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Among these botanicals insecticides, azadirachtin isolated from the seeds 

of the neem tree (Azadirachta indica) has attracted the greatest attention. It 

has many anti-insect properties, including potent antifeedant, growth regulatory 
and sterilant effects, affecting more than 250 species of insect pests .

Previous studies have shown that protein expression can be lowered by 
exposing insects  to diets containing azadirachtin or injecting larvae with 
azadirachtin and so on (Li et al.,1995;Annadurai et al.1993). Schmutterer (1990) 
suggested that azadirachtin modifies the programs of insects by influencing 
hormonal systems, especially that of ecdysone, to prevent both ecdysis and 
apolysis, and can cause death before or during molting, possibly inducing 
"permanent" larvae…...

Up to now, the action mode of Azadirachtin is not understood at the cellular level 
very well. 



Our researches were aimed at confirming or elucidating 
its effects on insect protein synthesis and metabolism by 
using SDS-PAGE and 2-DE (Two-dimensional 
polyacrylamide gel electrophoresis) and to analyze 
changes in protein metabolism of pupae. Meanwhile, 
interesting proteins were successfully identified with 
peptide mass fingerprinting using MALDI-TOF-MS after 
in-gel trypsin digestion in order to prove the action mode 
of Azadirachtin on ecdysteroid receptor (EcR) like a 
natural ecdysone.



Effect of Azadirachtin on total protein of
Spodoptera litura and Ostrinia furnacalis

¥

Azadirachtin (>96% pure)was provided from Zhongke Bio-industry 
LTD. 

To prepare the artificial diet contained 1 or 3 ppm azadirachtin,  
The 3th and 4th larvae (140–150mg body weight) were used in the 
experiments, and were starved for 2–3 h, and then transferred 
individually into clean petri dishes (9cm diameter) containing a wheat 
germ diet with with or without azadirachtin. Once larvae finished 
feeding, sawdust was provided for pupation.  48h old pupae were 
collected, weighed, and frozen in liquid nitrogen for protein analysis.

Pupae was mechanically homogenized in a buffer containing 0.3% 
sodium dodecyl sulfate (SDS),   28mM Tris–HCl, 22mM Trisbase and 
L-dithiothreitol,and boiled at  95C for 5min. The mixture was incubated 
on ice for 10min after the addition of DNAse I (1mgml1), RNAse
(0.25mgml1) (Sigma) and 50mM MgCl2 to at least practically remove 
RNA and DNA. Samples were then centrifuged at 12000g for 10min at 
4 C. The supernatant was saved and protein content was determined 
using Bradford method and standard curves were generated using 
bovine serum album (BSA).

Spodoptera litura

Ostrinia furnacalis



The larvae treated with 3 ×10 - 6 ～15 ×10 - 6 (w) azadirachtin caused 
pupation delaying, many kinds of abnormal larvae, pupae and adult.  
The quantitative analysis of total protein of Asian corn borer pupa 
indicated that total protein content of pupa were reduced significantly.
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Fig.1 Changes in total protein levels of Ostrinia  
furnacalis during 48 h of pupae life



Fig. 2. Effects of azadirachtin on protein levels   
in 48h pupae of S. litura (F.) 
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Our study of the total protein expression in S.litura (F.) 
with and without the treatment of azadirachtin showed 
that total protein of 48h old pupal were influenced by 
azadirachtin, and were significantly lowered in both 
sexes. The toxic effects of azadirachtin on S. litura (F.) 
seen in our study are consistent with the previous 
research that azadirachtin interfered with protein 
synthesis in the desert locust (Annadurai et al.,1993), 
and hemolymph of S. litura (F.) (Li et al.,1995) who 
suggested that azadirachtin may exert their effects on 
insects through the modification of protein synthetic 
capacity of fat body. 



Differential protein analysis :
2-DE map and differential protein search

Total proteins of 48h pupae were separated by 2-DE and the protein spots were visualized 
following Coomassie R-250 staining. 
Fig. 2 shows a representative example of the pupa proteins separated on a 2-D gel, where 
0.2mg of total protein was applied. Two gels from control and 1ppm azadirachtin treated 
insects were analyzed for the purpose of differential spot comparison with the PDQuest
analysis software. Approximately 300 protein spots were detected on the gel. The majority 
of spots distributed on the map had pI values ranging from 5.0 to 8.5 and molecular weight 
from 20 to 70kDa. After matching analysis, 10 protein spots were significantly different 
between these two gels. These spots were marked at each corresponding site in Fig. 3.
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Fig. 2. Two-dimensional 
electrophoresis map of 
proteins in S. litura (F.).
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Figure 3. Two-dimensional electrophoresis partial maps of proteins in S. litura (F.)

Digits represent the differential spots between the two treatments. Spots 1-7 are not found on treatment 
and 8-10 are absent on control. The histogram plot shows the relative quantifications of the 10 differential 
proteins in A and B according to the intensity of CBB-stain in gels.



MALDI-TOF-MS analysis and protein 
identification

These 10 proteins were identified by MALDI TOF-MS on 
the basis of peptide mass matching, following in-gel 
digestion with trypsin. The peptide masses were 
matched with the theoretical peptide masses of all 
proteins from the insect species of the SWISS-PROT 
database.

It is to be noted that seven proteins were not present or 
were not detectable in 48h pupae treated with  
azadirachtin. However, three new proteins appeared
as a result of treatment with azadirachtin.



Spot 4 (Unkown)
Spot 1

The precise role of EIF-5A in protein biosynthesis 
is not known, but it functions by promoting the 
formation of the first peptide bond

Spot 5    
Ecdysone 
Receptor EcR

Spot 2 (Unkown)

Spot 6

Spot 3

Synthesis of mevalonate for the 
production of non-sterol isoprenoids

PPIases accelerate the folding of proteins. It catalyzes the 
cis–trans isomerization of proline imidic peptide bonds in 
oligopeptides.



Spot 7 9 (Unkown)

Involved in the metabolism of insect hormones 
and in the breakdown of synthetic insecticides

Spot 8 10 (Unkown)

May be involved in transcription termination by RNA
polymerase III. Binds RNA and DNA. Binds to the 30
end of the minus strand of Sindbis virus RNA. This may
be significant for Sindbis virus RNA replication.



Table1. Identification of the ten differential proteins in Spodoptera litura (F.) using peptide mass     
fingerprint data from matrix-assisted laser desorption/ionization time of flight mass    
spectrometry to search protein databases. (Http://expasy. Org/ tools/peptident.html).

Unknown
770008.10Unidentified10

Unknown
280007.00Unidentified9

May be involved in transcription termination by RNA 
polymerase III. Binds RNA and DNA. Binds to the 3' end of the 
minus strand of Sindbis virus RNA. This may be significant for 
Sindbis virus RNA replication.

44429.855.54LA_AEDALQ2645720.178

Involved in the metabolism of insect hormones and in the 
breakdown of synthetic insecticides58730.778.63C6A1_MUSDOP1352720.177

PPIases accelerate the folding of proteins. It catalyzes the cis-
trans isomerization of proline imidic peptide bonds in 
oligopeptides.

17935.389.05CYPH_BLAGEP5498520.156

Receptor for ecdysone. Binds to ecdysone response elements 
(ECRES). May play a role in the implementation of the 
choriogenic program at the end of vitellogenesis.

68201.985.92ECR_BOMMOP4988130.335

Unknown
950008.00Unidentified4

Synthesis of mevalonate for the production of non-sterol 
isoprenoids, which are essential for growth differentiation (By 
similarity).

89789.566.91HMDH_AGRIPO7681920.173

Unknown
180005.90Unidentified2

The precise role of EIF-5A in protein biosynthesis is not 
known but it functions by promoting the formation of the first 
peptide bond

17524.845.16IF5A_SPOEXQ9TVJ820.171

FunctionMwpIIDACpeptide 
matchesScoreSpot

http://us.expasy.org/cgi-bin/niceprot.pl?Q26457
http://us.expasy.org/cgi-bin/
http://us.expasy.org/cgi-bin/niceprot.pl?P13527
http://us.expasy.org/cgi-bin/
http://us.expasy.org/cgi-bin/niceprot.pl?P54985
http://us.expasy.org/cgi-bin/
http://us.expasy.org/cgi-bin/niceprot.pl?P49881
http://us.expasy.org/cgi-bin/
http://us.expasy.org/cgi-bin/niceprot.pl?O76819
http://us.expasy.org/cgi-bin/
http://us.expasy.org/cgi-bin/niceprot.pl?Q9TVJ8
http://us.expasy.org/cgi-bin/


Conclusion

Our study indicates that there is a potential interaction between azadirachtin and the 
ecdysteroid hormonal system, and the reproductive reduction affected by azadirachtin is 
correlated with the changes of protein metabolism in pupae. Our researches also shown 
an ecdysone receptor (Spot 5) is no longer present in pupae treated with azadirachtin in 
comparison with the control. Spot 5 is identified as an ecdysone receptor, a member of 
the nuclear receptor superfamily. 

As we know this type of receptor  play an important role in regulating development and 
reproduction in insects. Therefore,  the possible action of azadirachtin is mediated by its 
binding to the ecdysone receptor (EcR) in the presence of  a heterodimeric partner, 
ultraspiracle protein (USP). Then, the EcR-USP heterodimer binds to a DNA ecdysone
response element (EcRE) that is located in the promoter region of a series of 
ecdysteroid-responsive genes and thereafter triggers the expression of genes involved 
in regulating some key developmental events in insects.



Mechanisms of ecdysteroid action in Drosophila. Ecdysteroids primarily exert 
their effects in the nucleus, through the EcR/USP heterodimer (E, U). The 
hormone-receptor complex directly induces early gene transcription. A subset of 
the early genes encode transcription factors that induce late gene expression. 
These genes involved in regulating some key developmental events in insects.

Figure from Thummel and Chory (2002).



Our researchers will continue to elucidate the action 
mode of azadirachtin at a cellular level, to clone EcR and 
USP gene of Spodoptera litura by using cDNA gene 
sequnece of EcR and USP of fruit fly Drosophila 
melanogaster and silk moth Bombyx mori, express of 
EcR/USP in suitable express system and so on in order 
to understand the action mode of Azadirachtin more 
deeply.



Thank you
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