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Signaling paradigm

Cell membrane

Cytosol
Receptor vt

activation Level |

response

Level Il
response

/ ( s l: Nucleus \

Transcription
factor ﬁ
/ .
D_’@ @ Gene
——
Level lll / expression
response M l change

Posttranslational k mRNA  e—
modification of enzymes
or other functional Metabolic or Level IV

' hysiological response
R i . Translation

changes



MAP kinase cascade

upstream
signal MAPKKKK

ATP l ADP

MAPKKK ! MAPKKK-P

2/

P
ATP ADP ATP ADP

B A

MAPKK MAPKK-P MAPKK-PP

i X XK

ATP ADP ATP ADP

FTow i N

MAPK MAPK-P MAPK-PP

downstream
signal

P



Histidine Kinase

Response Regulator

a) £. colf Osmoregulation

~—

P P
ATP ADP Ha0 F:

OmpR

EnvZ

b) £ coli Anoxic Redox Control

— T~~~ N

P
F

P
ArcB

(o]

P

P
ArcA

c) £ coli Chemotaxis

(HPt)

"—-——-—7
P

P1 P2 P3 P4 P5 p
CheB
d) B. subtilis Sporulation Control
P/\
T TN

P P
T E @

D=

KinB

SpollF

SpolB

P

SpolA

Two-component system

Figure 1 Schematic diagram depicting the modular organization of representative two-
component systems. Asp-containing domains are colored dark gray, His-containing do-
mains are colored /ight gray, and variable auxiliary domains are colored white. (a) The
prototypical two-component pathway exemplified by the E. coli osmoregulatory system
uses a single phosphoryl transfer event between the orthodox histidine protein kinase (HK)
EnvZ and its cognate response regulator protein (RR) OmpR. (b) The E. coli Arc system
illustrates a phosphorelay involving the hybrid HK ArcB. Depending on aerobic condi-
tions, ArcA is capable of receiving a phosphoryl group from either the catalytic core or the
His-containing phosphotransfer (HPt) domain of ArcB. (¢) The E. coli chemotaxis pathway
involves an atypical soluble HK CheA that phosphorylates either of two RRs, the single do-
main RR CheY and the methylesterase CheB. (d) The B. subtilis sporulation control system
is a multicomponent His-Asp-His-Asp phosphorelay system in which all of the signaling
domains are independent proteins. SpoOF receives a phosphoryl moiety from either KinA
or KinB and subsequently transfers it to the HPt Spo0B, which then phosphorylates the
terminal RR Spo0A.
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