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Abstract: The bacterial phosphoenolpyruvate (PEP)-phosphotransferase system (PTS) is widely found in
bacteria, fungi and some archaea, but not in plants and animals. PTS is composed of phosphotransferases
such as enzyme I (EI), histidine phosphate carrier protein (HPr or NPr), and enzyme II complex. It has
both a catalytic transport function and a very extensive regulatory function. PTS mainly phosphorylates
various sugars and their derivatives through a phosphate cascade and then transports them into the cell. It
not only participates in the metabolism of carbon and nitrogen sources, regulates the homeostasis of iron
and potassium, regulates the virulence of certain pathogens, but it also mediates stress responses. During
these different regulatory processes, the signal is provided by the phosphorylation state of the PTS
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components, which changes according to the availability of the PTS substrate and the metabolic state of
the cell. This article reviews the composition and regulatory network of phosphotransferase systems in
bacteria, with a goal to provide a knowledge base for the study of the overall regulatory mechanism of the

PTS and its effect on the overall metabolism of bacteria.

Keywords: Phosphotransferase system (PTS), Carbon metabolism, Nitrogen metabolism, Iron and potassium

regulation, Virulence, Stress response
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Table 1 Classification and representative bacterial species and proteins of EII complex
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ENAN" FIH §2M 51 ENA), (HI% A PTS &%,
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EII 432 PRI KA
Classification of EII Representative strains and proteins
HERE- AU E AR KIGFF E. coli: ENA®/EIICB®*
Glucose-fructose-lactose Glucose family HEEEZEAT I B. subtilis: EIICBAS®
superfamily R BRI KIGFFE E. coli: EHICBAM!
Fructose-mannitol family
FUbES % FHEFUTE L. casei: EIIA™/EIICB™*
Lactose family
PR MAR-EF MR SRR G KIGHFH E. coli: SgaA/SgaB/SgaT
Ascorbate-galactitol Ascorbate family
superfamily b 2 PR iR KIGFFH E. coli: EHA®/EIIB®*/EIIC®™
Galactitol family
HEERAR KIGHT# E. coli: ENIAB™*/EIICM*/EIID™*"
Mannose family FEEEZEHIAT 1 B. subtilis: EIIA™Y/EIIB"/EIIC*"/EIID"*Y
RN KA E. coli: EIIA-HPr-EI”" [DhaM]

Dihydroxyacetone family

JELRER ] Firmicutes: EIIAP™

TE: o T RMILRYRERE, (T 3 AR ISV Ry bR SRR 1 8 11 T4 FR . EIASS: HARi45E 1) EIA;  EICBAM:
HBmAFE R ENCBA; ENAYC: FUBRRREM ENA; ENAY: EFUMRFE M) EIA; EIDM: H#Hiee iy EID; EINA™: SUy
SEMY EIA; ENAP™: “EIENEIRRE R EIA.

Note: To indicate substrate specificity, a three-letter code was used as a superscript added to the corresponding protein name. e.g. EIIA

Glucose-specific EIIA; EIICBAM: Mannitol-specific EIICBA; EIIA™: Lactose-specific EIIA; EITA®": Galactose-specific EIIA; EIID™™:
Mannose-specific EIID; EIIA"": Fructose-specific EIIA and EIIAP"™: Dihydroxyacetone-specific EIIA.
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Figure 1 Schematic diagram of PTS phosphorylation cascade in G* bacterium B. subtilis
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Figure 2 Potential mechanisms of CCR and inducer exclusion in enteric bacteria®
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BRI (Gl), B I E B (G 7R
BRINSET , ARGl R I, B,
GIn/2-OG A EL {51388 7 FF T S0 S0 Rnase == B =22 1] )
YR & A A TR GIn/2-0G HA R, Midt
M T GIn/2-0G (4%, BN ilid ik
(BB R AT 3, A5 LY EIAN (iR 1k
%5[41,43]0

2.4 PTS thiEABRFN R B 5 T &

A=A AR T RT PR BB R R R RAA,
XSEE IR AL BT VS 2 BB SR . A
W & PRAN R W] LA PTS WM& R At L
T KRR A F R e UE A A K SR B Y
D- 24 K5 % i -6- W5 R 5 i (GlmS) J2& 4EF5F 21 i B 5
Sk B, HIHFE— T E W (GIn) K A AL
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S IR GIeN6P, EIANT 38 3 3FA% A e 5L
BEAG = BERAOE GlmS I P R T —Fh a2 24 Ay
A, TR | R R = e 1 Qi
Sehr b, PTS® F PTSN i o B MR Ak % v 43
PEFTE

FERMAAFIR . Al o 2R AT AR SR € 00T ) R
w2 RS T RcR) R AN R i A2 2 Tl ) )
¥ AR PRI B — A H Al A 2548 B
KIGHFFE PTSN, RN IR Gk % 32 - % —
2 (2-0G) A ARt (GIn) a1, 2-0G B
NP R R T BITAN™ 845 35 1 i 5
A3 I JUARA RS 3 M 3 R FH R 10 2 SR 4
S B AR ST RIS, T AE AR AT
FRLE 2-0G HHEAMH T PTSS® (1 EI i A BRIk
FEBH LR T AR R, DA kA8 I A A
I, HIAS TR AR /PR G4 T
FRZM 2-0G 5 NifA i GAF ZE e ([ 8 5L nif
(R ST TR 25 &, fih R e AT 5 245
HER TR, AN 2-0G ikl Glu, #E—4%
b5 Gln, BiJ5 2-OG XF EI B3m4E @R, 5
ARG AmAYE, PTSN A BNt A] DIgh &
2-0OG 1) GAF Z5F38, Rk = i B4 45 ENANT,
XANH GlmS W6, AT BH 1k S 2 FH 0
AU B, ATRAHEI 2-0OG &4 4 40 M AE FIRR S
FHUMAR A AL SRS S . A ANWEREE R
PN KT2440 HAT PTSN" fAsiA, %48tk Shihz
e, HAEBFRRMIE XSS ToRuti b,
1o 55 AR R Ik &l (pyruvate  dehydrogenase, PDH)
S B R B - B SR B AR S e T M
KALE Y B =R RIEIA B i, X BRI T PTS
PR QP
2.5 PTSiAT. #HiaS

Wi 1o B 358 2 Ak T 4 425 15 —F A 25 6 T i A 3 4
R A N R P oy - g = S S K (151 5
TRRAY R, WRRICER ML/ DNA
TR GBI H) Fur 8 (AT 51 & R0 v
BRERAS, Fur BRILEL SSRGS G IR ks i

F AR PR R By kR B, DT IR IR 5 IRk 2%
R, ARV T T B PTSN 243 ENANT T80
5 Fur 5 DNA MZ54G, BINBkES iz 8 H i Ak
ek, MImAEUEVDT TR AR F A T A K,

B TRk T, AP RS B TR A R AR
WRNTH . FERFF R, PTS™ f B (T
W AR s B Y R RS PP S REARE
B (Rhizobium leguminosarum) W {5353 Fhah g™
Trk F Kdp #IA A& RBAFF BRI K'Y R 2542
REIRAL A ENAN IR AP (1) K
WAL ETNANT SR S B S5 8 8 1 Trk 254
HIMHFI RN KKERRZER, 2) pPTS™ til
T SEOE S AR ATP MR B s B
KdpABC K17 KFazs, X SO A5 A a4y
¥ KdpDE 5 ENAN W B A EARF, X A
VERIBF EOANT AR AR 2S5 DL R AN Kk
JEWOL S — I T TP RO R, AptsN 58
AR P A PR S T YegO A S0 KA MRS
T FEBRBR 5 1R, R BRI E R0 PtsN
A YegO 1% P rm iz,
2.6 PTS NMEFHRAT

— SRS AR E PTS 5 2 5 R 5
e (BB R o WIFFE B AER B R gy 3 ) e —
Fl CCR (3Rt , FH T PTS S5y A K5 )
Z B EFVINECR . TESH R, T
TE HPr F E1 SRAGE SRR L A5 16 Pk & A 2878 1 28
A, Gt B R SIS AtA 1 axd B
SEYETRE, XL R S R A, HAE
BH/INEREIR , HP-EI 828R 2 1 Bt
TEZ ARG A R, R SRR, 5]
WNLF4E 4% RIENE . B HEERESE S G B
JIBERPEIE R PrfA, ISR ZUINGI 18 )1 R A 3R
BRI TR R TR T, R PTS Tl fiwC 3t
HEmA%E | EIIC HRZmgn i p . HaR A K&
FNPL TR, BB S A &
PRMCRY PTS 278 (b SHFAEY . V0T T IR #E )
. HIEAR PhoPQ AT FIAH Y 22 5 ik I A
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(differentially expressed genes, DEG)F#MIL, %5
PEH T PTS A8 S g B Z AT T sedk, &8
DT T BB AT DAAR 8 PR 5 K Ak & 90 1 T AN
RISk 1Y, sk, SstA/SstB W14 R GiA
SUT R ETETE EAIN LG A, SIS,
SstB S W iH 15 5 AR VDT T IR IA 35 7 & 2 (SPI-2)
T AN LR B 3% . WSS R BRVD T A AT LAE e ol
F ptsN gttty EANT H 35 SsrB MIEAEF, i
FH1E T SstB & -5 H Hbr A 8 7456 58 SPI-2 %t
PR ()3 BB 5 Bkl pesN LRIt #63k EIANT 1Y
I TR ARG AE BN E I, H ApesN Br
RELRKFEERFRM T, XBEREN, H
ENAN"-SsrB Ml A/ I 4ERF (4 1E # SPI-2 B[R 654
UITRE#H S — e N EPY i %
B, EOANTErd 1,2-8 ek N BRSSOtk 3
FAGTFEVDT R IR 2D AT B LB
I o3 e B 2 RS g 2R B AL BTN pesT N e BOVDT TG
TR IR A S0 A R T A2 1 A Tk D),

2.7 PTS TSR/

ML T oA LRSS, efeF L
5 O R FE 1 P9 52 2% VRIS AR 46 Sk P 3 ik 4
PRERTERREE . —HE, X ESE Rl am
SR AR NS RE, BIan DNA &6, 4085
Sl AN A K o 20 B 8 R 1 DO IR A
TR 5T 8 5 M (p)ppGpp [ i 1y 25 72 ima b7
XUINHE(p)ppGpp 2 K i SpoT & ™58 K v Y
SR, T ZRETRIE ST, ek Btk
S RIRY LI . 7E8 A B ZEMAF I, Al s &
P T B AR (R 2> ok . BN R HEF 90 A 40
HPr #l ENAN" (iR 1k ; P-HPr £ P-ENAN" #4558
AT SpoT I MHA Hi (p)ppGpp F1 R P M4 il 41
J R IR, A K B, K
FrRh AR E X EDANT 385 5 20 2 R I e
PhoR 1 HAE WS T 405 30 243 K i iR+ R
BT, IR BRIV AR ALk R
SspA J& ENAN B AL By 1570], e TSN 1L
TR SRR R,

B T FEME , A H A PR Ak DR 2 0 R BT
o, AW PTS BB XT A S AT ) A 1
Y. SERTRIBFFE R LI cAMP & IS 8K
FFEEALIE 71(HL0,, HCI0) HLAG R i 22101
ifii PTS Hi EINAC™ RERS SN IR T RRFMERE(AC)Y
T, UL PTS W AT BB 252 cAMP B9A R4
KIGFF R A I TR 32 /8 . A TR R
FWEERML NPr ZKFFH 5 A R A T A Bt (an
BB . LW SDS Hrf)u ™, FAan g
AR 7R P FLEE R KSR VAN BS , SIVA AR
RIS  AHAfRE G B . ATP 454 £(ATP-binding
cassette, ABC)f%iz R4t WL RS (PTS)M
SOS/DNA &5 552 Fh R4G: M Yy RESE N 5% R4 A
TEZFRIE, XIHFFEHEH T 588 T 8O0 ALAE
JHHR BT HERA TR st A4 %, B PTS mTREHS Bh 40 B
WRRES AL R B, AT K A B B L i
ANER T B KR 2 AT 1M )
XA A, S AT RAR L, KBRS T
A PR BR TR 1 25 W RETE B RE 1 AN A BE X SN A 5
R AHIRHT 7, ARG T X b2 ik e, X
B L AT RE S PTS JER FA R % FaA .

3 BEi5RYE

20 TR T R 2 B Tl 2R 90 (PTS) AN AT A2 iy Al
mALRR KAL), T ELE AT DL T SRS Gy
PATIhEE, P RS R ANE S BHE . PTS
WOTER TR A Rk BRI A
IR ST, BT T E TN . PR R A
SEIR AT BN o BRI 22
FCBIPEA R R PE 1 DHREAR T AR, (ERREEALHIA
EAFAE2EST, BERLE A] e I 1V 1 AN TR 240 BT
PR R . RSB LRI T 5 £ PTS A 108
AL, {EAY-S PTS AHSCHIR T e A Wi
o BOIJUAE, PTS™ ZEAR IR h i JLAP )
BECUAHRGE, {5 PTS™ S (AR AR I 15 2 ]
A ELEIE AR AN 2 o AT TR AT Anfepid i PTS
i A A A LT TR R, B PTS™ A
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PTS™® Wifh RG22 [ FAE B LAIEIRAZ, H o
il X, — P AN e e 7 K AT B PTSN I kv
(AR BRAE A M R B . BEAh, BAR K S s R
PTS 7EAFIAEE R~ HAT AR, (RS
Rz, W HAERIVERT PTS X4 R
AL L 22 b

ARBTFAL, T2 PRI RIG Y 7 e 0
IXEEZ — . TR ARG AR 25800, $ 56
%mm,”mﬁ%%Wﬁ%-m%%m 71, Kig

REAYIAEIETE, StREA BeR Hlm 251 4=
AR T TR R R B, AW RE ROS IS

AN R AT G R T R PP,
R, ROS BEME T RESE K M/ S RO AR 3T T
WRBILFENLR] . DFTETERETA A O R
Z4AATIIRER) PTS 5 ROS = Z [A] 1 56 A% FI5
ARGTHERGUE R AL A as . g, T
— AT LIXS PTS Fr 520 4 22 1o 45 A Qi e
SRS L ok S R 7 104 2% A L6 T 3% o A T g 138
RE ST TIRAWTFE , 3K AT RESAEAN R BT
REJIJT AT B WH., PTS AL T ol
Yrebr, M, PTS oAy al REAE 9 240 ke S 2 it
PRATFHEPIRIDE R, RSB AT A BRI PR iR 2
e 250 A S I

B RHANTKRFALTAEFRARMKEDS
RS T RAANE LA §F . KA LRIR
B 7 @A E TR LA
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