Sy6803), Escherichia coli K12(EcoK12), Nostoc punctiforme PCC 73102(N73102), Acaryochloris marina MBIC11017 (A11017)
and Methylobacterium extorquens PA1(MePA1); Residues conserved in at least three homologous proteins are shaded.
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Fig.2 Structure of plasmid pJS298
; Sac

Ppap 5 Plac .

Note: Boldfaced bases show start codon, underlined bases show

Sac - site; Ppsp: Promotor of Arabinose operon; Pj,.: Promoter of

Lactose operon.

pJS2306

SiErBiEsKiH; N

Psip Plac

araC ssrl114 slr()664?'<_|/ lacl
pJS321 —_: i
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St Es KiHs N,
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slr0664 TN L-(+)-FHEHEEF ssrlll4 FRiEMEE R
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Fig. 3 Schematic representation of recombinant plasmid
pJS306 for slr0664 expression induced by IPTG, and plas-
mid pJS321 for ssri114 expression induced by L-(+)-Ar-
obinose

Note: S1 E1 B1 E5 K1 Nlrepresent Sacl EcoR1 EcoRV

Kpn1 Ndel, respectively.
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M9(GAC) , E. coli BL21(DE3)(pJS306)
= E. coli BL21(DE3)(pJS321) ,
2 E. coli BL21(DE3)(pJS298)
. ( 9 0.1 mmol/L IPTG M9
6.61 ,
44 slr0664 )
slr0664
. 25 FEREEREANSEEANARSEY
2.0 HHI1E A
ssrili4 slr0664
0.2% 0.1 mmol/L IPTG
M9(GAC) , E. coli BL21(DE3)
4 EUARK pIS298. pJS306 F pIS321 HL K (pJS306) ; ¢ 5%
Fig. 4 Examination of plasmid pJS306 and pJS321 by a 0.2% 0.1 mmol/L IPTG  M9(GAC)
agar electrophoresis
1: MHind 1II; 2: pJS298/Hind 11I; 3: pJS306/Hind 1II; 4: pJS321/
Hind 11 ,ssrlll4 sir0664
M9 , ssrill4
, E. coli BL21(DE3)(pJS321)
Piue  Prip 0.2% 0.1 mmol/L IPTG
s slr0664  ssrili4 )
, , E. coli BL21(DE3)(pJS321)
0.4 E. coli BL21(DE3)(pJS298)
pJS298 pJS306  pJS321 E. coli BL21(DE3) Piac Pgap ,
, M9(GAC) ,

; 0.1 mmol/L IPTG ,

+0.2% Glucose +0.1 mmol/L IPTG +0.1 mmol/L IPTG
+0.2% L-(+) Arabinose

E. coli BL21(DE3)
(pIS298)

. coli BL21(DE3)| E. coli BL21(DE3)
(pJS321) (pJS306)

5 HEXRETEFIESRIE slr0664 F0 ssrll14 3R KR 00
Fig. 5 Effect of the expression of s/r0664 and ssr1114 on growth of E. coli cells
pJS298 pJS306 pJS321  E. coli BL21(DE3) IPTG  IPTG+ M9 (GCA) ,37°C

Note: E. coli BL21(DE3) with pJS298, pJS306 or pJS321 were streaked on M9 (GCA) plates, respectively with glucose, IPTG or both IPTG

and L-(+)arabinose. The plates were incubated overnight at 37°C.
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