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Physiological Functions of the SgrS sRNA in Bacteria

XIU Bao-Lin", GUO Rui" , GE Jing-Ping" "
(Y Key Laboratory of Microbiology, Life Science College, Heilongjiang University, Harbin 150080, China;
%) Engineering Research Center of Agricultural Microbiology Technology , Ministry of Education, Heilongjiang University , Harbin 150500, China)

Abstract When bacteria face higher glucose concentration, the intake of glucose often leads to a large
accumulation of glucose-6-phosphate inside bacteria. When the concentration of phosphoglucose reaches a
certain threshold, a toxic stress will be formed to inhibit the metabolism and growth of bacteria. Many
bacteria remove this inhibition of sugar stress through the post-transcriptional regulation of a small RNA
(sRNA) -SgrS ( sugar transport-related sRNA ). With the assistance of molecular chaperone Hfq, SgrS
combines with the corresponding target mRNA by complementary pairing of base pairs, negatively
regulates the pisG and manXYZ mRNAs to reduce carbohydrate intake, and positively regulates the yigl
mRNA to increase sugar excretion, thus improving the cellular tolerance to sugar stress. Unlike general
sRNAs, SerS is a dual-function sRNA, as it could be translated into the SgrT protein in addition to its
post-transcriptional regulatory function. SgrS is widely distributed in Enterobacteriaceae, but it differs
greatly in different genera. This article focuses on the function, distribution and difference of SgrS in
bacteria.
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/N RNA (small RNA, sRNA ) f&— iy 5L K 20 5
PR LR ZHOR A I RNA 43, HK
JE—Bh 50 ~ 500 nt''', 7E sSRNA BFFERI], HR35
AR gmtt” ket i Hoan 44 9 AE SR % RNA (non
coding RNA, ncRNA) , (HZJ5 HFFEUER , D %50)N
RNA A% Hi it Sl 41 25 1 5T 5 1117 )5 76 &8 40 e v AR
P/ RNA (4 98 45 2 g, B H 4 4 P8 % RNA
(regulatory RNA, rRNA) ,{HiZ 4 45 5 rRNA 5
MR RNA AR, 4R R5E A5 3 10 43k,
small RNA X —7i 2 8 K Z B0 55 & R, AR
SCHR X —fir 4. H A 2% sSRNA-6S RNA (1967
iE) REEAD B, E R TP F B R
il 122 400 38k R 00 ) A o O R — LR N SRR T AE
2002 4ELUE A A5 B 2% 5 cDNA SCER &S
FoyF iR AR K, NATT i 3 S ALE AR AN sk
Bk, B S T U R A B 3 A e
A~ SRNAPT | B K sSRNA B8 80, A2 T
it 31 RNA FERE A= i R AN BRI Dy 355 e e
] 5 22 Rl 8 A% 15 808 AR T A AE , A 5
mRNA SH Y 18R AR B AR, B2 B A B B
BRI A B AR DL R R B 0 K-, AT X6
LRI 0 AT P A H AT, 96T sRNA
FIBT S 28 K 22 BUA4E v T o =2 G I3 1 7 b %) X
mRNA [P0 2 e s A P o 5 4 AR
M i Hfq (host factor required for phage QB RNA
replication) (BB o Hfq 42 40 7 A —Fh [R] 95 S
RIEAE AT, ©RSFEN &, oS 251 5 B
AP Sm BEAEA S AN, ik, #Ah S
5 RNA B85 T Hiq (V05 (N 3G ) BE % 45
BE S IRMENE Y sSRNA , L3 ( C I ) REUS 45 A & &
JIR NS B mRNA £ B F Hiq (9 BF 27 151, BERS IR
W8 A K sRNA-Hfq-mRNA, M ifii 5 B sSRNA X} #1
mRNA RFEJAEMERS . Rt & & A fi
Hifq 7] LA3E 55 H & J5 Bl sSRNA Fil mRNA fO%JE If:
TELEA IR U PRl RNA 2544, B 113 e ik
Wifl RNA (R REAR ) eah, i Hig 59w E.
LA RNA 45407 5, [0 Hiq 164 N & B 38K,
K, FE7E AN TR] SRNA , mRNA 5 Hfq P 3 35 4 P 45
A4 Hiq 7E58E SRNA BFE 3 )5 3d
rhk FEBEEAER, 40 SgrS X manX mRNA #E47 1
PR, R UL Hq B9 98B, W SerS K¢ JE 3% FH 1 manX
mRNA SRR LS A, T2 a1

sRNA HEI7H%E 5% J5 ¥ I, 764> 718 Hig
BN, 3 2o 358 o B 3 BN B, O H B 3 e 5

mRNA #9 5%m45 &, TP 648 mRNA - A2 E 2L
KT AR IR RO AT A Oy X0 o TE R
A, o IRV A PR, — R
J5 2 JE: sRNA 313 5 mRNA 254, 5Bk mRNA & 7%
(1725 R 25 4, 22 5% 1 mRNA [ B9 R MR AR 25 & 47 15
(ribosome binding site, RBS) , M\ 2 #£ 1% mRNA A9
B o — A E T LR dE i 5 mRNA 256 )5,
sRNA 1% mRNA bR EE RNase E PU AL f B2
5, b5 1k mRNA #% A% B2 ¥ RNase E FEff, IEK T
mRNA TE4H P A7 7R BT 0], e A Rk 2 &
FIBT, T 45 B9 4 F O 205 1R PR 45 A0 B2, sRNA
i AT BH IR FE mRNA S AZHEARSS & AT 42 mRNA
FHPE, o & OE 4 mRINA Y R4 it , o AR T 1A PN %
mRNA (%R, 7EHR 5T 40 B b, 9 TF £ R 454
=AY

sRNA 1E R —FhiE 5 P 52w 25 40 B N 25 D5 A
eIk, A I AT mRNA Y VR o B AP
Xof 0SB A 0 T MRS IR SCER R X
T sRNA RYBIFFE R 22 46 v T 2= IR B P 18T (40K
FFREAIT TR E) D) fE 2 [R5, H
HiT, sSRNA AYRIFSE P 2256 T sRNA X AT
WEAC G, 20 5 1R AR S 5t v 250 M 1 R 45 A
FRUOT AR SO BRI 3R Y T SgrS (sugar
transport-related sSRNA) HY T RE, LA M A [R] 1 & H 1Y
SerS 2= S HATERIR Sy T MR G A W ARG I AR v Y
PR AR S T 4 T o o el s £ pE RV ARR U .

1 #EFIETEX sRNA RIThEE

SerS i LT 2003 AE ALK A 1 ol i Sy At
UUEZAEN]  H A 5 7 F B H it Hiq B 455
P& B, B A 4% RyaA'™ | TiiJe , 4 i g6
S TR AR BB v ) A T ML PN ) A
BRI BE 1 KISF, RyaA BERSH I 5 g A - 4 % W iz
R ETICB™ 1Y pisG ) mRNA 254, Jl# 1% mRNA
(R REE A , DT UGS/ 4 2 W 0 5 A 34558 B XS A 2
(IR 21, H 85 RyaA B840 Sgis 2,

HAT, B2 AR SerS AT mRNA £ 24
3A A3 W pitsG omanXYZ J% yigl, mRNA'®) |
1.1 3t ptsG mRNA B R FiIEE

KIGFER T prsG 35 DX RE A5 2 % 41 ff 51 7
HEMHE ZR AR EIICB" %12 2% 3K (1 [T BE % 78 15 I 7%
BRI L R AL A -6 - R . M TA
AT X 652 v 1% 46 7 W s T T AT ) gt T ) A
KB —E FAE BT, 252 3F SgrR 5515, 1T SgrR 1F
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R SRS TR T BE S 1 5 SerS BUSE K, R
W) SerS RESHEST TR Hiq BIERBN T, 83 AR 5¢
2R BAMIC X 255 T ptsG mRNA 1Y 5 %, 2 5%
HiZ mRNA _FAZHE TR RNase E TSI 54, A
AN mRNA B Dok 20 200 i 5 1 8 25 4 2 44
ENCB®" (1) 5 i, $5c 2 30 ) BA7 4% 41 M X 2 25 0% 1)
BA
1.2 X} manXYZ mRNA B3R FIEE

FIGAFEE T manXYZ JEDH RERS i 40 Ml I
Wiz ik B, S5 EICB™ AT RESEI, %
15 R M IR RS TR B IR AL 2 R o 7 B el R ol
WERR AL , T2 A A5 -6 B IR, (H %1z 4R 1A 18 2140
BRI EE ) SRR A B RENS s e 3L H b g
N LR AR AT AR W, T 2- B R AR | 2 b
g

YER LT 0 manXYZ , Hotp manX GENS i
Bz A BT o A48 T 40 5 P 38 4 EITAB™
I manY Fl manZ 53 5\ 66 0% 2 it B i 25 4K £V o
A F AR L A9 364 EXIC™ AT EIIDY™ 24 SgiS
HPHAE S TE manX mRNA | ), RE9% 75 35 1% mRNA
RO LS A 5 (RBS) |, IR LB, 7E
a5 —F sRNA DicF W G845 38 i BH 1 manX
mRNA S5EHHAZE A, NI 6% 3L H 8, HY5
SerS MLt , DicF PR 401 240 2 SF A o) g g 122 s I SerS
BOMZE ST manX M manY mRNA Z 8] 19 25501 2
if, AEREBH A S manY mRNA Z54, [A] 040
il manY F manZ mRNA 19 BHPE; 124 SerS [F] B 45
A F manXVZ mRNA _E (A 45 A 7 S, I 25 7
A A% 12 B RNase E fEFH T, ¥ manXYZ mRNA
R
1.3 %t yigL mRNA B R

5 ptsG 1 manXYZ WiFhEE K (/E I I, V017
ECEA Y yigL 55 P REAS G i v F 20 i 53 v (1 — Fif
WRR T , T RE A1 I PN © 2 i 1R 1k 1 46 265 1 2 i
Rtk , 5 8t [ 8O R Y2 A 2 Bk R
PR A M 128 H A, DT 2 2 A A X 3 ol 2 19 i
S M P P R R AR B K, SerS B
554 T XU pldB-yigL T pldB mRNA , AT
4 yigL mRNA T A% PR B RNase E U4 AT
B HpE R SERK T yigl mRNA 76 B RN
FRAFAE R T] DT JR 5% 4 B 2 10 Tl 1 R ik 5 i 7
L B R AR

H— it sRNA K [A], SgrS 1E S — Fh X 3 BE
sRNA , BRAE & 44 5% S Jm A AL, R 2B FF 14

H SerS iR AEHE S (T Ser T i % K
FIBR R JE AT sgrS HREEIE 5 o — M, K LN
130 nt, HFEPEF=W)— M & H 40 ~ 50 E IR,
SerT RENSHESFMELS G 7012 3K PisG L F 40 M I
(1) EIC R4y, KA 2 AR PsG X ) % i 1) 12 1)
BE , DT 9 b A B S A R 75 R AR BE A T 47
M HEAF T 2 R IR I AE R BB R 2 SerS Al SgrT
AT 22 1T L fife e TR 4k 32 300 M ol 26 E5F 1) 9 5 32 i)
i, HoA, SerS il XF £ A mRNA 51754 5% 5 14
5, MR B AR AT mRNA %R, 1T SerT T8 i
T A R A R 2 2R R 1 PG IWiBHfE T .
T L SerS VRN, 43l N SRR K F R
RAETIRE AR B, (75 PR AT T X 0 B B
MAfH A K

H T 5% S 3006 L7 SgrR (sRNA SgrS J 25 11 i
SerT DyRE_EAGEMAYE , B ATE ¥ = S PN SgrRST
R Hod B SEEE N T SerR BES 1 i P B
TR P A B 3, 0 o) D A LE AR, 45 5 B sgrS
FEPR AR R 7 45, R E sgrS R %55

Set JE—F T SRS AL, B T HAES K i
Wt Z 1 TPTG 3z H A1, A A bR 1% 40 5 % 41 i
R EE I e 300 T B BT TR L T RS R B, sgrS
LT set FEH i, —FH TG B — R T L —A
JaohF, RIS SR I SerR R HERG S, 4
TN 458 1o R R T sk, 57 F 20 RS 1 1) Set 1T DK
It PR 2 R AL 3 AT, BT AR 6K T A
TR E | S8 20 T B A AR A2 0
2 MERIZHEE SRNA EBHHF RSN SH
=5

IR SerS I AFE T AT, {HiZ sRNA 1Y
(] 56 PR A () o i v 2 Sl R, AR A PR A )
e, RS S5E00E R SerR G I R 8 A6 AN 7] TR
JEHY) SRNA SgrS, il 2 3K/ Artemis B & FI g A9 -
LB IEHE (open reading frame, ORF) H1 [ L iR 5 4
1R 7B i JE A BI2Seq S5 KK ik ORF
5 E. coli K12 Wy SerT #E47 ELXT , Fe e i 22
2% SgrS WRIEIER , Zad X & BE, 3X 46 sSRNA B
R T AT 1Y 3 2K o 5114 448 1 A1, A Ak [
JEARRUEAR A, LR JE DL SerT 19 gttt 1y 371 2 57 A
MRE ., WA I G AN T G, C Y]
TAEHEANTS .,

TEEA SerS RIEIE 17 P&, ¥ o8 52
IREATETE , bR Aeromonas A1, KR W B #FE T v 1E
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Fig.1 Model for the SgrS-mediated glucose-phosphate ( GP) stress response

During the glucose-phosphate stress, SgrR

activates transcription of sgrS. SgrS associates with Hfq and negatively regulates the ptsG and manXYZ mRNAs, which encode major

PTS sugar transporters. In addition, SgrS positively regulates the yigl. mRNA, which encodes a phosphatase. Dephosphorylation of

sugars is a prerequisite for their efflux through unknown transporters. The regulation of these target mRNAs by SgrS, in turn, helps

[15,28,30]

cellular recovery from the GP stress. a MG, a-MG; P, phosphate group' ™

BHNT A ER, Ed , Yersinia enterocolitica 3
H ) sSRNA SgrS iz, >N 84 nt, I HLi% sRNA KNAEHH
W & H i SerT; 1M Klebsiella pneumoniae 1 f)
sRNA SgrS f 1, N 410 nt, 4a i3 A SerT &4 50 4>
FEETR ;M g 5 B K SerT (58 aa) AY I J@ N Ry
Aeromonas hydrophila F1 Aeromonas salmonicida , F:
sSRNA-SgrS K 43518 330 nt #1325 nt, HILATHI,
sRNA SgrS A2 5 B B RO 8 1 BT ST KB TF
JCH W HASCHE , hifE ESR TR T, 7% sRNA 32K b5
A — Bt 5-CUGAGUAuUGGUG-3 T ¥ 41, Hrp
B u” AL a2z oh  HAA A E RN, i

BUF I SgrS 5 mRNA PisG EF7 B Ik B4 EC 4T
[ B

3 mEERE

sRNA VEN—Fhi5y W 712 2 5 A BB R
W AEEA R DL R ) R o i AR e AR R PR AR
RyhB 3 i 36 240 i (8 3R A5 FE N A 3208 EAT T 422 LA
HERF TR A TP R BE A% 8 2o B IK BR R  A
KT DTS 50 B A X B A 2R S HC At He ) i3 1Y)
i 2 EIE] —Fh SRNA 7EA [] 3 R v i 2
Tf%fﬁﬁlﬁ@i%#o W E. coli Ay SgrS i 1 Xf
ptsG .manXYZ asd .adiY folE Fl purR mRNA HJJH¥E,

SN E. coli M (A M AR 35 B b AH DG AR 5 2
M Salmonella enterica serovar Typhimurium el: 0] SgrS
BRI Xt ptsG . manX¥Z F yigl, mRNA 845 MM 5%
MEDARE A I A1 | A B8 4 Sk 1 0T S A 73 DA 2050 1 5 e
HHE AT sop mRNA FEA17 7 45, oA
enterica serovar Typhimurium A9 250 P 7J(41L36 5
Hb,sRNA 7E2: 5 Z2 R AU 4500 3h i # '?PFHYL
FE mRNA 14567730, AR B s i pL ) B mi
AR . B HGE B il i By 1Ot
D 24 2E H AR TR 53 HE AU . coli P SerS K AH
NEAHE mRNA A7 A 52 W 4E (AR IHANBETE R
fit BE SerS 1E e ¢ Jm A 45 o B b R 5 1 B 4k
TERE

MG SerS M HAABEA I R HT, E A B
W5 TR WX E. coli K12 HkET sgrS HEH AT
IR RENS B EBRANZ R CREE S Y, X
A sRINA R Tl A2 e o o 1) ok s B2 43 17 AT
WA, 25 SerS X BUR BAKRE 1 K 523K K- 52
M) , S A A B 35 1R ) Lk FE R R B B9 T 1), B
ERAEOR BB A S, X T AR 5 sRNA YA &

Salmonella

FFE TARRIE— IR ET?&E’\J*%,SRNA TETH
PRS2 2R TR MUK 2 B — AP RS T

NEWEYF \%IIEU&IﬂTﬁii%ﬁﬁﬁﬂi
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