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Pathological changes in the midgut of Holotrichia parallela larvae
after feeding on HDS8E and HDS8G
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Abstract  [Objectives] Holotrichia palallela Motschulsky (Coleoptera: Melolonthidae) is an important underground
insect pest that seriously damages wheat, peanut, soybean, corn, chinese sorghum, and potato, crops. This paper lays the
foundation for the biological control of H. palallela larvae with the Bt strains HD8E and HD8G, and may provide some
excellent candidate genes for the development of insect-resistant, genetically modified, crops. [Methods] Pathogenic
changes in the midgut of grubs after ingestion of HD8E and HD8G were observed using transmission electron microscopy and
an anatomical lens, respectively. [Results] Pathogenic changes in the midgut of H. palallela larvae included the shedding of
microvilli, degradation of longitudinal and circular muscles fibers, expansion of the intercellular space, swelling and breakage
of the endoplasmic reticulum and mitochondrial cyclization. [Conclusion] The two Bt strains HD8E and HD8G caused
obvious pathogenic changes in the midguts of H. palallela larvae and visibly inhibited their feeding behavior.

Key words grubs, HD8E, HD8G, midgut tissue, pathologic changes, feeding inhibition

Holotrichia  palallela Melolonthidae
Motschulsky Coleoptera
* Supported projects 201003025
k3 [5] Co-first authors E-mail weihongshuang710@163.com zhiweijianniyixiao@163.com
HAE Corresponding author E-mail jyin@ippcaas.cn

Received 2016-12-15 Accepted 2017-09-03



- 1016 - Chinese Journal of Applied Entomology 54
1 MRE5REE
1.1 SRR
2002 111 RS H. parallela
2007 2008
2005 2009 18%~20% 27
5~7
1. ] R RO
Bacillus thuringiensis Bt 112 Bt EHk & ERMNE &
Cry8Gal Cry8Eal Bt HD8G
HDSE
Bt
c c LB
t
v 50 ug/mL 30 230 t/min Bt
50%
2003 Bravo et al. 12000 /min 15 min
2007 Frankenhuyzen 2009
- 80
2000 2003 Rohetal. 2007 12 R
Cry 1.2.1  HmblE Bt
Cry 20 min
Wolfersberger 1984 Gahan et al.
2001 Rajagopal et al. 2003 Jurat-Fuentes and > 1
Adang 2004 2006 Fernandez 2006 23- 1 HDSE  HD8G
- 0.087 5> 10°
CFU/g 2.838><10° CFU/g
Shu et al. 2009a 2009b
Manju et al. 2009 Zhang et al. 2013
1 2 4d
2011
HDSE HD8G Stemi 2000-C
Cry8Eal  Cry8Gal
Shu et al. 2009a 2009b
Bt 1.2.2
Bt 2012 1 2 4d
3% pH 7.4
Bt 2~4 h

0.1 mol'L 'pH 7.4 2h
1%



6 : Bt HDSE  HD8G - 1017 -

2h 1
30% 50% 70% 80% 90% 95% 100% A B 1 A
7 min 1 B Bt
3 1d
35 2h 1 C F HDSE
37 45 60 1 C
12 24 48h 1 D 4
1 E  HDSG
15 min 1d 1 F
0.02 mol-L 'NaOH HD8E 2 1D
HDSG 2 4
20 min 1 G H Bt 1
d HDSG
HDSE
2 ZRESWH| HDSE
2.1 HBHAENRE 2.2 HRAIRAFAMALRIFR IR

E1 BtEMKMEREEHEHNHRPHBEAENRERLMD
Fig.1 The pathological effect of Bt on the microvillus of the midgut in Holotrichia palallela grubs

A. B. C. HDSE 1d D.HDSE 2d E.HDSE 4d F.HDSG 1d G HDSG
2d H.HDS8G 4d

A. Control (longitudinal section); B. Control (cross section); C. Treated by HDSE for 1 day; D. Treated by HDSE for 2 days;
E. Treated by HDSE for 4 days; F. Treated by HD8G for 1day; G. Treated by HD8G for 2 days; H. Treated by HD8G for 4
days. The white arrows point to the microvilli lesions and the circle is pointing the location where the microvilli fell off.
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Fig. 2 The pathological effect of Bt on the muscle of the midgut in Holotrichia palallela grubs
A. B. C. HD8G 4d D. HDSG 4d E. HD8E 4d
F. HDSE 4d

A. Control of circular muscle; B. Control of longitudinal muscle; C. Circular muscle treated by HD8G for 4 days;
D. Longitudinal muscle treated by HD8G for 4 days; E. Circular muscle treated by HD8E for 4 days; F. Longitudinal muscle
treated by HDS8E for 4 days. The holes resulting from the degradation of the intestinal muscle fibers are showed in white arrows.
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Fig. 3 The variation of intercellular space in the midgut of Holotrichia palallela grubs fed with Bt strains

A. B. HD8G 4d C. HDSE 4d

A. Intercellular space (healthy); B. Intercellular space of midgut cells treated by HD8G for 4 days; C. Intercellular space of
midgut cells treated by HDS8E for 4 days. The intercellular spaces are labeled with the white arrows.
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Fig. 4 The variation of endoplasmic reticulum in the midgut cells of Holotrichia palallela grubs fed with Bt strains

A. B. HD8G 4d C D E F HDSE 4d

A. Healthy endoplasmic reticulum; B. Endoplasmic reticulum treated by HD8G for 4 days; C, D, E, F. Endoplasmic
reticulum treated by HDSE for 4 days. The black arrow points to cyclization of endoplasmic reticulum
in the midgut cells of H. palallela grubs.



- 1020 - Chinese Journal of Applied Entomology 54

E5 BtAEEEERGBEHEHARDPHAMEKIKETL

Fig. 5 The variation of mitochondria in the midgut cells of Holotrichia palallela grubs fed with Bt strains

A. B. HDSE 1d C.HDSE 2d D.HDSE 4d E.HDSG 1d F. HDS8G 2d
G. HDSG 4d N

A. Control; B. Treated by HD8E for 1 day; C. Treated by HD8E for 2 days; D. Treated by HDSE for 4 days; E. Treated by
HDB8G for 1 day; F. Treated by HD8G for 2 days; G. Treated by HD8G for 4 days. The mitochondria and mitochondria ridge
in the midgut cells of H. palallela grubs are both deformed labeled with white arrows.
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Fig. 6 Midguts of grubs treated by Bt toxin
A. B C D.HDSE 1 2 4d

E F G HD8G 1 2 4d

A. Healthy guts of H. parallela; C, D, E. guts of H. parallela treated by HDS8E for 1 day, 2 day and 4 day, respectively;
F, G, H. guts of H. parallela treated by HD8G for 1 day, 2 days and 4 days, respectively.
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