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Figure 1. Growth characteristic curve of CSLH88 +: The strain can grow normally; — The strain can’t grow
strain. normally.
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2. kan PCR  (A) pGHKW2  (B) pGHKW4 (©)
Figure 2. PCR of kan gene and double digestion of pGHKW2 and pGHKW4 vector. A: PCR of kan gene; B:
pGHKW?2 Vector and Double digestion of pPGHKW2; C: pPGHKW4 Vector and Double digestion of pGHKW4. M:
1 kb marker (Thermo). Lane 1: PCR fragment of kan gene; lane 2: pPGHKW?2 plasmid; lane 3: Double digested by
Sac 1 and Spe I; lane 4: pGHKW4 plasmid; lane 5: Double digested by Sac I and Xma 1.
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3. pGHKW2 pGHKW4
Figure 3. Map of pPGHKW2and pGHKW4 reconstructed plasmid. A: Insertion site of Kan gene in pPGHKW2; B:
pGHKW?2 plasmid; C: Insertion site of Kan gene in pGHKW2; D: pGHKW?2 plasmid.
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4, 40 )
Figure 4. Cell morphology under fluorescent inverted microscope (40 times microscopic observation). A, C, E:
CSLH8S, CSLH88-pGHKW2 and CSLH88-pGHKW4 observed under dark field of fluorescence microscope; B, D,
F: CSLH88, CSLH88- pGHKW?2 and CSLH88-pGHK W4 observed under bright field of fluorescence microscope.

2.
Table 2. Genetic stability of plasmids

Number of transfers ~ Culture time/h  Generation pGHKW?2 Plasmid retention rate/%  pGHKW4 plasmid retention rate/%

1 12 8 100 100.00
3 36 22 46 100.00
5 60 36 25 100.00
7 84 50 0 100.00
9 108 64 0 64.35
11 132 78 0 50.00
13 156 92 0 20.20
15 180 106 0 5.97
17 204 120 0 3.51
19 228 134 0 0
21 252 148 0 0
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CSLHS88
5. SDS-PAGE  Western blotting GFP
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Figure 5. SDS-PAGE and Western blotting analysis
of expression product of GFP. A: SDS-PAGE analysis (HlyA) HasA
of CSLL88-pGHKW2 protein; B: Western blotting pGHKW?2 pGHK W4
analysis of CSLL88-pGHKW?2 protein; C: SDS-PAGE CSHSS
analysis of CSLL88-pGHKW4 protein; D: Western
blotting analysis of CSLL88-pGHKW?2 protein. a- (HlyA)
HasA
3 [15-16]
(17181 a- (HlyA)
(1]
HlyB HIlyD
TolC [19] HasA
I
HasD
HasE HasF
HasD ABC
(ATP-binding cassette)
[12-13]
hasA 168 el
(CSLHSS8)
HlyA  HasA
CSLHS88
CSLH88 30 °C 2-4 h
[20]
pGHKW2
(4] CSLHS88 pGHKW4

actamicro@im.ac.cn



,2019, 59(8)

1621

pGHKW?2
50 0%
pGHKW4 100
[21]
pGHKW?2
HIyA
HasA
SDS-PAGE

Western blotting

CSLH88-pGHKW2

GFP-HIyA
TolC
pGHKW2 HlyA HIlyB  HlyD
[22]
CSLH88-pGHKW?2
Western blotting GFP
pGHKW4 gfp HasA
HasA
pGHKW4
HasA

gy

[1] Lu CH, Pu HP, Han B, Wang M, Yang Q. Study on the

biological characteristic of Monochamus alternatus hope.
Journal of Anhui Agricultural University, 2000, 27(3):
243-246. (in Chinese)

5 s s 5

(2]

(3]

(4]

[5]

[6]

[7]

[9]

, 2000, 27(3): 243-246.
Chen JR, Peng XZ. Summary of prevention and control
techniques of Monochamus alternatus. Journal of Agricultural
Catastrophology, 2014, 4(12): 16—18. (in Chinese)
2014, 4(12): 16-18.
Liu HJ, Shu QL. Research progress on biological control of
Bursaphelenchus xylophilus vector - Monochamus alternatus
Hope. Anhui Agricultural Science Bulletin, 2007, 13(8):
127-128. (in Chinese)

, 2007, 13(8): 127-128.

bl

,2002.

Hurwitz I, Fieck A, Read A, Hillesland H, Klein N, Kang A,
Durvasula R. Paratransgenic control of vector borne diseases.
International Journal of Biological Sciences, 2011, 7(9):
1334-1344.
Landsberg MJ, Jones SA, Rothnagel R, Busby JN, Marshall
SDG, Simpson RM, Lott JS, Hankamer B, Hurst MRH. 3D
structure of the Yersinia entomophaga toxin complex and
implications for insecticidal activity. Proceedings of the
National Academy of Sciences of the United States of
America, 2011, 108(51): 20544-20549.
Ward WW. Properties of the coelenterate green-fluorescent
proteins//Deluca MA, Mcelroy WD. Bioluminescence and
Chemiluminescence: Basic Chemistry and Analytical
Applications. New York: Academic Press, 1981: 235-242.
He W, Wang ZK, Chen JH, Li Q, Cao YQ, Yin YP.
Transformation of Bt pesticidal gene into predominant
endogenetic bacterium isolated from Apriona germari (Hope)
larvae intestines. Amino Acids and Biotic Resources, 2008,
30(3): 5-10. (in Chinese)

, , , , , . Bt

, 2008, 30(3): 5-10.
Wang ZK, He W, Peng GX, Xia YX, Li Q, Yin YP.
Transformation and pression of specific insecticide gene Bt
cry3A in resident endogenetic bacteria isolated from Apriona
germari (Hope) larvae intestines. Acta Microbiologica Sinica,
2008, 48(9): 1168—1174. (in Chinese)
Bt cry3A
, 2008, 48(9): 1168-1174.

http://journals.im.ac.cn/actamicrocn



1622

Chenyan Huang et al. | Acta Microbiologica Sinica, 2019, 59(8)

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Yu JY, Jiang B, Zhang XP, Li S, Hu XM. Bacterial type VII
secretion system. Journal of Microbes and Infections, 2015,
10(2): 127-132. (in Chinese)

, s , , viI

, 2015, 10(2): 127-132.

Chang JH, Desveaux D, Creason AL. The ABCs and 123s of
bacterial secretion systems in plant pathogenesis. Annual
Review of Phytopathology, 2014, 52(1): 317-345.
Wang SB, Ghosh AK, Bongio N, Stebbings KA, Lampe DJ,
Jacobs-Lorena M. Fighting malaria with engineered symbiotic
bacteria from vector mosquitoes. Proceedings of the National
Academy of Sciences of the United States of America, 2012,
109(31): 12734-12739.
Wang SB, Dos-Santos ALA, Huang W, Liu KC, Oshaghi MA,
Wei G, Agre P, Jacobs-Lorena M. Driving mosquito
refractoriness to Plasmodium falciparum with engineered
symbiotic bacteria. Science, 2017, 357(6358): 1399-1402.
Akbari S, Ail Oshaghi M, Hashemi-Aghdam SS, Hajikhani, S,
Oshaghi G, Shirazi MH. Aerobic bacterial community of

american cockroach Periplaneta americana, a step toward

finding suitable paratransgenesis candidates. Journal of

Arthropod-Borne Diseases, 2014, 9(1): 35-48.
Holland 1B, Blight MA, Kenny B. The mechanism of
and other from

secretion of hemolysin polypeptides

Gram-negative bacteria. and
Biomembranes, 1990, 22(3): 473-491.

Li L, Liu MF, Cheng AC. Structural and functional reveal of

Journal of Bioenergetics

the hemophore in Gram-negative bacteria. Microbiology
China, 2015, 42(7): 1358-1365. (in Chinese)
Hemophore
1358-1365.
Valeva A, Siegel I, Wylenzek M, Wassenaar TM, Weis S,

, 2015, 42(7):

actamicro@im.ac.cn

[18]

[19]

[20]

(21]

[22]

Heinz N, Schmitt R, Fischer C, Reinartz R, Bhakdi S, Walev 1.
Putative identification of an amphipathic alpha-helical
sequence in hemolysin of Escherichia coli (HlyA) involved in
transmembrane pore formation. Biological Chemistry, 2008,
389(9): 1201-1207.
Cheng XJ, Liu MF, Cheng AC. Structural and functional
properties of the Heme acquisition system in gram-negative
bacteria. Chinese Journal of Biochemistry and Molecular
Biology, 2014, 30(9): 848-855. (in Chinese)

, 2014,
30(9): 848-855.

, 2005.
Zhen YH, Han L, Liang AX, Wang QL, Yang LG. Study on
genetic stability of Inhibin recombinant plasmid in the
attenuated salmonella choleraesuis C500 strain. Biotechnology
Bulletin, 2009, (S1): 300-304. (in Chinese)
C500
, 2009, (S1): 300-304.
Xiao S, Hong HZ, Peng JX. Research progress on plasmid
stability in recombinant. Biotechnology Bulletin, 2008, (4):
9-12. (in Chinese)
, 2008, (4): 9-12.

Ning YL, Zhou LX, Zhang WJ, Lu DS, Xiao B, Mao XH, Zou
QM. Extracellular secretion of recombinant hIL-6 utilizing
UPEC a-hemolysin (HlyA) system. Immunological Journal,
2008, 24(4): 380-384. (in Chinese)

o- -6. N

2008, 24(4): 380-384.



,2019, 59(8) 1623

Construction of HlyA and HasA exocrine expression systems in
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Abstract: [Objective] Construction of transgenic strain can effectively improve the insecticidal effect. But the
insecticidal toxin cannot be secreted from intracellular to extracellular, so it cannot directly act on the insect body.
Therefore, if we can construct an engineered strain with exocrine protein function, it is an effective way to solve
these problems. [Methods] In this study, the growth characteristics and resistance of Yersinia pestis (CSLH8S)
isolated from the intestinal tract and habitat of M. alternatus were determined, and then the molecular modification
was carried out. The exocrine expression vectors of HlyA (pGHKW?2) and HasA (pGHKW4) were constructed and
transformed into CSLHSS strain by electroporation to obtain engineering strain capable of expressing green
fluorescent protein. The genetic stability of the two plasmids was tested, and the exocrine function of the proteins
was verified by SDS-PAGE and Western blotting techniques. [Results] The strain of CSLH88 could enter
logarithmic growth stage after 2—4 hours of culture and had no resistance to kanamycin (Kan). Two exocrine
expression vectors, pGHKW2 (GenBank: MK562405) and pGHKW4 (GenBank: MK562404), were successfully
constructed. It was found that pGHKW4 plasmid was more suitable for stable inheritance in Y. pestis. The results of
SDS-PAGE and Western blot showed that the secretion of extracellular proteins in HIlyA system protein was
blocked, while the HasA system could play an exocrine expression function in CSLH88 strain. [Conclusion] By
studying the exocrine expression systems of HlyA and HasA, HasA heme transport system was selected as the
exocrine expression system of CSLH88 strain. It lays a foundation for the construction of exocrine toxin protein
strain and the pathogenicity of CSLHSS strain.

Keywords: Monochamus alternatus Hope, Yersinia pestis, exocrine expression system, green fluorescent protein
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