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Fig. 1 Models for causing surface waves and swimming of marine Synechococcus cells
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A. The process of calcium depolarization may serve to generate local swellings and waves on the cell surface, and the waves propagate along

[14,16—18]

the surface to produce driving forces; B. Cytoskeletal protein complexes form a continuous helical track in the cell, and motor protein
complexes form transmembrane structure which links cytoskeletal protein complexes and periplasmic space motility related protein
complexes. Motor protein complexes travel along the helical track and drive the periplasmic space motility related protein complexes to
cause deformations and local swellings of peptidoglycan layer and outer membrane, and subsequently produce surface waves and driving
forces to propel cells to swim
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Fig. 2 Photosensing signal transduction pathways in phototaxis and synthesis model of type IV pili in Synechocystis
a2 5415 53 FRABROEIRE 5 IR R IVEE B A M. PixJ1. UirSHIPixDI AT 454 & G R POLIRGE 5B E 54T
It id . PixJ1WABG IS 5 W] Rel i 5 il £ R BT 7E #R 7 vh HeAh 2 70 28 A ELAR Y, SR 20 B IRk 8 EChe YRR H
PixG J¢PixH. PixGW BE@Id SPiIBIAHFLAE IV B4 . UirSERRDGHE 55 W E BERR AL, JF A BRI 154 2 UIrR,
UirRB IR A6 5 7T LA S0l LsiR 9 i 45 (Rl 42 18, LsiR ] 8@ 1 SPilB UM FLAE H R4 VAL B4 il PixDEKR OIS 5 5 Uk 5
PixEFIHI B AR J7 30, PixERT LS PUB T AR AT EEIV R B A K. PilG-PilJ XPIIL-N. PilL-CHT R HI{E 5 ¥ 3 0¥ 5 PixJ 1 (L
L, HIZIEE TP b BB R A . PixESPIBIAIHI AR A SEIRIESE, A SRR, JEARCheY MU E H 5 PIIB LA A 1F
RPESEIAUESE, F LR - PilC, PilM. PIINAIPIOAE BB _EJE IV 3 B 5 B & 461 &, PIIALEPIIDIK{E R 7 s 3 &
TEE, TEPICRAR IRV AL B L, @ PIQTESME FIE R Z SARFLUIR IV AL B B 2 a4k PIIBURIPIT/E NATP/K i B,
T UAE N AR 40, JE S BUR IV R B & S 4F S EAE, AR B K4 it ftae . Hiqrl LA SPUBAHEAR M, 4B
PilB I IV A B B fif i<
Synechocystis cells sense and transduce light signal to regulate the synthesis of type IV pili through several pathways. PixJ1, UirS, PixD
combine chromophore to sense and transduce light signal to downstream pathways. PixJ1 senses light and interacts with proteins encoded by
genes in the same operon with pix.JI, and transduces the phosphate group to CheY-like proteins PixG and PixH, then PixG may regulate the
synthesis of type IV pili through interacting with PilB1. UirS senses light and causes self phosphorylation, and transduces the phosphate
group to UirR. The phosphorylation of UirR activates transcription of /siR, and LsiR may regulate the synthesis of type IV pili through
interacting with PilB1. PixD senses light and changes the way of interaction with PixE, and PixE can regulate the synthesis of type IV pili
through interacting with PilB1. The signal transduction pathway composed by PilG-PilJ, PilL-N and PilL-C is similar to the pathway
composed by PixJ1 and related proteins, but it lacks light sensing protein. The interaction between PixE and PilB1 had been confirmed,
marked with solid line. The interactions between PilB1 and other CheY-like proteins still need to be experimentally verificated, marked with
dotted line. PilC, PilM, PiIN, PilO form platform complex in plasma membrane for the synthesis of type [V pili. The mature pili subunit
PilA1 was formed through processing by PilD, added to the pili base at the position of PilC, and extended out of the cell through the pore-
like structure of PilQ polymer located in the outer membrane. PilB1 and PilT1 are ATP hydrolases, and form hexamer structures, which
interact with platform complex, and provide energy for the elongation or retraction of pili. Hfq assists the elongation of type IV pili by
interacting with PilB1
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5 5 g EL AT R A A 2 P 4H R (1 0 K i T
TR ) HH R 4% G i 4K E BN 15 5 7 T A R 1 AL
ZHhb, B EAE . PLKIAE N, Rl
iz 8L #2 +h HAAMCP(Methyl-accepting chemotaxis
protein)-signal Fl TarH 45 #4358 1) & (1 38 i 5 Fl A4 (1k
BRSNS EA)ESE NS H SIS
TN AN AL 2 ik P AR Ak, di itk Che W (Chemotactic
W) 5 B A 20 % TR B 45 H 38 nT DL B R 1L 1)
CheAM HAEH, {218 CheA H W21k, Che AR LA
T B2 Ak 3L A1 4% 33 45 Che Y, BERRAL I Che Y 7T LA 55 48
B3I EE AR EAE R, A HE R B 5 1 i R e
Az BN I7 A, B 7% (R 7% h PixJ 1 (Photo-
taxis J1)/TaxD1(Chemotaxis-like D1) 5 PixJ]2#8 &4
MCP-signal 25 #445k, 1% 45 K438 7E 240 1 i 1k 3z 2 il
i R A B 2 R AOIR S AR 88 A0 A BT R AL 22
R AR T, (HEEER T A1 L K BLPixT LRI
PixJ2 T & MCP-signal 45 #) 35 H fif /b 1 56 4k 1l 2 HR
FAAH R B UA KRB TR AL A, &5 B SR M R AR
PRR I o3 BT Ut B i 45 A 3 TR SR i ks
BE TR R R i AR, H ARG5S
B SMEE e A EER . PixITEE 2SR
gERIIR, FTREE AL T AT IR b, X A5 KT
HhER N A0 FAE 2 P A FE ) MCP-signal fl TarH

2E MR A (19 4N Tar, Taxis toward aspartate and re-
lated amino acids)Z5 1L, {HPixJ1 7% GAF(cGMP-
specific phosphodiesterases, Adenylyl cyclases and
FhlA, GAF)Z5 W48 0 7] 25 & K o, i B 6 A 2
Jt, 1X 5 Tar & 4 TarH 45 #4350 45 & Tl A4 B 40 54K
SR PEAR Y, B HHZIE R PixI(TaxW 1)
5 CheW Y&, pixI (taxW 1) G753+ A~ 52 1 52 o 75 40
Miadtizsl, v AR B G E sh (5 S L
R IFEL 7 . PixL(TaxAY1)5 Che AR, PixG
(TaxP1). PixH(TaxY1)5CheY A, HiX3/4HEH
o5 1) 35 R A0 A 4 Ak et e g s 7Y B ax
3N EAMLEREECEEE BT R LTHR.
PixG(TaxP1){E W B T PatAR R H, BR 7
CheY E.f ffJResponse-reg 45 #3841, iE & HPA-
TANZE I8, 1% 55 M4k ) B AR D BE ik A 2+ 701
2, R ATE R S XA M PIxE(H B T
PatAZ R B, T ICHEAN ) AT DL AR U e IV Y
W A B3l 71 B A PilB 1 ELHAH BLAE FH, 4% IV A
T B A S B 5 Y, S A A T H Pat A K R
HEHGIE 3l BT AT D BE S AChe Y 7E K T T
BEsih e, eSS 53 T EA N E
BiOLBE. PixJ1(TaxD1). PixJ2 (TaxD’l). PixL
(TaxAY1). PixG(TaxP1)F1PixH(TaxY 1)n] LL7E£E
Jf i O UG AE S e T e, R s IV A
BH AL A G IEEh AT . AR S 5l
B TP AT

MR A b g b — > WD 52 4K 28 I PixD
(Phototaxis D, Slr1694), i%#& H & A BLUF(Blue-
Light Using FAD)&5 435, 7] LAZ5 & FAD(Flavin Ade-
nine Dinucleotide)/ R R R R 2
1§ B2 i 8 7 45 55 5 Y6 [ 015—100 wmol photons/
(m’'s) 1%, 50.7 pmol photons/(m’*s) £1 3%, 85 pmol
photons/(m”-s) LI #OG 5G] IR R P AL i
Jtizgl, M A R A AR AR [F] S A T Bk AR i
BT B pixe DI TR SR £ i % 4T M 2 55 B
IS T P ARG S E S S . PixDIE NI
FeBZ Ak, B R A M pixD 1E FLN 556 JE 2% 1
TR SpixJ1 RARREM, (BE SPixI{ETHIZESH
NGB 3 G 5 5 S HLE R RN . RN A&
PRANEE A B ] SE 50 45 SR 389, PixD W] 5 1 B
FE[K 9wt 25 H PixE(Phototaxis E, Slr1693)#H B.AFE H,
HIHEAET G AEm A2t . 12 B 2%
R, —F ] JE A PixD, o-PixEs(EPixD-PixE,) &
A 242 3K [£9997 umol photons/(m”s) 6]
MRS 5, 1252 & 1 A 3R 9 PixD — SR 4K Jt Pix B4,
I 7 PixD 5 Pix EFE AN [R] ' S5 A1 1 9 LA 5 34
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EHEEL B IE S e E SRR AR HETD)
el B AT PR, 7£80 pmol photons/(m’-s)
B EHRS R, pixE BB KpixD E- W FRAE
PR35 5 B A Rk R AR R RIE 3, T a1
pixD GBI ' EIZ B, 15243 pmol photons/
(m’-s) W5 IR 4 00 R B A T A v 4 % AE s
), MpixD E MREMSKEBIGIZE), 46
PixD5PixEXEA R & AF T i 2= e BAE 7 =X, #E
IPixE 544 %5 B /2 40 M AE 500 6 R 26 R BB
e G IE B ) B R R Y, 7 B [ A
§9I5 [180 pmol photons/(m”-s) BEA (5], B A A
Y1 i N PixD 5 PixE4s K 2 % DL A R T A7 1E,
B PixETG i 5 IV AL B B & ksl 71 8 I PiIB LAH B
1R, 20 P9 O 2R 1 (AT RE I Pixd 1) B (Y
BB ES SRR RAENRERZVEEEAE
FEIE— & AR 38 22, (24840 i % AR e IZ 3
M AEAH [ 250 F, pix D B 2 15 98 7% % 41 i 8
PixEHLRS B39 0, PixE e o T 4H it 5 58 J& [l mT LA
B PIB UM EAE, AT %4 i 2 2 IV AL 1E
BEN MG I L, ik E s,
X b 555 B0 S B S, 7 00 5 i W Y R S BN [
243 pmol photons/(m’-s)], B 4 71 42 g 35 Py Pix D/
MW E SPixEME R, PixER A& B NS5
PilB1AH FLAEH, M40 R 2 IV A i B 1R TS
e — MG A x4 2, Gl Rk AR B RIE 8. 1R
WM, pixD E- IR R4 N & 5 1 (T
RENPIxI )R RDOGIRME 5 )5, W55 5 F @i
YN IR 2 IV 2 B B AR HR — & A X 4 22, 4
M A YIS Bl . I A A T 2 K P RO S
U gt AR AE B B85 5% [1200 pmol photons/
(m-s) B S S5, T A4 70 B S 0 A7 2 % A4
HIBEN, MipixD ™ S8 KRN M AE %W 6 B 5T 41 K
BEATLES S, K I HAE B U7 a7k, 3 B PixDTESE MY
N AR RN R R O R AR i sl FE R B &
FAEFA . FEAZSAE TR, B A T S A O A s
FEIE BN AL O] B 55 75 B0 % 56k R > R A e 240,
M pixDFRAZ Ja AT 20 B AUk A= B LS B, T AMEAE
AL G AR T I R A BRIz g, rE AR IS
MINLEI I ANTE 2 . Zi A Bk a5 T S, 45 38 o %
AN TR 6 5 55 0 i T A HH 1) 4 e A o Bl S E B 1Y
LR TR S b S NEID R = )
A PixD 5 PixERY HAET7 30, BE 1K %5 1 17 Pix B
5 IV &G sl 1 E A PIBAH EAEH, A
T Y42 TV B TR B 7E 40 M 38 2 1R 20 A 18 O, S BN
TEARF A T M sEEs). ZE5H S8
HAREASESBRAESEL AW EMNE 2K

I3 = £ R 1R 4% A B s B S 5 e Tl i
ANTE], J2 £ M T S id N AR 5 5 28 A 1T TR 1B
PS5 5 il .

EMBENA B DR FsIr1212-
sIr1213-sir12147E &N UV-A(Ultraviolet A)Fiff#%
Y iz shid #E i R HE B, 1R DR i = R
5 A 44 NuirS-uirR-1IsiR, Fo A AT — N3 K] 548
B2 40 g ] BRI UV-A [25—100 pmol photons/
(m’-s)] FR 57 638 Bh (R ez 3h), 1 B 2 0 2 e 35
YN AR AEAH Rl 45 2F F IR UV-ARR 5T 5 77 m)328 3 (B
BN, ZESHSRRR T MK TS S
Fi&1%, UirS(UV intensity response Sensor) il &
AN P5 B S5 ek, HED AT B8 € A T 40 M B L.
HEHAGAFE M, W LLG & K AR E KM UV-
AERE )RR, UirS R4 A HisKA
HATPase-c4h #48, 2 I 45 )38 i) 25 1 38 m]
DU R SR IRk B B SH IR ZE B IR AL, FF
1% 15 BE i IR At [ % 7 31| L Response-reg 45 435 [1]
HEP . UrRNAraCH I F I TER T, & A Re-
sponse-reg fTHTH(Helix-Turn-Helix) 25 ¥ 3. &H
FHHAE H SE88UE B UirS 7] LA 5 UirR(UV intensity re-
sponse Regulator) & £ A EL 1 FI™ . 1235 K % v 4w
917 53 #b— /& H LsiR(Light and stress integrating
response Regulator) NPatA K ik & 1, 75 H Response-
reg M PATANZE #4512 5t A PixEC WE L A LA
HAENEIV A E B S a1 E A PIB A AR,
AR R R IV B B & R sz 77 ™,
MLsiR S5PixEINAEIAL . 31l S U0 K WITESS umol
photons/(m”-s) ELMUV-A R, wirSFluirRIEE bk
W siRFRIE T 0 AR T B A Y, Ui B Isi R SR AR 2
RASKRAE LM F ez EERE™ . &4
DA 92 25 SEHEN, 7E16 pmol photons/(m”-s) H A
4596, 4EE<5 pmol photons/(m’-s)UV-A JE 5 i,
UirST] LL 5 UIrR{E Ui _EFE R A48, I UirR
R G BN ZHERR T W IsiREE R B 37X, filsiRG
AR R D RE, AR &L Is s R AL
UirSHE UM 5EUV-A [25—100 umol photons/
(m’-s)] TRST G, M5 5 A4 50 9F Kk 2E B R Ak,
UirR %> 5 UirS 73 & I B R J= [ 56 # 22 UirR "' Re-
sponse-reg4h 135, P UirR¥L sy 14, UirR 45 & 2
IsiRJE B X A e s oh g™, & i LsiRid it
H5IVHEEES K3 /I EAPIBUAEEAEH, i
VAR B AE T LM B & & B R A 88 5
YRR T SR TP — L HAR G ] 40 UirS
(1) B B RR AL LA AR B IR 2k (4] [ UirR (1) 7% #2, LsiR5
PilB 1A B A 0 5 ot — D AE Sk
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A5 i 7 s 8 7 S i . R Cph2(Cyanobacteria
phytochrome like protein2) i Jk K 54 i 41 ffd 2
[ LA 9% Y% [0.45—1.3 pumol photons/(m’-s)] B{UV-
A [10 pmol photons/(m*-s)] B 77 538 50, iff BF2E
VG0 B A2 A ) 2% A4 T & B ANB), ik B Cph2 7E 411 4
0 ) LA 5 ' A UV -ATT )38 Bl 1k 2 v R 45 T
el Cph2 [N GAFSE Hy Ik ] 45 4 % 6 1 J5
M 2156 SO 410, ComGAF 45 M3 4 & ik ta 5
Wi 7 5 % 40" RN Cph2 B Co B A
59 BRI AL I 25 M 3 GGDEF A Pk — & BR T R
Figi g 25 F SRE AL, 3X AN 45 K380 0] LA 43 A it 4>
=R 5 1F(GTP, Guanosine triphosphate) 44 T i
c-di-GMPEIAME — S FRIKF Y 2k 53 15" -pG-
pG, MR E AL = SRR, i
FHIAL T Cph2 CHfit IGAF A GGDEF S, ¥4y 38 m] LA
82 36 J5 A c-di-GMP 5, 17 P9 e-di-GMP &5
B2 3nH i 5. Cph2 i & EALSS gt my
LK ffc-di-GMP, PRI ED" . Cph2ifid R G
155 1A GGDEF A E AL A4 1% P 4% 1)l P c-di-
GMP & &9t 1M s i 40 iz zh . 3 I 9t 36
Cph2 7] LLiE i i 4% B PN c-di-GMPIR £ 52 i is s A
S HERIZ21k, 1E5 umol photons/(m’s) 14 3 1 5 &1
T A TR AR B 8 P e-di-GMPYK E %S umol photons/
(m’s) GRS 4 F 525 b FF, pilA5-pilA6FER %
KR E NI., pilA9-pil AV 1 RiL B B3 BTV, Wicph2
FAFPRAE AR [F) 264 T B Y c-di-GMPIR B AR K A i
AN, B A Y A0 £ D IR IR 2 B A DG R R R
A 2R P SO T S 40 M3 3 47 R IR AT
c-di-GMP & & Tt i Ja Ui e 41 i) 42 /it 3 240 i sl
BURIFEATE R . £ RBFFEH, YegRE A PLLE
4itre-di-GMPJE 5HEES) ) 8 S BAEH, FRACHE
BB R, AR A EEY cgR R
T, WRA R T RIEE3AH & A1l DL Gre-di-
GMPHIRIE . TEEELINE (Vibrio cholerae) it 7t
& BIMshE(Mannose-sensitive haemagglutinin E)%
ATPHERT L Hc-di-GMP&s &7, 1% 2 11 764 M5
rh i[RI 2 B O IV A B 5 sl 7 B B PilBI,
IHEHEN c-di-GMPIE T 5 PilB145 4 5 M PilB1 D fig
J IV BB A Rl T 52 e 4R M is Bl . 3 R AT
< BIE M5 SIrl 14348 [ & GGDEF 45 M4 3 n f
Hc-di-GMP & ik, %45 #3187l 5 Cph2 1 CHi GG-
DEF N EALZE RIS AE A HAE T, sir1 1435878 )5 4
3 TI] 7E % 3 [40 pmol photons/(m’+s)] £ 7%(640 nm)
M R AEIGIZ B, T 1% S5 By B A 1Y 4 i 5
PRAEMIR 261 F A2 R Bz, Sir1 1431
Clit &5 1 GAF & 35, H & 15 W] LGS & K ¢ [ i J3

LLICIEANTE R, HAE LR 21 BG4 1F T 3k 40
W32 B AL 75 ZEdE— PR A

Zx AT, 4R M N O IRE 5 R T 2 RS
S SIBARE S NMEIE, A IRENEE
A 5 43 A 3R i ) 41 i s B B Ak (o i
Cph2# il Jfd 4 c-di-GMP &5 5 1 #2) 5 AF ' 5 il
JeiE (Wil PatAX R A PixE. PixG. LsiR5
VAL B A Rsh & APIB UM EAE F ). Bk
B ESHRFER A EETHEVEEES
BRCEE I Pi1B 1S B0 4 i 8 84 s 1 %, BF 5 3K 0
PilB 1 7 4 i 52 gl 72 vh s 4 T3z 30 5 1) — U 1)
4 M R o, 150 B PAIB 1 E 41 B N 1) 58 57 X6 41 i 5€
ot BB B B AT N B A EEAE MY, R
IV B &R R HEAPITIE RS
FESHFRAEPFEL DA, EREDE
EAE—PIT1EYEE A PIlT2, PilT24m 5 5 K 5848
JE LR B0 (R % 1 R 2 R EkiE 3
M PIT2A B AN E B 25 a3k, ILRZma 40 i ez 3
FIPLEIE 7 EE— DR . ElES SEtE)
B S5 SRR L IEEER 295 .

®2 KEESSEAEHRASESHSERRINGE
Tab. 2 Genes involved in light sensing and signal transduction of
phototaxis in Synechocystis

HRgis  ERAK

Gene code  Gene name
Z 5i@nigs)

Eq=Ead ke

Domain

IRettid

Function

BOGFHER
pixJ1, . BNESN, 55
5110041 taxD1 GAF, MCPsignal iR
TR LG 21
GAF, GGDEF, W4,
sH0821 P2 pALIPHY G A
UV-Aig3))
slr1694 pixD BLUF eIz
GAF, PAS, EUV-A L5580,
sir1212 uirS HisKA, Z5UV-ARGT
HATPase-c 1B B
Z5iaias)
E5HFER
$110038 pixG,  Response-reg, iz (= ik

taxP1 PATAN

pixH, i e 2 L
5110039 e Response-reg  EHIEFNEFTHS
5110042 PR MCPsignal EE S B S
il CheW, Response- o
5110043 pxb, regHATPase-c, FAIGIBBIE 5H S
taxAY1 Hpt
e N Ry
slr1143 cipl GAF, GGDEF gi;jﬁfﬁgxﬂ 55
. Response-reg, M35 g
slr1693 PIXE PATAN HEGIEENE T3
. Response-reg, i 1,
siri213 Wirk — HTH18 HeiBhfE G
. Response-reg, SR M 32E e (2 L
sir1214 IsiR PATAN BOLIBEESHT
111533 pilT2 T2SSE, AAA-16 BEHIEFNETH T
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Hit i REshAXER £ M
AFAE — SR B i ) i B AR H, XL
HAHANEES SV B H R Rl 2,
H X 28 1 AT DU 3 s a0 o Jm K P B 9 B
2 51V AL B B 1) 2 R el 3 TC £ A R IE A T g,
#2525 A s 3 i oAb 1R . X E
O e 55 KT 1) R A 5 2 A 4 i v 4 A2 2R B Bl g 7

Sigma[& ¥+ Bhaya% it 42 i 7% P SigF
(Sigma factor F, SigF )%} 4H iz 5 & 0 75 W, sigh R
ARHR T IV BT B 4L R R PLA 1 2 i JE R 305 B
FPRA, AR IV BRI R, 4t kizs)he

PREBIMUBE N  AMPIREIBAEIBIEEF 4
38 SRR AL Cyal (Adenylate cyclase 1, SIr1991)
KA 2 40 Mg SR e ig B e 1, TAESMEAR N
cAMP(Cyclic Adenosine monophosphate)/&, cyal 5
BRI R OB BN RE ), Ui 28 (5 icAMP & iR
H IR BECyal 7E R i 40 fia iz 3 Jy i BA 5
ThRe" ", £ cAMPSE A HSycrp 1 (Syne-
chocystis cAMP Receptor Protein 1, Sycrp1)X}4f ffg
ZEE RV EMNY. SycrplfE HCRP(cAMP Recep-
tor Protein) Z< ik i S I #5 K+, &% 1 c-NMP bind-
ing# #4358, S HTH(Helix-Turn-Helix) 45 35, 4452
16 X W Sycrp1 ilc-NMP binding 45 #3187 LL&E &
cAMP" ", sycrpl TAE Bk A 4R T 40 35 B
MREERNTHEFAFEZE TR, — /N RERD
IV YR = /D 5 1 B W2 B W pilA9-pilA10-pilA11-
sir20 184 7", %I F HPIIA9. PilA10FI
PiIAIIEH#%Z 58| IV EHBRRLRE . Hoh—
A FEslr1667-sir1 668FR N T, L IR 5 I PI>2k
3l % NeceSHleceP, X AN R (1) RAZ R R
JEIVRI R ERUR m 9F Bk T isshae 1",
RIE AR S ARUE CecSEE B AL T 4R =,
CoeeP 3 BUE A T8 T 25 H], 3X 24N 81 7] Rgxd S
EANEZ ST R A BRI
KIISIr1668 7 BefF N —ERe iz KRG EEH 73 x)
ARV RSB B IR W AE Y. Syerpl AT LLE
P45 5 Bslr1667-sIr1 6681 M T J8 3 T X I 5 1%
BT HRIE" ., ERE S AEE A 5 Syerpl B
55 15 [F) YR M 1) 25 [ Sycrp2(Synechocystis cAMP Re-
ceptor Protein 2), 4525 F W Sycrp2 H1c-NMP
binding %5 M1 C 1% HcAMPZE &, (Hsyerp2 5848
trth g iz s it . H- Sk
B sycrp2 83 Mk F pilA9-pilA10-pil A11-s1r201 84
TR B2 R, HSyerp2il LA 5 Syerpl &4
HEAEH, Sycrp1 7] LA E #5245 & $pil49-pilA10-
pilA11-sir2018#R T 5 3) T X, Sycrp2 55

Sycrpl VLI = AR 3L M i % 3 7 3%
ik, TR NEE Tt R S 4 B AT A,
cAMPIE T 5 CRP ik % s 4% K+ Sycrp 1 45 & 51
TR 52 ] IV B B 6 A i AH 5% 2 PR 5% S 7K1 1 428
FEcAMPIE S I EEECIZ BN — Sk H 2R T .
=SS ER LI A E AR —
RO Fslr1041-slr1042-slr1043-s1r1044, 735\ 5 44 1
pilG-pilH-pill-pilJ . ZIRIT A S EE R R AL 255
M 240 0 5 2 TV 700 1 2 PR Bt 17 5 0 4 35 O
Hrbpil GFRAF AT MLIZ BN B J19k 53, pilH . pil IR
PilJ R AT MM RIS BN e ), pil HFEAL 2> fH 48
W22 2 IV B L | pil IR pil AT 4 A i R )2
VA E 22w A", PilGE T CheY 25 1,
It HJE FPatAR R E A, PilHE T Che Y K AE A,
PillJ& T Che WKL 2K 4, Pill N & 4 MCP4S )  2
H, ZERN T b & AR S pix 2 12K
oL, R D B RO S B, R A s B AL |
T — DTt A, MR B B A [RIE P EEXT,
A8 M3 PALL [R) V5 2 5 El P A i S T 758 158] 155 AT 2
i, 73 9 &2 pil L-N(s1r0073) M pil L-C(slr0322) . pilL-
NER AR G MR 2 IV AL B3 2, 41 iZ3)
fe 7132k, pilL-CHE R A % B IV AL
B LTk, iz shae k"™, PIL-N& A
Hpt(Histidine-containing phosphotransfer)45 #1, 1%
SERIE (R 5 3 S I R P B IR L A e B I A
HORFEZE/EM . PiIL-N% 45 H-kinase_dim, HAT-
Pase c M Response-reg#ti 44, iX e &5 /I 7E —JufE
S S R A R RO R AL, B B IR L IR
BRI R TTR A BEDRE. XA E AR A
EFE e B2 i R IV B B B S RO R e 41 IS B
AR ABCHIZ T 2%/ 2R E N
WA R AT RE B . BhayaZe ! R 4 e 1B
BT N R A% T7 U AE 46 M i v i ik B11R 2 i k8 3))
BE B PR 2R A bk, 1 S 5L (R A0 $E 5110058 5110415
sl0564. s110565+ slI1575, sir1301. sir1964. sl0183
His10301 . H AT 7T LH A O¢ T 5 R AL 2 BUE
i 75 4 it 4% 2K 3z B e ) B ARE, 5 ans 171384 A1
slr14431 1 i e B R 3 S AT AR R KT R
S110058J& T 71 ¥ 18 & 1 Hsp70( Heat shock pro-
tein family 70)ZX %%, SI11384J& T4 F 145 2 1 Hsp40
( Heat shock protein family 40) 5<%, iX 4™ 8 H 7]
RE & 2B AH HLATE FH I 3L A 52w 48 B ig B A O T .
S110415)% T ABC(ATP Binding Cassette)¥% iz ¥, 1E
Mg S S S IS SR E . SI11575
(SpkA, Serine/threonine protein kinase A)#l
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SIr1443(SpkE, Serine/threonine protein kinase E)J&
THZAEW 2 H W AR E A M EIEA,
sI1575 78 o3 A% i A 2D 58 1R 6 I 32k 2 i 25 AT 45 0
FpilA9-pil A10-pil A1 VLR /K- 25 7T 1, 1281 52
izt Y, slr1443 578 2 R EAPIIA T ER
HIR/D, RIS 1443 0] BEAERNIE f5 K SF 5200 IV 2 B
B A T iz . S10564/8 T2
Fift FH L B B ISRV (1 - S110565 % At J2E [R] 75 2 [A]
A7 T-S105649m A4 K H R, SI0565 5 & 5 2 IR
MA BN . SIr1301E &/ 2 AN 2 Wiz, I
A DUIE B2 26 Bl 45 4 . SIr1964 ' & 45 & B -
SI0183MIS110301 %A TLAKE B 45k, XL EH
ZHJE T DRe AR ME A, & — 2R MRS58,
L5 41 12 B () AR ML 75 EE 2P A
23 EBIkE25EXEEXERREERNE
BRI CIZ LR TR /D, YangZ™!
MNEF RS b 3 B 31— Bk B BREEUTEX 3055 9%
B BIHLE AT TIRAIF 7. BEREEUTEX3055
SN 5 R BREPCCT942 M1 UL 7598.5%, {H
5 IRERBEEPCCT942A e K A 18 B AN [F], 1M e ] LA
RAEFEE, ZEERE A BN R
P I 3 R R UTEX30550945-0950, X 1% 4 (1) #
JeiEEh BA EEAERC. 1%L % S A M hsli0038-
sHO043JE R TR, Frdmit R (NS 5 K ue gl ik
Wiz s FE FYE & H, HH UTEX3055_0945-0946
ZifidChe YRR 1, UTEX3055 0947. UTEX3055
09504 i Che WAL R (4, UTEX3055 09484 i1
HAMCP K GAFF45 M8 1, UTEX3055_0949% 1%
CheAKMIE ™", UTEX3055 0945-09465 75 4 il
R HIZ EBE 11, 7E50 pumol photons/(m”-s) H ]
S iGEE S Ca )P NP/ a2/ M e seit
AR LEAE R A 0F T R Bl ks sh Rt 54
Jl 5511003 85110043 F [K] 7% Hh AH G B PR 98 4% fig 3R 1Y
AN, UTEX3055 0945-0946 5875 20 i I oK J& 31
iz shF MY, UTEX3055 0947, UTEX3055
0950548 F AR MLz shae 1™, UTEX3055_
0948 5 UTEX3055 0949545 J5 4 B /E50 pmol
photons/(m’-s) B [ 5 HR 5 56 11 32 26 15 )
fe 1, HAR R BB &R0 UTEX3055
09484 i 2 4 5 4 fu 9% 1 PixJ 1/TaxD 1 FAH FHEA
HHIE, UTEX3055_0948%% 5% & FINi & H 5N GAF
(YT GAF1-5)45 38, H AL & 75 R 0 [ 45 4 S sk
5675 THI 2 4% B AR PR W A e e ik T, 1k
AhFRIEGAF2 R B 1 DL & A (o1 o7 5 6 Fi 4
FBYL i 4 A RRA R FI GAF 45 M R B, TRIN i
BRSANGAF 25 A il 5 UTEX3055 094845 £ 7Y

—3Y, 4 fI7E50 pmol photons/(m”-s) 5 (5 3% HE 4
FM AL RAB B EIZ5), B R GAF4
ol [7] i R B GAF 4 J2 GAF S 20 i 78 B (5 e R i 2%
P kARG IE B, R PR GAF1-38LGAF2-4 5%,
GAF1-45LGAF1-3, GAFSI L TE 51 (1 )6 HE S 251
RIS B A BRI S IR, W R Bk
FUTEX305538 5 1% UTEX3055 0948415 2 (4
AN [F) G AF 25 40 35 1 T /6 18 1% 400 it A6 B G BB '
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Fig. 3 A model diagram to display surface waves producing by
sliding filamentous cyanobacteria cells
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The oscillating fibers locating under outer membrane of
filamentous cyanobacteria cells can contract and produce waves on
outer membrane and surface. Cells can move in the opposite
direction of membrane waves. Thin black arrows indicate the
direction of outer membrane fluctuant waves, and the red arrow
indicates the direction of cell movement
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Fig. 4 The slime extrusion model diagram for gliding in
filamentous cyanobacteria
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Helically arranged oscillating fibers are located in the outer layer
of cells. The junctional pore complexes secreting slimes are
located at the septum of cells, and the complexes pass through the
outer membrane and peptidoglycan layer, and extends into the
cytoplasm. Slimes are secreted from the pore complexes in the
direction shown in the figure, and flow along the helically
arranged oscillating fibers. Slimes connect junctional pore
complex and substrate surface, and let cells move in the opposite
direction of slimes’ secretion. The cell itself rotates due to the
movement of the helically arranged oscillating fibers

LR 5 B H 3L 22 R R LR B &
R NE—RE IR, I HALRE &R
A ZH R85 STV AL ) 5 23R AL B 22 S IR A

JE B S Tk H W5 ¥ W Calothrix sp PCC 7601
T m R TR R AT T B OB, A iR SR 2 2 T K
IV R 3 B AN R 7, R I3 S B
R S IVREEA K. g TEE AR SO
SRR R R B S L R AR SR
SEREERAPAEISHEIVEEE S B E
) 2 i L R, X G T D] 22 B0 7 mDIR A BRI = A i
BRI B B R P M N R pild
PpilB~ pil T pil Q75 35 PR iy 86 5 B 2= 1% K 12 Bl g
H Y X GBS S RN EES .
RO O BR VT B4l B o IV Y TR R A R
PilA B HOIRE A7 T & A 18 335 58 B2 B 1) 48 i 5%
Ak, - Ho 5 B 9 B 40 0 12 Ak I PILAGE e
AT T B[R] — ), W s L B Bl A A 5
L F— 00 4 IV 2 B B 2 B R

FUR S BRE B BIa 3 K i FE I R
2 A D R PR TR 4%, G S TR R DR A B v v B B
B3 EE R e Bt 2 = A e . R BIR
VAR B AR IE R A8, SRS BRI R R A E AP
RN S B oy A K. — M RAS
(A 2H 1% 1#) hmp(Hormogonia motility and polysaccha-
ride) & A 1%, mfd iz )5 5 5 T A O E B [H
PFEEA, HPHmpAfHmpB NCheY 2L H, Hm-
pCHCheWZRIE H, HmpD N 7 H MCP 45 #4180 &
1, HmpE NChe AZALLEE 1, TEAL MR AUA I 22 B,
FrHmpA#l, HmpB-EX 58 Bt iz 5 J 73 g b 7
gt S B N g B 2 1 s A6 T R B B A
AL, B, RS BV EER
A 5 A A JIER % A hps(Hormogonia poly-
saccharide secretion system)J& [ f%, gt i S 56 72
EAMLCBEBEERABEEA" . ZEREE S
hpsA-GXT#EE5E Bz sh #2075 1, hpsB-DZwtid /b &
P B 0 2 R AR, R AR A B IV 2 B A 2H RO
PIIAZL I R HEINAE" ™. MAEhpsE-GHi R 5 i
S R e [R] AR R 15 77 A 53 s D0 3% 77 0 B AR A
MRS BRI E B IR B, HgBhRe 1l 15 LAWK,
I 7~ B T B A 22 W RT AR 3 R B B, T AN 2
RHEEFBGEER AN 1" WA R S Bk
A E 2 B AR ST I TR AR hps H, 125 PR 9w A 2
5HpsB-DEA [F Y5k, o] 5e 5 B IV A B B 4 1%
T HEPIAH %2 3 K AE T e, 1Hhps HRAZEETA B AT IR
T eliEsp",

1T BRI 90 3 B IR A — 6 B ) RUIR S BR



228 K& A& Y ¥ 45 %

b Bz s el o A B EE A, 9] W HmpF. HmpU,
HmpV. HmpW. OGTA(O-linked-B-N-acetylgluco-

[131—134]
°

samine transferase A). SigC. SigFHISig]
SR BRI R B HmpF 5 1 B4 A T SEPilA H
A AL E S T7 2K, B 58 BT HE A0 L ) — i, Am-
PFRAEMRIZH)RE 158 2k, H R Ml PilA
o 3 B, DB Hmp F X s50IR 8 B 758 758 5 B
IV 704 1 B 1 % 52 fr e Dh e R 1 A A
hmp UM hmp VI3 W858 Brz ) 32 240, W54
FV FEPILALE i A1 HORR B3Rk D5 hmp W AR K TE
Bz shae 1358, hmp VR JGpilB. hmpFFhpsE
6 55 TE Bz B A R FE R R & 2 25 H I HmpW
5 HmpVr] LK AEFH HAEH, HmpU5HmpW 73 5
A LT TR TR N 45 M I 2 IR I 45 K i, B
ITAT g R Hmp V 8% R AL PR S I T 5210 T Vi
5P Bz B AH SR PR 204 B F1 E A, 33 1T S
BEHBLOEEN . OGTAR SRS TRE 2 W& 24
EIRERABERNE B, ZE AR R RS AE
SR 5 7K 5 M RUHR 0 Bk 9 R T B B A I R
PilAR &, BTt Bz s SR & Bk
SigC SigFAHSigl¥mhth 3k [A] 5 A8 5] 2> L i B 58 4
W RIBBNRE T, sig CRAL P b o A1 11 6 20 B IF.
PilARL B 5 23 R %, sigFRlsigJ98 Ak Hh i 1AM B
B IEPIA G R B E T4, Sigln ik 2
O B B IR R e 1 Rk R TR (A TV Y R
B UM G HE DR 45 ) 1) B s 4208, SigC 2 25 M 4
Jitl 73 4 H S I DR R0k, SigF 32 B 4% B B 41 5
i 1 J5E (R pil A TR 3 KT, 1K B8R IS R oK
V- 42 B [ 42 5 ) B B3 B B2 AR SR R R 36
ST S A BB S s e

KhayatanZ 55 Bz LA 1 T —Fiie
RIRE(EL 5), I\ 9 dE B A s e b i LR S A
VBB 1M 2R i i VS S AR R, Rt B
BN ] BEAK AR 5 A T R 5 B A AR B AL 2 S A )
VAR B Sidasethal /), AT SN HREEER
RHP R EAE Bh A W = AN 2 SR . BETE B4
AT i [ 47 67 T B B 4 ) e AL & A 1)
IV BB RE, AT SRR BRI B I8 Bl 7
BT EAEBOE B 2R EEEARL, T
TE NI BRIV B 5 B 5 AR AR R B DAL, 1 B TR B
W3 — AR IE Zh T 2
35 ZRERBHEX

22 IR R B T 2 A A T TR Uk B B B T K
FARPENHIE R %, B 2 AR FRER] . 2
DRUE VBETE B 2 B A TR VX A IR B AR A 7 AR e
VB Ay STINR AR REZ s A1 K S TR iBU Ry ex) INDN )V

HMERIR T AL 2 M B BE DG IR . SR
Oscillatoria sp.R] AYE YGRS T 7= Az [y 552 i oAk &
TR BRI B B R,
Oscillatoria terebriformisi ) W 52 23855 o 5L BE fo
B AP B T g A Y, A s 2 R 0
CIRYN=IVEZS: Rk} e7 i (SRR SN2 VN
15 8018 2 ARG R IR §2 00, Phonnidium uncina-
tumiE L2 AL NI EL T, ol ot B TR 5 B 55,
P 22 HR 2 DR JE R K8 B0 77 18], D645 5 1R RN 7T e
55 RPER N oL 1B AT O, 45 B T EAE 5 RN,
o B R B, (LR AN EAE ™. dnabaena
variabilis P 221E 55 6 56AF T KA BOGIZ 3, 1E5R6
AT T R AR GIZ B, 1% N B i 2R 0 A
WG B2, HHOBAE SRR AN 21,
TGS AN [ 't 5 2 ) S8 R B A L T 31 7 1) 1
HT DUl 22 A8 B AR A i B B S O IR
AR DX A A, 2 D R I i i ed 55 S i g 2 A K
H AR A IR 2 220K 08 R AR W AE — e Ab T AR iy PR 35
BlanHR . m R B AR R, BATE
Bfe 1Al AR FAE B b~ AT Bk AR B, AT
FEIXAE BB o SRR A T B B A KR D R i
B IR Eh IR, {0, 76 58 75 B Guerrero Negro' /& Bl
) 5 SR A e P TR K 22 4R W5 35 Oscillatoria
sp. MSpirulinasubsalsaft A R IR 2217 2
TAE BT 210 A8 3 B BB I SR MR R
i 75 v 8 Salins-de-Giraud'" " & 5 1) 25 5 4 4 4
W 22 IR W5 ¥ Microcoleus chthonoplastes R R4
T BN EE, MRS BOT; £3E
7 2 [E ARAS W T /K 5T 35 22 B B H 22 4R T A%
(T AE Py, 22 R B BN B R I S L AR,
I HIT R 26X 1 2R 6 EE6 & 1E i = B 507 B
FERE X () 2R 05 i v s X 6 AR 0 78 R R 3R 85 o
FR) 22 1R T RN A SRR AR A, I8 W Bl B
S BAIRAHR T 8 S AR KA

TETE BUAE R e 0 22 R WS 5 7 3 22 e B A 5
EIR IR . GRS SR A 5 TR B 22 R Ak, o
BIAT D%} T AL A 58 b ) DO AL 1R B 5 Y A%
Serfk B EEAE Y. AR U B
)4y W B Rtk ig 3 T o, B e B
FEAE B B e iE s B R, B A B AT LU
RO AN IR AE 5 s W B e R Rk
o TR TR BT AE A O R A 2R A R R AR
iag)), AN Eompdiatbizsh(E 55 3 A E H
125 K npF2161-npF2168 5 5 BL it iz sh A
5%, F A NpF2164 FINpF2165 /2 i iE B #a e iz sl it
MR, NpF21645 4 MCPZS 48, % 74~ GAF 4



134 RIHERAE: WIS 3 K R L A 229

@ E EEEEEEEEN

@ O
" g %

ToO QW >

5 2R R B SR R
Fig. 5 A model of the hormogonium gliding motility in filamentous cyanobacteria

A. BB Z P HHPS-E. FAIG(E R h R NEEE. F?‘F[IG)AEE%EEE*I“%@ WA AT R NI 6 — R A PIIQUAE I rh 3o NI
WEEQ) W H AL BB EE HPIATE B RN AT B A AL, 1A 7] e & HAh /D> = 3 B WA B 1 HPS-B. C. DATH(7EE
FoRNFEEEB. C. DMH). 28R RH M BB BANE 2, 75 F B — R I8 A R 2 i s i B A O 1 #2309 F 1
20 M Al RV B . PIC(FE B b R 7m A L)AL T B2 R B & R S &, IF S PIBAIPIIT L(7E B b R - MR 4B,
TOMEAE BB ERGE . AR BUZ T 175 W B 77 A [, 2 W I B B L 2h R T BeAm ML [ iz 5h, 25 B i Bag 2l 7
i) 5 B B AE A7 ) A J, 2R W T B S R T B AR MU AT IS 3l . B. EEIA BRI M IE B AL T A AR R — W B B 2 S R &
P EAE L, RS B — AN T 15T 3l B80T [ Bk TR A T R A R 1 B 2 B R G PR LE AT L T AL i

A. The polysaccharides of hormogonium are synthesized by HPS-E, F, G (shown as orange E, F, G in the figure), and secreted to the outside
of the cell through PilQ (shown as dark blue Q in the figure) during the process of the pili elongation and retraction. The pili mainly consist
of PilA (shown as bright blue A in the figure), may also consist of minor pilins, such as HPS-B, C, D, H (shown as bright blue B, C, D, H in
the figure). Polysaccharides tightly adhere to the surface of pili and hormogonium cell, and move along the long axis of the cell during the
process of the pili elongation and retraction, which helps to propel the cells to move along the long axis of the hormogonium. PilC (shown as
pink C in the figure) located in the plasma membrane to form the pili synthesis complex platform, and interacts with PilB and PilT1 (shown
as brown B, T1 in the figure) to promote the elongation and retraction of the pili. If the movement direction of the hormogonium cell is the
same as the extension direction of the pili, it indicates that the pili pull hormogonium cells forward. If the movement direction of the
hormogonium cell is in the opposite of the extension direction of the pili, it indicates that the pili push hormogonium cell forward. B. The
complexes located at the junction and the same direction of each hormogonium cell synthesizes polysaccharides and pili synergistically, and
make hormogonium move toward the same direction. The direction of movement depends on the position of the pili polysaccharide synthesis
synergistic complexes in the cell
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OVERVIEW OF CYANOBACTERIA MOTILITY AND
ITS REGULATION MECHANISMS

SONG Wei-Yu', ZHANG Lian-Ju' and DAI Guo-Zheng’

(1. College of Biological and Environmental Engineering, Binzhou University, Binzhou 256600, China;
2. College of Life Sciences, Central China Normal University, Wuhan 430079, China)

Abstract: The motility of Cyanobacteria is a reflection of Cyanobacteria’s active adaptation to external environment
actively. The movement of Cyanobacteria can be divided into three categories according to the types and movement

modes: swimming motility, twitching motility, and gliding motility. This paper refers to the related literature on the

motility of Cyanobacteria, describes different movement modes of Cyanobacteria, summarizes the possible mechanism
of various movement modes of Cyanobacteria, and lists the questions that need to be answered in the future research on
Cyanobacteria motility.
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