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Larvicidal activity of recombinant Escherichia coli expressing scorpion neurotoxin AalT

or B.t.i toxin Cyt2Ba against mosquito larvae and formulations for enhancing the effects

DENG Shengqun, DENG Mingzhi, CHEN Jiating, ZHENG Lilan, PENG Hongjuan
Department of Pathogen Biology/ Guangdong Provincial Key Laboratory of Tropical Disease Research, School of Public Health, Southern

Medical University, Guangzhou 510515, China

Abstract: Objective To assess the larvicidal effects of recombinant Escherichia coli expressing scorpion neurotoxin AalT or
Bacillus thuringiensis subsp israelensis (B.t.i) toxin Cyt2Ba against the second instar larvae of Culex pipiensquinquefasciatus and
Aedes albopictus and compare different formulations for their larvicidal effects. Methods The AalT- or Cyt2Ba-coding sequences
were cloned into pET28a(+) and the recombinant plasmids were transformed into E. coli BL21(DE3). After induction with IPTG,
the recombinant proteins expressed by the recombinant E. coli were detected and identified by SDS-PAGE and Western
blotting, respectively. The larvicidal activity of the bacterial suspension was tested at different concentrations against
mosquitoes. The effective engineered bacteria were prepared into dry powder with different formulations, and their larvicidal
activity was tested. Results AalT and Cyt2Ba proteins were successfully expressed in E. coli. The recombinant AalT protein
showed no virulence to the mosquito larvae. The suspension of the recombinant E. coli expressing Cyt2Ba protein exhibited a
stronger killing effect on Aedes albopictus larvae than on Culex pipiens quinquefasciatus larvae at 48 h (P<0.001) with LCs, of 3.00x
10° cells/mL and 1.25x10" cells/mL, respectively. The dry powder of the engineered bacteria formulated with yeast extract,
wheat flour or white pepper powder at the mass ratio of 1:1 showed the strongest killing effect on mosquito larvae (P=0.044),
and the formulation with white pepper powder produced a stronger killing effect than formulations with yeast extract or
wheat flour (P=0.002). Conclusion The B.t.i Cyt2Ba protein expressed in E. coli BL21(DE3) shows a good larvicidal activity
against mosquitoes, and appropriate formulations of the engineered bacteria can enhance its efficiency in mosquito control.
Keywords: AalT; Cyt2Ba; Aedes albopictus; Culex pipiens quinquefasciatus; Bacillus thuringiensis subsp israelensis
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Fig.1 SDS-PAGE analysis of the expression of AalT-BL21 and
Cyt2Ba-BL21. M: Protein maker; 1: AalT-BL21 induced by
IPTG for 4 h; 2: AalT-BL21 without induction; 3: Cyt2Ba-BL21
induced by IPTG for 4 h; 4: Cyt2Ba-BL21 without induction.

30 000 -

10 000 "

2 Western blot 43 #7 T 72 & #k AalT-BL21 #
Cyt2Ba-BL21FKiAF=4)

Fig.2 Western blot analysis of the expression of
AalT-BL2land Cyt2Ba-BL21. 1: AalT-BL21 induced by
IPTG for 4 h; 2: AalT-BL21 without induction; 3:
Cyt2Ba-BL21 induced by IPTG for 4 h; 4: Cyt2Ba-BL21
without induction.

2.2 TARH Wik ey AR &

TREPE Aal T-BL21 X SISO 2R I 4l ok
MR WA AKAEH] . (B TAER Cyt2Ba-BL21 X 1
SUISORIER RIS T #4540 s SR B I AR KSR, . 45
IR, TR Cyt2Ba-BL21 LA 48 h f&xt 2 Filse4)i
BIEATIR R A KAE R, [ B2 P B ey at
T2(FR 1) HAR SIS AR KA E P TR0 R
ISeihy R A KRR , 22 A i 2 L (P<0.001) . FHAX
14 SPSS 44 LCso43 1124 3.00% 10°F1 1.25%10” cells/mL,
2.3 LA LA 69 A2 2

1 T LA Cyt2Ba-BL21 R0 AUl iy
BRI RANE, TR BOZ TR HIMER TR, ik
PEAIE AR R , I g I 40 B
B 1o B5RER, TRBEMAX LA —aE iR
KAEH  AEAL R Bty B 24 h 148 h JFFET 553
h140%71180%(F2) . 4 TAEFEM A GG L AEHE AR
Fe A L AL R S 48 h s, AN RIS
T B AL Z TR T IS 4l HOR KRR 3 25 57
Fri LA 1 1SR (P=0.044) , SEEE TR |
IR RSO E LR L, £ 48 h FET 33|
“4190% .85%F1100% (% 2) . F3 A AR AR ECHI A
PR 2 4 T HAB B RIS (P=0.002) , I HL 24 T
PR T85O A T ol 10 L 76 BT R
XISl HUR) AR IR R s

3 iWig

IR 225 R AalT & 1971 AR ML R R i rh
BB k™ Aal T — R U R R, Bl
1 MR R U R PR (V G SCe) il L B A i
SRR A LR A P 2, BAROR AR
VGSCsTER R EEARIM:  {HUE: Aal T IR H T R LU
R BERE S JFRE X A B ORI L 3l , Wi 2L 30 T
F XA ERPIRE A T IF AL A A R >
ARSI RE pET RANEA K FFRILBL21(DE3) #
HRANZRIA A pET-28a(+) 415, BB R R (195 5]
AVEATEYER H =Y. B TR AalT-BL21 5255
IR, AalT BAR IR , AT X S FrHisCRn
BRI A KAER o R T RRE TR
e G =W 1| A W O W W 1 S N (TN 7
B SN S0 ik, ST o R A )
TEE

Cyt#E i R A e AU H R EA JEER Bt
HR B, o Cyt2Ba ik 18 2 O B HAT AR
T, A R AT ACTE S B A b i me A
IS RO TR IAZ O R B o 2 B S B R T AT E
RGRRE 2 IR m RS & 15 AN A LIE



http://www.j-smu.com

J South Med Univ, 2017, 37(6): 750-754

+ 753 -

R1 Ti2HE Cyt2Ba-BL21IFFEX AEUAMANE A 1 %) AR RAER
Tab.1 Larvicidal activity of engineered E. coli (Cyt2Ba-BL21) to the 2nd instar larvae of Aedes albopictus and

Culex pipiens quinquefasciatus after induction by IPTG*

Mortality of Aedes albopictus (%)

Mortality of Culex pipiens quinquefasciatus (%)

Concentration (cells/mL)

24 h 48 h* 24 h 48 h
1x10° 86.7 100 90.0 93.3
1x10 66.7 90.0 60.0 83.3
1x10° 40.0 53.3 36.7 50.0
1x10° 10.0 333 133 30.0
1x10* 0 6.7 3.3 10.0
Negative control 0 0 0 0
Sterilized water 0 0 0 0

*P<0.05 vs negative control, sterile water; “P<0.001 »s mortality of Culex pipiens quinquefasciatus larvae at 48 h.

&2 T#EH Cyt2Ba-BL21 THIE T BEUFEL 11 he4h AT
RRAEH

Tab.2 Larvicidal activity of formulations of Cyt2Ba-BL21 to
the 2nd instar larvae of Aedes albopictus

Mortality (%)

Formulations (10 mg)

24 h 48 h
Cyt2Ba-BL21 dry powder (CB) 40 80
Yeast extract (YE) 10 20
CB:YE=4:1 35 70
CB:YE=1:1 50 90
CB:YE=1:4 40 65
Wheat flour (WF) 15 15
CB:WF=4:1 40 65
CB:WF=1:1 55 85
CB:WF =1:4 30 50
White pepper powder (WP) 25 45
CB:WP=4:1 60 100
CB:WP=1:1 80 100
CB:WP=1:4 70 95
Sterile water 0 0

The dry powder of Cyt2Ba-BL21 formulated with yeast extract,
wheat flour or white pepper powder at the mass ratio of 1: 1 showed
the strongest killing effect on mosquito larvae (P<0.05), and the
formulation with white pepper powder produced a stronger killing
effect than formulations with yeast extract or wheat flour (P<0.05).
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