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Cloning, expression and prediction of insecticidal toxin Txp40 from
Photorhabdus luminescens NLK-1

ZHAN Fa-Qiang HOU Min YANGRong YANG Wen-Qi HOU Xin-Qiang
SUN Jian LONG Xuan-Qi"

(Institute of Microbiology, Xinjiang Academy of Agricultural Sciences, Urumgi, Xinjiang 830091, China)

Abstract: [Background] Photorhabdus sp. is preserving in the intestine of Heterorhabditis sp., and it
can produce variety efficient and broad spectrum insecticidal proteins and toxins. In recent years, it's
the novel research object on new insecticidal protein and gene after Bacillus thuringiensis. [Objective]
To clone Txp40 toxin gene of Photorhabdus luminescens (NLK-1) and analyze the differences on gene
sequence, protein composition, physicochemical properties and conformation similarity to other
symbiotic bacteria. Txp40 toxin gene was cloned in prokaryotic expression vector of Escherichia coli
and induced its to express, then utilized Galleria mellonella larvae to preliminary detect its insecticidal
activity. [Methods] The primary symbiotic bacteria were isolated from the infected larvae by
Heterorhabditis bacteriophora, and the primers were designed according to the reported sequences.
The target gene was amplified and sequenced by the cloning plasmid pMD19-T. The Expasy Online
ProtParam Tool to predict its basic physical and chemical properties parameters, NPS@-Network
Protein Sequence Analysis online tools for secondary structure prediction. Txp40 toxin gene was
detected by cloning, digestion and ligation on pET28a and transformed into Escherichia coli BL21 then
induced by IPTG, and identified by blue-white blotting. Utilizing Photorhabdus luminescens (NLK-1)
Txp40 protein crude extract to test the insecticidal activity to Galleria mellonella larvae by fed and
hemocole injection. [Results] Txp40 toxin gene open reading frame is 1 008 bp (335 amino acid), and
the similarity to the known gene was 94%. The similarity with the known 40 kD related protein was
99%, molecular weight was 37.9 kD, pl 8.37, and it was mainly composed of Alpha helix 35.71%,
Random coil 54.46%, Extended strand 9.52% by secondary structure predicting. The expression of
PET28aTxp40 was detected by SDS-PAGE, which showed that there were specific band at 38 kD, and
the molecular weight of protein was similar with prediction, and the expression was relatively single
and the level was higher. The insecticidal activity tests showed that Photorhabdus luminescens
(NLK-1) Txp40 protein had high virulence to Galleria mellonella larvae, and the lethality reached
100% at 48 h under 5 puL Txp40 protein crude extract per larvae, but ora toxicity was not detected.
[Conclusion] Phaotorhabdus luminescens (NLK-1) Txp40 toxin gene was successfully obtained, and the
physicochemical properties of the protein were analyzed by comparison to the known gene, and
secondary structure were predicted and analyzed to other known protein. At the same time, the
prokaryotic expression vector was constructed, the preliminary insecticidal test showed Photorhabdus
luminescens (NLK-1) Txp40 protein had high hemocole toxicity to Galleria mellonella larvae. The
research laid the foundation for the further study and discovery of insecticidal genes and toxic protein
from Photorhabdus luminescens (NLK-1).

Keywords: Photorhabdus luminescens, Txp40 toxin protein, Symbiotic bacteria, Cloning and
expression
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1998 Tc
Photorhabdus luminescens
w14 (5] 5-
6_
Tc
Mcfl Pir Txp
Tc 3
(6] 3
AB C " Txp40 (Toxinfrom

Xenorhabdus and Photorhabdus 40 kD)

(9

HB310 (Galleria
mellonella) Tp40
Brown [ 60 Xenorhabdus  Photorhabdus
40kD
(Plodia interpunctella) (Lucilia

cuprina)

[ (Heterorhabditis bacteriophora strain Nileke)

Photorhabdus luminesces (NLK-1)

1 MRSk
11 ##
111 FRAIFER
pMD19-T (
) Photorhabdus luminescens
(NLK-1) ( Heterorhabditis bacteriophora
strain Nileke ) GenBank
KY 814641 pET28a
DH5a BL21 DNA
Marker
« )
112 HEFE
NBTA ]
113 FZERFIFNEF
PCR ( )
X-Ga
IPTG
« )
PCR Eppendorf
Bio-Rad
12 7%

1.2.1 Photorhabdus luminescens (NLK-1) Txp40
SEAXRFERE

(Heterorhabditis
bacteriophora Nileke) (11 NLK-1
Brown [ Photorhabdus sp.
Txp40 Primer-F (5-AAGCTTATGGTTA
TACAATTAACACCTG-3) Primer-R (5'-GGTAG
TAAAGTGTATTGGC-3) NLK-1
PCR (25uL) 0.5 umol/L
Primer-F Primer-R 250 pmol/L dNTPs
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10 mmol/L Tris-HCI (pH 8.4) 50 mmol/L
1.5 mmol/L 1U TagDNA luL
PCR 94°C4min 94°C55s 47°C
30s 72°C90s 30 72°C10min 3L
1% 120V
30 min 1000 bp
16°C pMD19-T
DH5a Amp
37 °C
PCR
pMD19-Txp40

1.2.2 Photorhabdus luminescens (NLK-1) Txp40
[RRaRIBE A HEE
[22] Photorhabdus
luminescens (NLK-1)
Forward-pl 5-GACACCCATGGTTATA
CAATTAACACCTGATAATAGAAG-3 (

Nco | ) Reversep2 5-GACACCTCG
AGTATATTTTTATAATGAGTTCCAACACTATG-3
( Xho | ) PCR
121 pMD19-T
1 000 bp
Ncol Xho !l pMD19-Txp40
Txp40
pET28a
BL21 PCR

123 ERKRFMMNEEFIILLE . EHEFELXS
R — R R TIN

Txp40 GenBank
BLAST
Clustal X MEGA 4.1
Neighbor-Joining
GenBank NCBI

ORF finder
NCBI BLASTXx
https.//www.predictprotein.org/

[ NPS@-Network Protein Sequence

Analysis
124 EHEFRFSFRIEK SDSPAGE 5
BL21 25 mL
LB (30 pg/mL 34 pg/mL )
37 °C 220 r/min
1:100 3 2.5mL LB (30 pg/mL
34 pg/mL ) 220 r/min
3h ODe¢o 0.6
0.5mmol/L  IPTG 37°C 220r/min
4h 20°C 220r/min
IPTG
4000 r/min 10 min
500 uL PBS (pH 7.4) 6 min
05s 15s 4°C 12000 r/min 20 min
500 pL
(8 mol/L Urea 50 mmol/L TrissHCI 150 mmol/L
NaCl pH 8.0) 40 pL 10 pL
5xProtein loading buffer 10min  12%
SDS-PAGE 10 uL 80V 20 min
120V 60 min
125 FRAMRSH
pET28a BL21
20°C IPTG
Txp40
( ) 1.5
12h 5uL/
4 PBS IPTG
pET28a BL21
20 °C
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bp
( 9cm 10 [/ ) 8h
2 000
2 R 55 1 000 Tap40
500
2.1 Txpdo EF S RM4MIL 250
( Heterorhabditis
bacteriophora strain Nileke) 2d
Brown 9
Txpa0 4 1 PCR RERABEM I
Txp40 Figure 1  The optimization of different annealing
temper ature
M DNA Maker 1 2 3 45 47 50 °C
Brown [10] Note: M: DNA Marker; 1, 2, 3: Different annealing temperature
45,47 and50° C.
PCR luminescens (NLK-1) Txp40 3
100%
45 47
50°C (1 47 °C Photorhabdus luminescens (NLK-1) Txp40

2.2 Txp40 EES pMDI19-T FRRIEIEELFNF
H5r

pMD19-Txp40 DH5a.

Photorhabdus luminescens (NLK-1) Txp40
1 008 bp (335 YO 2

KY 814642 3
( 3) Photorhabdus luminescens HI (DQ242623.1)

NCBI

Xenorhabdus bovienii  T363 (DQ242624.1)
Photorhabdus luminescens V16 (DQ242625.1)
94% Photorhabdus

(D
Txp40 (A)
(™ 66%
6%
3
NLK-1  Txp40 G+C%

Txp40

2.3 Txpd0 RHEBEUMR ZREMTNER
EEFFILEXT 5
Photorhabdus luminescens (NLK-1) Txp40

( 2
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1 ATGGTTATACAATTAACACCTGATAATAGAAGTGGATATCCACCCGTTGAAACGCAAATA

1 M VvV I Q L T P D N R 8§ G Y P P V E T Q@ T

61 GCAGGAGATATAGTACGTTTACTAAACTTTAAGCAAACAGATGAGGGTTATACTGCATCA
21 A 6 D I VR L L N F K Q ™ D E G Y T A 8

121 CATGGAATTGAATATCGAGCTAAGAAAATAATATTAGCGTACGCTTTAGCTGTAAGTGET
41 H 6 I E Y R A K K I I L A Y A L AV 8§ @G

181 ATTCATGATGTATCTCATCTTCCTGGTGACTATTATAAGAATAAAGAGACTGCTGAGGTA
61 I H D VvV 8§ H L P G D Y Y K N K E T A E V

241 ATTTATCAAGAATATATGTCTAATCTTTCATCTGCACTATTAGGTGAAAATGCGTGATCAA
81 I ¥ Q E Y M 8§ N L § 8§ A L L G E N G D Q

301 ATTTCTAAAGATATGGCAGATGGTTTTTACAAGAATGAGCTGGATTTTGAAGGTAAATAT
101 I §S K D M A D G F Y K N E L D F E G K Y

361 CCTCAAAACATTTGCGAATATTCCTGATCTTGAAAATAAACCATTGAGTGCTTATTCAGAT
121 P Q N I W N I P D L E N K P L 8 A Y § D

421 GACGATAAATTATTAGCACTATATTTTTTTGCTGCACAGGAAATTCCACTGCAGGAAAAT
141 D P K L L A L Y F F A A Q E I P L E E N

481 CAACAATCAAATACCGCAAGATTTTTTAAATTAATTGATTTCTTATTTATCTTATCTGCT
161 Q Q §S N T A R F F K L I D F L F I L § A

541 GTAACTTCACTAGGAAGGAGAATTTTTTCAAAAAACTTTTACAATGGGTTAGAGTCTARA
181 VvV T s L. 6 R R I F § K N F Y N G L E S§ K

601 TCATTAGAGAATTATATTGAGAGAAAAAAGCTCTCTAAACCTTTCTTTCGACCACCGCAG
201 S L E N Y I E R K K L S K P F F R P P Q

661 AAATTACCTGATGGCAGAATAGGTTACTTGGCCAGCCCAACAGAACCCGCCTAAATGGAGA
221 K L P D 6 R I 6 Y L A §8 P T E P P K W R

721 GTTAGTTTGCAAGAACTTAAAAATAACAAATCCAGGAATGGATTTACTAATATCGGAAAGT
241 Vv 8§ L Q E L K N N K 8 R N G F T N M E 8

781 GCTGCAAAACAAAAGTATAGCTCATTTATAAAAGAGGTGCAAAAGGCGGAACGATCCACTG
261 A A K Q K Y 8 8§ F I K E V Q K G N D P L

841 ACAGCAGCAAAAAGTATTGGTACAGCAAGCGGCAGTAACTTGGAAAAACTGCCGAATAAT
281 T A A K 8§ I 6 T A § 6 § N L E K L P N N

901 TTATATAGTGTGAGGCTAAGCCAAAAAGACAGGGTAACCTTCAATCTAAATAATACTGAC
301 L ¥ § V R L §S Q K D R VvV T F N L N N T D

961 AGTACAATGACGATTCATAGTGTTGGAACTCATTATAAAAATATATGA

321 S T M T I H 8§ V 6 T H Y K N I *

2 Photorhabdus luninescens (NL K -1) Txp40 FFAiSiSAE RN S E B2 551
Figure2 Open reading frame of Photorhabdus luninescens (NLK-1) Txp40 gene and amino acid composition

Photorhabdus
luminescens (NLK-1) Txp40 pl 8.37
pl 6.93
( 3 Photorhabdus luminescens (NLK-1) Txp40
o
Txp40 90%
( 4
Txp40 99%
3 Xenorhabdus nematophila strain A24
40 kD 85%
76%
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[ Xenorhobdus japonica (DQ242619.1)
Nenorhabdus nematophila A24 (DQ242618.1)
r Xenorhabdus bovienii F5 (ID()242626.1)
Xenorhabdus bovienii T319 (DQ242628.1})
87 Xenorhabdus nematophila V1 (1DQ242620.1)
Nenorkabdus kozodoii SaV {1DDQ242629.1)
88 Xenorhabdus bovienii F7 (DQ242627.1)
87 Xenorhabdus nematophila HB3 10 (EU095326.1)
XNenorhabdus nematophila Mex (DQ242621.1)
Xenorhabdus rematophila ANG (D(Q242622.1)
Xenorhabdus nematophila EB (11Q384123.1)
oL Xenorhabdus nematophila CBNU (HQ638061.1)
Photorhabdus fuminescens NLK-1 (KY814642.1)
Photorhabdus luminescens H1 (DQ242623.1)
100 Xenorhabdus bovienii T363 (DQ242624.1)
99 ' Photorhabdus luminescens V16 (DQ242625.1)

99

—
0.02

3 Photorhabdus luminescens (NLK-1) Txp40 EE 5240 Txp40 EEM#EL X FE
Figure 3 Neighbour-Joining (NJ) analysis of Photorhabdus luminescens (NLK-1) Txp40 toxin gene with other known Txp40

genes
Txp40 GenBank 1000 Bootstrap 50%

0.02
Note: The numbers in parentheses represent the accession numbers in the GenBank for the Txp40 gene sequences of those reference strains;
Bootstrap values >50% based on 1 000 replications are shown at branch nodes; Bar, 0.02 sustitutions per nucleotide positions.

F 1 AEIRIRE Txpd0 FEREELE ML

Tablel Thecontrast of basescomposition of Txp40 toxin genesfrom different strains (%)

Accession No. Adenine Thymine Cytosine Guanine
KY 814642 (NLK-1) 37.2 28.97 15.28 18.55
DQ242623.1 37.3 28.97 14.68 19.05
DQ242624.1 37.3 29.07 14.58 19.05
DQ242625.1 37.3 29.17 14.48 19.05

*2 BEREFRSHLLR
Table2 Thecontrast of physical and chemical parameters of Txp40 protein

. Extinction .
Toxin Accession No. Ianl:;ltlh Mvs:;acrlltar Isoeltiﬁnc AGSIF:- Al\_rgs+ coefficient GRAVY Inis:]:jjbé)l(lty
9 PO ¥ (280 nm)
NLK-1 KY814641 335 37.9 8.37 39 41 37820 —0.576 39.10
PL WP 046396429.1 335 38.0 6.93 43 43 36 330 —-0.615 34.91
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R 3 REMTUNGERELER
Table3 Thecontrast of secondary structure with Photorhabdus luminescens ATCC 29999

. . Alpha Random Extended Transmemb rane Trfansmemt_)rane
Toxin Acession No. . . helicesinside to helices outside to
helix (%) cail (%) strand (%) : : s .
outside helices inside helices
NLK-1 KY 814641 35.71 54.46 9.52 47-65 168-189
PL WP 046396429.1 36.01 53.57 10.12 50-68 168-189
97 | WP 063391924.1
30 WP 046396429.1
99 WP (401524921
70 WP 0368059841
i WP 036776110.1
100 L AKY814642.]
76 - ABB 29487.1
77 ABB 29486.1
99 WP 011146568.1
6 97 & ABB 29485.1
WP 047681923.1
| | WP038270105.1
100 ' CDL 87839.1
ARD 69872.1
SFU 27269.1
94, WP OI13183671.1
ABB 294841
94 —— AD() 92844.1
———— ADV 36118.1
99 ABB 29483.1
CEE 94678.1
ABU 68418.1
62 ABB 29488.1
ABB 29481.1
85 | ABB 20489.1
WP 0108454951
W

4 Photorhabdus luminescens (NLK-1) Txp40 B S5RI&EBFFILLXT 547
Figure 4 Neighbour-Joining (NJ) analysis of Photorhabdus luminescens (NLK-1) Txp40 prediction protein with other
prediction protein from other different genes

Txp40 NCBI 1 000 Bootstrap 50%

0.02 . A Photorhabdus luminescens (NLK-1) Txp40.

Note: Each branch is the accession number of the Txp40 hypothetical protein on the NCBI; Bootstrap values >50% based on 1 000 replications
are shown at branch nodes; Bar, 0.02 substitutions per amino acid positions. 4 : Photorhabdus luminescens (NLK-1) Txp40.

2.4 Photorhabdus luminescens (NLK-1) Txp40 ( 5
FRREHE R RV PIESRIE

pET28a IPTG 0.5 mmol/L
BL21 20 °C 37 oC

PCR
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R RN 25 FEPRDSHBLER

66.2

45.0
15.0 (NLK-1) Txp40 Photorhabdus
protein .
25.0 luminescens (NLK-1) Txp40
18.4 ( 4)
144 16 h
20%
5 Txp40 ZEBIFSFRIARE SDS-PAGE Bk ( 6B) 24 h
Figure 5 The analysis of SDS-PAGE of Txp40 toxin
protein after induction
M Marker 1 2 20°C 3 48h
20°C 4 37°C 5 37°C . 24 h 10%
Note: M: Protein Marker; 1: Total protein of pre-induced; 48 h 65%
2: Supernatant under 20 °C; 3: Precipitate under 20 °C;
4: Supernatant under 37 °C; 5: Precipitate under 37 °C. PBS IPTG BL21(pET28a)
F 4 KEEIRZ) R pE SRR
Table4 Theresult of hemocoel toxicity test to Galleria mellonella larva
Accumulation mortality (%)
Treats
8h 16 h 24h 32h 40h 48 h
Supernatant 0 20 20 55 75 100
Precipitate 0 0 10 20 35 50
PBS 0 0 0 0 0 0
BL21(pET28a) 0 0 0 0 0 0

[E 6 Photorhabdusluminescens (NLK-1) Txp40 £E RIS RiAFER AR
Figure 6 The experiments of insecticidal activity of Photorhabdus luminescens (NLK-1) Txp40 toxin protein to Galleria
mellonella larvae
A B 48 h.
Note: A: Before hemocole injection; B: After hemocole injection at 48 h.
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Photorhabdus
luminescens (NLK-1) Txp40

3 WHE&ER

Photorhabdus luminescens (NLK-1)

Txp40 1 008 bp 3
Photorhabdus luminescens HI (DQ242623.1)
Xenorhabdus bovienii  T363 (DQ242624.1)
Photorhabdus luminescens V16 (DQ242625.1)
9% Xenorhabdus
nematophila strain A24 40 kD
85% 76% Photorhabdus
luminescens (NLK-1) Txp40 37.9kD
pl 837 o
35.71% 54.46% 9.52%
SDS-PAGE
38 kD

Photorhabdus luminescens (NLK-1) Txp40
Xenorhabdus nematophila strain A24 40 kD
85% 76%
Brown [ Photorhabdus sp.
83% 75%

Photorhabdus [uminescens (NLK-1)

Brown [0 5  Photorhabdus sp.
5 17 Xenorhabdus sp.
9
Photorhabdus sp.
19 Txp40

Photorhabdus luminescens (NLK-1)
Photorhabdus luminescens (NLK-1) Txp40

Photorhabdus luminescens (NLK-1) Txp40

Bt (Bacillus thuringiensis )
8_
Photorhabdus luminescens
(NLK-1) Txp40

Bt

[15-16]

Photorhabdus luminescens (NLK-1)
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