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Abstract. The Drosophila hsp90 gene can response to responses to temperature stress and all kind of 

infection. However, the mechanism of how the hsp90 gene is mediated is still unclear. In the present 

study, we proved that hsp90 gene abundantly expressed during molting and metamorphosis stage. 

20-hydroxyecdysone (20E) treatment can induce hsp90 gene expression, the knockdown of USP1 

and EcR-A led to a reduced transcript level of hsp90 gene in Drosophila S2 cells. Those results 

certified that the Drosophila hsp90 gene involved in the ecdysone signaling transduction pathway 

and act downstream of the ecdysone receptor. 

Introduction 

Heat shock proteins (hsp) is a molecular chaperones can be induced by heated, all kinds of infection 

and inflammation [1]. Heat shock protein hsp90 can combine with ligand molecules and mediate 

signal transduction, cell proliferation, gene regulation and other physiological function. The hsp90 

ligand molecules include a lot of transcription factors and other Functional proteins, such as p23 and 

FK506 [2-4]. human hsp90 protein can combine serine/threonine kinase Akt to block it 

dephosphorylation and mediate Akt Biological activity [5].  

Hsp90 including 3 conserved domains: the N-Terminal domain (NT), the intermediate domain 

(MD) and a C-Terminal (CT). The NT domain combine with ATP, the hsp90 conformation changed 

convenient to bind ligand molecular. The MD domain include a ATP enzyme Dependent arginine 

acid-catalyzed ring, which can combine with the ligand molecules. Hsp90 usually functions as a 

Dimer, the CT domain responsible for the Hsp90 Dimer formation [6]. Hsp90 may bind with a 

variety of proteins through the NT, MD, NT and MD domain, or the entire surface [7].  

Drosophila hsp90 can combine with the transcription factors Sim which belong to bHLH family to 

regulate some gene expression [8]. The mechanism of mediating hsp90 protein binding with different 

ligand molecules is very complex. In this study,  using real-time PCR and RNAi method, we proved 

that the ecdysone signal pathway can mediate Drosophila hsp90 gene expression through it receptors 

EcR and USP.  

Materials and Methods 

Insect Maintenance. The Drosophila were feed used the artificial food containing agar, antiseptic 

reagents, glucose, cornmeal andyeast, under the 12ligh: 12 h dark conditions at 25±2°C. 

Quantitative real-time PCR . The total RNA of the S2 cells and the Drosophila body was 

isolated according to the manufacturer’s instructions. With total RNA as a template, we for synthesis 

the first strand cDNA. The utensils used for synthesis the first strand cDNA are get rid of RNase and 
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sterilization. Take 5 μ g RNA and pimers each 1 μl mixed water bath at 70 ℃ for 5 min, 

immediately ice bath for 5 min, instantaneous centrifugal, and then add The following reagents in 

order: 5xbuffer, 0.625 μ l RNase inhibitors, 1.25 μ l 10 mM dNTP, 1 μ l M-MLV reverse 

transcription enzyme, DEPC water to 25 μ L, 42 ℃ incubation for 1 h, then the first strand cDNA 

was synthesized. 

Based on the Drosophila hsp90 gene sequence, the primers were designed for the PCR, hspF: 

5′-ccacgaatgctatactcctg-3′, and hspR: 5′-ctcctcagtcatgtcctcta-3′. The act5C gene primers was 

designed as internal standardization, act5CF: 5′-ctggcttcgctgtccacctt-3′ and act5CR 5′-gcactttcgctgct 

gcttcc-3′. the real-time PCR was programmed two steps: the first step, one cycle at 94 °C for 3 min; 

the second step, 32 cycles at 94°C for 15 s, 62 °C for 15 s. The comparative CT method was used to 

analyze the results.   

Cell Culture and Hormonal Regulation of hsp90 gene. The Drosophila S2 cells were cultured 

according to the instructions. The 20E (Sigma) which can imitate ecdysone physiological function 

was added to the cells and the final concentration was 1 μM. The negative control cells use equal 

volume of DMSO. After 20E was added, the S2 cells were cultured for 1 h, 3h, 6 h and 12 h 

respectively, then isolated total RNA reverse transcript to the first strand cDNA, use real-time PCR 

investigate the hsp90 gene expression profile. The results from three independent experiments were 

analyzed and construct a graph. 

RNAi in S2 Cell Line. In order to investigate how ecdysone mediate hsp90 gene expression, the 

dsRNAs of ecdysone receptor EcR-A and USP1 were designed using the RNAi kit (Ambion, Austin). 

All the primers for synthesize dsRNAs have a T7 binding sequence (5’-gcgt aatacgactcactatagg-3’) 

on the 5’ end, which is promote for transcription. The EcR-A dsRNA primers, EcRiF: 

5’-T7-aacaacaattag ctgcctct-3’, EcRiR: 5’-T7-gtcccttcttgctcttcttc-3’; the USP1 dsRNA primers, 

USP1iF: 5’-T7-caacgg ttctgatgacttca-3’ USP1iR: 5’-T7-gtaatgcggaagaggaaca g-3’. The green 

fluorescent protein (GFP) was designed as negative control; the primers for GFP was GFPiF: 

5’-T7-tggtcccaattctcgtggaac-3’ GFPiR: 5’-T7-cttgaagttgaccttgatgcc-3’. The dsRNA quantity and 

quality was detected by 260 nm spectrophotometryt and 1.2% agarose electrophoresis.  

The S2 cells are continue cultured in six-well plates, when S2 cells growing to 30–50 percent 

density,  the cell transfection was done. The old medium was discarded and replaced with new 2 

mL of serum-free Grace medium, incubation for 1 h in incubator. 5 μ g hsp90 dsRNA and 5 μl of 

liposome lipofectamine 2000 diluted in 250 μl of serum-free Grace mix gently and placed 20 min at 

room temperature. Drop this mixture into the culture medium, rocking several times, then plate the 

culture medium at 27 °C for 6 h in the incubator. Transfection of dsRNA 10 h, add the 20E and 

continue culture the treated cells for 6 h, isolate total RNA and do real-time PCR analysis. 

Results 

Hsp90 Gene Expression Increased During Molting and Metamorphosis.  to investigate hsp90 

gene expression profile during the larval stage, we extracted the total RNA of the third instar larvae 

at 0 h, 12 h, 24 h, 48 h and 60 h. Real-time PCR analysis results showed that hsp90 mRNA level 

during the third instar larvae has two peaks respectively at 0 h and 60 h, when the larvae body 

undergoing molting and metamorphosis (Fig. 1).  
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20E Upregulated the Expression of Pvr in S2 Cells. As we all known, during the molting and 

metamorphosis, Drosophila body ecdysone content increased. In order to detect whether ecdysone 

can regulate hsp90 gene, we used 20E (Sigma) treat the Drosophila S2 cells for 1 h, 3 h, 6 h, 12 h 

respectively. Then extract total RNA and do real-time PCR to analyze the hsp90 gene expression 

profile. The results showed that the hsp90 gene can be unregulated after the cell was treated 3 h until 

12 h (Fig. 2). Those results certificated that hsp90 gene can be induced by ecdysone in Drosophila. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Silence of EcR-A and USP1 Blocking the Expression of Pvr. EcR and USP1 are the ecdysone 

receptor, in order to investigate whether EcR and USP affect the hsp90 gene expression, the EcR 

isoform EcR-A and USP isoform USP1 were silenced using RNAi method in S2 cells. The real-time 

PCR results indicated that after the silence of EcR-A and USP1, the 20 E cannot induced the hsp90 

expression compared to the negative control which transfected with dsGFP. Those results proved that 

the hsp90 gene can be mediated by the ecdysone signal transduction pathway and it acts downstream 

of the EcR and USP (Fig. 3). 

 

Figure. 1  Real-time PCR analysis of 

the hsp90 gene expression during the 

third instar larval from 0 to 60 h ; act5c 

was set as the internal control. Error 

bars indicate the standard deviation 

from three independent experiments.  

Figure 2. Real-time PCR analysis of the hsp90 gene expression profile m after the S2 cell 

was treated by 20E at 1, 3, 6, and 12 h. The negative control was treated equal DMSO. 

Error bars indicate the standard deviation of three independent experiments. 
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Discussion  

In the present study, we investigated the hsp90 gene expression profile using the quantitative 

real-time PCR and RNAi methods. The results showed that the hsp90 gene mRNA level increased 

when insect undergoing molting and metamorphosis, and ecdysone can up regulate hsp90 gene 

expression. The silence of EcR-A and USP1 by RNAi method can block the hsp90 gene expression. 

Those results proved that Drosophila hsp90 gene involved in the ecdysone signal pathway and it act 

downstream  the ecdysone receptor EcR and USP.   

During the holometabolous insects underdoing molting and metamorphosis, the larvae body lose 

the old integument and produce a new one. During this stage, the insect body exposed to 

microorganisms, become dangerously and vulnerable. Some immunity genes will be unregulated by 

ecdysone to protect the insect [9, 10]. The Insect hsp90 gene can also responses to temperature stress 

and all kind of infection [1]. So we can propose that ecdysone induce hsp90 gene expression to 

combat microorganisms during insect molting and metamorphosis stage. However, the detill 

mechanism need further investigation.  

Hsp90 include 3 conserved domains, NT, MD and CT, those three domain can combine other 

protein and mediate some physiological function such as signal transduction, cell proliferation, gene 

regulation [11], search the protein can combine with hsp90 will help us understand the mechanism of 

how hsp90 response to infection. 
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