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Inactivation and functions of gene alr0267 in cyanobacterium
Anabaena sp.PCC 7120
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(a Guangdong Provincial Key Laboratory of Protein Function and Regulation in Agricultural Organisms ,

College of Life Sciences b College of Agriculture ,South China Agricultural University ,Guangzhou,Guangdong 510642 ,China)

Abstract: [Objective)] The gene a/r0267 was knocked out in Anabaena sp. PCC 7120 and its function
was studied preliminarily. [Method) The fragment of alr0267 gene of Anabaena sp. PCC 7120 was cloned
and knock-out vector was constructed. The a/r0267 gene was inactivated by single-crossover homologous
integration. The mutant of a/r0267 gene was purified and identified by PCR. Then, the morphology of ni-
trogen-fixing heterocyst from both the mutant and wild-type was observed and counted. The relative ex-
pression of related genes a/{0813,all2736 and alr2887 in wild-type and the mutant were measured at differ-
ent incubation times (0,3,8,24 h and 10 d) using real-time PCR. [Result) The a/r0267 gene of Anabaena
sp. PCC 7120 was inactivated successfully. After 6—12 days nitrogen-absent culturing, the average number
of vegetative cells in heterocysts of mutant was significantly less than that in wild-type. The maximum rela-
tive expressions of all0813,all2736 ,and alr2887 in the wild-type were detected by real-time PCR 24 h after

nitrogen-absent culturing while the time was delayed in the mutant. [Conclusion) The inactivation of
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alr0267 gene increased the frequency of heterocyst and affected the development of heterocyst.

Key words: Anabaena sp. PCC 7120;alr0267 gene;heterocyst;single-crossover homologus integration;
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1.1

1.1.1 PCC 7120 (Anabaena sp.

PCC 7120) .Escherichia coli NEB 108, Escherichia
coli HB 101 [ pRL623 + pRL443], Escherichia coli
NEB 10B8[ pZR606 (GenBank: KJ500179. 1) ] s

o

1.1.2 DNA )
sNot | .Sma | .
PCR (PrimeSTAR HS DNA Polymer-
ase) . pMDI18-T ( “T
7). T4 DNA , TaKaRa ;2 X

Taq PCR Master Mix,
; .SuperReal PreMix Plus
(SYBR Green) . FastQuant RT Kit (With

gDNase) s ;
RNAout ,
1.2
1.2.1 PCC 7120
Allen-Arnon ¢
AA ),
30%C 250 mL 75 mL )
(30£2) C, 5 600 1x( )
110 r/min,
1.2.2 (http://genome.
microbedb. jp/cyanobase/Anabaena) rnpB.
alr0267.all0813 ., all2736 . alr2887 ’
Oligo7 , 1,
1.2.3 alr0267 10 pL
PCC 7120 ,  PCR 95 C
10 min, 8§ nL, 5 X Taq Buffer 5

pL. dNTPs(2. 5 mmol/L)2 pL, . (20
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pmol/L) 1 pL, 8 ul, 30 ;72 °C 15 min; 10 C . 1%
Taq (2.5 U/HL)O. 2 HL’ . PCR , DNA

:95 C 5 min;98 C 10 5,55 C 5,72 °C 1 min, .

1 PCR
Table 1 Purposes and sequences of PCR primers
Primer name (5'—>3")Sequence Purpose
HEP43 geggecgcGTGCTAACCCAAATCCTAATCC
alr0267 Clone alr0267
HEP44 ccegggGCCTGTTGTAGTGTTGTTCCA
HEP101 ATCAGCATCTTTGGTATCA 10267
HEP102 AAAGGCTTCACTGGTAACG irmen
Identification of a/r0267 mutant
HEP103 TCCGTATGTAGCATCACCT
HEP203 GGAGCAAGGCCGAAGGAACTAT
rnpB Detect rnpB
HEP204 ATTGCTTTACACGAGGGCGATTA
HEP207 CAGCAAAACCCCAGTCTCACCT
all0813 Detect all0813
HEP208 ATTCCCGATTCCCTTGCTGAGTTT
HEP209 GTGTTGTCGGGTTGCGTAGTGA
; all2736 Detect all2736
HEP210 GTTGATTTGGTAAAGTTGATGGAGGAGT
HEP211 GCCGGCAAGCATTAGCAACCT
alr2887 Detect alr2887
HEP212 GCCCTCACGCCGACAGAATAAC
:“geggeege”  Not ,“cceggg”  Sma
Note: “gcggeecge” is Not | cutting site, “cccggg” is Sma | cutting site.
1.2.4 PCR C 3h, 1% .
T : 4.7 pL\ DNA
T 0.3 ‘uL\SOlutiOn 15 pnl 16 C 1h, R alr0267 16. 5 pL\pZRGOG
E. coli NEB 108 , 5 pL.10 X T4 Ligase Buffer 2.5 nL.T4 DNA
200 pL 100 1 pl,16 C 4 h, 1.2.4,
png/mL (Amp) LB ,37 C (Km,50 pg/mL), 2
. 40 pL , , alr0267

, 10 ‘uL PCR 95 C 10 min, pHEP24,

8 ul, 2 X Taq PCR Master Mix pHEP24 E. coli NEB 108
12.5 ul, | (20 pmol/L) 1 pL. [pHEP24],
2.5 uL, 25 uL. . PCR
95 C 5 min;95 C 305,50 C 30,72 C 555,30

72 °C 15 min; 10 °C . 1%
4 mL LB (100 pg/mL
Amp) ,37 C,200 r/min . 2
alr0267
pHEP20, pHEP20 E. coli
NEB 1OB[pHEP20] o
1.2.5
pZR606 pHEP20, Not | 1 alr0267

Sma | , Fig.1 Construction of knockout vector of alr0267 gene
pZR606 s 1, : 1.2.6 alr0267 E. coli NEB 108
Smal 0.2 pL,Not1 0.2 pL,10XT Buffer 1 pL, [pHEP24] E.coli HB 101 pRL623+pRL443]

0.1% BSA 2 L, 16.5 pL, ,37

,37 °C 30 min, 3
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‘U.L ’ ’ ’
2.5 4l 2.
PCC 7120 ’ , 10 d s s
5% LB, AA AA/8N(AA/8N AA
, ,28 C 24 h, 2 s 8§ ) (
200 pg/mL (Nm) 100 pg/mlL Nm) 7d,
AA ’ , 4 800~5 600 Ix ’ ’ AA
( ) ,28 C 10 d o (200 pg/mL Nm) o
E. coli HB 101[ pRL623+pRL443] , PCR s
1.2.7 alr0267 PCR PCR 3 o
2 alr0267

Fig. 2 Single-crossover homologous integration of knock-out vector and alr0267 gene

3 PCC7120 alr0267 PCR
HEP101/102 984 bp; HEP101/103 1 089 bp
Fig. 3 PCR verification of Anabaena sp. 7120 alr0267 gene mutant
Expected size of the product of primer HEP101/102 is 984 bp;the product of primer HEP101/103 is 1 089 bp

PCR s HEP101/102, HEP101
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pZR606 (HEP103)
HEP101/103, HEP101/ .
102 PCR , ( 1.3
) SPSS t
) (
) ; HEP101/103 2
PCR , 2.1 alr0267
, o 2 HEP43/44 PCR ,
PCR , , HEP101/ 750~1 000 bp, (834 bp)
103 , 2 « D,
. PCR 1.2.4,PCR
:95 °C 5 min;95 C 30 5,50 C 305,72 C 65
s,30 ;72 °C 15 min;10 C .
1.2.8 alr0267
PCC7120 alr0267 (
Aalr0267 ) AA/S8
C AA , 8
> 12 d, 24 h 1
mL s , s ’
’ 4 PCC 7120 alr0267
1.2.9 Real-time PCR FeR
M. DNA Marker; 1. alr0267
PCC 7120 Aalr0267 Fig.4 PCR amplification of Anabaena sp.
: 0,3,8,24 h 10 7120 alr0267 gene fragment
d. RNAout RNA, M. DNA Marker;1. DNA fragment of alr0267
FastQuant RT Kit(With gDNase) 2.2 alr0267
cDNA , SuperReal PreMix Plus ( SYBR T PCR
Green) all0813.,all2736,alr2887 s C 5 s 10
, 3, (834 bp) ; 2
10 cDNA 1 pl, RNase-free , alr0267
ddH,O 9 uL, . (20 pmol/L) 0.3 puL, ( )6
2 X Supper Real PreMix Plus 10 pL, . PCR pZR606 PCR , C 6)
:95 °C 15 min; 95 C 10 5,55 C 20 5,72 , 6
‘C 15 s,50 ; : 62 (834 bp); 2
C, 95 C, 0.5 °C/5 s, s alr0267
rnp B , 2 ( ).
5 PCC 7120 alr0267 T PCR
M. DNA Marker;1~10. T , 834 bp
Fig. 5 PCR detection of T vector clone of Anabaena sp. 7120 alr0267 gene

M. DNA Marker; 1—10. Transformants, the product of PCR was 834 bp



162 ( ) 44

2.3 alr0267 PCR 8) s HEP101/102
PCC 7120 s HEP101/103
AA (100 pg/mL Nm) 15 ; HEP101/102
d s s HEP101/103
, , o ,alr0267
C D, 3 , PCR ( o
6 PCC 7120 alr0267 7 alr0267
PCR A B ; ,
M. DNA Marker;1~6. pZR606 , 15d 3 2
834 bp 4 . 8
Fig. 6 PCR detection of knockout vector of Fig. 7 Inactivation of alr0267 gene
Anabaena sp. 7120 alr0267 gene A. Control, B. Experiment group; Left. Initial training phase,Right.
M. DNA Marker;1— 6. Transformants, After 15 days; The top of picture was diluted by two times,the
the product of PCR was 834 bp middle of picture was diluted by four times,and the bottom of

picture was diluted by eight times

8 PCC 7120 Aalr0267  PCR
M. DNA Marker;1.4. 52,5, I;3.6. I
Fig. 8 PCR verification of mutant of Aalr0267
M. DNA Marker;1,4. Wild-type;2,5. Mutant [ ; 3,6. Mutant [I

2.4 alr0267
PCC 7120 .

[9] B o 9 ’
, Lol 24 h PCC 7120
, ; Aalr0267
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, , o 48 h Aalr0267
. Aalr0267 ; .
Aalr0267 , Aalr0267
9 PCC 7120 Aalr0267
a.b send  Aalr0267;a.c ;b.d ;
CF ; 10 ym

Fig. 9 Cell morphology of wild-type and Aalr0267 in nitrogen-absent medium
a and b are wild type.c and d are Aa/r0267;a and c are cultured in nitrogen-absent medium,b and d emit red fluorescence under blue

excitation light; The numbers after the letters indicate the culturing days; Arrows indicate heterocyst; The scale bar is 10 um

PCC 7120 Aalr0267 (P<C0.00D), 2 ,
t ) s PCC 7120 Aalr0267
1~4d, (P << 1~4 d,
0.001);5d P=0.136, ;6~12d , ;5d
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Aalr0267, 5d ,Aalr0267 ,alr0267

b o

2 PCC 7120 Nalr0267
Table 2 Comparison of numbers of vegetative cells between heterocysts of
Anabaena sp. PCC 7120 Aalr0267 and wild-type

Aalr0267 Wild type
/d R
L Significance
Time Average number Standard Number of Average number Standard Number of analysis
of cells deviation samples of cells deviation samples
1 13 4 82 19 9 180 * % X
2 17 6 158 14 6 110 * ok ok
3 19 6 153 21 8 135 * ok ok
4 16 6 151 24 11 167 * x X%
) 22 8 165 21 8 191
6 22 8 119 27 10 144 * ok X
7 23 8 105 32 12 122 * ok X
8 24 9 128 32 12 164 * K K
9 25 8 260 35 14 140 * kK
10 25 9 198 32 12 164 * kK
11 26 9 179 36 15 112 * ok ok
12 26 9 163 37 16 116 * Kk X
, sk Kk ok P<C0.001,

Note: The standard deviation refers to the average number of cells. The number of samples are the number of cyanobacteria segments be-

tween the heterocysts; 3 % % means P<Z0. 001.

2.5 all0813.all2736.alr2887 0,3,8,24 h  10d ,all0813.all2736.alr2887
PCC 7120 Aalr0267 mRNA Real-time PCR 10,
10 PCC 7120 Aalr0267  all0813.all2736.alr2887

Fig. 10 Realtime quantitative analysis of gene all0813,all2736,and alr2887 of
wild-type and Aalr0267 of Anabaena sp. PCC 7120

10-a s PCC 7120 s ) 10 d
all0813 3 h .24 h ;24 h all0813
s Aalr0267 3,8 24h s Aalr0267
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