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Behavior and mechanism of bacterial response to light illumination
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Abstract: Light is an important and ubiquitous environmental signal that regulates bacterial
metabolism and growth. On one hand photosynthetic bacteria swim to the zones with light intensity
optimal for the functioning of the photon-driven carbon assimilation. On the other hand, some
phototrophic bacteria also sense and capture light to derive energy for metabolisms other than
photosynthesis. Beside the phototrophic bacteria, certain microbes use the light only for the purpose
of communication and environmental positioning. Large variety of photosensory proteins is encoded
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in the bacterial genomes and responsible for these physiological functions. Here, we review the
light-induced physiological and behavioral responses and the mechanism of light mediated signaling

in bacteria, especially in nonphototrophic bacteria.

Keywords: Bacteria, Photoresponse, Photosensory proteins, Photoenzyme
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RO S5 A gk, C i HAA WAL 4> R GE 4R
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Tablel Type, characteristicsand distribution of bacterial photosensory proteins

Photosensory proteins  Chromophore Light sensitivity Species Function References
Bacteriophytochrome Linear Red/far-red Synechocystis sp. PCC 6803; Fremyella Regulation of photosynthetic  [18-25]
tetrapyrroles light or near diplosiphon; Anabaena sp. PCC 7120;  gene expression,

infrared; UV-A Rhodobacter sphaeroides; phycobilisome composition;
to near infrared Rhodopseudomonas palustris; phototaxis; motility/sessility;
Thermosynechococcus elongatus BP-1  growth; cell aggregation
Pseudomonas syringae pv. syringae Regulation of conjugation; [26-31]
B728a; Pseudomonas aeruginosa; swimming motility; growth;
Agrobacterium fabrum; Agrobacterium  virulence; infectivity
tumefaciens; Bradyrhizobium sp. strain
ORS278; Xanthomonas campestris;
Deinococcus radiodurans
LOV FMN Blue Synechococcus elongatus; Rhodobacter  Regulation of c-di-GMPlevel, [32-35]
sphaeroides; Dinoroseobacter shibae; photosynthetic gene
Erythrobacter litoralis expression, photopigments
synthesis; chemotaxis; stress
Bacillus subtilis; Listeria monocytogenes; Regulation of GSR genes; [36-46]
Brucella abortus; Brucella melitensis; cell-cell adhesion; motility;
Pseudomonas putida K T2440; virulence; invasiveness;
Pseudomonas syringae pv. Syringae; biofilm; EPS
Methylocystis; Xanthomonas citri subsp.
Citri; Xanthomonas axonopodis pv.
Citri; Caulobacter crescentus;
Rhi zobium leguminosarum
BLUF FAD Blue Synechocystis sp. PCC 6803; Ostillatoria  Regulation of photosynthetic  [47-51]
acuminata; Rhodopseudomonas gene expression; phototaxis
palustris; Rhodobacter sphaeroides
Escherichia coli; Klebsiella pneumonia; Motility; virulence; biofilm [9,52-54]
Acinetobacter baumannii; Beggiatoa sp.
PYP pCA Blue Ectothiorhodospira halophila; Photophobic response [55-57]
Rhodospirillum salexigens; Rhodocista
centenaria; Chromatium salexigens
Idiomarina loihiensis Biofilm [58]
Rhodopsin Retinal Green/orange  Anabaena sp. PCC 7120 Regulation of phycobilisome [59]
composition
Salinibacter ruber Phototaxis [60]
Cryptochrome FAD UV/blue Synechocystis sp. PCC 6803 Regulation of gene expression; [61]
DNA repair; phototaxis
OCP Carotenoid  Blue/green Synechocystis PCC 6803; Arthrospira ~ Quenching of excessenergy  [62-63]

maxima

in phycobilisomes
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Figurel Thestructuresof chromophoresand chromophore-binding domains of representative photosensory proteins
E: A QIEDEHEE; B: LOV; C: BLUF; D: PYP; E: #LE0LIM; F: BRAE@E; G: OCP A-G (WA M B%UEE 1D 435

A 3S7Q. 3T50, 2BYC. 2QJ7. 1XIO. INP7 il 3MG1.

Note: A: Bacteriophytochrome; B: LOV; C: BLUF; D: PYP; E: Rhodopsin; F: Cryptochrome; G: OCP; Protein databank (PDB) ID
numbers for A—G structures: 3S7Q, 3T50, 2BY C, 2QJ7, 1X10, INP7 and 3MGL1.

phosphodiesterase/adenyl cyclase/FhlA) FI PHY
(Phytochrome) 3 4543, i GAF sk &4
KA ZE A (ZR M U 5 GAF S5 R 3irb )
SERY e 2 R Ak B ) AN BAR AR, PHY 4514
BUE T GAF S5 MU Z %) s He C Il 65y X A7
— AN R X R (HKD), T (525 519
Cph2 J&7E Synechocystis H & BN 2 ML R
M, 5 Cphl A[FAYJE: Cph2 A& PASH,
A IR GAF I, J3AMES5 M a5t &4
SARIKT , T2 GGDEF il EAL 1™, Synechocystis
sp. strain PCC 6803 J1] 645 nm #il 704 nm ({21 I8 5t
BF, AT A TE [ A 6T TR, TS 4156 (760 nm)
RS s DU AT X A 7R, BiFE & B PCC 6803 4l
JLN A T PisIL (5 XREHR N PixJLEL TaxD1) B AT
2 NATYRE R GAF S5k, H C smBEA
MCP {5538, N difi 2 R Benl LK 88 14
SEFERE E, 41iEiET CheA/CheY 5 5 S R4
P IV R B FRI K 7 101200 Rk PisIL i

NLNZRN T T Synechocystis FILTEIE [ ¥4k
(v

1999 4, A EE @ ERTE D. radiodurans Fl
P. aeruginosa H %) & BT E T TIATR BN A0 R -
e A MEREROEE ., BEFSI A, X
2 Fh B Y 5L AT 43 50 4 65 D. radiodurans BphP
(DrBphP)#ll P. aeruginosa BphP (PaBphP)& 1, H:
N 2y 500 N2 EIR 5L R L B4 X
SRR (R — 2 21 BphP & A
PRI BE RN . A, AW C i
250 ™2 HE IR hy A1 RV DX, LI REZRAL T
A RGP 1. A fabrum 40P S G EUE
% Agpl 1 Agp2. Bai % &8 A. fabrum Hh 56K
0.2 Agpl Fl Agp2 7] LA 4 7 22 6] ok 42
A%, XPIhREXTZOGAR U RS, Ot
a2 RS LAY, Yang Galifk T P.
aeruginosa M GRLEE 2, Xt H SRS T T 1
B, 7 T OCEE T 33 5 3 2 18] A A O

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1578 A 2 A

Microbiol. China

SR R DALME R DO S e B A1, 3 3 It
SRR AL T X (% K 600-800 nm),
WERA 2 FAFPDE B, B P (2 )5
P (ERY), POREFACIGAY, P B/ RO AL, P
0 7o W AT U 7E 690—710 nm, Py B 5 W Wi i A
750-760 nm, P WKL, RIEAA Py, T Py
WSTE LTI P 5E h Pro 20 TR GRS (5 R fr LRy
(R ZE A RFAIE S22 AT 95 DUk 1) GAF 4545
RGERDEE R, PO, TELZOCHUNT, &
A FEIZEpUniLig C-D Fi C15=C16 Xk E Z/E
SRAk, AT EGHE = N PRS2 PR
AN Py WL LT I BE L ZE R R S
P, WATTERRE A R iR P, PR ] J Loy
BhELNSUC S RFSE R BA DR ED R
KRB AMT AL PoB Py I, W A
tumefaciens (G2 Agp2l® . Agp2 5% 14145
Bla, BT EEE R PP (Intermediate)
Wil J A5 AT o A A PR S PR AR E 1) Prro JEEL
St nl i Py Fedoh P, (B POARRUE SfuEiisL Ry
P, HIATIL Agp2 UF-LL Py 3T, 2 Agp2
#b, Bradyrhizobium Hf) BrBphP1 fil P. aeruginosa
Hi) PaBphPl LA R. palustris H1) RpBphPL,
RpBphP5. RpBphP6, tHAY Agp2 HlFMZIE/
LI E AR R, DFE BB X R AR B R
fir44 1 Bathy bacteriophytochromes’t™

MEDOCH AR DA R E N, B E4 R
Jt: 8 {2, % (Cyanobacteriochromes, CBCRS), AJ{{4E
GAF IS8l n] 30t ek w54 . CBCRs I AY
Gz, AT WGRN R 22 AN A R IBOGTE .t
n, TePixd J& T#t/a068, Hoblbbxh Py
Tl Py, W5 S FNER 5 T 52 F, P/ Py 15412
AnPixJ J& T4t/ 0R CBCRs, Hotifb2:TE 0
Py Al Py, I ZIE ISR EIR AT SE R PPy 1 # ™,
HRMUAEN G AE T &I T CBCRs, K745
Br R WA 40T IR AETE K AR A T Y RE %0 1)
CBCRs, X757k R TG E A 56k 5
24tk 24 M1k, XFF CBCRs HHCRBZ A

B ARR T T AL D (R SR R 2R g S B
RGN IEFE A, BVENTRE s RO AR T
C15=C16 W LMtk Mty sh GAF s A4
etk PR A — BRI A RN
22 LOVEH

2002 4, B. subtilis #5631k YtvA-LOV
(1) & AT 5 B AT — 20 i T ARG A AT e B
BOERY, YivA 19 N RS LOV 35 BRI, 41
A AL WAL, BT DRAT A e 2R 1 1
AL LOV b2z SO 5% - Briggs ¥t P. syringae
il B. melitensis i LOV & 1A ARk EA T T %
E, RN LoV HEME N, HImHE
T, Kraiselburd 25 i 3L R 20 5 414y
Hr & PL X. axonopodis pv. citri F{7F7E— LOV &
1 (Xac-LOV)., ZEKMITI TR EL Xac-LOV
EH, b E#HETORE T, R EAPRER
LOV Yetbg i,

Hur, 7 Edim A 78 LoV &I .
SL2 Z7£ S elongatus ZHLAY LOV FEH. Bk LOV
WA, SL2 &4 GGDEF 1 EAL 1, Ri&HA
T YRR IMEBRE M, 5 EAA R R RS
Ay S AN T R AT BEE S S 54T c-di-GMP
(A ORI AR, TR IR SL2 J5 n] 4 mi kiR —
Fis i 175 14152, RsLOV JZ&7E R. sphaeroides 1% 31l
— 8 LOV HEH, H&AH 14 LOV 4kl
B SR AA BRI ST 2 RsLOV 2 5O A 5EIH R
IR, 3SR SR . et DL 2
MOXH G A A P SO A DG, AT, RsLOV
AN M 5 ARG 11 35 R 238, [R] -t 5 i Sk
i J5 Rz AR A3 5 . DsLov J2 D.
shibae ' H &4 14> LOV Y LOV &, 58745k
SCEGZE LR R DSLOV FE B G ol LU S S
e IOFE N e

LOV & T PAS S5 M3 K% . LOV &1
MIAZ OS5I 5 A S AT B 2 (AB. BB.
GB. HB F1 IB)FIl 4 4~ o 12jiE(Ca. Da. Ea 1 Fo)
2 Ea Fl Fo SRBENL T B F 2 XS TR B 11484

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



AEATUESE 20 R AR S RIS J

1579

FMN {0 &7 Hodr (8] 1B). 7ERRE T, LOV ¥
DX FMN B3R 254 0 TEEDERE T, FMN
(1) C(4a)5 Eo M€ b — RN I9F D 208 (6 T4
SFE) GXNCRFLQ J3 471 ) B B 5 A A A 25 5 58
Fe ke, XA R IR R B R E AR 4k
BRMETE 0.1-10 ns, 1M BEE &M N A LA
BREEH/NTTE . Endres 2% P D. shibae [
DsLOV HYAZ.C 2545 5 AL LOV ZhkiA[R]
FMN [FFEIEAN S5 A 7E B )2 . Ea Ml Fo 28
R4S, HaE AR E Yt Echy 9.6 s, J&HAET
TGI8 ) 36265 BIr 7 B el e S A LOV 2 1T
] e %) 5 R Rk AR 1 S 0 B R SR BF 5 A
LOV Z& FUBOEHLRIR L T — MR g B

WA LOV HEFFREAZ.OM LOV X4,
AL HAl — 265 5 o0, 41 HKD. GGDEF.
EAL . #%% N 74, RsLOV F1 DSLOV 252 —2{V
SH 14 LOV Hf%l LOV [ (Short LOV,
sLOV), k51555 A R aooft, L
LOV 25431 N i Fl C {0 A — L 4k fif HH R () 4
F BB, 43 BIBEFR A N SiiE (A a-helix)Fl C i
Ja-helix, # 1) sSLOV H & Hih =z —(A a-helix 5
Jo-helix), Z45FI LOV & A1 N i Al C S th 77
FE X BE R E LB AL o AR ST & B S Bt T4k R
LOV & 12540 i 5 2 LA K% B 1 SR IE A 1 4 B R
WEE XA BT T LOV A R
TE R LA R g =X, 5 25 A 7 14 S A R A 1 ) 52 A
ik, XG0 T A EENEN . R
Mrigdn sLov 295 il F M an e LOV A
139618 RS X PR AN A TE, HRA
R AT T % E . 1 McLOVI R F AR
RSLOV. DsLOV. f1T sLOV 45#y i HA# T4
B, AN Mt T H,
23 BLUF

2002 4£, Gomelsky %% Pil R. sphaeroides Hf1)
WLHURE T AppA &7 —A> FAD ki, wrLi
PEEOEAH R FAPY, BIsA & A baumannii [
BLUF Z&KE M, BIMIIBE S NI TS 1 .

AW R TE BB P A OC , HEE R R IA A RESZ )
JE 76 K. pneumonia 1, A BLUF 2538
BOLE A BIrPL, B —F T RIFLITIRBEIR —
We, HAHEVEEOL T AT 44518 BLUF
BMRGW B FHEM 252170 o BREL AL,
FAD #ifE 2 4> o Wi H (Bl 1C). BLUF 15
T 5 YRR UIAH G B DR ST 10 s 24 1R 4 2 It i A
2R AR BE ORI H OIS P A — I
I, RE— B F RSP AR SRR, ™7
HERLH FFE(Bi-radical)®™ . HET, B#E R AR
BAnffiEsl BLUF i — ARl e i, (H)2
7388 AN TE X — e v DR AT B A 24 T g R i 1
FEME.
24 PYP

P EM R . LOV M BLUF BOLE IR T
N ISz XAk, HH C s A5 5 fi it 451
B, W HKD. GGDEF. EAL %, M A# 45 PYP
A H A —A a5k, PYP B A BLETE Ect.
halophila W, ‘B T #ERELR I, PYP
J&F—FiuEotE N, AR, PYP FGE A
EHZA ML B, 0 R centenaria 9 Ppr®,
PYP & {0 Al J& X 7 5 & (p-coumaric acid, pCA),
F IR FA R R SR (0CA )18 o 7 i s A 45
1E Cys69 5kt | FEHCHIE T, pCA™TE R F5(ps)
R A S AR TR B )7 ) pRags, SRS FETURD
(US) N i T TE B, pBass 2%, pBass 2= T4k B B 7+
AL SGR LS, T S8 B— AN BRI
25 g

R GRS A T RE AL, A i 4
R.RENE MR BAMEARARNESY . LG
A P AT O R G A DGR RE IR A A A RN 75
Hh—Fh R AL Z 2 AT A G RE) DNA SGfi
(Photolyase), ‘& REMIEE A W IATE LIPS
40 DNABY® 2017 4, Sorigué Z:7E Chlorella
variabilis NC64A & 3L 1T — Fi Hr 19 Ot HE
(Photoenzyme)— Jlig i iR Ot Jlit ¥2 if§ (Fatty acid
photodecarboxylase, FAP)®®, 33 Fififif & T4 2 4f-

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1580 TEY I8

Microbiol. China

FH it - JIH B 480 1k 3 5 (Glucose-methanol -choline
oxidoreductases, GMC)Z %, wJ LA ORI A FH
Jt:(400-520 nm)fii Ak 25 14 B 7 2 I 62 ok Ao A
AR . BT IR R FAP A& —A4HE
F RIS AL H R (FAD). FAP BYRIITRES G A
JIFAE (R 7K E B T A3 OB FAD, BHFRE
INHTE FAP SR 1, FAD 23 MR ISCiE 628 itid
KA, W C12-C18 JENIMR /3 ¥ B R BRI — Ay
¥, RIE R AER O P A Bk BRI
3 R CHLE]
31 XPFRT5EANSERRER

— AN, 4120 Anabaena 1 Synechocystis
A LAGAS M GO T difE . QAT pTR, 220k
] Synechocystis HA 1F [ A1 [n] 8461 TR o 1E )
AT R AT R F A DB 2R 52K TaxDL /=,
(B LB EIE T ) (I BEALHR H- AR AT o

—H LIk, BEFEE AT A R AN Y 5
W% W T i L B TR R ) 7 17 1889 1904 4
Sineshchekov 452k 1 fiff B —Fh B A0 ML 28 1D 6 T
o, SRRANE AT A LABOE SRy U Iy 1,
{HJERA LI IAIE . 2015 4F, Kesser Z4i H FA~
BEIEANMI AT LSS M 5, RGP I (151 Gn B
SRR, X TR Y 2 4 M B2k U, T
X SR 4 A1 J] A4t L BRI 4 A O 4 v 1) 22 A4 i 1A
BRI, ST ER &, 2016 4F, Schuergers
GH W SR IEV A ML Synechocystis sp. PCC
6803 1 LA LA % 14 UG 1 B Al
HL T — RIS R Synechocystis T I
] AT o SRR , SEA R AR TR Y
FEUEXFITAT , XA a5 5 20 M 1 P SR 2 1 i Je%
I PixJL), SRJF I CheY BERY SN E 1 TS
FSCHIE S, fELDES O T4P B3 Hock
o P, HATGEMNA T4P AR, HItiE
B A LA S0l AT ) 50k 3 . Schuergers 554
Sineshchekov #ll Kessler WL R IF sl 7, A0
b ) T B2 i R TR 3 3 5 Y UG IR

], (HJE X MERUC L R IR B 4 B, A
RN RS T R o L, AN A T ik — 2
(SR B {H X o O B 1 s B R e 0
T B 20 B 1 IR AL T — AN ) S

F 5T F2 267 T (40 Hal obacterium salinarum
F1 Natronobacterium pharaonis) iJ DL i #4221 i
(Rhodopsins, SRs)ESZ oA ARL, MiMiT™ Aot
F70919 ER SR AE — e 2 1 rp 2k A JEOL R P48
Z1J5T, AHR A5 RN XG5 i L i ANTE R, A
FINRTE AR N JUOK B N T8 B2
F Y300 25 S5 T £k 240 1 i 90
32 ETHRMWERBL/SFEARERHE

— BB A5 e B A O ' 4 i 1 AT B OG5
i 1Y T2 58 1Y 4 1R I8 T (Redox) R 2 F 2y 4R
(Molecular oxygen)/KF-45 X% A5 2 H A1 flol
0 137 7 SRR R TR B T B R RO
F1 8 S o DU A Sy B A IR (EUE: , FEAN TR
PR, X 2 Fo AR MELL S 4 TR .
WEEANHET FAD f 4 A E I A Y
#: FAD (Oxidized). FAD™ (Anionic semiquinone) .
FADH" (Neutral semiquinone)#l FADH™ (Anionic
hydroquinone). I FItZfRERHE, 4 FET
FADH N HTE AR AT, 4058 b F % 0% K i
L 3R FRLV AL T SO 25 (—260 51-280 mVv)I,
Purcell Z:4lifk, T C. crescentus ) LovK 5, & FH
LovK AbF#if J5 B LA h—258 mV; 24 FMN
I FEAAIENT, E#DOGIHES T R EBE- = m
GWACTE R, TR 5T PR LA Y T e s R AR 2
i 240 L X W5 G B 5 AT Pase T 13 22 BH i Jil
A A S L BRI 25 LovK OB P
P FH R 5 484609 LovK ATP ZK AT P 28 6 I8
JE ] B 1.6 A, ax s gt AR B T A Y AR AR IR
RS LovK GRS PpsRIAppA #4:
Al R E RN E R . AppA & R sphaeroides
SR, H EA—A BLUF Z5#4 801 ER
ML E LA SCHIC, Yin 7% 3 B 46
T AppA 454 WKL R RE e TOLuE 1Y
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AppA; Fi4h, WERIMZLER 5 SCHIC KZ5& 5%k
AR O X gk LI PpsR/IAppA RE%
oA A AL IR ISR A 520 . L. monocytogenes H?
LOV & BRI Z i 4h ., i v LUK Z ROS
(Reactive oxygen species)®* % F3RBFSEEIR, 4
Xt 3 PR AR L - 5 R R R A A Y
AREE R TE G IRGT T, — S R (b
mk, RS R0 E RS S (Singlet oxygen),
PRI A e R A0 FR R 8 1 A 5 A AL ) e (] sy i
R,
U R IVAS L =8

O AT LURE B & iR AR o, S
Il IR DA TRt RE &, SR AN S
ER® AR Re. Blan, KA MRELE
MW BRZ—, JEATLIEL G 4 B2
& NRIA AL, TR B4k Z i oeae. T
066 AT N W BOG R B T 40 T LA e
24, S HAEEER R HADG AR Y . X
SESEAE FR W AL AR A AL . AR B T Sh
P o,

SRS Y 278 B A AU, A0 AR R R H AT A
PR I T AR R TR 3R 3K DI o PR AR Ak 9 I R
47 (Stress response systems)., Avila-Pérez 45(2006)
& B B. subtilis 1 YtvA 5 —~ 5 1) L A
oB s A XM, B R E J143 T (Stressosome) f
— MNHBIT o 153 T2 4 A0 e i fa
LT, TR BRI OLRT, SRR ES
NN, FIH oB i&M:, SRR 150 4
SER Y Fk020 2 B subtilis 4b TR AR,
fE gt Bl oB BiEYE, Ak, i ERiK YivA
W FiRBIS . L. monocytogenes A — 4251l
YtvA HYESEE T Lmo0799, it fill ik (455 nm) Al
2T5(625 nm)i AT LA F i oB K HUHT G 1o
ik S34b, T LU E IR s, (5
BRTAI o011 111 5 VAN

DAY RS 0 20 TR ) 2 T A A MBS TR

AT 552 ) DA Y41 i A= 5% 581 22 4 i 2 3% O 5
(REEAE o WP K PR AT LS 0 200 T 2 1 P 422 Akl 2
538 . C. crescentus 4l &A1 — W ME 5 R4,
3G LOV 4 5 R It (L ovK) Al — A s o i 5
(LovR). LovK 45— e R+, Za] WO
SPE AT T H SRR K BRERRARAL 2 25 SO R T
LovR, LovR i1k 5 2B i 4, Ak a7 L R 3Rk
DISEBUARE E AN 2 o BF9E A IR ER LovR
AR KRR M 2 B B B 2, i it Rk LovK
F1 LovR D) 44 it 2 i) 1y B 25 SRR B T s 5
b, WEEIAT R B A 5 R
AT REAE [ AR B8 A IR BT Hh I A 3 5 (Matrix)
BB AR R, B9 (Biofilm) . 1. loihiensis
H—FRIE I, AF5T R BHIE AN A 25 PYP gk
HA, HgiE A PYPYLIb2ReE, SeEn i 2%
TR AT 1 R, RS
S5 AT A <D 7E AL baumannii Hi
A— BLUF ZR&E 1, JEIRIE & LT L
S0 20 B A Sh A AE WA TE . E. coli A
JBOLE T BLUF, JEIR AT {0 4 Wy a8 i 08
TN, S AT LS 4R T A 22 (EPS) 7 A 14

ZRhAEY, AT . AR B A E R 3h )
PR AR JE I A 4G T A, B A= 94 (Circadian
clock)™ M0 FESNRIRBIE T, A5 — Lk
R FARCE . b, SERIET A8 nd s A
Rz —. N, —Seaa 4 bR A B
WHEE . AR, FFA IR (24 h) AT
HCRI S B K e, 3 ™Y 54k,
T Ak 22 ) U4 2 FH A A tho 42 T 250 DL BT 45 2
2 If] (AR A4 i (Microbiome-host interactions)!™
o 38 TR 07 8 B LA A7 A AR A, 3K ol
AR AR i T AR W S e T RE A,
SRR &, e LE0m 11, PhR e A
SRIME AR 27 3 T A 16X . B. abortus j&—
Folv 4 L P 9 JEAA . Swiartz 25138 i Y AT i 2
i B. abortus 7E M 1 2 4 5 Wk 40 i R A7 15 3 A AR
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e o CBEAETE A9 I B E G R B BOR 1B TR
b B R ok Rl B 4 S IR O L AN i Y Y
LOV-HK & 11 . #OGRRS AT $2 5 HK & 0 B iR
b Lm0 ) R FRTE IR, & L E0R
I3 B EERRAR . XGPS Al B R TOLR
TER IR Y A B — BEATE
P, BISRMES 1, HEuw Il TR, JFamE £
RN A TER . A4 % L. monocytogenes il A.
baumannii fHFFY L & BE TR I g B0 4 B7107 gk
FEEE [ 10538 A7 T 25 78 Al B 1 A AR
EE FAEA T E

FERE AN R P N AT i/ MAIORT 2 FesOy
oY, FesSy K ikr . Chen 55 & BT LG T i 445
AMB-1 f/IMAH A R [FRE, Wang 45
RINZ UV-B IS, AMB-1 41l ] 7 4= B 22 1%
Wik, T ELRABURLAG R STER, R/MASE S KM
T UL, R 2 TRTRG /A ) B L2 6T, L
WIS A FEFIE . 34b, i/ IMAEA W4 A
L3 P15 ] B = RS o 1] 2 (A S e ]
FE P BTG AR, LA T 40 B 3 v B e el

TN, BT R, — RG] LKA B
F e AR TR . R centenaria REA #4t
PEA A, LA B — KR
Ppr. Ppr &4 3445843k, B Pyp. BRI =% (Bbd)
N ZH 28 R e 2 F 3 (Pph) . Krreutel 254 BE Ppr )
W % (Pph) AT Sk L 1 CheW AHELVEAT, i HL
Pph. CheW Fl#a{k i CheAY A] LIE i — &
A, X G R Ppr 25 8 A0 RN 115 5845 1 %
il BlsA & A baumannii H (g —4~ BLUF J&J%
B, AR E sh i | AW AT BRI B K
ANV SRRV S IR A 565 7E 24 °C I,
ST 25EER, T 37 °C i e . H AT
L, e a] Lz HA R R A5, H Ui . PhyB
MIEERAY P RS BTG ERAY P RS AHRAHEREE (1)
B, PhyB BRE—MEOGER, R MR
A KBRS G 7R 40 R e 7 o] BEANUAN R BT
I, MHEANEARYE B 5 Fr b BRSO i — 28 5 R

P2 R 04 'R0 T BRI Aot % 52 B T
AR LOERAE S M, g AR — bR E R, S
JEREAHAR S 5 5% T i o

5 FOtEAERRATRMMA

Wi 5 I B 11 A A AR 9 VR 9% — &
B, WSTR[ AT DA S BT i 1t
f& T IS0 S JUAR A IBOG R P45 40 A T
k149535 1% 2% (Optogenetics) 5 | 2 T WFFE E TR
R IEA AN Bt R GE ] LA R IR 5
AT, bR a0 K OB R A R T2
Synechocystis sp. PCC 6803 41l ifs Nl — B4tk
ARG BEAHE AR E AR cpeG2 1T %
CcaS/CcaR R4 (a7, CcaS WEEZIK, Fest
J& R Al CeaR B 1L IS cpeG2 Feik 1,
H X & R 40 E 20E eI R A7t
HHPIS Tabor LR ERGZNHT E
coli, [Ak% {6l Phycocyanobilin (PCB)7E E. coli
HAENTERS, Bk PCB A iR
&5 CcaSCcaR #1365 Antigend3 (Ag43)
JE KT R —Fh R PURE A ST
Nakajima %45 Ag4a3 i A% cpeG2 Jii 3 F Fiff, 3t
Fik CcaS/CcaR ARG MH KL EH, KIVEALE
FELOET I DL A RETE A YRR, T2k 4 15 5
ARG MHBEA XA BT Tabor #F5E A PAE X
XASRGEIAT T AL B, LA S 2 40 56 I R
o LAY O, OB AT RAE A G ROT &R s
SRR A AE Y P ek

6 Y

X —SEANERE, SEAMER DUy R R i,
i BT DA B M IO P SRR D 5 0 Sl
Mg 7 5002 HE v e BRI ) O N2 — T W)
FFRGEAR B RS 281, X i AL U2 52 2%
() A WO ) — A2 SRR AR R,
i 32 A AR IR 1 TR o TR HoA DR
D 45 20 A2 2 A R Y S 2 P, AN TR RI 2 A 200 T
TEMEAE AR I B T 4% A BRI S AR AE 25
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ik, BOCE 25 T M — R 530, i
FaoerE | Rk Wit . AYRIE R . Bowik
a  NEFNRHIES G IS TAE S, A LR A1
TR ART

(1) A BT ECE B RIR, e
B LE W2 78 SORMEBR AR . (HLR XTI 64 4 1 ok
VE, G 9 25 7 SR R e — A4 0

(2) HHTEEIA Y AN S SR 4 5 i —
AR FL AN, 207 OB 2 1 RO R TR R
B EOC R OGS BT, AR B i B
F ik B Rk 27 A e AN 1 5 IR 2R A A
2RI EREOEE T, YERLE S RmHE AR,
2 T G 30 B A B 1 B T3 M o SR A
R TIE A TEE S, XE SIS 5805
A A I HE R Sk BRI Z ) CBCRs #i &k
B, EATTREAL SR R S AL R A 47

(3) A B EOLEE 11 S R IEO 1 1A R
MAEEZ . LOV %, ok [V i RO 1
S AGTE [ A W 2 B R 4% 11 A A 1 R )
ZAb? IWAEIEAL BT, AR TG IR
AT AS A 7 33 6 ) B A TR AR

AN, S TIOGER PR R B, AT LA
FELLR JUAS 7 T RIS -

(1) SeiBflrm eI X el RS
T SEREREHAR | AR A Rl R
W) TR, R Bk, AT LA Bt
LH AR VR B AL TR , T s 6
P A5 DR 52 16 I T RF ST HL 0 B o B R 1 4%
ARAE A2 ST I 0 A5 3 1 g 1120292
X T2 R GBI BRI T e B 5 TR 5 7
i fezerh, BT R BOLE A . AREOLE
PR AT 1 S Ak e L AT BT SRl 1 24 it
ZRERDCTITETF . T Ah , — B R i B 2R 11 (4
SLOV) Iy % BRI Sy e 18 A% 25 AU AL T 9 Sy 7 5
e e IT

(2) AZERFHITR . BICATERRE RS
RSN, WEDGEERE FAP 9% BL A 16Tk

YrCREMI AT T — A8 A . AATAT EAL
FAP JEREBESCA BT RDCHEAL R B iEAS , et i AERS
B DG RE s U AL R B 17 BR R 1 A\ I

JeAE oy 5 HAB PR R, Il B2 | L
S pH SEA R IREE N, e KA s R AN 2
AR LY BL, ML RE s R tR . AR 2%
REAS 1ALt — 25 58 B 14 ] M T AN st DR A 3 42 0T
KIRGE . A THFE IR REOUS APt
Mg 1O B A /IN—FB 53, B 22 B S mi AL i A 15 ok —

REFERENCES

[1] van der Horst MA, Key J, Hellingwerf KJ. Photosensing in
chemotrophic, non-phototrophic bacteria: let there be light
sensing too[J]. Trends in Microbiology, 2007, 15(12): 554-562

[2] Elias-Arnanz M, Padmanabhan S, Murillo FJ. Light-dependent
gene regulation in nonphototrophic bacteria[J]. Current Opinion
in Microbiology, 2011, 14(2): 128-135

[3] Otero LH, Klinke S, Rinadi J, et a. Structure of the full-length
bacteriophytochrome from the plant pathogen Xanthomonas
campestris  provides clues to its long-range signaling
mechanism[J]. Journal of Molecular Biology, 2016, 428(19):
3702-3720

[4] Engelmann TW. Bacterium photometricum: an article on the
comparative physiology of the sense for light and colour[J]. Arch
Ges Physiol Bonn, 1881, 30: 95-124

[5] Choi JS, Chung YH, Moon YJ, et a. Photomovement of the
gliding cyanobacterium Synechocystis sp. PCC  6803[J].
Photochemistry and Photobiology, 1999, 70(1): 95-102

[6] Chau RMW, Bhaya D, Huang KC. Emergent phototactic
responses of cyanobacteria under complex light regimes[J].
mBio, 2017, 8(2): e02330-16

[7] Campbell EL, Hagen KD, Chen R, et al. Genetic analysis reveas
the identity of the photoreceptor for phototaxis in hormogonium
filaments of Nostoc punctiforme[J]. Journal of Bacteriology,
2015, 197(4): 782-791

[8] Shelswell KJ, Beatty JT. Coordinated, long-range, solid substrate
movement of the purple photosynthetic bacterium Rhodobacter
capsulatug]J]. PLoS One, 2011, 6(5): €19646

[9] Abatedagal, Valle L, Golic AE, et a. Integration of temperature
and blue-light sensing in Acinetobacter baumannii through the
BlsA sensor[J]. Photochemistry and Photobiology, 2017, 93(3):
805-814

[10] Braastsch S, Klug G Blue light perception in bacterig[J].
Photosynthesis Research, 2004, 79(1): 45-57

[11] Frankel RB, Bazylinski DA, Johnson MS, et 4.
Magneto-aerotaxis in marine coccoid bacteria[J]. Biophysical
Journal, 1997, 73(2): 994-1000

[12] Shapiro OH, Hatzenpichler R, Buckley DH, et a. Multicellular
photo-magnetotactic bacteria[J]. Environmental Microbiology
Reports, 2011, 3(2): 233-238

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1584 A I R Microbiol. China
[13] Zhu KL, Pan HM, Li JH, et a. Isolation and characterization of a phytochrome-like  photoreceptors  from  nonphotosynthetic

(14]

(19]

(16]

[17]

(18]

[19]

[20]

[21]

(22

(23]

[24]

[29]

[26]

[27]

marine magnetotactic spirillum axenic culture QH-2 from an
intertidal zone of the China Sea[J]. Research in Microbiology,
2010, 161(4): 276-283

Zhou K, Zhang WY, Yu-Zhang K, et a. A novel genus of
multicellular magnetotactic prokaryotes from the Yellow Sea[J].
Environmental Microbiology, 2012, 14(2): 405-413

Almeida FPR, VianaNB, Lins U, et a. Swimming behaviour of the
multicellular magnetotactic prokaryote ‘Candidatus
Magnetoglobus multicellularis' under applied magnetic fields and
ultraviolet light[J]. Antonie Van Leeuwenhoek, 2013, 103(4):
845-857

de Azevedo LV, de Barros HL, Keim CN, et a. Effect of light
wavelength on motility and magnetic sensibility of the
magnetotactic multicellular prokaryote ‘Candidatus
Magnetoglobus multicellularis'[J]. Antonie Van Leeuwenhoek,
2013, 104(3): 405-412

Chen CF, Ma QF, Jiang W, et al. Phototaxis in the magnetotactic
bacterium Magnetospirillum magneticum strain  AMB-1 is
independent of magnetic fields[J]. Applied Microbiology and
Biotechnology, 2011, 90(1): 269-275

Kehoe DM, Grossman AR. Similarity of a chromatic adaptation
sensor to phytochrome and ethylene receptors[J]. Science, 1996,
273(5280): 1409-1412

Yeh KC, Wu SH, Murphy JT, et a. A cyanobacteria
phytochrome two-component light sensory system[J]. Science,
1997, 277(5331): 1505-1508

Park CM, Kim J, Yang SS, et a. A second photochromic
bacteriophytochrome from Synechocystis sp. PCC 6803: spectral
analysis and down-regulation by light[J]. Biochemistry, 2000,
39(35): 10840-10847

Yoshihara S, Suzuki F, Fujita H, et a. Novel putative
photoreceptor and regulatory genes required for the positive
phototactic movement of the unicellular motile cyanobacterium
Synechocystis sp. PCC 6803[J]. Plant & Cell Physiology, 2000,
41(12): 1299-1304

Okamoto S, Kasahara M, Kamiya A, et a. A phytochrome-like
protein AphC triggers the cAMP signaling induced by far-red
light in the cyanobacterium Anabaena sp. strain PCC7120[J].
Photochemistry and Photobiology, 2004, 80(3): 429-433

Tarutina M, Ryjenkov DA, Gomelsky M. An unorthodox
bacteriophytochrome from Rhodobacter sphaeroides involved in
turnover of the second messenger c-di-GMP[J]. Journal of
Biological Chemistry, 2006, 281(46): 34751-34758

Giraud E, Zappa S, Vuillet L, e a. A new type of
bacteriophytochrome acts in tandem with a classical
bacteriophytochrome to control the antennae synthesis in
Rhodopseudomonas ~ palustrig[J]. Journal of Biological
Chemistry, 2005, 280(37): 32389-32397

Ishizuka T, Kamiya A, Suzuki H, et al. The cyanobacteriochrome,
TePixJ, isomerizes its own chromophore by converting
phycocyanobilin to phycoviolobilin[J]. Biochemistry, 2011,
50(6): 953-961

McGrane R, Beattie GA. Pseudomonas syringae pv. syringae
B728a regulates multiple stages of plant colonization via the
Bacteriophytochrome BphP1[J]. mBio, 2017, 8(5): e01178-17
Davis SJ, Vener AV, Vierstra RD, et a. Bacteriophytochromes:

(28]

(29]

(30]

(31

(32

(33]

(34]

(39]

(36]

(37]

(38]

(39]

[40]

(41]

eubacterialJ]. Science, 1999, 286(5449): 2517-2520

Lamparter T, Michael N, Mittmann F, et a. Phytochrome from
Agrobacterium tumefaciens has unusual spectral properties and
reveadls an N-terminal chromophore attachment site[J)].
Proceedings of the National Academy of Sciences of the United
States of America, 2002, 99(18): 11628-11633

Bai YN, Rottwinkel G, Feng J, et a. Bacteriophytochromes
control conjugation in Agrobacterium fabrum([J]. Journal of
Photochemistry and Photobiology B: Biology, 2016, 161:
192-199

Tader R, Moises T, Frankenberg-Dinkel N. Biochemical and
spectroscopic characterization of the bacteria phytochrome of
Pseudomonas aeruginosalJ]. FEBS Journal, 2005, 272(8):
1927-1936

Bonomi HR, Toum L, Sycz G, et a. Xanthomonas campestris
attenuates  virulence by sensing light through a
bacteriophytochrome photoreceptor[J]. EMBO Reports, 2016,
17(11): 1565-1577

Cao Z, Livoti E, Losi A, et a. A blue light-inducible
phosphodiesterase activity in the cyanobacterium Synechococcus
elongatugJ]. Photochemistry and Photobiology, 2010, 86(3):
606-611

Hendrischk AK, Moaldt J, Friihwirth SW, et al. Characterization of
an unusua LOV domain protein in the a-proteobacterium
Rhodobacter sphaeroides[J]. Photochemistry and Photobiology,
2009, 85(5): 1254-1259

Endres S, Granzin J, Circolone F, et a. Structure and function of
a short LOV protein from the marine phototrophic bacterium
Dinoroseobacter shibag[J. BMC Microbiology, 2015, 15: 30
Rivera-Cancel G Motta-Mena LB, Gardner KH. Identification of
natura and artificial DNA substrates for light-activated
LOV-HTH transcription factor EL222[J]. Biochemistry, 2012,
51(50): 10024-10034

Losi A, Polverini E, Quest B, et a. First evidence for
phototropin-related  blue-light receptors in prokaryotes[J].
Biophysical Journal, 2002, 82(5): 2627-2634

Ondrusch N, Kreft J Blue and red light modulates
SigB-dependent gene transcription, swimming motility and
invasiveness in Listeria monocytogenes[J]. PLoS One, 2011,
6(1): e16151

Swartz TE, Tseng TS, Frederickson MA, e a.
Blue-light-activated histidine kinases: two-component sensors in
bacteria[J]. Science, 2007, 317(5841): 1090-1093

Gourley CR, Petersen E, Harms J, et a. Decreased in vivo
virulence and altered gene expression by a Brucella melitensis
light-sensing histidine kinase mutant[J]. Pathogens and Disease,
2015, 73(2): 1-8

Krauss U, Losi A, Gértner W, et al. Initial characterization of a
blue-light  sensing,  phototropin-related  protein  from
Pseudomonas putida: a paradigm for an extended LOV
construct[J]. Physical Chemistry Chemical Physics, 2005, 7(14):
2804-2811

Wu L, McGrane RS, Besttie GA. Light regulation of swarming
motility in Pseudomonas syringae integrates signaling pathways
mediated by a bacteriophytochrome and a LOV protein[J]. mBio,
2013, 4(3): e00334-13

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



AEATUESE 20 R AR S RIS J

1585

(42

[43]

[44]

[45]

[46]

[47]

(48]

[49]

(50]

(51]

(52]

(53]

(54]

[55]

El-Arab KK, Pudasaini A, Zoltowski BD. Short LOV proteinsin
Methylocystis reveal insight into LOV domain photocycle
mechanisms[J]. PLoS One, 2015, 10(5): e0124874

Kraiselburd I, Daurelio LD, Tondo ML, et al. The LOV protein of
Xanthomonas citri subsp. citri plays a significant role in the
counteraction of plant immune responses during citrus canker[J].
PL0S One, 2013, 8(11): e80930

Kraiselburd |, Alet Al, Tondo ML, et a. A LOV protein
modulates the physiological attributes of Xanthomonas
axonopodis pv. citri relevant for host plant colonization[J]. PLoS
One, 2012, 7(6): €38226

Purcell EB, Siegal-Gaskins D, Rawling DC, et a. A photosensory
two-component system regulates bacterial cell attachment[J].
Proceedings of the National Academy of Sciences of the United
States of America, 2007, 104(46): 18241-18246

Bonomi HR, Posadas DM, Paris G et a. Light regulates
attachment, exopolysaccharide production, and nodulation in
Rhizobium leguminosarum through a LOV-histidine kinase
photoreceptor[J]. Proceedings of the National Academy of
Sciences of the United States of America, 2012, 109(30):
12135-12140

Masuda S, Hasegawa K, Ishii A, et al. Light-induced structural
changes in a putative blue-light receptor with a novel FAD
binding fold sensor of blue-light using FAD (BLUF); SIr1694 of
Synechocystis sp. PCC 6803[J]. Biochemistry, 2004, 43(18):
5304-5313

Ohki M, Sato-Tomita A, Matsunaga S, et a. Molecular
mechanism of photoactivation of a light-regulated adenylate
cyclase]J]. Proceedings of the National Academy of Sciences of
the United States of America, 2017, 114(32): 8562-8567
Fujisawa T, Takeuchi S, Masuda S, et a. Signaling-state
formation mechanism of a BLUF Protein PapB from the purple
bacterium Rhodopseudomonas palustris studied by femtosecond
time-resolved absorption spectroscopy[J]. The Journa of
Physical Chemistry B, 2014, 118(51): 14761-14773

Gomelsky M, Kaplan S. AppA, aredox regulator of photosystem
formation in Rhodobacter sphaeroides 2.4.1, is a flavoprotein:
Identification of a novel FAD binding domain[J]. The Journal
Biological Chemistry, 1998, 273(52): 35319-35325

Gomelsky M, Klug G. BLUF: a novel FAD-binding domain
involved in sensory transduction in microorganisms[J]. Trendsin
Biochemical Sciences, 2002, 27(10): 497-500

Rajagopal S, Key JM, Purcell EB, et a. Purification and initial
characterization of a putative blue light-regulated
phosphodiesterase from Escherichia coli[J]. Photochemistry and
Photobiology, 2004, 80(3): 542-547

Barends TRM, Hartmann E, Griese JJ, et a. Structure and
mechanism of a bacterial light-regulated cyclic nucleotide
phosphodiesterase[J]. Nature, 2009, 459(7249): 1015-1018

Stierl M, Penzkofer A, Kennis JTM, et al. Key residues for the
light regulation of the blue light-activated adenylyl cyclase from
Beggiatoa sp.[J]. Biochemistry, 2014, 53(31): 5121-5130
Sprenger WW, Hoff WD, Armitage JP, et a. The eubacterium
Ectothiorhodospira halophila is negatively phototactic, with a
wavelength dependence that fits the absorption spectrum of the
photoactive yellow protein[J]. Journal of Bacteriology, 1993,
175(10): 3096-3104

(56]

(57]

(58]

(59]

(60]

(61]

(62]

(63]

(64]

(65]

(66]

[67]

(e8]

(69]

[70]

(71

Koh M, van Driessche G, Samyn B, et al. Sequence evidence for
strong conservation of the photoactive yellow proteins from the
halophilic phototrophic bacteria Chromatium salexigens and
Rhodospirillum salexigens[J]. Biochemistry, 1996, 35(8):
2526-2534

Jiang ZY, Swem LR, Rushing BG, et a. Bacteria photoreceptor
with similarity to photoactive yellow protein and plant
phytochromes]J]. Science, 1999, 285(5426): 406-409

van der Horst MA, Stalcup TP, Kaedhonkar S, et al. Locked
chromophore analogs reveal that photoactive yellow protein
regulates biofilm formation in the deep sea bacterium Idiomarina
loihiensis[J]. Journal of the American Chemical Society, 2009,
131(47): 17443-17451

Vogeley L, Sineshchekov OA, Trivedi VD, et a. Anabaena
sensory rhodopsin: A photochromic color sensor at 2.0 A°[J].
Science, 2004, 306(5700): 1390-1393

Kitgimarlhara T, Furutani Y, Suzuki D, et a. Salinibacter
sensory rhodopsin: sensory rhodopsin |-like protein from a
eubacterium[J]. Journal of Biological Chemistry, 2008, 283(35):
23533-23541

Brudler R, Hitomi K, Daiyasu H, et a. Identification of a new
cryptochrome class: structure, function, and evolution[J].
Molecular Cell, 2003, 11(1): 59-67

Wu YPB, Krogmann DW. The orange carotenoid protein of
Synechocystis PCC 6803[J]. Biochimica et Biophysica Acta,
1997, 1322(1): 1-7

Kerfeld CA, Sawaya MR, Brahmandam V, et a. The crysta
structure of a cyanobacterial water-soluble carotenoid binding
protein[J]. Structure, 2003, 11(1): 55-65

Marmur J, Grossman L. Ultraviolet light induced linking of
deoxyribonucleic  acid strands and its reversal by
photoreactivating enzyme[J]. Proceedings of the National
Academy of Sciences of the United States of America, 1961,
47(6): 778-787

Zhang M, Wang LJ, Zhong DP. Photolyase: Dynamics and
electron-transfer mechanisms of DNA repair[J]. Archives of
Biochemistry and Biophysics, 2017, 632: 158-174

Sorigué D, Légeret B, Cuiné S, et a. An aga photoenzyme
converts fatty acids to hydrocarbons[J]. Science, 2017,
357(6354): 903-907

Bhaya D. Light matters: phototaxis and signal transduction in
unicellular cyanobacterialJ]. Molecular Microbiology, 2004,
53(3): 745-754

Yang X, Kuk J, Moffat K. Crystal structure of Pseudomonas
aeruginosa bacteriophytochrome: photoconversion and signal
transduction[J]. Proceedings of the National Academy of
Sciences of the United States of America, 2008, 105(38):
14715-14720

Anders K, Daminelli-Widany G, Mroginski MA, et al. Structure
of the cyanobacterial phytochrome 2 photosensor implies a
tryptophan switch for phytochrome signaling[J]. Journal of
Biological Chemistry, 2013, 288(50): 35714-35725

Borucki B, von Stetten D, Seibeck S, et a. Light-induced proton
release of phytochrome is coupled to the transient deprotonation
of the tetrapyrrole chromophore[J]. Journal of Biological
Chemistry, 2005, 280(40): 34358-34364

Burgie ES, Wang T, Bussell AN, et a. Crystallographic and

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1586

TEY I8

Microbiol. China

(72

(73]

(74

[79]

[76]

(77

(78]

[79]

(80]

(81]

(82

(83]

(84]

(89]

(86]

(87]

Tel:

electron microscopic analyses of a bacterial phytochrome reveal
loca and globa rearrangements during photoconversion[J].
Journal of Biological Chemistry, 2014, 289(35): 24573-24587
Karniol B, Vierstra RD. The pair of bacteriophytochromes from
Agrobacterium tumefaciens are histidine kinases with opposing
photobiological properties[J]. Proceedings of the National
Academy of Sciences of the United States of America, 2003,
100(5): 2807-2812

Rottwinkel G Oberpichler |, Lamparter T. Bathy phytochromes
in rhizobial soil bacteria[J]. Journal of Bacteriology, 2010,
192(19): 5124-5133

Narikawa R, FukushimaY, Ishizuka T, et a. A novel photoactive
GAF domain of cyanobacteriochrome AnPixJ that shows
reversible green/red photoconversion[J]. Journal of Molecular
Biology, 2008, 380(5): 844-855

Rockwell NC, Lagarias JC. A brief history of phytochromes[J].
ChemPhysChem, 2010, 11(6): 1172-1180

Briggs WR. The LOV domain: a chromophore module servicing
multiple photoreceptors[J]. Journal of Biomedica Science, 2007,
14(4): 499-504

Metz S, Jager A, Klug G Role of a short light, oxygen, voltage
(LOV) domain protein in blue light- and singlet
oxygen-dependent  gene  regulation in  Rhodobacter
sphaeroides]J]. Microbiology, 2012, 158(Pt 2): 368-379

Herrou J, Crosson S. Function, structure and mechanism of
bacterial photosensory LOV proteing[J. Nature Reviews
Microbiology, 2011, 9(10): 713-723

Rani R, Jentzsch K, Lecher J, et a. Conservation of dark
recovery kinetic parameters and structural features in the
pseudomonadaceae “short” light, oxygen, voltage (LOV) protein
family: implications for the design of LOV-based optogenetic
tools[J]. Biochemistry, 2013, 52(26): 4460-4473

Los A, Gartner W. Bacterial bilin- and flavin-binding
photoreceptors]J]. Photochemical & Photobiological Sciences,
2008, 7(10): 1168-1178

Tyagi A, Penzkofer A, Griese J, et a. Photodynamics of
blue-light-regulated phosphodiesterase BIrP1 protein  from
Klebsiella pneumoniae and its photoreceptor BLUF domain[J].
Chemical Physics, 2008, 354(1/3): 130-141

Park SY, Tame JRH. Seeing the light with BLUF proteing[J].
Biophysical Reviews, 2017, 9(2): 169-176

Andersen LH, Bochenkova AV, Houmdler J, et a. A PYP
chromophore acts as a ‘photoacid’ in an isolated hydrogen
bonded complex[J]. Physical Chemistry Chemical Physics, 2016,
18(15): 9909-9913

Jékely G Evolution of phototaxis[J]. Philosophical Transactions
of the Royal Society B: Biological Sciences, 2009, 364(1531):
2795-2808

Dieckmann C, Mittelmeier T. Phototaxis: Life in focugJ]. eLife,
2016: 5: €14169

Sineshchekov OA, Govorunova EG, Dér A, et a. Photoinduced
electric currents in carotenoid-deficient Chlamydomonas mutants
reconstituted with retinal and its analogg[J]. Biophysical Journal,
1994, 66(6): 2073-2084

Kessler J, Nedelcu A, Solari C, et a. Cells acting as lenses: a
possible role for light in the evolution of morphological
asymmetry in multicellular Volvocine algaeA]//Ruiz-Trillo 1,

(8]

(89]

(90]

(91]

(92]

(93]

[94]

[95]

[96]

[97]

(98]

[99]

Nedelcu A. Evolutionary Transitions to Multicellular Life.
Advances in Marine Genomics, vol. 2. Dordrecht: Springer,
2015: 225-243

Schuergers N, Lenn T, Kampmann R, et a. Cyanobacteria use
micro-optics to sense light direction[J]. eLife, 2016: 5: €12620
Scharf B, Wolff EK. Phototactic behaviour of the archaebacterial
Natronobacterium pharaonigJ]. FEBS Letters, 1994, 340(1/2):
114-116

Wilde A, Mullineaux CW. Light-controlled motility in
prokaryotes and the problem of directiona light perception[J].
FEMS Microbiology Reviews, 2017, 41(6): 900-922

Losi A, Mandalari C, Gértner W. The evolution and functional
role  of Flavin-based  prokaryotic  photoreceptors]J].
Photochemistry and Photobiology, 2015, 91(5): 1021-1031

Yang H, Inokuchi H, Adler J. Phototaxis away from blue light by
an Escherichia coli mutant accumulating protoporphyrin 1X[J].
Proceedings of the National Academy of Sciences of the United
States of America, 1995, 92(16): 7332-7336

Liu Z, Zhang M, Guo X, et a. Dynamic determination of the
functional state in photolyase and the implication for
cryptochrome[J]. Proceedings of the Nationa Academy of
Sciences of the United States of America, 2013, 110(32):
12972-12977

Hwang C, Sinskey AJ, Lodish HF. Oxidized redox state of
glutathione in the endoplasmic reticulum[J]. Science, 1992,
257(5076): 1496-1502

Purcell EB, McDonad CA, Pafey BA, et a. An analysis of the
solution structure and signaling mechanism of LovK, a sensor
histidine kinase integrating light and redox signalsgJ].
Biochemistry, 2010, 49(31): 6761-6770

Moskvin QV, GillesGonzalez MA, Gomelsky M. The
PpaA/AerR regulators of photosynthesis gene expression from
anoxygenic phototrophic proteobacteria contain heme-binding
SCHIC domaing[J]. Journal of Bacteriology, 2010, 192(19):
5253-5256

Yin L, Dragnea V, Feldman G et a. Redox and light control the
heme-sensing activity of AppA[J]. mBio, 2013, 4(5): e00563-13
Tiensuu T, Andersson C, Rydén P, et al. Cycles of light and dark

co-ordinate reversible colony differentiation in Listeria
monocytogenesJ]. Molecular Microbiology, 2013, 87(4):
909-924

Niederman RA. Membrane development in purple photosynthetic
bacteria in response to aterations in light intensity and oxygen
tension[J]. Photosynthesis Research, 2013, 116(2/3): 333-348

[100] Gomelsky M, Hoff WD. Light helps bacteria make important

lifestyle decisiong[J]. Trends in Microbiology, 2011, 19(9):
441-448

[101] Avila-Pérez M, Hellingwerf KJ, Kort R. Blue light activates the

o®-dependent stress response of Bacillus subtilis via YtvA[J).
Journal of Bacteriology, 2006, 188(17): 6411-6414

[102] Akbar S, Gaidenko TA, Kang CM, et al. New family of

regulators in the environmental signaling pathway which
activates the general stress transcription factor ¢® of Bacillus
subtilig[J]. Journal of Bacteriology, 2001, 183(4): 1329-1338

[103] Jurk M, Schramm P, Schmieder P. The blue-light receptor YtvA

from Bacillus subtilis is permanently incorporated into the
stressosome independent of the illumination state]J]. Biochemical

010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



AEATUESE 20 R AR S RIS J

1587

and Biophysicad Research Communications, 2013, 432(3):
499-503

[104] Marles-Wright J, Lewis RJ. The Bacillus subtilis stressosome: a
signa integration and transduction hub[J]. Communicative &
Integrative Biology, 2008, 1(2): 182-184

[105] Hou S, Saw JH, Lee KS, et al. Genome sequence of the deep-sea
y-proteobacterium |diomarina loihiensis reveals amino acid
fermentation as a source of carbon and energy[J]. Proceedings of
the National Academy of Sciences of the United States of
America, 2004, 101(52): 18036-18041

[106] Shrout JD, Chopp DL, Just CL, et a. The impact of quorum
sensing and swarming motility on Pseudomonas aeruginosa
biofilm formation is nutritionally conditional[J]. Molecular
Microbiology, 2006, 62(5): 1264-1277

[107] Mussi MA, Gaddy JA, CabrujaM, et al. The opportunistic human
pathogen Acinetobacter baumannii senses and responds to
light[J]. Journal of Bacteriology, 2010, 192(24): 6336-6345

[108] Clarke DJ. The Rcs phosphorelay: more than just a
two-component pathway[J]. Future Microbiology, 2010, 5(8):
1173-1184

[109] Wijnen H, Young MW. Interplay of circadian clocks and
metabolic rhythms[J]. Annual Review of Genetics, 2006, 40(1):
409-448

[110] Ma PJ, Mori T, Zhao C, et a. Evolution of KaiC-dependent
timekeepers: A proto-circadian timing mechanism confers
adaptive fitness in the purple bacterium Rhodopseudomonas
palustrig[J]. PLoS Genetics, 2016, 12(3): €1005922

[111] Johnson CH, Stewart PL, Egli M. The cyanobacterial circadian
system: from biophysics to bioevolution[J]. Annual Review of
Biophysics, 2011, 40(1): 143-167

[112] Johnson CH, Zhao C, Xu Y, et a. Timing the day: what makes
bacterial clocks tick[J]? Nature Reviews Microbiology, 2017,
15(4): 232-242

[113] Paulose JK, Cassone VM. The melatonin-sensitive circadian
clock of the enteric bacterium Enterobacter aerogenesJ]. Gut
Microbes, 2016, 7(5): 424-427

[114] Wang YZ, Lin W, Li JH, et a. Changes of cell growth and
magnetosome biomineralization in Magnetospirillum
magneticum AMB-1 after ultraviolet-B irradiation[J]. Frontiersin
Microbiology, 2013, 4: 397

[115] Li KF, Wang PR Chen CF, et a. Light irradiation helps
magnetotactic bacteria eliminate intracellular reactive oxygen
species]J]. Environmental Microbiology, 2017, 19(9): 3638-3648

[116] Li KF, Chen CF, Chen CY, et a. Magnetosomes extracted from
Magnetospirillum magneticum strain AMB-1 showed enhanced
peroxidase-like activity under visible-light irradiation[J]. Enzyme
and Microbial Technology, 2015, 72: 72-78

[117] Kreutel S, Kuhn A, Kiefer D. The photosensor protein Ppr of
Rhodocista centenaria is linked to the chemotaxis signalling
pathway[J]. BMC Microbiology, 2010, 10: 281

[118] Galvan A, Stauffer WR, Acker L, et a. Nonhuman primate
optogenetics: recent advances and future directiongJ. The
Journal of Neuroscience, 2017, 37(45): 10894-10903

[119] Masuda S, Nakatani Y, Ren SK, et a. Blue light-mediated
manipulation of transcription factor activity in vivo[J]. ACS
Chemical Biology, 2013, 8(12): 2649-2653

[120] Schierling B, Pingoud A. Controlling the DNA cleavage activity
of light-inducible chimeric endonucleases by bidirectional
photoactivation[J]. Bioconjugate Chemistry, 2012, 23(6):
1105-1109

[121] Nakajima M, Abe K, Ferri S, et a. Development of a
light-regulated cell-recovery system for non-photosynthetic
bacteria[J]. Microbial Cell Factories, 2016, 15: 31

[122] Hirose Y, Shimada T, Narikawa R, et a. Cyanobacteriochrome
CcaS is the green light receptor that induces the expression of
phycobilisome linker protein[J]. Proceedings of the National
Academy of Sciences of the United States of America, 2008,
105(28): 9528-9533

[123] Abe K, Miyake K, Nakamura M, et a. Engineering of a
green-light inducible gene expression system in Synechocystis sp.
PCC 6803[J]. Microbial Biotechnology, 2014, 7(2): 177-183

[124] Badary A, Abe K, Ferri S, et a. The development and
characterization of an exogenous green-light-regulated gene
expression system in  marine cyanobacterig[J]. Marine
Biotechnology, 2015, 17(3): 245-251

[125] Miyake K, Abe K, Ferri S, et a. A green-light inducible lytic
system for cyanobacterial cellg[J]. Biotechnology for Biofuels,
2014, 7: 56

[126] Tabor JJ, Levskaya A, Voigt CA. Multichromatic control of gene
expression in Escherichia coli[J]. Journal of Molecular Biology,
2011, 405(2): 315-324

[127] Gambetta GA, Lagarias JC. Genetic engineering of phytochrome
biosynthesis in bacteria[J]. Proceedings of the National Academy
of Sciences of the United States of America, 2001, 98(19):
10566-10571

[128] Lu AH, Li Y, Jn S, et a. Growth of non-phototrophic
microorganisms using solar energy through  mineral
photocatalysig[J]. Nature Communications, 2012, 3: 768

[129] Deisseroth K. Optogenetics: 10 years of microbial opsins in
neuroscience[J]. Nature Neuroscience, 2015, 18(9): 1213-1225

[130] Kim CK, Adhikari A, Deisseroth K. Integration of optogenetics
with complementary methodologies in systems neurosciencelJ].
Nature Reviews Neuroscience, 2017, 18(4): 222-235

[131] Pomeroy JE, Nguyen HX, Hoffman BD, et a. Geneticaly
encoded photoactuators and photosensors for characterization and
manipulation of pluripotent stem cells[J]. Theranostics, 2017,
7(14): 3539-3558

[132] Marton TF, Sohal VS. Of mice, men, and microbial opsins: How
optogenetics can help hone mouse models of mental illnessJ].
Biological Psychiatry, 2016, 79(1): 47-52

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


