



Preliminary report on safety evaluation of entomopathogenic nematode and symbiotic bacteria on silkworm 

ABSTRACT 

Aims: This research evaluated the safety of entomopathogenic nematodes (EPNs) and theirs symbiotic bacteria, which may be used to control the mulberry pests.  

Study Design: Five Steinernema species and Xenorhabdus spp
 SY5 were used to evaluate the safety to mulberry silkworm. 
Place and Duration of Study: College of Bioscience and Biotechnology, between May 2021 and September 2024.

Methodology: Mulberry silkworm were exposed /fed with five Steinernema species / Xenorhabdus sp
 SY5. The larval duration, mortality, cocoon shell ratio and pupation rate were record. 

Results: The results indicated that the larval duration, the mortality, the pupation rate and cocoon produce were different by exposing in different Steinernema species, but Xenorhabdus sp
 SY5 was not affected on mulberry silkworm.

Conclusions: The tested entomopathogenic nematodes and symbiotic bacteria had no significant effect on mulberry silkworm. Further evaluation will be expected to apply in mulberry pest control.
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1. INTRODUCTION

Entopathogenic
 nematodes (EPNs) and theirs symbiotic bacteria are widely used as a natural pest enemy in agriculture and forestry pest control. EPNs parasitized in insects and ingested the nutrients of the host insects. At the same time, EPNs released the symbiotic bacteria to the host insect haemocoele
 and killed the insects quickly. The EPN symbiotic bacteria is a kind of bacteria existing in the EPNs. The EPNs and the symbiotic bacteria have a mutually beneficial symbiotic relationship
 [1]. The EPN symbiotic bacteria can produce many potential metabolites, such as insecticidal proteins, bacteriostatic substances, anticancer substances, extracellular enzymes, pigments and fluorescein, and so on, which have some medical
 value [2-5]. EPNs are considered to be the most promising new natural enemies of pests [6-12].
The silkworm, Bombyx mori, belongs to Lepidoptera, and is a unique economic insect in China for more than 5, 000 
years [13]. The resistance of the silkworm is weaker and weaker during long-term domestication, and they are very sensitive to toxic substances and chemical pesticides. The mulberry silkworm were feed by mulberry, and some mulberry planted together with the farmland. In the process of using chemical pesticides to prevent and control field crop diseases and insect pests, mulberry leaf were polluted and the silkworm were poisoned [6].
Some biological control factors, such as EPNs, were used to control the mulberry pest. Wei et al. reported that Steinernema carpocapsae A24 can killed Abirus fortunei, and the effect of prevention reached 88.3%
- 96.2% [14].  
The control effect of Heterorhabditis bacteriophora 8406 to Apripona germari larvae can reach 89%
 - 100% [15]. 

In this study, the safety of the EPN and EPN symbiotic bacteria to mulberry silkworm were evaluated by the larval duration, mortality, and cocoon shell ratio and pupation rate. Our research will provide some data for using EPN in the mulberry-
plant area.

2. MATERIALS AND METHODS
2.1 Material

Galleria mellonella is one of the important hosts of entomopathogenic nematodes. People often use G. mellonella larvae to isolate, trap and measure the virulence of entomopathogenic nematodes [16].The
 5th
 instar larvae of G. mellonella and EPNs were provided by the Laboratory of Pest Biological Control, Shenyang Agricultural University. The silkworm species was Chun·lei × Zhen·zhu 
which induced by conventional methods.
NBTA medium is contained 45 g nutrient agar (BDH), 25 mg bromothymol blue (Raymond) and 40 mg 2, 3, 5 -triphenyl-tetrazolium Chloride (BDH) in 1 L distilled water.

2.2 The proliferation of EPNs

Five healthy 5th
 instars larvae of G. mellonella (L.) were placed in the 9 cm Petri dishes which were lined with different species infective stage EPN filter paper. Cadavers with signs of EPN-infection, recognized by change in color, were removed and rinsed in sterile distilled water and individually placed in modified white traps for emergence of the free-living infective stage juvenile nematode [17]. Emerging nematodes were pooled for each sample and used to infect fresh G. mellonella larvae to confirm Koch’s
 postulates of pathogenicity and collected alive in deionized water with 0.1% formalin and stored at 4℃ for no
 more than 1 month prior to use. Nematode viability was ≥95% in all experiments.
2.3 Isolation and fermentation of the EPN symbiotic bacteria 
A drop of haemolymph
 of G. mellonella larvae that have been parasitized by nematodes for 24-48 h was taken and inoculated on the NBTA medium at 28 ℃ for 3 day. The phase status (phase I colonies are blue, while phase II colonies are red) was selected and purified on the NBTA. The bacteria were preserved at 4 ℃
[18].
The EPN symbiotic bacteria were cultured at 27 °C for 24-48 h on the NA medium plate. The single type I bacteria colonies were picked and 
, cultured at 27 °C for 24-48 h on the NBTA medium plate. After incubating at 28 °C for 3 days on solid cultures, the bacteria were inoculated into the broth for 40 h at 27 °C on a rotary shaker at 160 rpm.
2.4 Bioassay 
Experiments were conducted in 450 mL plastic cups which were lined with filter paper. The inoculums consisted of 2 mL of the infective stage nematodes (=1000 IJs / cup) applied in an aqueous mixture to the filter paper in each cup. Five healthy 1st 
instars larvae of B. mori were placed in each cup. Control was made using the same amount of water without nematodes. Each cup was provided with 5 g of fresh mulberry leaves and replaced the fresh leaves every day. The new filter paper with the same concentration nematodes was replaced after the silkworm molted. Cups were covered with lids containing 10 holes (1mm). The larvae of B. mori were incubated in (20±1) °C, 14 h light incubator. There were 20 silkworms in each replicate and each treatment had five replications. For EPN symbiotic bacteria, the above experiment was also conducted. The broth from the symbiotic bacteria of EPN were mixed with mulberry leaves at 2.7×108 CFU mL/g of diet.

Observations on the mortality of silkworm larvae were recorded when the filter paper was replaced, and the days of larval duration were calculated at the beginning of the experiment. The cocoon was removed from the cups, the pupation were observed and recorded. The average single weight of the cocoon, the average single cocoon shell, pupation rate of larvae and cocoon shell ratio were recorded and calculated. Pupation rate = the number of cocoons×100/ the number of larvae beginning the experiment. Cocoon shell ratio (%) = (the average single cocoon shell weight (g)) ×100/ (the average single cocoon weight (g)).
 All dead larvae were removed from the cups as soon as they were detected. SPSS 23.0 software (one-way ANOVA) was used to analyze the data.

3. Results and Analysis

3.1 Larval mortality of the mulberry silkworm affected by EPNs and the symbiotic bacterium 

The results showed that the difference in mortality of mulberry silkworm larvae with different EPN species under different instars (Table 1). There was no significant difference in the larval mortality between the control and nematode treatments by S.
 sp. SY5, S. bicornutum 0311and S. feltiae 0636. S. carpocapsae A24 showed virulence to the 2nd, 3rd and 5th 
instars larvae. S. glaseri 0321 caused no significant effect on the 1st, 4th and 5th 
instars larvae, but the mortality of the 2nd and 3rd 
instars larvae were difference between the control and treatment. To EPN symbiotic bacterium, there was no significant difference in the larval mortality between the 

Table 1
 Effects of EPNs and EPN symbiotic bacterium on mortality of mulberry silkworm 

	Instar
	Cumulative means (±SE) % mortality

	
	CK ( EPNs)
	S. 
sp. SY5
	S. bicornutum 0311
	S. carpocapsae A24
	S. glaseri 0321
	S. feltiae 0636
	CK (EPN symbiotic bacterium)
	X.
sp.SY5

	1st
	3.0±0.0 a
	4.0±0.0 a
	0.0±0.0 a
	4.0±2.5 a
	2.0±2.0 a
	0.0±0.0 a
	4.0±0.0 a
	6.0±0.0 a

	2nd
	2.0±0.0 b
	8.0±3.2 a
	0.0±0.0 b
	10.0±3.2 a
	8.0±3.7 a
	0.0±0.0 b
	6.0±1.9 a
	8.0±3.2 a

	3rd
	4.0±2.5 bc
	8.0±1.9 a
	0.0±0.0 c
	13.0±2.0 a
	14.0±2.5 a
	8.0±2.0 ab
	6.0±1.2 a
	6.0±3.7 a

	4th
	12.0±2.0 a
	10.0±3.2a
	16.0±2.5 a
	16.0±1.9 a
	16.0±1.9 a
	10.0±3.2 a
	2.0±0.0 a
	6.0±1.9 a

	5th

	7.5±2.0 b
	8.0±1.2 a
	17.0±2.0 ab
	20.0±1.1 a
	18.0±1.2 a
	13.0±2.0 b
	4.0±2.5 a
	6.0±1.1 a


The different letters represent significant difference (P＜0.05). The same in table 2.

Table 2 Effects of EPNs and EPN symbiotic bacterium on the larval duration of mulberry silkworm

	Inster
	Larval duration

	
	CK ( EPNs)
	S.sp. SY5
	S.bicornutum 0311
	S.carpocapsae A24
	S.glaseri 0321
	S.feltiae 0636
	CK (EPN symbiotic bacterium)
	X.sp.SY5

	1st
	4.8±0.8 a
	4.6±0.0 a
	4.2±0.8a
	4.6±1.1a
	4.8±0.8a
	4.4±1.0a
	4.8±0.8a
	5.0±0.6a

	2nd
	5.0±1.0 a
	5.4±0.0 a
	5.0±0.7a
	5.4±1.1a
	5.2±1.3a
	5.4±1.1a
	5.0±0.0a
	5.4±0.0a

	3rd
	5.4±0.6 a
	5.0±0.0 a
	5.4±1.1a
	5.4±1.1a
	5.8±0.8a
	6.0±1.0a
	4.7±0.8a
	5.0±1.1a

	4th
	6.6±1.1 a
	6.6±0.0 a
	6.6±1.8a
	7.0±1.9a
	7.4±1.1a
	6.8±0.8a
	7.2±1.1a
	6.6±0.8a

	5th

	7.8±1.3 a
	7.2±0.0 a
	7.2±1.3a
	7.4±1.1a
	7.2±1.3a
	6.8±0.8a
	7.3±0.8a
	7.8±1.0a

	Total
	29.6±1.1 a
	28.8±0.0 a
	28.4±1.5a
	29.8±1.0a
	30.4±2.0a
	29.4±1.0a
	29.0±1.0a
	28.8±1.3a


control and treatments.

3.2 Larval duration time of the mulberry silkworm affected by EPNs and the symbiotic bacterium 
The larval duration is the experienced time from hatch to pupation. The time of the larval period is affected by temperature, nutrition environmental condition and some other factors [19]. Our results showed that the days of the mulberry silkworm larval period were not significantly different between the control and EPNs / the symbiotic bacterium treatments. This result indicated that the larval durations of silkworm were not affected by the five species of EPNs and the symbiotic bacterium (Table 2).

3.3 Pupation rate of the mulberry silkworm affected by EPNs and the symbiotic bacterium
As the Figure 1 showed, there was no significant difference between the control and EPNs / the symbiotic bacterium treatments in the pupation rate. To EPN and its symbiotic bacterium, there were no significant different.
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Fig.
 1. Treatment of pupation rate of mulberry silkworm by different treatment groups. (A) Pupation rate of the mulberry silkworm affected by EPNs. (B) Pupation rate of the mulberry silkworm affected by the symbiotic bacterium.
3.4 Cocoon shell ratio of the mulberry silkworm affected by EPNs and the symbiotic bacterium
As the Figure 2 showed, there was no significant difference between the control and EPNs / the symbiotic bacterium treatments in the cocoon shell ratio. To EPN and its symbiotic bacterium, there were no significant different.
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Figure 2. Treatment of cocoon shell ratio of mulberry silkworm by different treatment groups. (A) Cocoon shell ratio of the mulberry silkworm affected by EPNs. (B) Cocoon shell ratio of the mulberry silkworm affected by the symbiotic bacterium.

4. Discussion
Since the EPN can actively seek host insects, mulberry silkworm were exposed in the EPN for virulence determination. EPN symbiotic bacteria exist in the nematode gut and can be carried into the insect by the nematode, so safety evaluation of EPN also assess the symbiotic bacteria. For taking advantage of symbiotic bacteria X.
sp SY5, the silkworm was also treated by continuous feeding in this experiment. 

Different species of EPNs and their symbiotic bacteria have different toxicity to silkworm. Feeding mulberry leaves dipped in high-concentration bacterial solution (2.24 × 106 CFU/mL) containing pathogenic X. nematophila HB310 strains during the larval stage of silkworm has no effect on the silkworm variety [20]. The growth and development of Qingsong× Haoyue larvae were greatly affected, and all of them died at the fourth instar. The EPN S.
 sp SY5 and its symbiotic bacteria X. sp SY5 used in this experiment have strong pathogenicity to a variety of diseases and insect pests
[21-23]. The continuous feeding of the symbiotic bacteria X. sp SY5 on silkworms had no significant effect on the developmental duration, survival rate, pupation rate and total cocoon volume of silkworm larvae.

In this experiment, fresh mulberry leaves were used as the feed for the tested silkworms. Considering the intermittent use of biological pesticides in the field, the sterile filter paper soaked with fresh nematode suspension and the mulberry leaves soaked with symbiotic bacteria fermentation liquid were only replaced at the beginning of the instar. After all mulberry leaves are eaten, fresh and non-toxic mulberry leaves are added regularly every day. This feeding method may reduce the toxicity of nematodes and symbiotic bacteria fermentation broth in silkworms to a certain extent, 
and reduce the impact on the growth and development of silkworms. The research results of Feng et al. also showed that short-term (72 h) feeding of the original bacterial solution of X. nematophila HB310 and then changing to normal feed feeding, 
or feeding a low-concentration bacterial solution feed all the time, has a negative effect on silkworm pupation [20]. Some other feeding methods will be used in the future research.

The concentration of the symbiotic bacteria suspension used in this experiment was high, and the corrected mortality rate of sensitive insects (such as Plutella xylostella) at 48 hours could reach 100% [21]. The developmental duration, survival rate, pupation rate and total cocoon volume had no significant effect. Therefore, further experiments can be conducted to investigate the effects on emergence rate and egg hatchability. 

5. CONCLUSION

Five species of Steinernema 
and X. sp SY5 were used to evaluate the safety of mulberry silkworm. The larval stage, mortality rate, the pupation rate and cocoon shell ratio were recorded during rearing. We found the tested EPNs and symbiotic bacteria had no significant effect on mulberry silkworm. Further evaluation will be expected to apply in mulberry pest control.
References

1． Kgosiemang LJ, Ramakuwela T, Figlan S, Cochrane N. Antifungal effect of metabolites from bacterial symbionts of entomopathogenic nematodes on Fusarium head blight of wheat. Journal of Fungi. 2024; 10(2): 148.

2． Wang LX, Yang HW, Jian H. Metabolites of symbiotic bacteria of entomopathogenic nematodes. Chinese Journal of Microbiology. 2001; 41(6): 753-756.
3． Liu J, Song P, Zhang J, Nangong ZY, Yue XB. Characteristics and function of the chitin binding protein from Xenorhabdus nematophila. Protein & Peptide Letters. 2019; 26(6): 414-422.

4． Caldas C, Cherqui A, Pereira A, Simes N. Purification and characterization of an extracellular protease from Xenorhabdus nematophila involved in insect immunosuppression. Applied and Environmental Microbiology. 2002; 68(3): 1297-
5． Bowen D, Blackburn MB, Rocheleau T, Andreev O, Golubeva E, ffrench-Constant R, Smits PH. Insecticidal toxins from the bacterium Photorhabdus luminescens. Science.1998; 280(5372): 2129-2132.
6． Rumbos CI, Athanassiou CG. The use of entomopathogenic nematodes in the control of stored-product insects. Journal of Pest Science. 2017; 90(1): 39-49.
7． Liao CL, Yuan Y, Li SC, Wang HY, Liang JQ, Zhao J, Yang Y, Li BB. Changes of bacterial community in the midgut of Galleria mellonella larvae after treatment with entomopathogenic nematode symbiotic NK insecticidal protein. Henan Urban Construction Institute Chinese Journal.2022; 31(02): 85-92. 
8． Ogier JC, Pages S, Frayssinet M. Entomopathogenic nematode-associated microbiota: from monoxenic paradigm to pathobiome. Microbiome. 2020; 8(1): 25.
9． Hu K, Li J, Webster J M. Nematicidal metaboiltes produced by Photorhabdus luminescens, bacterial symbiont of entomopathogenic nematodes. Nematology, 1999; 1(5): 457-469.
10． Cong B, Liu WZ, Yang HW. History and present situation of research and utilization of entomopathogenic nematodes. Journal of Shenyang Agricultural University.1999; 30 (3): 343-353. 
11． Sun R, Wu H, Gong Q, Zhang Y, Sheng X. Key technologies for controlling several fruit tree pests using entomopathogenic nematodes. Deciduous Fruit Trees. 2018; 50(5): 40-41.

12． Harry KK. Entomophogenic nematodes. Annual Review of Entomology. 1993; (38): 181-206.
13． Shen R, Liu RT, Wang XY, Shen ZY, Tang XD. Research progress on the toxicity of pesticides to silkworm. Journal of China Sericulture.2021; 42(2): 58-65. 

14． Wei HY, Xu J. Study on the control methods of Abirus fortune. Journal of Jiangxi Agricultural University. 1999; 21(4): 512-515.
15． Xu JL, Liu XL, Liu XG, Hu ZM. Research on the control of Abirus Apripona germari using Heterorhabditis bacteriophora and Populusx canadensis. Guangdong Agricultural Science. 2000; 2: 36-38.
16． Nangong ZY, Yang J, Wang QY, Song P. Histological study on the digestive tract of the larvae of Wax mori. Journal of Hebei Agricultural University. 2015; 38(5): 63-67. 

17． Bowen DJ, Ensigh JC. Purification and characterization of a high molecular weight insecticidal protein complex produced by the entomopathogenic bacterium Photorhabdus luminnescens. Applied and Environmental Microbiology. 1998; 8: 3029-3035.
18． Zhang SJ, Yang HW. Three simple methods for preserving symbiotic bacteria of entomopathogenic nematodes. China Biological Control.1995; 11(1): 17-21.
19． Karimi J, Safari T, Kharazi-Pakdel A. Status of entomopathogenic nematodes researches in Iran. Journal of Biopesticides. 2010; 3: 474-478.
20． Feng SS, Wang QY, Song P, Cui L, Yang J. Evaluation of toxicity and safety of Xenorhabdus nametophila HB310 on the silkworm, Bombyx mori. Sericulture Science. 2008; 34(2): 268-273.
21． Wang H, Dong H, Qian HT, Xia RX, Cong B. Isolation, bioassay and characterization of Xenorhabdus spp. SY5, a highly virulent symbiotic bacteria of entomopathogenic nematode isolated from China. Nematology. 2013; 15: 153-163.
22． Wang H, Luan JB, Dong H, Qian HT, Cong B. Natural Occurrence of entomopathogenic nematodes in Liaoning (northeast China). Journal of Asia-Pacific Entomology. 2014; 17: 399-406.
23． Wang H, Dong H, Qian HT, Cong B. Laboratory assessment of entomopathogenic nematode symbiotic bacteria to control maize pest, Ostrinia furnacalis, and fungi diseases, Bipolaris maydis and Curvularia lunata. Journal of Asia-Pacific Entomology. 2014; 17: 823-827.
�Font should be same in whole manuscript


�Write as spp.


�Write as sp.


�Write as sp.


�Check the format of abstract writing (headings are not required)


�Check the spelling


�Check the spelling


�Check the spelling


�Re-write these sentences together and should be created meaningful


�Should be written as “medicinal”


�Delete extra space before 000


�Should be deleted


�Delete extra space


�Should be deleted


�Paragraph should be justified


�Should be deleted


�Add space before the


�Write in superscript form


�Check the spelling


�Write in superscript form


�Delete extra space


�Write not in place of no


�Check the spelling


�Add space after C


�Delete extra space


�Write in superscript form


�Write in formula form style


�Paragraph should be justified in whole manuscript


�Write in full form


�Write with superscript form


�Write with superscript form


�Write with superscript form


�Write full stop after 1


�Write in full form and same in all table


�Write in full form and same in all table


�Write with superscript form


�Write with superscript form


�Write in uniformity because Fig. 1 is written as Figure in above paragraph


�Write in full form


�Write in full form


�Add a space after pests


�Delete comma (,)


�Delete comma (,)


�Write in italic form






