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Abstract. The Drosophila TATA-box binding protein (TBP) is a general transcription factor 

required by all three eukaryotic nuclear RNA polymerases, it can recognize the TATA-box sequence 

to initiate gene transcription. TBP and other TATA binding factors are spatio-temporal control of 

gene expression in different tissue types or in different stages of development. However, how the 

TBP gene is mediated is still elusive. This study reveals that TBP expression increased at molting 

and metamorphosis stage, 20-hydroxyecdysone (20E) can induce TBP expression, and the silence of 

EcR-A and USP1 led to a reduced transcript level of TBP in S2 cells. These results indicate that the 

TBP gene involved in the 20E signaling transduction pathway, and it acts downstream EcR and its 

heterodimer USP.  

Introduction   

The TATA-box binding protein (TBP) is a general transcription factor required by all three 

eukaryotic nuclear RNA polymerases, especially by RNA polymerase II [1]. The RNA polymerases 

can utilize TBP recognize and bind the TATA box, which is located about 30 bp upstream of 

transcription start of TATA-containing genes in mammalian [2]. The TBP is conserved from archaea 

to human; it has two major domains. The C-terminal domain is highly conserved, consists of two 

direct pseudo repeats and folds, and it can bind to the TATA box via an induced fit model. The TBP 

N-terminal domain, which has a glutamine repeat region, is relatively variable in sequence and size 

between species [3, 4].    

TBP is the founding member of TBP paralogs family in eukaryotic genomes，TBP and other 

TATA binding factors, such as TBP-related factor (TRF), TBP-like factor (TLF) and TBP2, are 

spatio-temporal control of gene expression in different tissue types or in different stages of 

development [5]. The TBP gene expressed various amounts at different development stages. For 

example, TBP mRNA is abundantly expressed in oocytes, but only translated into protein when early 

cleavage and the TBP protein levels get peak at the midblastula transiton in Xenopus [6]. Some 

researchs have indicated that the TBP expression levels also increased during infection or in 

transformed cells [3, 7]. However, the changes in TBP gene expression during the whole 

development process have not been studied in detail.  

During insect development, ecdysone (20-hydroxyecdysone, 20E) play important role in 

regulating insect molting and metamorphosis. Upon binding of 20E to the ecdysone receptor (EcR) 

and the ultraspiracle (USP), a small set of early genes such as E74, E75 and broad complex (BR-C, 

encodes zinc finger proteins) were induced and help mediate molting and metamorphosis [8].  

In order to investigate how TBP expressed during Drosophila development, and the relationship 

between 20E and TBP gene, we utilized quantitative real-time PCR, semi-quantitative reverse 

transcriptase PCR, and RNAi to analyze the Drosophila TBP expression profile. The results 

demonstrate that the TBP gene exhibiting higher expression level during molting and metamorphosis 

stages and it can be induced by the 20E signal transduction pathway through the EcR-A and its 

heterodimer USP1.  
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Materials and Methods 

Insect maintenance. The Drosophila were cultured in the laboratory with an artificial diet 

containing 5.2% (w/w) glucose, 8.7% (w/w) cornmeal, 0.3% antiseptic reagents, 3.5% (w/w) dried 

yeast and 0.8% (w/w) agar at 24±1 °C under 12:12 h light and dark conditions. 

Quantitative real-time PCR. The Drosophila larval body and S2 cells total RNA were isolated 

according manufacturer’s instructions. Larvae were firstly homogenized with Unizol reagent. The 

RNA quality was detected and approximately 4 μg total RNA was reverse transcribed into the first 

strand cDNA. Quantify the transcript levels by quantitative real-time PCR at different developmental 

stages and various treated Drosophila S2 cells. Based on the Drosophila TBP gene sequence 

(NM_079081.4), we designed the specific primers for quantitative real-time PCR, TBPF: 

5′-cggcttaatctatcgtatgg-3′, the reverse primer TBPR: 5′-atgactgcttcttgaacttc-3′. The act5C was used as 

internal standardization, the designed primers were: act5CF: 5′-ctggcttcgctgtccacctt-3′ and act5CR 

5′-gcactttcgctgctgcttcc-3′.  

The quantitative real-time PCR performed in a volume of 10μl containing 2μl forward and reverse 

primers (1μmol/L), 5μl of 2×SYBR Premix EX TaqTM and 1μl cDNA (1:10 diluted) as template. 

The PCR was programmed one cycle at 94 °C for 3 min; 40 cycles of 94°C for 15 s, 65 °C for 25 s. 

Using the comparative CT method to analyze the expression level of TBP gene, the discrepancy 

between the CT for the TBP gene and act5C (△CT) was calculated. The expression level of TBP 

gene was calculated by 2
-△CT

. Three independent experiments were performed and analyzed to 

construct a graph.   

Semi-quantitative RT-PCR. The semi-quantitative RT-PCR was also performed for quantifying 

transcript levels after treated in Drosophila S2 cells. Firstly, we have monitored and ensure that the 

TBP, act5C, EcR-A and USP1 were analyzed at the amplification phase. The TBP and act5C use 

above specific primers. The primers for EcR-A was: EcRF: 5’-aacaacaattagctgcctct-3’; EcRR: 

5’-gtcccttcttgctcttcttc-3’. For USP1, the primers were: USP1F: 5’-caacggttctgatgacttca-3’ USP1R: 

5’-gtaatgcggaagaggaacag-3’.  

The RT-PCR was programmed one cycle at 94 °C for 3 min; 28 cycles of 94°C for 30 s, 56 °C for 

30 s, and 72 °C for 25 s, one cycle at 72 °C for 8 min. The PCR products were detected on 1.5% 

agarose gels, analyzed by the Quantity One Software. The intensity ratios for EcR-A, USP1, TBP to 

act5C were analyzed according the above data. Three independent experiments were analyzed to 

construct a graph.   

Hormonal regulation of TBP gene. 20-hydroxyecdysone ((20E, Sigma, St, Louis, MO) was 

dissolved in dimethyl sulphoxide (DMSO) at the storage concentration of 10 mg/ml. The storage 

solution of 20E was diluted with phosphate buffered saline (PBS) prior to adding into S2 cells. The 

final concentration of hormone was 1 μM. The control cells using equal DMSO volume. Three 

independent experiments were analyzed to construct a graph. 

RNAi in S2 cell line. Using the MEGAscript
TM 

RNAi kit (Ambion, Austin, Texas), we 

synthesized the dsRNAs against EcR-A and USP1. All the PCR primers for synthesize dsRNAs has a 

T7 sequence (5’-gcgtaatacgact cactatagg-3’) on the 5’ end. The primers for synthesize EcR-A 

dsRNA was designed, EcRiF: 5’-T7-aacaacaattagctgcctct-3’; EcRiR: 5’-T7-gtcccttcttgctcttcttc-3’; 

for USP1, USP1iF: 5’-T7-caacg gttctgatgacttca-3’ USP1iR: 5’-T7-gtaatgcggaagaggaacag-3’. We 

synthesized the green fluorescent protein (GFP) dsRNA as control, and the primer was GFPiF: 

5’-T7-tggtcccaattctcg tggaac-3’ GFPiR: 5’-T7-cttgaagttgaccttgatgcc-3’. The quantity was detected 

by spectrophotometry at 260 nm, and the dsRNA quality was detected by 1% agarose electrophoresis. 

The S2 cells were transfected according the Invitrogen instructions. The total RNA was isolated for 

RT-PCR analysis. Cells treated with dsGFP were set as control. Three independent experiments were 

analyzed to construct a graph. 
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Result 

Expression profile of TBP.  To investigate how TBP expresses during the third instar larvae and 

pupal stage, the total RNA was extracted from the third instar larvae at 0 h to 60 h and pupae at 12 h 

to 72h. Quantitative real-time PCR analysis showed that the TBP mRNA level higher at 0 h of the 

third instar larval stage when larva undergoing molting, and decreased at 12 h until 48 h when the 

larvae undergoing feeding stage. During the pupal stage, the expression of TBP increased at 0 h until 

48 h, and then subsequently slight decrease at 60 h until 72 h (Fig. 1). We can conclude that TBP 

mRNA was abundantly expressed when molting and metamorphosis stage.  

 

 
 

 

 

 

 

 

 

 
 

 

 

 

Hormonal influences on TBP. To examine how 20E effect TBP expression, the S2 cells were 

cultured various times after the 20E was added. RT-PCR analysis results showed that the TBP 

mRNA level increased at 12 h after 20E treatment (Fig. 2). Thus, TBP gene can be induced by the 

ecdysone signal pathway.   

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Silencing EcR-A and USP1 blocking the expression of TBP. To determine whether the USP 

and EcR are necessary for the induction of TBP by ecdysone, the USP1 and EcR-A were silenced by 

RNAi in S2 cells. Analysis showed that the silence of USP1 and EcR-A resulted in the suppression 

of TBP induction by 20E compared with the control which is transfected with dsGFP (Fig. 3). Those 

results suggest that TBP is involved in the ecdysone signaling transduction pathway and acts 

downstream of EcR and USP. 
 

 

 

 

 

 

 

Figure. 1 Quantitative real-time 

PCR analysis of the TBP expression 

profile during the third instar larval 

and pupae development from the 

third instar larvae 0h to pupae 72 h; 

act5c was set as the control. Error 

bars mean the standard deviation of 

three independent experiments. 

Figure. 2  RT-PCR analysis of 

the TBP expression in S2 cells 

after 20E treatment. The TBP 

expression was measured at 1, 3, 

6, 12 and 24 h after hormonal 

treatment. Error bars indicate the 

standard deviation from three 

independent experiments. 

Figure. 3 RT-PCR analysis of the 

TBP expression in S2 cells after 

EcR-A and USP1 silence. Error 

bars indicate the standard 

deviation from three independent 

experiments. 
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Discussion 

In this study, we investigated Drosophila TBP gene expression profile during the third instars larval 

and papal stages, the results showed that the TBP gene expressed with fluctuating variation, its 

expression increased when molting and metamorphosis. 20E can induce TBP expression in S2 cells, 

and the silence of USP1 and EcR-A led to a reduced transcript level of TBP gene. Those results 

indicated that TBP involve in the ecdysone signaling transduction pathway and acts downstream of 

EcR and USP. 

During the holometabolous insects molting and metamorphosis, the integument is casted off, the 

larvae lose the old integument while the new one not becomes mature, then the insects dangerously 

exposed to attack by microorganisms. During this period, ecdysone upregulate some innate immunity 

genes protect insects is necessary [9, 10]. While during infection, the TBP expression also increased 

[7], so we can speculate that ecdysone may upregulate innate immunity gene through the TBP. 

TBP and other TATA binding factors, such as TRF, TLF and TBP2, are spatio-temporal control of 

gene expression in different tissue types or in different stages of development [5]. For example, 

TBP2 and TLF as initiation factor switching occurs on account of differential expression of these 

proteins in gametes of metazoans. During embryos, TBP, TBP2 and TLF initiate gene expression. In 

somatic cells, gene expression mainly dominated by TBP [3]. Our research showed that when larval 

molting and metamorphosis TBP expression also increased. During insect molting and 

metamorphosis ecdysone titer increase and through binding to the ecdysone receptor EcR and USP, a 

number of early transcription factors such as E74, E75 and BR-C are induced; subsequently, a lot of 

late genes are unregulated to help replace old integument with a new one during molting, and induce 

larval tissues undergo histolysis or organogenesis during metamorphosis [11]. The TBP may be the 

initiation factor induces the early transcription factors expression, but the detail mechanism still need 

further investigated. 

During the holometabolous insects molting and metamorphosis, the integument is casted off, the 

larvae lose the old integument while the new one not becomes mature, then the insects dangerously 

exposed to attack by microorganisms. During this period, ecdysone upregulate some innate immunity 

genes protect insects is necessary [9, 10]. While during infection, the TBP expression also increased 

[7], so we can speculate that ecdysone may upregulate innate immunity gene through the TBP. 
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