Acta Microbiologica Sinica
51(7) :898 -=905; 4 July 2011
ISSN 0001 —6209; CN 11 -1995/Q

http://journals. im. ac. cn/actamicrocn

PCC6803  relA/spoT syn-rsh (slr1325)
212013
. ¢ ] (Guanosine 3° 5”-bispyrophosphate (p) ppGpp)
(p) ppGpp RelA RelA/
SpoT o PCC6803 (Synechocystis sp. ) RelA /SpoT ( Syn—
RSH) sir1325 (syn-rsh) o [ )| syn—rsh ;
Escherichia coli (p) ppGpp PCC6803 (p)
ppGpp [ 1 Syn-RSH (p) ppGpp E. coli
ppGpp; PCC6803
ppGpp ppGpp - [ 1SynRSH (p) ppGpp
(p) ppGpp PCC6803 o
PCC6803 syn-rsh (slri325) (p)ppGpp RelA/SpoT
1 Q933 A :0001-6209 (2011) 07-0898-08
(p) ppGpp RelA RelA ATP
GTP GDP 3 pppGpp
(Guanosine 3~ 5”-bispyrophosphate (p) ppGpp) ' ppGpp - (p) ppGpp
(p) ppGpp RNA spoT ppGpp SpoT
4
SpoT ppGpp
* o (p)ppGpp e
relA/spoT o
. relA/spoT
e (p) ppGpp RelA /SpoT ppGpp (p)
(p) ppGpp (p) ppGpp e
( Escherichia relA/spoT
coli E. coli) (p) ppGpp relA PCC6803 ( Synechocystis sp. PCC6803
(30771176) ; (1283000072)
o Tel/Fax: +86-511-88790955; E-mail: 306502@ ujs. edu. cn
(1985 -) . E-mail: xgmiao_2009@ 163. com
12010-12-26; :2011-03-03

Research Paper _



PCC6803  reld/spoT syn-rsh (slr1325) v (2011)51(7) 899
PCC6803) slr1325( syn-rsh) E. coli DH5«a E. coli
760 (http://www. kazusa. 37°C LB E. coli
or. jp/cyano) RelA /SpoT ( 50 pg/mL) .
( Syn-RSH) RelA /SpoT E. coli 0.4% M9
o SMG ( 0.4% NP N
syn-rsh (p) ppGpp L- . L- 50 wg/L M9
. PCC6803 syn-rsh )  30C 42C o
ppGpp syn— 1.3 DNA
rsh ~ PCC6803 DNA * PCC6803
o DNA v - PCR
10 mmol /L Tris-Cl1 (pH8.3) 50 mmol/L
1 KCl 1.5 mmol/L  MgCl, 100 pmol
200 mmol/L dNTPs 50 ng DNA 2.5 U DNA
1.1 (Taq/Pfu=1/1 U/U MBI). PCR
1.1.1 ( ) :PCC6803 : 94°C 5 min 30
(94C 1 min 60°C 1 min 72°C
E. coli CF1648 relA CF1652 1 min) 72°C 10 min.PCR
(relA: :kan relA™ /spoT™) relA spoT DNA o
CF1693 (relA:: kan spoT::cam reA™ /spoT ) °* 1.4
M. Cashel ( National Institutes of Health slr13254: 57—
Bethesda MD USA) pBV220 GGTACCGTCGCCGCTCTGCCCACCB- slr13252:
A 5’-GGATCCGTTATACCCGACGCAGGTCCATCAC3~
P,P, Kpnl  BamHI o slr13254
(Clts) (clis) » pJS723  pJS728 slr1325-2 PCR syn-rsh
o ( 2.2kb). pMD-8T
1.1.2 :DNA . plS723. Kpnl/BamHI
T4 DNA ~pMD-8T ( pJS723 syn-rsh pBV220
) DNA pJS691 pJS728.
L- (L- 1.5 syn+sh E. coli
serine hydroxamate SHX) Sigma pBV220. pJS728 E. coli
H’PO, CF1648.CF1652  CF1693
PCR LB 37°C 20 ho
o LB 0Dy, 0.6,
(polyethyleneimine PEI) 1 mL 6000 x g M9
Selecto Scientific o 2 1 mL M9
( Eppendorf  Centerifuge 5804R ) PCR 5 L 0.4%
(Eppendorf Mastertycler ) M9 SMG
( JY92-II DN 30°C.37C 42%C 30 h
)o o
1.2 E. coli PCC6803 1.6 ppGpp(p)
PCC6803  BGI1 28 -30C E. coli  (p)ppGpp !

(30 Es*m ’s™") i

o pJS728 E. coli



900 Xiaogang Miao et al. /Acta Microbiologica Sinica(2011)51(7)
CF1693 0.4% MOPS gov/Structure /cdd /wrpsb. cgi) Syn-RSH
(40 mmol/L. MOPS 4 mmol/L Tricine (http: / /www. kazusa. or. jp/cyano)
(pH7.4) 50 mmol/L. KCl 10 mmol/L. NH,C1 RelA  RSH
0.2 mmol/L KH, PO, 0.5 mmol /L MgSO,
0.01 mmol/L FeCl,) 30C 0Dy, 0.1 o
H'PO, 100 mCi/L 3 he
42C syn— 2
rsh 50 pL 0.20.40 60 min
8 mol/L 2.1 Syn-RSH
-80%C 3 4°C 8000 x g PCC6803 syn-rsh
5 uL 0.2 wum PEI 2283 bp 760 Syn-RSH
(10 x15 em) . HPPO, 1 g/L ppGpp(p) RelA SpoT-
L- E. coli CF1648 ppGpp(p) / RelA /SpoT
o 1.5 mol/L KH,PO, 0 NCBI CD
4C Syn-RSH 4
3 cm HD
NIH image software (http://rsb. info. nih. ppGpp(p) (CAD) GST(Threonyl4+RNA
gov/nih-image /) (p) ppGpp o Synthetase GTPase and SpoT) ACT
PCC6803 (p) ppGpp C 1. E. coli  (p)
o BG11 0D, ppGpp RelA SpoT.

0.6 HPO, (Bacillus subtilis) ppGpp (p) / RelA/
10 mCi/L 10 h L— SpoT & RelA /SpoT N-
1 g/L 0.2.4.6 8h 100 pL (p) ppGpp

8 mol/L 2
5 ulL C-
. ACT
1.7 Syn-RSH e Syn-RSH
CD BLAST (http://www. ncbi. nlm. nih. RelA /SpoT °
ot g Nl
76-175 267377 424432 £30-756
*SR"’:I&C;;;‘?“ | wP-1a1308 760 100/100
_— 507149 240.350  394-453 5531 osaio ) s
RelA/SpoT
251-360
ES’-“E;ZS”“ CAD NP-417264 744 34.5/53.7
- 40-139 230-340 383-442 624-693
ch;z;f’iia ) C 38 | NP-418107 698 39.9/51.3
1 Syn-RSH RelA  RelA/SpoT
Fig.1 Schematic diagram showing the alignment of Syn-RSH with E. coli RelA  SpoT(M24503) and Bacillus subtilis RelA /SpoT. The positions

of (p) ppGpp-degrading domain(HD) (p) ppGpp-synthesizing domain(CAD) are boxed.
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Fig.2 Structure and examination of expressing plasmid pJS728 by an ppGpp
agar electrophoresis. (A) Schematic diagram showing the structure of RelA  RelA/SpoT
expressing plasmid p]S728. (B) Examination of expressing plasmid I— IL—
pIS728 by an agar electrophoresis. M. A/HindIIl; 1. pBV220 I L
digested by EcoRl; 2. pJS728 digested by EcoR T 3. PCR RNA L
amplification of pJS728 using slr13254 and slr13252 as primers.
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3 Syn-RSH relA

Fig.3  Growth restoration of E. coli strains with relA alone or together with spoT mutation plated on minimal medium by expression of syn-rsh. E. coli

relA/spoT

strains were transformed with pJS728 (expressing Syn-RSH) or the empty vector (PBV220) and then transferred to SMG selective medium (M9 salts

minimal medium plus 0.4% glucose and 50 mg/ml each of serine methionine and glycine) with 100 g/ml ampicillin as indicated in A . Plates were

incubated for 24 —48 h at 30°C (B) or 42°C (C).
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Fig.4 Detection of (p) ppGpp in E. coli mutant CF1693 expressing

CF1693  (p)

Syn-RSH. *? PdLabeled CF1693 cells transformed with pBV220 (lane
14) or with pJS728 (lane 5-8) were induced by adding serine
hydroxamate(1mg/ml) for 0 20 40 or 60 min respectively at
42°C then nucleotides were extracted and analyzed by thindayer

chromatography and  autoradiography.*> Pdabeled nucleotides
extracted from CF1648 before(lane 9) or after(lane 10) incubation

for 10 min with serine hydroxamate (1 mg/ml) were used as controls.
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Fig.5 (p) ppGpp detection of PCC6803 cells induced by amino acid
starvation. (A) PCC6803 cells from a logphase culture grown with
10uCi/mL of **P orthophosphate for 10 hrs then induced by adding
1 mg/ml L-serine hydroxamate( SHX) . After incubation for 0 2 4
6 or 8 hrs(lane 3 4 5 and 6) labeled cells were harvested (p) ppGpp
was extracted with formic acid and analyzed by thindayer
chromatography and autoradiography. ** P-Labeled nucleotides extracted
from CF1648 before(lane 1) or after(lane 2) incubation for 0.2 h with
L-serine hydroxamate (1 mg/ml) were used as controls. (B) Relative
amounts of GTP and ppGpp were calculated with NIH image software
http: / /rsb. info. nih. gov/nih-image/) and relative concentrations of

ppGpp were indicated by the ratio of ppGpp vs GTP at various times.
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Characterization of the relA /spoT homologue slr1325 (syn-
rsh) of the cyanobacterium Synechocystis sp. PCC6803

Xiaogang Miao Huiling Liu Degang Ning
College of Environment Jiangsu University Zhenjiang 212013 China

Abstract: Objective Nucleotide guanosine-3” 5°~(bis) pyrophosphate (ppGpp) synthesized by (ppGpp) synthesase
RelA or bifunctional ppGpp synthase/degradase RelA/SpoT mediates bacterial stringent response to various stressful
conditions. Here we characterized the slr1325 (syn-rsh) gene encoding a RelA/SpoT homolog ( Syn-RSH) of the
cyanobacterium Synechocystis sp. PCC6803. Methods We performed phenotypic complement test using Escherichia coli
strain with(p) ppGpp-synthesis defect to determine Syn-RSH function(s) and employed chromatographic analysis of > P-
labeled cellular mononucleotides to detect the accumulation of ppGpp in Escherichia coli strains expressing Syn-RSH and in
Synechocystis sp. PCC6803. Results Syn-RSH expression in E. coli relA/spoT double mutant was able to restore the
cell growth arrest; Chromatographic analysis of” Pdabeled cellular mononucleotides revealed that Syn-RSH expression
resulted in the synthesis of ppGpp in E. coli strain with relA and spoT mutant mutation. Additionally Synechocystis cells
accumulated a low level of ppGpp under laboratory growth conditions. Conclusion Syn-RSH possesses ppGpp synthase/
degradase activities and ppGpp is required for Synechocystis cell viability under normal growth conditions.

Keywords: Synechocystis sp. PCC6803 slr1325(syn-+rsh) (p)ppGpp (p)ppGpp synthase/degradase
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