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KIGFFI SoxR J&— 4217 kDalfy % 1 7, &
Fe v & A MR E-FE M -12 € (helix-turn-helix, HTH )
DNA 45418 ( DNA binding domain ) , Ft # J& — /45
Ky & b 12 55 — B fb X ( coiled-coil dimerization
region ) , 8 3L g ofy 8% 7 48 ( sensory domain) ( & 1-
A) e LAY A SR AT R N T8 1 R (MerR) 5%
O R

DNA %5 & 3 J& — 4~ # 3 () HTH ( winged-
HTH) 40 4% al-a2-B1-B2-a3-ad (1 - 80 % % ik 5%
B ol (a2 BRE R 2 LT 5 L, R HTH (9 4%
O, 48 A B-DNA XU JE 25 74 1) K38 vh, 1. B2 K H:
T G R B — 3 W1, a3 a4 R H ’JET%J?@J*’J
W 3 W2 (1 1-A B) " H AR SoxR fE N 4
SR ST 90, H S Ty A A g R R, S
DNA Wy&54& )1 & E 2ok A T2/ FE MRk 2k b i) s Jk
5 DNA |- 5 B2 s P BT B B 1) S0 B 0 43 - 18] /9 98
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A gy L RN B, Bk 45 A B (Fe-S
cluster-binding domain) (119 - 154 S FL 2 7% &) , 1%
TERLR T 51 CX, CXCX,C7 4 A2 e 2 2 ] DL 3L fr
BERE— AN [2Fe2ST#E . M 4 MR BEA MR A —
A~ [2Fe-2S ] 5 44 1l 19 48 Ak 340 50 J8% 1 % i SoxR 7E
MerR ZJG AR B MURF . SoxR 5 HE & [2Fe-28 ]
A AR S 2 A ), 3 5 A 30 7 B A A 1 A
XPPREREE . SRR T A aR 1 (S1) 5 Gly-123 Y
RN A, I+ 5 Cys-124  Leu-125 [ & %, Cys-
119 B4 1, Cys-119  Cys-122 #) o B 5577 (£
PEAR TR i B AR A AR5 5 (S2) A5 Asp-129 1)
S, Cys-130 A1 Pro-131 ) B 3 ik Ji - & 1 110 728
A (B 1-C) ' 3 il A kB A Y F T S 4 A4

I = A L L i A B - T 9 O AR R B
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)
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19-bp spacer distorted by the activated SoxR
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Fig. 1 Structures of the transcription factor SoxR and the SoxR-DNA complex. ( A) Ribbon representation of the SoxR monomer; (B) Stereoview

of the overall structure of the SoxR-DNA complex. (C) Stereoview of the [ 2Fe-2S] cluster asymmetric environment in stick representation. (D)

Structure of the distorted 19-bp spacer by the activated SoxR dimer.
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TS A7AE R 2 20° (25 1, S2 0 P A~ Bk 1l it 52
ERFEAEE R T . X MR ER ] RE A SoxR 5 45 Bl
SE LB IR 22 8] BE HEA T DR A HL 12 3

2 SoxR #y i = AL

2.1 SoxR WHEREBENESHF

SoxR 7E Bt 2 [ 2Fe-28 ] # J5 174 #4435 %F L3R 51 )5
B i) & BE SR A 1, B F R e MR B bR e W
[2Fe-2S ] #EEH SoxR 1 J8 R 28 12 e %% 5 1 k6 R
AT R 4y, i [ 2Fe-2S ] #E — A LT [ 44
([2Fe-2S]"-[2Fe-281*" ) 1fii ffi SoxR Ab T 2 i &% 84
RN SoxR LBIIFLE A E T - 35 fl - 10
TEA 2 8] H A ] SC a5 [ SC i AR AE R A, - 35 R
~ 1070 Z [MIHE B M19 bp, Ho o™ -RNA 5 4 i 31
4 B A BE B 12 bt L K B B S 45 W A ST 1 O
WA 524 Ab T DNA UM 25 4 4 [7] — D], 76 388 3 15
BT, Sigma B T o™ 3 K BEA LU 3 RNA B4 1
X% B T . 24 SoxR Ab T s A n, Bk
(1 SoxR #4942 & A A8 Ak, B> SoxR B (R 3 if 15
DNA (945 & i 45 [7] 15 5 55 DNA, DNA i L) 5 4> 45
A 07 45,14 H D g el A 1) SoxR 454 I P9 AT 2 il AT
75 - 35 Fl - 10 JEAFA 25 BE B 448 T 1 -2 bp,
IEEF o’ -RNA B4 SoxR 254 19 Xl i3 3h % 5%
(E 1-D) e,

TEE 5 A2 AR, 40 B P 9 SoxR &b T 18 5t
RIS, A S50 TAELERT, SoxR 1) Bk 8 % 2%
T AR R O A . SoxR 4 Ak i JE H
25 =290 mV, SoxR #% 1A N & 38 18 NADPH 4 #6i (19
B 2 0 10 Ak T 3 J5E L 26 3 #0210 ) (NADPHY/
NADP " AL i 5 HL 5 2  - 340 mV) SR T SoxR 1
I ARG 9 40 A 10 S5 HL A L PR 1) 97 22 S A0 300 L 48 B
JUk 45 BRI FT LA G 4Rk, SoxR A ] 4 58 JiE
RAERIPIIE AR A5 73X — [) B IR i B 5 3% £ 47,2008
& Gorodetsky %Eﬁ%ﬁiﬂ[m ,SoxR 5 DNA &4 )5,
HAE AL i T M ol B ok 1 -290 mV 4R = #
+200 mV, %k 7 J5 L 3 i 3 7 T AR 2 2 11 5 DNA
2SR T 45 R R T I B AL R
A A L S A , BT 4 45 A JEOIR 5

TER I AT B b 0 AT R Y 3 42 05 45 15
T2 O, & SoxR BB (915 540 1, il if
P AL BB B T IR SoxRY Y L SRR S R, 16
PRARACE R T 3 S0 5 AT 8005 SoxR 75§ 19 sodA
(3% SoxR VA%, AT EMRHIM O, W) My ik ;1
TR LN, 10 f 23K sodA , 20 IS ) %f 1P 35 26 5

U WS RE BH IR PR SN 75 5 A 4 B -6 -
1% A & B ( Glucose-6-phosphate dehydrogenase, G-6-
PD, 3% SoxR % , fi 1k 64 R ) 49 W8 P 1 6~ P2 7
2 WHTR-5- N i , [F] i A= J8 NADPH, Sy 40 Jifd 22 {3t 5 )5
J1) P XL R 0, JF R SoxR B H N Y
{5578 1, SoxR L -F- & i & NADPH/NADP " [ {H [
IR E g B B AR 2R . A WF 5 kK B, NO
AR 38 SoxR iy H A5 4 IR g %3k 7 NO g g
SOt A2 v A D T ST A TG b kR T, AT
B SoxR ™ P NO AT ALK SoxR ) — A5 &
93T o TERERAR B b, B SOK n LUTE SoxR,
1115 AR B 2 JHe T8 3R (pyocyanin, PYO) Al fE 95 3
SoxR, 3 H.7E /™ ¥ IR S8 25 148 T 4T3 B A TR A 1Y 205
W B I A TS PE R A . {H SoxR
BN R MR TR 2R N B R X SR R R SR 1
NADPH/NADP " FUAH AR A6 1O 25, 15 AN 4 o

T BT 04 BF % 4 8, DNA 38 45 8 T DA 33
SoxR, B IEEW |9 fy B2 HUBN 9 45 5 4> 7. DNA |
5 IS 5y %2 A i B XGE R £ — A B RS
MRS [ H 2 O fe 2 AN AT 30 Ml AR B 8- R I 4R 1 IR
W, 3t 8 DNA 51475 o S5 I [ ph G 2 Ak P 20 4R Jo
)R E S, SoxR REHE L HL 18 & 5 IS
FI A BH k5 E A5 47, T B TG . SoxR
HL A% 3 25 5 IR0 [l B OF N B R Y B
fil , 78 SoxR 54 HE [ 1780 bp (24 270 A) &b 1y 1% 15
W H AT AT 30 SoxR 33 il ize I B A 0 2 3
DNA 4+ & B9 & fif /£ %y ( DNA-mediated charge
transport ) K SEELAY . BE T X — KB, B AT R 1 — 1
B S ML - A A W38 A A I B PN T P A B
‘©H AR A E T DNA B0 KR R AR
DNA XUEE I8 Jl i e, 7~ 25 3 e 78 1R 48 40 i 3 iy 15
MR 3 1 Z 1) S A% O 18U 3 3K 3] - 47, SoxR 4 — > g
Tl DNA 73 5 SR AL 1B 45 e it 1 S5 RS [ 2k
WOk A B, NS B — R B AR R R s, HiX
— B A Bl A T S 2 S Y S E .
2.2 SoxR HyiEIEE

F) H AT~ 1k & B, SoxR X 35 R ) 18 45 47 76 75 Fp
A, MR A, 5 — DR R soxS 21
J soxRS AT T AR T R M R R R R4 2E v
IR A5 A v o5 — R B, BEEOE H
FRIEIA, H AR 2 5 0 A B R R
B (P. putida)™™ AR L SEFFE RIGIIHE " 4
¥iJE Fixem,

soxS Z ity — BT PLAA BRI\ T~ AraC S35 19 5%
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SRR R 7E 1 40 SoxR KR S b BTG soxS 1Y
Fik, SoxS FRHE— WS T il — RIS 5 HUA AL
M R B Ik, MR soxRS JH T TR soxR 5
soxS Sk Xof Sk ABHEHES , 7 K #T 1 v P 2 1] BR85S bp
4t 57 51, SoxR R 5| I 45 & 7E soxS He A )5 3+
=355 - 10 JofFZ ), 3% — 455 7 55 AR B /2 soxR
HE A8/ - 10 ST T e e 8, 456 5 2k
soxR W65k o BRI, 76 K AF B SoxR X [ B 3
PRI B B 53 St s 1y (BT 1) 27

A

‘ SOXR

2 KFAHFE & SoxR iRk E )
Fig. 2 A model for SoxR-mediated activation and repression from a
single site in Escherichia coli.

W AATIN N soxRS P87 F & SoxR A it 1A
PR, SR I 70 0 2 A B M O v O 0 R B soxS [
R BIAATE , 5 soxR Sk Xf 3k QB4 HEH /) /& — 1> 7]
Al 1 B S JE X (2 32 SoxR By M 45) 1
TS A T (P putida) '™ ARIE AT
QUGN A6 B o, ok % B soxS [] 8 HE X 1 77
T, SoxR FLIE R S5 M BE I 1 3R 5K8 o FEAR IR 1 HEAT
B, SoxR O B R AE TR B R, b TN
SN E A SRR, 5 KA HE SoxR XF H & 1) 1
PRI AT o oL 5 HL 9 A E Y - K
AT T SoxR AN X soxS FLAS K PR AT W 45, T
KA SoxR W FATE ; 1M AR 9 + ST & SoxR 1 #2 % £
A F bR B TR ) s R A7 98 475, 75 2250 22 19 SoxR 2 1143
Fo BN, R ENBBEC 55—k
T RS CEDR R SROKE ) 1Y A Ak I M B B
(P. nitroreducens) ,i% 1 [F) B fE1E soxR (soxS , N T
FEAAH XS A8 5 K A AR [ 10 H soxS 5 K s
FFE A R IR R A 100% , X B W & W E 0
“soxRS YT TAFETE T A0 o " 9 00 & B0 3T 0% .

3 SoxR #y 4 ¥ 1 6

3.1 mEHEE
P AL I0 2 SoxR Y Bl fie 7 & LAY AR BT BE

Kk RO TR R+ AT
R R WY soxR 5878 MR X AR
AT 32 B8 1 2 W E B AR . 7E K AT B soRS
P T =D AEE sodA (G AP EALHEE) , 2w0f (G-
6-PD) ,fldA fldB( Pifh i R RiL HE H ) ,for (NADPH-
BRALE AL IEEG) , fur (S5 BACE K — AW
1) ,nfo (BRANVIEE V) ,acrAB (SMHEZR) , micF
(RBHPER /N RNA) 25850 i 4 Ak o 3 7 00 o 0%
PR 3 [ D A0 455 75 BR 28 AL 5 (sodA) \DNA & 52
(nfo) A 4 Jm i 5L 19 BB Ak 5L (fldA fldB (fpr) |
#FE NADPH (zwf) | B3 AT 20 JfL 64 38 355 14 (micF) (HME
A 7Y (acrAB) 45
3.2 mERRK

AR B R 50K % 5 i B K A T, AR
EHUER MBI RI N —E R R X
T bV 0 38 38 3 5, BN 5 SoxR OIS mick 1 ¥
SEA K. micF J2J X RNA, 57L& 15 H ompF [7]
VEPEM 5, 5 ompF 1) mRNA & A4 5 55 J5 L UL ER
i i £L 2K 11 OmpF A i 20, 41 i 3 3 PR AR .
TE A FEVD T R Y, soxRS 41 1 ) 36 35 B 28 78 Ak
Xof 1 Bk I ( quinolones ) 28 HT A= 3 Y HT M W 2 R
B S T
3.3 Hmik

AR LSRRG BE 08 175 S TR e B B i A A
i BRI Y SoxR, {H 35 1Y soxR 58 742 Bk X H 5L 55 K
FTR A2 B 7 4 1A 3 R R BOR soxR 1E 1
BRI TR B SR A 38 T ZR DO R — A O B A R A R
Rl o SR T ) 23 M B T soxR 58 78 Ak A /DN BB 107 TRk
Fi A ( burned wound mouse model) T I H 15 £ &
SR GL SEIR  FEAR SR X8 /0N BTG A L 40 A4 4% 40 1
FHARL B M HUR%, 3275 SoxR 7E 5407 B g vh B AT B Y
PE o A /N BUI P9 K e 45  ( mouse pulmonary
infection model) Hfv, #2 Ffr 55 4 43 {0 g 187 A bk B 5K
I EEAH R soxR RAS R, IFBEA 5| AL Ao /)N B SE
T2 — AL B SoxR 75 4 2t (2R S0 S A
G AR X AR AT RE 2 3 A 5 e i) ¢ f o
JiE AR A A 5 1 3t SR S B
3.4 BRI

A £ A BRI R — AN SR PR O B, B A R R Y
i Ab 2 I3 K5, 40 B 2 A B (rthamnolipids ) (b2 2 |
BEAE R DA M Z Tl 55, X 2L 3 ) A 1 32 AR R
R ( quorum sensing, QS) R NE - R I NE 1
1k, e B Al RN TR v A A 4 B S8 B Y RE AR
AU, HD las Rkl RGY PQS RGN
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PYO Z G5 I B 15 5 40 F 40 i e 3-41- ) B
1 22 A R N g ( 3-oxo-dodecanoyl-homoserine lactone,
30-C,,-HSL) | T Bt 22 2 R N T ( butanoyl
homoserine lactone, C,-HSL) | 2-J J&-3 -5 k-4 -4 o

fifil ( 2-heptyl-3-hydroxyl-4-quinolone,, PQS ) F &% if¢ 14
Ko X4 F QS RGLI B A ZRMMF R, K
U BT HE B A R R rp i D KR Ik B BRI
(F3)7"

late exponential phase I I

I exponential phase I I

(@) O
O O OH
M/\i/LN‘Q /\)\NJ:\‘O d‘m/vv\ @N\
3-ox0-C -HSLH O 0 NG

AT

early stationary phase I

upregulation of o
-m .@ .-RH II .-RHIR ilcleI-GI(phenazlnes) . ;::ecg:;:o; ;femux)
MVfR] —— (PgsA-G lecA, B(lection)

B3 SRR 500 B B

Fig.3 Model of the QS network in Pseudomonas aeruginosa.

e S AT R B, e AR LI SoxR ALY 3 A4
e ot 6 AL Ak Hod PA2274 &
soxR 3k X S 48 2, o B — A~ A] B8 (0 B0 A G
PA3718 4 HAT 11 A5 15 A BOAy W B2 1, ] g
J&— > MSF ( Multiple Facilitator Superfamily ) #h HE
4% ; PA4205 ~ PA4208 2 1%, mexGHI-opmD #: 9\ + 3k
5 45 RND ( Resistance-Nodulation-cell Division)
Z MR . MexGHI-OpmD J2& 1 it & ) — £
AN mexGHI-opmD #5878 ¥k X 4 1
PUIE I A 532 B RN 42 1 VF 2 88 ) H 7
TN B (elastase) | B2 WE NG SRR R R 9t
W&k % (pyoverdine ) 45 i 7= it 3 5 FEAR T, 40
#4132 3h (swarming motility ) KU 55 , QS 5570 T
B M 2 BH B AR Y B R AN A B
SMETR IR AR E AR, MR S5 T RER .
ZRIETE R AR N SR AT QS A fE a1, g
oM 41 DR B KR IK, 32 SoxR PR 6 A EE R 1y
REBE PYO B, WFFEERW], WIRAY PYO RENS TS
SoxR,PYO I i mexGHI-opmD ) 3 ik J2: i 13 SoxR
A X EIESE SoxR A g — AN A 5 T B %
Z 5 TR (18 3) o
3.5 HE4HEINH

G BT A R soxR S T2 A
1E T H T 65 A Jm ATl AR Wy 2k H 40 b Z R A= o v
SIARTEEIE ] (o B Sy W), R TA ], IR AT TH
ITEE2EHE 327K SoxR J2 7] i 7K $H 45 315 3k 17 20 22 1) 1)
AEo TEAEI A0 B TR P b, SoxR A2 (Y B AR K
ol Loyl S 2K KemE VAL I SR £ B

ol F L R I LA B L-PSP R R R N DIl . (75
TF Y 2 , 75 2R T X 28 I Fi I AT W 5 i iy S v
SoxR H 5 A& A 1 G 15 7 ) 2 %82 B R BT = 2K K
F, T 268 AR /N T AR Y6 B i F 5% iz vh
KA EEAEH  $E R SoxR 7L B T r] g S5 kgt
WU E I R

K5 0,55 %5 14 ( Streptomyces coelicolor) A3(2) B¥
AR SoxRH bR B R 1% 3 78 7K - 2 A 77 i 4R T
42T £ ( actinorhodin ) 1 + — %2 3 R a9 =
(undecylprodigiosin) i) 2 4% #f B9 #2 55 T 250 - 6000
51 3R SoxR RENE & X e P K I8 A
& (S. vietnamensis ) J& 3 A1 T 4F i 38 (9 5 B R OB
Bl BEGE A AR T 3 (granaticin) (45K KR,
Xf AR W5 B DR A Y S B 2 B, gra-o1f20 4
i —> SoxR &, [, #E N AFTE 2 D ATBERY SoxR
BEHE, 73 LT gra-orf1S FI gra-orf19 B IR 8 1 IX
(FERARKEFR) o gra-orfl5 Gl e iz 8 1, 7] BE 1t
oI W R I 5% 0z A1 B BP9 1 ST gra-orf19 T g
AH,H S gra-or20 5 5%, Yidg BT fE S gra-
orf20 B K. B HFTA Ik, BT A B MY soxR 1
(VA R SN Sl vl 5 A (1 € A 3 R
AN AL TR G AT ) A= W 5 R N R N, AR
HIH R WA RENZ — B4 gra-orf20 1
Gty 7 1) SoxR A AR T R AW 5 b 5T S ]
TE? BRI R AW &ML, RG0S5 THE
S R AR AR 7 XK SoxR TR JEWFSY , A ALAT
RE I — D TRALTRATT X B 5% DA F SoxR AR BRI BEAS £
AN, T LA ) B8 Sy 48 R T R S AR )
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T 7 A T P TR B B A R R . BT
HA A 5 58 A Bk L A G4BT IEAE AT o
4 R

R S K AT 3 SoxR 2 54 A Ak in & I
VAR HL 0 WE 5B R T AT R SoxR £ Mt i A
R IEAERAE SoxR (1 RSSO 1 4 FHL
Y R R A A T R
A7 TR BRI B , AN LA AT SoxR AL B 5 13
VR T A , T L3 10 %) SoxR #9554y TR BFSE
EREA T LG WA, Y R G 2
B BN A S 1 B P T A A i Ak
RS SR F ST BRIk T 2 2 SoxR 9 4 LS 5
Gy, T B AE T4 e T 2% S 4 4 M 0 i T B A
O LIRS BT SR AR LT 5
BRI 4 £ QS A%, ERINEXET B
T IRATR T WA =7 B 56 & Lo Wk
Wy 7 A B A FE BT A ZAE Y B R GRS P, AT
FF ARG 3 N A B T 2 B W e Ak 2 i R TR
T A B EBERKN—FES ST, AR
T 33 — W0 A5 B 76 A 45 11 B e T A J e s
(B 1 10k 1 T £ 1ok A 0 255 B 1 52 58 3F 4 1 ¢
ROk B R BRI T B R 2 R
A

4 % SoxR (HFFE MK C IS 24 A0 H i1 1
S ARFRATIA g Z A AR WA T 159 ) B 74 A
s (1) SoxR B (9 53 F HUH] A0 8 0E . — 7 17, 1% 1
WS A8 A SO LR T X K e A
SoxR FR AN i RFFE 2% 5 TR A, SR T DNA 2 75
WEHE R 5y T LR ABAEAE P BRI, 35— 3% ML 7
AP AR PR P RSN S B B (1) 4% 5 53— 7 T, %
BLAE 0% 0% SoxR /N4y T H 25 36 &, 1 4 Ik
£ R £ S XN TR HS R SoxR
FAERE S0 T2 B AR T H0 T a  Es { 2
T A ST SoxR? 3 26 [n) 85 45 47 15 T o — 45 B
5Eo (2) BFRLEE SR YR T RAR GRS . %
AT R 1k AUA 7 AP SoxR BeFFe i3, Hoh i
AHFFERIAL A F M FTF 141 0 5 258 0 B, R[] 2% B i1
SoxR 1] FE7R4H 7 A [F] (4 A B0 2y B , X 0 %2 2 W 2
BETF AR DGR ST, e % S 500 10 & B0, 0645 B T 1 e
RIS AT . A B A5 X3 T (] A
(R ABFST, FeAT AL AT LS i 4 1 ik 3R SoxR, T
LT Lo e 0 A A 8 1 46 A A
T, EA AT REARAS R M T R

% & Lk
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Structure, mechanism and roles of the transcription factor
SoxR in bacteria—A review

Mingrong Deng, Honghui Zhu, Jun Guo”
( Guangdong Provincial Key Laboratory of Microbial Culture Collection and Application, Guangdong Open Laboratory of

Applied Microbiology, Guangdong Institute of Microbiology, Guangzhou 510070, China)

Abstract ; The transcription factor SoxR is a typical member of the family of mercury resistance operon regulator (MerR) ,
extensively distributed across several bacterial phyla, such as Proteobacteria, Actinobacteria and Acidobacteria. SoxR,
which is initially regarded as a cellular redox sensor, is activated by reversible one-electron oxidation of the [2Fe-2S ]
cluster and then enhances the expression of its target genes. SoxR responds to the oxidative stress mediated by superoxides
in Escherichia coli in a global manner, whereas it coordinates the bacterial community growth adapted to the environment
in Pseudomonas aeruginosa by sensing pyocyanin, which is a terminal signaling factor in the quorum sensing network. In
this review, we focused on the structure, mechanism and roles of the transcription factor SoxR. Although compelling
achievements have been made in recent years, some aspects still remain to be unraveled. A widely accepted mechanism of
activation of SoxR has not yet been established or validated. And there is much and urgent call for intensive studies from
more taxonomic groups rather than E. coli and P. aeruginosa. With more and more work done on these aspects, one can
not only understand SoxR more comprehensively, but also gain deeper insights into the bacterial complex regulation
networks, and even achieve milestones in this field.

Keywords: transcription factor SoxR; molecular structure; regulation mechanism; physiological role
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