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Functional analysis of Ser gene from biological bacterium Act12
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Abstract: [Objective] To explore the effects of bio-control and growth-promoting of the siderophore
involved with Ser gene in Actl2, the siderophore synthase Ser gene knock-out mutant was generated.
[Methods] For generating deletion mutant, suicide plasmid pKC1132 was chosen as a basic vector,
kanamycin resistance gene as a marker, upstream and downstream of Ser gene as homology arms to
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construct the recombinant plasmid named pCT12. Then, it was transfered into Actl2 by conjugal
transfer. Putative deletion mutants were verified by PCR. Whereafter, biological analysis was
conducted to assess the role of Ser gene in bio-control and growth promoting. [Results] The Ser
deletion mutant Aser was obtained by PCR and sequencing. Results of biological analysis showed
that Aser synthesizes less siderophores compared to wild strain Actl2. Furthermore, the seed
germination rate of Cucumis melo L and the antagonism against Macrophoma kawatsukai both
significant declined. [Conclusion] These results suggest that Ser gene of Act12 has a certain impact on
bio-control and growth promoting, which would establish the foundation for further mechanism study.
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E. coli ET12567 (pUZ8002)
pKCI1132 [aac(3)IV  oriT]
pSET152 [aac(3)IV  oriT]

(Valsa mali)

pMD19-T-Km"
pMDI19-T TaKaRa
1.1.2 BEFE: I
(g/L) 20.00 KNO; 1.00 NaCl0.50
MgS0,-7H,0 0.50 K,HPO, 0.50 FeSO,7H,0 0.01
15.00 I

20.00 KNO; 1.00 NaCl 0.50
MgS0,-7H,0 0.50  K,HPO, 0.50
LB (g/L) 5.00
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10.00 NaCl 10.00 15.00 DNA 1.2 Actl2 Ser EFE RGN E
TSB (g/L) 5.00 CTAB " Act12 DNA
15.00 NaCl 5.00 MS L-F L-R RF RR PCR
(g/L) 30.00 20.00 BL BR
15.00 PDA 1590bp 1547 bp Fermentas Fastpfu
200.00 20.00 15.00 PCR PCR 5xBuffer
LB (Amp) 10 pL (10 pmol/L) 1 pL 2.5 mmol/L
100 mg/L (Apr) 50 mg/L (Km) dNTPs 5 uL. DNA 1 pL (<0.5 pg) DNA polymerase
50 mg/L (2.5U/uL) 1 pL  ddH,O 50 uL PCR
(Nal) 25 mg/L (Km) 10 mg/L 98 °C 2 min 98 °C 30 s (T,—5) °C 30s 72 °C
1.1.3 it E K. « ” 1.5min 72 °C 5 min
1.1.4 FEXFIF{LEE: T4 DNA TaKaRa BL BR
ExTag Master Mix pKC1132  pMDI9-T-Km" T4
DH5a PCR

NanoDrop 2000

Thermo Bio-Rad S1000™  PCR
Thermalcycler JUNYI
1.1.5 35|4:

F1 KWBATASIY

Table 1 Primers used for PCR amplification and
detection

Primers Primers sequence (5'—3") Restriction sites
CCGGAATTCGAGTTGACGCGGA

L-F TGAC EcoR 1
GGAATTCCATATGGCACGATGGT

LR Geacaac Nde 1

R-F ESCGGATCCACGGACGGAGCAC BamH |

R-R GCTCTAGACCGCCCCTGTCATCC Xba |
KY-F ATGATTGAACAAGATGG -
KY-R TCAGAAGAACTCGTCAA -
QY-F  GCACCTTAGCCGAGTCA -

QY-R TCCCAGTGGAAGAGCGT -
CCGGAATTCGCACCTTAGCCGA

BH-F GTCA EcoR |
BH-R ggiCTAGATCCCAGTGGAAGAG Xba |

pCT12
1.3 Actl2 Ser EE R B RTHRRIKEINEE

pCTI2 ET12567 (pUZ8002)
[ Actl2 Apr® Km®
PCR Aser
1.4 HEYFHEED R
141 EEESUE:
Aser Actl2 I
28 °C 8d
142 H£RKFEERRNE: Aser
Actl2 1%
I 28 °C
180 r/min 1d
143 TEARBERIIH%: Aser  Actl2
1%
I 28 °C 180 r/min 8d
8 000 r/min 10 min 0.45 um

144 THRABEREHAEAFTEONE: Aser
Actl2 CAS
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bp

10 000
5000
3000
2000
1500

1 000
750

500
250
100

1 Ser EERMREARREE
Figure 1 Identification of the Ser knock-out plasmid

M Super DNA marker 1 L-F/R PCR 2
R-F/R PCR 3 (EcoR 1/

Nde | /BamH | /Xba 1).

Note: M: Super DNA marker; 1: L-F/R PCR amplification using
plasmid of the transformant; 2: R-F/R PCR amplification using
plasmid of the transformant; 3: Digestion of plasmid of the
transformant (EcoR | /Nde | /BamH | /Xba 1).

bp M 1 2 3 4
'%ggg
T 500
1000
750

500
250

100

2 Aser B PCR i
Figure 2 PCR analysis of Aser
M  Super DNA marker 1 KY-F/R PCR Aser
DNA 2 KY-F/RPCR Actl2 DNA 3 QY-F/R PCR
Aser DNA 4 QY-F/R PCR Actl2 DNA.
Note: M: Super DNA marker; 1: KY-F/R PCR amplification using
DNA of Aser; 2: KY-F/R PCR amplification using DNA of Actl2;

3: QY-F/R PCR amplification using DNA of Aser; 4: PCR
amplification using DNA of Act12.

795 bp Actl2
Ser QY-F/R Actl2
2 000 bp Aser Actl2
144 bp PCR
Km" Ser
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232 HRKERENE: [ 75.0%
28 °C 180 t/min 1 234 TEABEERX AT LB S00:
1d Aser  Actl2 2 96 h Aser
4 Aser Actl2 Actl2
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235 S5RFEENAMNFEERE: Aser  Actl2
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Bl 3 Aser (A)S Actl2 B)HEERS 48 h Aser
Figure 3 Colony of Aser (A) and Act12 (B) Act12
0.09 e Actl2 . Aser  Actl2
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gom) 3
Sl Eeol
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0.00 e30r
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Figure 4 Growth curves of Aser and Act12 0

(P<0.05). 5.

Note: The error bars represent SD, and different letters indicate
significant difference (P<0.05). The same as figure 5.

1(d)
5 Aser 5 Actl2 ZEEERSEHIATTE M

Figure 5 Siderophore production curves of Aser and Act12
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2 Aserand Act12 X EHNFFRA R BRI, FE%H pSET-Ser
< Hh By
KRIZNE ET12567(pUZ8002)
Table 2 Influences of Aser and Actl2 on germination
and growth of seeds of Cucumis melo L. Aser 3
Actinomycets Rate of Length of Length of
4 germination (%) radicle (cm) hypocotyl (cm) ser

CK 40.70+2.10a 4.20+0.72a 2.02+0.53b ser

Aser 9.00+4.00b 0.12+0.13b Oc i

Actl2 41.00+1.00a 4.54+0.26a 2.86+0.15a 3 'I‘TIVB

+
(P<0.05).
Note: The datas represent means+s, and different letters in the same
column indicate significant difference (P<0.05).
(Pseudomonas
putida) wces358r
(Fusarium fungus) [13]
[14] (Pseudomonas
aeruginosa) 7158 4
6 Aser (A)5 Act12 B)MERBLHEBIFEIIER
Figure 6 Inhibition activity of Aser (A) and Actl2 (B)
against M. kawatsukai
48 h Aser  Actl2 [15]
6 [13]

48 h Aser Actl2
2.4 Ser Z A [E %M LLG

Actl2 DNA BH-F
BH-R PCR Ser
EcoR 1 /Xba 1 Ser 61 Aser
pSET152 T4

T3 Aser 5 Actl2 X R AL E FANE R F A7 B RIS AL

Table 3 Inhibition activity of Aser and Act12 against M. kawatsukai and V. mali

M. kawatsukai V. mali
Actinomycete Inhibitory zone diameter (cm) Inhibitory zone diameter (cm)
36 h 48 h 36h 48 h
CK Oc Oc Ob 0b
Aser 2.44+0.10b 1.50+0.10b 2.47+0.06a 1.97+0.06a
Actl2 2.70+0.10a 2.53+0.06a 2.50+0.10a 2.03+0.12a
+ (P<0.05).

Note: The datas represent means+s, and different letters in the same column indicate significant difference (P<0.05).
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