£ R T5 A PCC 71200785 Dna A R3NP S HuAs R

F# ML KRS

INCREASED FREE DNAA DECREASES THE FREQUENCY OF HETEROCYSTS IN ANABAENA SP. PCC 7120
L1 Jing, YANG Yi-Ling, ZHANG Cheng—Cai

FELR 132 View online: https://doi.org/10.7541/2021.2020.161

BT R R  HAB S EE

Articles you may be interested in

EMIEEPCC 6803 P K R IR MR 1) L IMB AL LT
CREATION OF HIGH ARGININE PRODUCING STRAIN OF SYNECHOCYSTIS SP. PCC 6803 BY UV MUTAGENESIS
IKAEHEW2EAR. 2018, 42(3): 635-640  https://doi.ore/10.7541/2018.079

— BRELABC AR TRT 14 53 25 B B BRI 5T

ISOLATION AND CHARACTERIZATION OF A RHODOPSEUDOMONAS SP. STRAIN

IKAEAE WA . 2020, 44(2): 429-437  https://doi.org/10.7541/2020.052

A 4 PR RO B S AR R R 1 5

EFFECTS OF STRIGOLACTONE ON LIPID ACCUMULATION IN MONORAPHIDIUM SP. QLY-1
IKAEAE2ER. 2020, 44(3): 647654 https://doi.org/10.7541/2020.079

T S A R BN T ) ol e sl A A S A B ) S e

EFFECTS OF OCHROMONAS SP. CULTURE MEDIA FILTRATE ON THE GROWTH AND PHYSIOLOGICAL TRAITS OF
MICROCYSTIS AERUGINOSA

IKAE A HI2E4R. 2019, 43(1): 213-218  hitps://doi.org/10.7541/2019.026

AR BB O FE R R AR R 1 S

EFFECTS OF MELATONIN ON LIPID ACCUMULATION OF MONORAPHIDIUM SP. QLY-1
JKAEAEW)PFAR . 2018, 42(2): 421-427  hitps://doi.org/10.7541/2018.054

BRSNS B A A AR 7% 2 1 5

EFFECT OF FULVIC ACID ON THE GROWTH AND LIPID ACCUMULATION OF OLEAGINOUS MICROALGA
MONORAPHIDIUM SP. FXY-10

IKAEAEW)PAAR. 2017, 41(2): 437-442  https://doi.org/10.7541/2017.54



http://ssswxb.ihb.ac.cn/article/doi/10.7541/2021.2020.161
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2021.2020.161
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2018.079
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2020.052
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2020.079
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2019.026
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2018.054
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2017.54

$45% F 6 M
2021 £ 11 A

KE A& Y R
ACTA HYDROBIOLOGICA SINICA Nov., 2021

Vol.45, No.6

doi: 10.7541/2021.2020.161

& R IE YA PCC 712057753 DnaA BYE N &R B Az Ba s R

wAA

(1. TR E BB KA A5 e, 100 430072; 2. FRERFERE K2, dET 100049)

WE: W R AR AE Y R W AN B Anabaena sp. PCC 71207, PADnaA AW 05T %, 8 70 045 40 o 40 i 5 1 v &2
HlE A A R AL AR R . S5 R E/R: 7EA A+, DnaA 8 R BT 308 AN 5 M 241 i 33 5 A0 S
TERRI AL, FEBREIAIE T, DnaA SR 2k 2848 HkMalr2009 ) 57 FE 0 2 Ab 491K (8.57%) 5 1 A= 714 (8.64%) (8] 6 2.
Z ), HAZ PRI T R 5 A RUA L T 5 25 25 5, DnaAZE [ B 5k 15 S0 1 41 1 2828 Bk (Malr2009) 1) 5
TE A A AT A B 2R . {HDnaA S (3L 3 5E B #k0alr2009 [ 57 T i 0 A AR B 17 20%, FLES 12K
A750Z92H1.2, 2H R 3G GE D 2R T B AR B (B 12 RIS A75020°80.9), SRR AR IR = T30%. 25 45 FR AT Rk
P PCC 71209, FIRDna A& 40 i AE K A2 06 75 19, (EFE BRI 25 Dna A S 2> 91 55 % f 2314

KHEIE): AR PCC 7120; DnaA; DnaA box; oriC;, REM
X E S 1000-3207(2021)06-1214-08

hE S Q344" .1 HRFRIZAD: A

4 JIE W 41 E PCC 7120(Anabaena sp. PCC 7120)
J& TR B S BREARL SRR, 22 N
T ] 22 R IE A T, 7B S IR R I R, i
W 2 T T 2 el SR A AL R, 24h5E B YR 4T i
B, [FII B8 R A AL G SRR, WsiR 2k
Tl ER 2%, & R A 5 T T B R AT (A s 2
MR E SRR Z B, 22 F5%—10%M1E
FRAMMIAE24h N L2 04— B T D RE 16 5+
TEHE, #H24 T8 102018 FR A M 2 ] 2= T2 i —
M, R e 7 S U T OR PR B 22 1 A
L X A HE B, T 2 2 TR 4 g 2 A
22 RAR D), e T R R 5 [ 1 COLBEAT Y
YEF, S0 M ] DAagEAT [ 00 FH, X 2MAS [F) 2R AL
Y B A LIRS R A He, AT AR A — ] B
LA AR BRI R BRI
HEMAE IR — . B HERIRE EoriC K
dnaA-oriC-dnaNMI T4 NQFr Be 2 e A8 i 12 55 i
KB Wi 5L K Het NA Het RV 55 56 S B0, I 4450
WS 4k oriCEDNAE HIl 16 & (A
DnaA %5 &0 5. BT ocS3 0, 78 e i A

ks B HA: 2020-07-22; 1837 H#A: 2020-10-18

PCC 7120+, E N4 i Ji BAH DNAE il iL 4k 55 A
DnaAZ 540 il /346 5 40 i 43 24 /) 142 . DnaA e
IR EH BT 45 GoriCH i I DnaA box, fif sk
ATEEXITIER] . OriCHDnaA box 15 1 AH X7
5, (ESERAH B B WA — e o . AL
HloriCE{DnaA box L3 K 447 & 5 A L AIDNA
ST 2 (I dnad 3 R R B e . @I A
PEE A B PCC 712045 K2 - DnaA boxfldnaAF& A
FI A, 7R T E AR IR PCC 7120, 4t
4K FHIDnaA box3EANZ AL 47, DnaA box Al
dnaARbTE R — X3, T HL, VR W 0 K % A
DnaA boxt#7EoriCIX 3% ", HRAERIE, 15 401
oriC¥) 5 dnaN'E AR It o0 A T AE GG X, Bt A A
DnaA box, #5 WHUA2 AN B2 AN, 12 040 B
oriCHHE A 6/ % 5 43 A [fiDnaA box'” "', Ci 5
dnaN'&48, Nty 5 dnaAFE R A AT, 02 0 41 1 2 />
B U oriC5 dnaAFE RIAHAR 1) W5 4H 1 o

B X R EPCC 7120/ B 58 K B,
dna AR I A i A= K FIDNA & 1l 55 B A= 7Y
LV A B 2 22 )1t I R 2 1 5 B A e

HEHE&WB: + ER=BE B A H (QYZDI-SSW-SMC016) % Bl [Supported by the College-Level Scientific Research Project of Chinese
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6 # 2 EES (R TEPCC 71207 B DnaA KI5 I FRAK 5 iR 1215

R HIEPLL, B EH ZA SRS HARDEGE
HIU dnadand T VR TS 4 1E DNAFK S ) % 40
A KSR A R dnad it g R
PEIE AN PCC 7120 (I DNA KR HI A0 AE K, 1X i3
B — sl A W A TR 0 RAE 2R LI RE PR T
% DnaA ¥ Th e .

m EiR a5, RE dnad>t I8 % M EHPCC
7120FTDNA K il F4H g A= KoK 1 H AN B 2L H X
SRt BEEH, 124 Rk, HAE YL
ANB W, ASHIEFTER X% n) L, FUL DA R W 41 1 PCC
7120 9% RRFFHE T, B 1E3E— 30 3R 70 40 i & A0
S Z AR R

1 MR5RE

11 SERusy

KA EDHS50. HB101(pRL623)F1I53(RP4)
PR A S = AR AT B IS B PCC 7120 AR SR 56
FARAE; FORIpCT. pCint2 M pSfefp-Spty H A 5256
R AR A FRIpRL271QoriCHIpRL271QdnaAN
Y A AR R 2 AR A A ) o B R R SRR
AT = KA
12 IS4

AWTFEHT I SIYICE 1) g st i A RHL
AR 2 7] & i, DNAFEFI P B8 i AR )RR A R
2] R DR YA IR A F] 58 . I 40
K 7115 B oK H cyanobase (http://genome.microbedb.
jp/cyanobase).
13 EREES RIEF &Y

ARSI T R KT oA S RS PR PR B R

KIFF i+ LBIARRE IR £37°C, 180 r/minBk[#]
W (1.5%) 357737 C TR IR . LB BE IR R T 7
(1L): EBEMR10 g, FERERS g, &ALEN10 g0 N[
PREEIREE, WALV AR 7 R R Al LR 1.5% ) 3
fiE 4 BB RS HY; 121°C, 101.53 kPaK #30min' . K
JY AT V1 E B SR I B8 K B AR 3R A R D Ampi-
cillin(&FH % %), 100 pg/mL; Kanamycin(-< A%
%), 50 pg/mL; Chloramphenicol(H 2 %), 25 ng/
mL; SpectinomycinCtE W& %), 100 pg/mL.

i IR T 20 T R TR B SRR B G 1 LR
B 7R EEBG11HHEi 7%, BG1I H T REMIIFE S
WA RS 77 %A 930°C, 120 r/min, 500—3000 1x3ZE4E
JEIEREIR; BR(1.2%)55 7756 830°C, 500—3000 Ix
HEADEHRIE TR . BGIEEFRAEAL /7 (1L): NaNO; 1.5 g,
K,HPO, 0.04 g, MgSO,-7H,0 0.075 g, CaCl,-2H,0
0.036 g, Citric acid 0.006 g, Ferric ammonium citrate
0.006 g, EDTANa, 0.001 g, Na,CO5 0.02 g, A5(Trace

F1 XEHFAEESIY
Tab. 1 Primers used in this study

BIE7 BN

Primer name

P1

¥ %Sequence (5'—3")

GGTAACAACAAGATGATGATGGAAATGCC
CATTGAC
CTCCAGATCCACCTCATGGTTTTCGAGAAC
GGCTAT

P3 CATCTTGTTGTTACCTCCTTAGCA

GGTGGATCTGGAGGTAGTGGTTCTGGTGGT

P2

P4 GGTAGCAC

ps  GCAGAAATTCGATATCTAGATCCGTGAGGG
TTGCCATCTG

g AGCGCTACCGACGCTAGTGCTTTACCACCT
TTGCTGCTAATC

p7  ACCGGATCATCAGTACTCCCTGATCATAAA
AATTCGACGTTTTC

g CGCAACGTTGTTGCCATTGTCGGCGTTCAA
TGGTCAC

P9 AGCACTAGCGTCGGTAGCGCT

P10 GGGAGTACTGATGATCCGGT
ACGGTTTACAAGCATAAAGCGATCCTAAA

l-up GCCTGTGAAATTAAC
\dw  GTGGTGGTGGTGCTCTTAGGTATGTTGGCG
CATGAGAT

2-dw GTTAGCAGCCGGATCTCAG

GCAGAAATTCGATATCTAGATCTGCACAGT
GTTGATAGGAATA

3-dw GATGTTTAACTTTGTTTTAGGGCGACT
CCGCGCGGCAGCCATTCATCACAGCTATTC

3-up

AU GTAACG
sty  GTGGTGGTGGTGCTCTAATTGAAGCGAGGC
TGTGG

mental solution)] mL. J:H'A5(Trace mental solu-
tion) . 77 (1L): H;BO5 2.86 g, MnCl,-4H,0 1.86 g,
ZnS0,-7H,0 0.22 g, Na,M00O,-2H,0 0.39 g, CuSO,-
5H,0 0.08 g, Co(NO3),-6H,0 0.05 g. BG11,557# 3
H5BG15FR IR TT T, REAEBG1 7RI A
TS IINaNOs. A NS FREE, TR IN1.2% 1K) B8
A, 121°C. 101.53 kPaK #30min. £ I i 41
BRI 7E 55 TR U I i e A R AE R B R Neomycin
(Fr#& &), 100 ug/mL; Spectinomycin(CH: W 2 %),
5 pug/mL; Streptomycin(# 5 %), 2.5 pg/mL.
14 SWRAEFESFEIFRT

AHIE 7 A P B okl PR A% R Y VT S T,DNA
EFEIE Y)W H TaKaRa A &, £ BIMIX ) R X DNA
R E R R, Phantai= {f FLDNA B &b
H A MR AR YR IR A A, Bk iR
DRI AH A $2 57 & . PCRy= 4 [ AC % sz [l WAk 371 &
AIRNALater H BN AED R A R A F
1.5 PCRYBEHRETERRMEE

pCT-alr2009J5i ki H T i K A DnaA(Halr
2009w ). 1 FH 51 HP3 FIP4iE it 5 4 Bl 5 38 S B
J I EARPCT, SR ATA: 94°C AL 1 5min; 94°C
2514305, 59°C B k30s, 72°C ZEHi4min, 29ME3E;
72°C5min. {FH 51 2P 1RIP2:# it 5 A i 2 % B
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3815 2alr2009 7 B, RS 94°C TiAs
5min; 94°C A8 4:30s, 55°CiB k30s, 72°C ZE{H145s,
29MEIR; 72°C5Smin. B [FYREHGEANE L5
BRI AK, 53 ki pCT-alr2009. %5k f1 37
alr2009 % K {13 1%, CTJA 348 Theophylline ri-
boswitch E(TP, Z5%#) i PpetE(Cu’ ) 4L B 1) JE 5 T,
petEJaF) T 8 3 K50 55 52 47 B T-(Cu” )% 1, Cu” &
J B SR i 75 1, riboswich B2 48 DnaA R (A
(1) # %, riboswich E5Z %% #(Tp, Theophylline) ] i
7, H I RAE SRR RE. ALRITHC 4
WEN0.25 umol/L, TpZ ik A1 mmol/LH F
DnaA it KA,

pCint2M-alr2009 57 # F T-#4 & dnaA (alr2009)
Bk ARk . 8 S YIPS FIP6E o B8 A ik =%
N1 AnabaenaFk K ZADNA K13 alr20093E K i
111255 bp i B (alr2009UP), [ 3 464 )9 94°C Ti4g
P 5min; 94°CAZ14:30s, 55°CiE k30s, 72°C ZEH45s,
29MEH; 72°C Smin. fH 51 #IP7AIPSIE L K & il
A RMNY WAnabaenalE R HADNAKE Halr
20093 K 25 1378 M AL 4R 191251 bp F Bi(alr2009
DW), J % 24 : 94°C 8 14 Smin; 94°C A8 1430,
55°CiE k30s, 72°C #E{H45s, 29 MEFF; 72°C 5min.
15 F 51 PP P 1038 ik 5 A i ik 20 s o7 47 38 78k A
pSfefp-Sp#3 F|SpectinomycinPi 14 3 K F B, [ V2%
124 94°C 148 ¥ 5min; 94°CAZPE30s, 58 CiR Kk 30s,
72°CHEAf Imin, 29MEFF; 72°C5min. 4 FiR3A4N 3
PRl B de ek () 240 3 2 9 i A\ Bl p Cint2 84 11
Pst 1 FlXho 1 £z s 2 7], 15 2] FiRipCint2M-alr2009 .
TR HH Sp-r P 12T 41) 5 B A2 B B R A0 W dnaA(alr
2009)2 A _Fi#1255 bp Fi B (alr2009UP) A T i H 1%
FER 137802 4H 11251 bp H B (alr2009DW) [ A,
AL b A 5 8 A 7R R R 4 e A ()9 B A, AT R W
B 2L N9 N\ B B AR UL R 4 A, I Spectinomy-
cin(tE M 2 25) fiStreptomycin(FE 8 ) Pt K 5%
BEIEAT 07 1% 3R 15 Dna Al 2k AR 1K
1.6 fRIEMEPCC 712088 B (EERLR)

MR YE S 56 75 2, 23 A AR AR R Ak 5 Ak K
WIH K AT BEHB101/pRL623(pRL623ZFEHB101
H 5807 R 325 B T53/RPAR i 15 41 i
PCC 71203X 3N SE A #, 6000 r/min, 25 0>3minl
LT, HFA N B TP RE R B P i 2. AR5 H
0.2 mLEPILBRS 77 3k # B2 K 4T 1%, F10.2 mL
TACHIBG R 3e 5t B e igan ", 34 se Ak
(1R R B R 50, R 2 T W IR I I PR R s R 0
B, LR AR R E R R4 b HERE S
FO BRI X ) AT T P IBG 11 [ AR 85 97 3L 4R 3%

T, ARG AR B TR s g 7t

PRk 85518—24h)5, T FKRE IR
I NAR L)A1& W R B IR LA BRI, 2 5
BT OGIRE TR 8555, 24h )5, BHE-TAR, (A1
FRIEMILCHA b, 4k2L85 5%, 10—15d4 4, W
B, A N B A SR ) R 0 T K 2 R
MR V%, IR JE PRI R V& IR 46 4 2 & A NPT AR R
(YT B[] A 5 77 2 PR B A B 7 2 = AR R kAT
POREEFE; BE: P2 BRI S DNA, PCREGIE B PE;
IIETER I B Rk S 77, LUEAT R — B e

TRENE TR . 5 3RAF (0 B 1R T8 T 7 31 5 5 i AR
FEBG 7R E BTy KB 7= (bR 4 7 B 1 %
5)e FERE GNP Z2 mLRAE: IR, I
SR T2 mLE O (1 mLE ), FHE A i ab 3,
W4 T8 2237 Wi <104 41 (R A B L2, B0 25 1
5, ININ200—400 pLHTifRs 77 3, FEERE 2 1—21
B 5% EHE L B P AE RBG PR, HE4T XL
AR T 1—2 8 )5 2 B BRI S—6 N LB V& T
PrEF R BT R R AT R 9%, B E
AR I, BT 2 3R AT 50AIE
1.7 &REMARSEENRIISFS

¥ RS AN B T BG 1 LRAR R 77 58 v 8% 97 2 56
B4 K (4750=0.4—0.5), 6000 r/min &5 L>2min{i 5
WA, INABG 11,3 1k 35 77 £ 5 & R 4, 6000 r/min
250o2min, YRR A, EE IR D1 6000 r/min
B 02min, AR A R B 2 RiER R E; &
HBG11 3 77 2k B B R A, B AR 72 20E H R/
=T, BINEEBG1 1 55 E TOsRE
PR35, 24h LS Bt R T A BRI R
SEEG I AR A R U = P AT R
1.8 EREUE

WA B A10.5% [ Alcian blue e iR &, TUE
TminZe A7 #EAT BT 25387 36 44 €4, F FH Olympus BX41
SRR T U A TR A B T S AT M ER, R EDIR
JEL0.2—0.5 mLAH MRS IR 2 B O, BRE, FF
L SRR WL B8 0V TR 3—5 nL ML, W T
WP B R B TR U7, BIE,
S B HEELGF DI A BT RS & g Ik
58 TR GG LY, R SO0 75 B4 4 AH B 1) 1
45, RFEE B — RS B — U ARG S0 75 B
P B B A i, Mg e g

2 R

2.1 dnaABRKRERTHR, TREKPHWERS
DnaA boxE E FHIEEFEHPHIEN
AL 45 85 F DnaA7E 41 i & 1 Ak &2 i R an 4



6 # A S R TEATEPCC 712097 B DnaA 8 0 B AR 5 7 i 45 =8 1217

DnaA¥ B 1) 248 55 41 i B B ) 2 s B A E . N
TARFUDna AR FEXT R I 41 PCC 71201140 i 2k
KRR B 50, #8E T dnadZE R (alr2009)
BRTRAR L K DnaAit ik bk . RIS 7E Xt I,
IS 2 DnaA box (7 fUELEE, T A R i S
DnaAffl . 8 7E MR 40w e ek b id NS
DnaA boxHJoriCH B KdnaA-oriC-dnaN i B S
XFDnaA K & H B4z

W =R AR ) 7 K i I pCT-
alr2009( & 1A)%#6 N B AR AL 6 IR IS 4N PCC 7120+,
313 DnaAid FiE#k0alr2009. [F HHIE T pCint
2M-alr2009 5 ki (K 1B), i =S5 AL 22 1 77 208
Py 47 1) 38 & T 3 AR pCint2M-alr2009 % N 55 48 Y
R IE A E PCC 71209, 8 i 57 1% 3R 15 Dna Al 2k
A A Malr2009.

FIH 51401 -up 1 1-dw K 1-up A12-dw 53 515 $T
P % 43 2 0alr2009 3 7T PCRIGIE (K 2A).
WTEEARAE o6t BIEv 18 B A B, i Rk B
PR R 5190 1-up AT 1-dwr] § B 3-15 H 10 H B
1787 bp, [ 514 1-up F12-dwik 47 PCRY ™ 1,
WATSRA H A B, K/ANNN2117 bpe &5 B3R,
519645 21 11 34Kk Oalr2009 B Ak 251 AR 2R3k T ik

2 J5 A 51 W03-up AI3-dw K 4-up Fl4-dw43 5l
X9 146 #4321 (1 Malr2009 7 B i3 47 PCREIE (K] 2B).
248 3-up M3-dw 5| RS, WTHE PR FA S Sp-r v B
Fr LATCIEAT 38 H v B, SR SR8 B R R T alr2009
TR R Bl Sp-r b BY B ¥, RIPCRY™ 3 J5 B Br K
/NN1800 bp. 41d FH4-up A4-dw 5| ¥i (B 2C),
WTE M 92 alr20095: H F B, RILPCRY 1
Je I BEK /N 861 b, 4k 2848 1 ik H Talr2009
FER R B Sp-r i Bt B e, RIMPCRY 1 J5 o7
Y.t gE R SR, 971845 213 Malr2009 B
Yy a1 15 2 3 1) 1800 bpIDNA K B, 1 H.i%
A 48 B AETDNA R B, AT LU 3AN B Ak N 58 4
43 B FIMalr2009 XUAZ e 58 4% B ik

YE NI, 765 & 4 DnaA boxHoriCFr B uk,
dnaA-oriC-dnaN Jy B N B 3L R A1 i) sz 56 b K
pRL271QoriCHIpRL271Qdna AN {AE it = 35 4 44
AT, e NBP A R RIS AN B PCC 71204,
FHH W25 28 0T DA 0 B BB V% - B pRL271QoriC
N R4 REPCC 7120)5 15 31 1 528 A MoriC,
FpRL271Qdna AN A f [l i 4H B PCC 71205 15
F| 5 AMdnaAN, F T J5 21 SEERAE S xf I
2.2 MoriC. MdnaAN. Oalr2009Ff1Malr2009#%
HSRES L

TR DnaAR TGS 5 R IEMAI K E W%,

A npt

pCT-alr2009
9354 bp

Theophyll: ne
riboswitch E

alr2009DW

Sp-r

alr2009UP cat

K1 pCT-alr2009(A)FlpCint2M-alr2009(B) & A7 & K
Fig. 1 The vector map of pCT-alr2009 (A) and pCint2M-alr2009
®)

A. pCT-alr200972 & | B f fii, HH Theophylline riboswitch EFfl
PpetB4L i 1 )5 3 F 3L AR 4R alr2009 1 # 5% ; B. pCint2M-
alr2009/2 %4 UKL, 738 1L alr2009 ) L3 AR il [R5 B
A T RL LR 20 R A T A

A. pCT-alr2009 is a replicative plasmid, which can initiate the
transcription of a/r2009 by the promotor of theophylline
riboswitch E combined with PpetE; B. pCint2M-alr2009 is an
integrative plasmid, the wild type genome can be recombined by
upstream and downstream homologous fragments of a/r2009

SHEFAER . MoriC+ MdnaAN. Malr2009410alr2009
SR ARAE IR B = S I R TE MR B 4T 1
MEE, FxF R AR AT T Givt. Bl 385 R IR,
SREIE IR 2405, B AR B AT UG R TR, ST
Hi#H8.64% . MoriCHIMdna AN /] JE il i 24 5t
ML, B2 2 R A AT S B K B R I, R
B3 5N 11.76%A111.73%, MoriC F1MdnaAN ¥
SR B TR AER(R 2). 45 5REBM, oriC
MdnaA-oriC-dnaN#$ &35 0] 5200 I 15 40 # PCC
71200 7 T MO s A

[E]I5F, Malr2009A10alr20097E S 15 37 24h )5
TS T (1 3), Oalr2009 4 22 H BEA %2
B/ & IR, H R 96.97%, KT 87 A4 4
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(& 2). Malr20091 5T A% 1 8.57%, 5 BF A= 1Y
JUTEA ZRMGEE 2). 28 B3, i RIEH INDnaA
F A2t R T EPCC 71201 5 7 M JE il At
3, B2 58 A R BR dnad JE IR AN 23 52 ) £ 1 15 41 v
PCC 71201 5T ff J ple e =X

N T 3k — 25 1 2 Dna A X5 I AL AR (1) 52
M, 23 %A FIWT. MoriC+ MdnaAN. Malr2009
F10alr20093% S B Ik 1 AH 48 5 72 i 1) 75 772 40 B 1)
O H AT ST, DA e W T B R B 22 R 1 A Al A
Ko B AEIR, ERIEER=Z240)5, B AR FIEH
8] 75 F% 40 i AN 10, MoriCAIMdnaAN 1 7 7
i B) 7 7 40 B A 7, B R T BF AR T 1K 5 Mo-
riCHIMdnaAN 5 712 Ho 55 26 BE I vy 1 07 20 2 ) o 31
—F(F 2). Malr2009 1) 5 % Jl 734k 5 26 b B A 7Y
AH LG TG B 5 22 1), IR AE S OE B ()75 77 40 e ) B 4
TP AT S Sk, Malr2009-5: 7 J 7] 7 5% 2 it 18]
K AECRN9, 5B AR R RS B (] 4). 7E£0alr2009
BRI A R, G S R L T 7 4 ) B 2o 2o 12, B
BETEAR(E 4), X 50alr20090) 5 MR
TP A= T SR MOAUR (45 RAF A (R 2).
23 EHREVE AR

N T R Jt DnaA X £ 1 40 T 2 AR K A S
TE IR 78 R R RIR R Z I &4, X EF A BWT,

A B

1-up/1-dw 1-up/2-dw

M WT O1 02 O3 WT O1 02 O3

8000
5000

3000
2000

1000
750
500
250

100

MoriC. MdnaAN. Malr2009410alr2009i% 5¥k B £
AR GLHAT TR (K 5). B SAZE R EoR, 18
RIE 7 2 S LT, MoriC. MdnaAN. Malr2009
F0alr2009 114 fid A KR L35 5 WTHL. 2R,
7E R IR = i (& 5B), MoriCFIMdnaAN [ 4H g 4=
Kl e TP AT EATIFE S 12K, 4450331 2
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Fig.2 The PCR verification of Oalr2009 and Malr2009

WTHRRE AR, 01, 02103332 ST LS £ 0alr2009 4 B ¥, M1, M2RIM3 /R34 2 id St It 43 21 Malr2009 #.
BvE. A FIH 51 -up/1-dwl B EFAE TGS A 74, 5143 1-0alr20098635 55145 H 11 7 BL1787 bp, FIH 51 401-up/2-dw™ B8 4= R A
TR, § I3 4 0alr20090k 343K 45 H (4 7 BL2117 bp; B. FIH 51 #3-up/3-dwH 4 B AL RO A ™40, 3153/ MMalr2009 16 #3235 45 H 1) F
Bt1800 bp; C. FIH 51 ¥)4-up/a-dwd 38 57 A4 B3R5 H 11 7 BL861 bp, ¥ H434~Malr2009¥k 351 1% A 74

WT represents wild-type strains, O1, O2 and O3 represent three single Oalr2009 colonies obtained through resistance screening, M1, M2 and
M3 represent three single Malr2009 colonies obtained through resistance screening. A. the wild type was amplified with primers 1-up/1-dw
and no products were obtained, all the three Oalr2009 strains obtain the target fragment of 1787 bp; wild type was amplified with primers 1-
up/2-dw and no products were obtained, all the three Oalr2009 strains obtain the target fragment of 2117 bp; B. the wild type was amplified
with primers 3-up/3-dw and no products were produced, the target fragment of 1800 bp was obtained by amplification of the three Malr2009
strains; C. The target fragment 861 bp was obtained by amplification of the wild type with primers 4-up/4-dw, and the three Malr2009 strains
were amplified without products
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Fig. 3 Phenotypes of the five strains under nitrogen starvation
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Heterocyst development in the wild type (a—c), MdnaAN (d—f),
MoriC (g—i), Malr2009 (j—I) and Oalr2009 (m—o) after 0
induction (a, d, g, j, m), 24h after induction (b, e, h, k, n) or 96h
after induction (c, f, i, 1, 0). Filaments were stained with Alcian
blue before microscopic observation. Heterocysts are indicated
with arrowheads. Scale bars=10 um
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Tab. 2 Heterocysts frequency after 24h of nitrogen starvation

FebrIndex WT MoriC MdnaAN Malr2009 Oalr2009

B
I
Heterocyst 280 290 290 385 257
el
Vegetative cells 2962 2176 2183 4106 3430
LI E S
Heterocysts 864 1176 1173 857 697
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Fig. 4 Frequency of the number of the vegetative cells between
heterocysts in the five strains
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INCREASED FREE DNAA DECREASES THE FREQUENCY OF HETEROCYSTS
IN ANABAENA SP. PCC 7120

LI Jing"?, YANG Yi-Ling' and ZHANG Cheng-Cai'

(1. Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China,
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: This study investigated the role of DnaA in the relationship between cell cycle and heterocyst differentiation
using Anabaena PCC 7120 as the model organism. When providing combined nitrogen, deletion or overexpression of
DnaA did not affect cyanobacterial proliferation and heterocyst differentiation. Upon deprivation of combined nitrogen,
DnaA deletion (Malr2009) showed no difference in heterocyst frequency (8.57%) compared with the wild type(8.64%)
at 24h, and the proliferation rate of Malr2009 was similar to the wild type, DnaA deletion did not affect cyanobacterial
frequency of heterocysts or proliferation rate, but the overexpression of DnaA protein (Oalr2009) reduced the fre-
quency of heterocysts by 20% compared with wild type, and increased the cell proliferation rate by 30% with about 1.2
at the 12" day, higher than that of the wild type (about 0.9 at the 12" day). In conclusion, although DnaA is not neces-
sary for the growth of Anabaena sp. PCC 7120 cells, but under deprivation of combined nitrogen, the increased free
DnaA inhibited the frequency of heterocysts.

Key words: Anabaena sp. PCC 7120; DnaA; DnaA box; oriC; Heterocyst



