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RO A P A AR RIAT R 1 ST I R, B I ARAE T A AR TN Rl
PEMIRIN . W T O AN B B R R R . AR RO kai
LD S H G ) KaiA. KaiB. KaiC & . HH KaiC & 2 B A B LS
(A% 5y, TBREXS kai FEDRIFR G SR, o] LAY Kai SRR, JFHIX
3R A EL A S A AR, g KaiC FIBRRAARSZEAT Y, M=
FER TS . KaiC BERRAIRAS AR 255 e 5 oAb SR AR AR, OF
VF 2 5 AR G I R R 08 S0 BT Ak

h T WIS EE S (Microcystis aeruginosa) WIAPREKaiCHIThfE, 4k
S HANE AR R A, A SR FH BRI AL (0 5 IR BUAR A A S 2 A

TER I pGBK Tr-kaiCJ, FAT TR 1 HE R AE I BEAHT 09 IE W 3805, JFH.
ST I REAHL09M0 AR K, BORH BOE . Seae R, ar Lok
pGBKT5- kai CAF A BEGALAXU AT R GE MBI AR, DA o Tl 3 i ok DRI 21 S P
T I S Kai CAH AR FH IR A

FIHZARpGADT M 1 T 4l 4% 4 B i Microcystis aeruginosa PCC 782011 44 (4,
PRADNASCIE, Tt FIREEREAAE RGN I I FEAE, L33 T 1A
(M 5KaiCHEEAMHEAERMEL, HP3AMEEC9. C196 X CLON Hi 4k i FE it
M. RIFLEXT AR, ATFCIIRCI96HHT T FIFRIE, IxfH 5KaiCH [
(RO AH LA AT T 3E— 20

H T S TR B C OO H 1 IR R B AR A, FRAT 1R FH K i C A 11 5 A0 4 ol A
PCC 782011 KaiC H [ H AR i (AT ALY K £ i v (1 OmpRACEE CO9LEAT I 5T o
F B M OmpRIE RIAE KA 1 i A3 2 v M 0k 5, i A4k pull-down ) 775
BAE T HAE AN S KaiCER AN KA AR, R I RO AS 7 00 IE 45
AR M EE TP I OmpR &K 5 KaiCH AER N AR S R A BAE

TiAh, KSR BEEEC 1964 BT T 7R K R 1 i R IA 5, i
Far-western(¥] 7750 UE T 1% H FITERSN 5KaiCHlE A AR, BEIHERIC196
R ] BE 2 5 SR T B AR e A ORI R A

ARSI 0 5 A SRR T B A ) B R S AR (R A 43 K ail C AR (AR HLAE
AT THES 0TI, XTI W A e 1A 45 5 4 IR At 7 B s
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Abstract

Abstract

Circadian clock is an endogenous timing system for regulating biological metabolism
and behavior, which have been observed ubiquitously in various organisms.
Cyanobacteria are the simplest organisms exhibiting circadian rhythms which enhance their
fitness in a day/night alternating environment. The kai gene cluster, which is composed of three
genes, kaid, kaiB and kaiC, has been identified as essential time-keeping component. The
protein-protein association among three Kai proteins and other proteins may be a
critical process in the generation of circadian rhythms. KaiC protein is the key part in
the biochronometer mechanism of cyanobacteria, The phosphorylation state of KaiC
affects the interaction between KaiC and other proteins, which makes many gene

expressions rhythmicity

In order to study the function of clock gene KaiC of Microcystis aeruginosa, the
yeast two-hybrid technique was used to screen the interacting proteins with KaiC.

After kaiC was subcloned into bait plasmid pGBKT?7, the recombinant plasmids
pGBKTj7- kaiC were transferred into AH109 and its expression product were assayed.
The result indicates that the KaiC protein was not toxic to AH109 and could not
activate the reporter gene. This lay a basis for further screening of proteins interacting
with KaiC from the genome of Microcystis aeruginosa.

To isolate proteins interacting with KaiC from M. aeruginosa, the genomic DNA
library of Microcystis aeruginosa was constructed and then screened by two-hybrid
system. The total of 11 positive clones interaction with KaiC were picked out. Then,
C99 and C196 proteins were further studied.

C196 protein of Microcystis aeruginosa was expressed in E. coli. Affinity
purification of GST-C196 from cell extracts, and subsequent far-western analysis
confirm heterotypic interaction between KaiC and C196 protein in vitro. Thus, we
speculated that C196 might be a protein related to the regulation of the Microcystis
aeruginosa biochronometer.

Because the C99 sequence of Microcystis aeruginosa was unknown, C99 from

Synechocystis sp. PCC 6803 instead of Microcystis aeruginosa was used for further

I
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research. The pull-down and the yeast two hybrid technique both show no interaction
between C99 protein of Synechocystis sp. PCC 6803 and KaiC of Microcystis

aeruginosa in vitro or in vivo.

Keywords: Microcystis aeruginosa;clock protein KaiC; yeast two hybrid system;

protein interaction
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1.1 $EEREEE T

HLEMAESE (Microcystis aeruginosa) Wi ], 0 BEAN, kB H L BREERL,
PR 1 el . SRR R BRI SR 1 SO B, S KR AR 1)
HARFRIRAE, BEJE, BT AR, ZRRABERNE B AR . BRI 0E
. MMEREEGEERIE, AR 3~Tum, Wk, LA, 24EK TS
K, (iR BRI, WIBRUKSE. RAKAERE, K T RO 4 ek
SERE Y

SR AE SR T BT K S AR AE S RGO TR B SR
T . AR R R, TSR s, B
(D 5 2 2 B L — Pl R, AR & (microcstin) S —FTEE
7, A1 50 RENFEEE, TR FZ Y, ARh R Z K. 2T
T 1300~2600Da, 117 115> T4 654 5% 19400Da 1], 1o 2P 5 K12 M-LR.

H A S B B A B AR LU LTI s Rl o ol B 9 /K 4 ke A
R . WRPCE R (. B, e s s, k. 855 RiAEe
PRI S R e AR R R s = BF U SR T K AR BT 16 (SR A S
Rl 20E A EREESE ) DY WP S Gl B SR M B AR DL I BE . )
b, WEFTN B3I AT 7K SF L T JE ) 4 4 0 S PO 5, B Rl s 5, &t
FH R TSR 5 B 1 43 F WL AR 5T 46 o AN Tk 704 A o G 08 1) £ 2 B 7 T 1)
WFITHIE D o BURFLLE 1996 4F Sato M %5 NSl IE T S-SR pshA2 FEIN 13K
EEABACTHILER, (BAEHS 5 AT 1 0 3 5 e 2 v A A AR O
WEICIRE o H AT AR W EE A B S T T, B ST O RN IR 2R K
(Synechococcus sp. strain PCC 7942, W#EFIBIRAY)), ANSLE0 e Bk A
Pyt 2250y, G A9 R B 4 TR B B RO 5 F RN A0 e 23 2R AT W) 8 1
RATAEDY, I FLE R Y 0 A0 B vk A S i i b v B TR AR A B
kaid kaiB.kaiC (Genbank &3¢S 4 DQ156152) B, Tk — 9% Kai B K
B HERI L], 2014 T KaiA, KaiB. KaiC (12 s HiiA,
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1.2 N4

BT R TR B R AR AR B A R R A, S T &
PR G 500 A« IRLEE W S IR R E AR AL, K2 BUEY N & NaxX A AR,
PR AR VA S AN SN EAT A B2 R A AR A (R I G o A B ) 2 A T
e S ITAT FAZ AN MR R IR IR R G, ek A R AR AT R AT i i O
W EEAR ZE R L FE =30 SN R (input) « T I 5E ¥ 2% (centraloscillator) Fll
fe T H &R 2 (output)e T IRARG H R AW B L, PEAEBRTHRGR. A
AR IEUE SO0 WA MBS IR G 3%, AR AR 0 5 4 53R
BARAIRIE A i D AR AR ORI T AR B T iz L A
(clock-controlled genes), ST - F A= BETE B R Y45

PEBR AR A BT SN A 1 AERRUE A E R ARFEI P24 hiry
AR, R UL, FERATOMG W B0 S PR 5 AR, ARIR RS
RILH PRER T 2, FRdepst . (240t Cib/ms AR 55D e A
VeI Al 3+ AR Bl R G B BATIR BEAME R, R AR B B BE TR AR AL
TSI, ARG B BCE TR, GBS IR RPN IS AT (I HE A 0. BT
KEMFFR, AW eh IS A7 A T A b, T0 1 IR A0 i (1) i A% A= 40 0
B 2 A SR E UK IR ES , B SR R I B R L LN R
EATR S A ERIE SRR A EA . 22T WP R S AT
b i st
1.3 EEEMWFRER
1.3.1 WEAEYBIE

W H AT A AR B R AR, e — SR BE B e AR
PSR FH T ZUE M SRR . Al i BRI BB KA A5 ) 5 1 52 30 AR B i)
AT, R AR — K A 41 P 43 20 PR e — Yk, A B TR AR DA B 7 52
ﬁf[lﬁ,lﬂo

FEIEI AT RS T S A0 A AR T A AR R R IS B S, L
A S AZ AR, RN R R L O E R R O [ AR (e
[ R ) LA B 45 T TR A0 B R T AR A i 45 22 T A S ) [ IR AT S a1 £ 2 5
AR I DA ] 2005 8 — 3 Z IR (R 0 i il 7093 ) F A0 545 R R g 1R
FWOG WL A IR B S AR B )RS, AT IR L ] A AR
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WIBR A R N A3 B T ARG AR 200 B34k, Ouyang A5 ARSI LK
Didier 25 A @ BTN OB, YR8 8 1 5 SR8 G R e e, e
M AT SR K SE 0o QRS G R AEY BIont T B B AL am il sh (1 2, B AL
X2 R S R B A I IRV A A B PR B AN 2 7 T

WE I PR ER B R« SRR D RSN A, B 3 MR
ANgAE . ORI de AME S @ e W ARG S O, WE. 6
FYNTEED) AR SR v, AT RV O IR R SRR A A A D PR T AR
WAE S, SRR A B IR AR O e AR 45 52 BB R AT OGS Y, e 5
Hore AR BB R A L) S ety FA 1 P A B B 1240 R 5 — B
s HVF 2 FE AN BRI R 7 3E A e i, AR B IR i h SRk 4% 5
WU LA SRR DY, A gl T8 U R AR B RE DRI R B ), AR B R R 97 1

Ao b LA 3K 7 A RVB A S5 35k LA 3 32K 7 49 T L PR AT EL AR P R S B
AR LB HAT BRI AL W) R R I R AL, (H 0 5 1) 25 ik DXL AT A

DB S EAZ A A L RVRE R S WSS AT R AT S0 BT VAR B 1R
Surg L LS s7/ RN E HIDE o N e VI
1.3.2 WY P R LA

H AW O 5 BT BV 2 B L DR B DGR IR . SRBREE (1 B I R ka4
SR sasA®?, pext®™), cikA® rpoD2, rpoD3, rpoD4, sigC”, cpmA®Y, LdpAP?,
psbAPVE, Anabaena sp. PCC 7120, Thermosynechococcus vulcanus,
Acaryochlorismarina, Nostoc cycadae, Nostoc sp. PCC 9709 1Synechocystis sp.
PCC680355 185 Mkai, UL AL vilE Microcystis aeruginosa PCC 782011 £
Kl kai -

I S T S 1 A B R SRR 1 ki FE TR Y, ka2 — AN SR
%, W3 EPE UKL N kaiA, kaiB, kaiC RFERHEFIRI B, kaiA ARG, kaiB, kaiC
TEF—JA B T (P gaipc) IIFEHI IR kaiA, kaiB, kaiCIX = AFE K 2 4 Ff
SREREAE BT AL T 1 SEAR B R AT AR N R 2 A SR BRI E 3 (1
WK AR EE R R VR R EW B AL L5y, kaiBE [N A & (R IB B

AT, " R 4B 5D 6 151 R SEDLAE24 A M
R,

kaid, kaiB, kaiC5y#9mtd =Rt A fiKaiA, KaiB flKaiC, 7EiX—=FhE4)
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B 1R, KaiC/E08MOY RO 11 5 IR0, KaiCIy it 13634 24 ilkaiBC
LB I%: HKaiCIE AR, KaiARkaiBCIH 30T 1 IE P T, RE3ikaiBC
R, MR, KaiBIJEkaiBCHED i 1578,

Clock-controlled genes  — /\/\/

- Circadian rhythms

KaiC __.
Translation
__.--"

e R

BIA HE#EAYPMER (3 B Takao Kondo, 1999)
Fig.A A clock model for cyanobacteria
PRSI — N BB PR R AR . KaiCRFRIE RN 5% 2K ai A F 1 F
IR aiC MBI E I 2, Bk . N, KaiCRKaiA. KaiB[al A4 LAEH]
MK aiC I L BERR AL AT, T 2R Pz B D 7 AR AR b . B PIx .y zZR0R
STEARFAERE T D

2B B G T IS KL AR 3 R 96K i C R A 1 B IO IR A R 22 B IR AL A T
(1%, KaiCH MK A BRI M RAT B RO, S I BEIROIR S 2 P ek
F PR U PE S OCHE,  BERRAL S 1RE YU KaiCHE 111 B 2R 2 18 B K2R
AR, B S REEA (WSasA) ZIAIA HAER, &S Y
EARIEESRORAS, SR G AR A M I I IVEIR G, AVF 2 AR ) B AR SR IR 1) ik
EIAEMER, TiKaiCH A X PR IR A2 2 KaiA, KaiBil 1511, KaiA
REME B KaiCIBEIR Ik, T KaiBIFIHIIXFIEH o Kai A& 52 FIA G4 BT
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BREEE, HATN-3mAC-3i PN SRR, N-Sii ik = R <1 R A B IR TR HE 1) Dy 4 32 4ok
BEII N 54 N R AR RN B (1 CHATAR RN KA HAE & S2 B8 15 5 151 i
5] £ C-3ii ¥ B ¥ 5CA% 5 17 - 44 2 AR AL 5 MK al ARITK ai C IR AH HAE Y, i KaiC
BRI AR s (A KaiC A AEBIR LI, KaiBE& (1 S 21 5 Kai AAH & 1R,
' RENS I HIKaiC IR AL . TR AT 3 AR W B IR SEAS T P A

1.3.3 Kai AWK T4 DhRE RAHEAEH

KaiA #HHEkaiBC RILHIEFE T, 0527180 FEMR N 5127100
ANEEERINC SN LR, Com B IR P AR AN R Rh Sl v v B AR S, TN
S R R ) LA 2 REPE . KalA FRICHH 550 70 402 e o g5 441549, RE g T B
TR, AAKaC 4iG . S5KaiC 455 5 HIEKaiC H BRI, SKaiB 454
JE W MK ai Bk 59 KaiC F BEIRAGAE ] o AZRILIRIFEY], KaiA BN i BAT
DOHESZAN, XX AT RE S VI N2 M, $E 2R LS Re TR Kai A TR Coii 45 44 LI
WKaiCI¥ FBmEE o [R5 SR R K ai AR 45 bl S5 2 — AN Th B X 4% 4 (domain-
swapping) &5, —MNEARIEEERON SRS — WL C it T LUAH B4 L,

KaiCH H 2K 19N IR, 124 S5 (11~260 ALZFERIFC |
DXRI261~51902IC ILIX, Al H113 AN FERR IR IR, 2483260474115, C |
XANCT X A4, H = F hBEIFAAHAI . KaiC AT LLEE & SXUIRDNAPY, X3
PR IA A AR .

KaiC B NTARIRAIREE N, 6 7 RS T LR 2N A i r ik
FERHEMKaiC [FI AN R S RSS2 FHC T FIC TTPATHH 28 110 R 85 A 45 44,
BN IEF R, fEP R IE R4 o PRI, C T ST R SE, TC I
ity I R 6 A S BR IR K Y B TR S, 1] LA I A OCD? AR AN R B2 ANATP
iGN, A5G ATP BIGTP JERuta & MR [F BN SR E5 i . C T IXAICTTIX
B —MET I EIRRS, AW HATATP BEETE. CIIXATP 454 X
WAFAES AN BB ILAL 55 T432, S431, T426, IXELAT fH 5EAR Al 51 15 Y
RIS AE B RR AT AT RS IR LMK aiC AN EAIE K, KaiC HAMH
PRI TE, EHIKaiA. KaiB FiSasA JEHKS FH AWML FHEND, BB
AT

KaiC 2T [m B/ i A S0, AKaiA-KiaB-KaiC K7> 15
AV R S 280 KaiC B4 1 i i (58kDa) K41 /£KaiB (11kDa) Al

_5-
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