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Human immunodeficiency virus type 1 (HIV-1) has been shown to involve numerous cellular factors to aid in successful viral 
propagation. One of these host factors is Tat-specific factor 1 (Tat-SF1). This human protein contains two RNA recognition motifs, 
and serves as a transcription-splicing factor. During post-transcriptional modification of HIV-1 RNA, the primary viral transcript is 
spliced to produce three major size classes of mRNAs: singly spliced, fully spliced, and unspliced. The relative levels of each of these 
viral RNA size classes are important, as they can regulate the resulting levels of viral proteins and viral infectivity. A previous study 
has shown that in human 293 cells depleted of Tat-SF1, an increase in the ratio of unspliced to singly spliced RNAs occurred, 
suggesting possible utilization of Tat-SF1 by HIV-1 for viral mRNA processing (Miller et al., 2009). Nevertheless, the exact role of Tat-
SF1 in viral RNA size class ratio variation still remains unclear. To further investigate Tat-SF1’s role as a host factor for HIV-1, the 
levels of different HIV-1 RNA size classes were studied in human HeLa cells with overexpressed levels of Tat-SF1. Reverse 
transcription and real-time PCR were then used to quantify HIV-1 RNA levels.  Comparative data analysis revealed a decrease in each 
HIV-1 RNA size class level with Tat-SF1 overexpression, with a dramatic decrease in the levels of singly spliced mRNAs. These results 
support the notion that Tat-SF1 does indeed plays a role in modulating HIV-1 RNA levels in human cells.  

INTRODUCTION 
Human immunodeficiency virus type 1 (HIV-1) is a retrovirus 

that is best characterized by its ability to lower host immunity via 

infection of CD4+ T lymphocytes, macrophages, and dendritic 

cells (Izmailova et al., 2003; Zaitseva et al., 1997; Pope et al., 

1994). HIV-1 transfers its genetic information in the form of two 

copies of single stranded RNA (ssRNA). Through the processes 

of reverse transcription and preferential integration into the cell 

genome, the two HIV-1 ssRNAs become proviral DNA, which 

then undergoes transcription by the host cell’s RNA polymerase 

II to yield viral mRNAs (Freed, 2001).  

The success of viral propagation is mediated by the balanced 

expression of all viral proteins, and thus is critically dependent 

on the process of alternative splicing. During post-transcriptional 

modification, an HIV-1 primary transcript is spliced to produce 

over 40 different mRNA species (Purcell & Martin, 1993). These 

can be categorized into 2kb (fully spliced), 4kb (singly spliced), 

and 9kb (unspliced) mRNA size classes. To aid in production of 

these transcripts, numerous cellular and viral proteins are utilized 

(Jablonski & Caputi, 2009). One of these cellular host factors is 

Tat-specific factor 1 (Tat-SF1) (Brass et al., 2008). Originally 

identified in vitro as a factor involved in HIV-1 transcription 

(Zhou & Sharp, 1996), Tat-SF1 has been shown to play a role in 

both cellular transcription and splicing as well (Miller et al., 

2011). Studies done by Fong and Zhou (2001) suggested that 

these functions of Tat-SF1 can be coupled, thus leading to a 

higher efficiency of co-transcriptional splicing in vivo.  However, 

a recent report does not support this role (Miller et al., 2011). 

Knockdown of Tat-SF1 in HEK-293 T cells caused a 

reduction in viral Tat-mediated splicing, suggesting the 

importance of Tat-SF1 in viral RNA levels (Jablonski et al., 

2010).  Additional knockdown studies have shown Tat-SF1 to 

alter HIV-1 mRNA size class ratios. Human 293 cells depleted of 

Tat-SF1 showed an increase in the ratio of unspliced to singly 

spliced HIV-1 RNAs (Miller et al., 2009). Due to limited data 

pertaining to Tat-SF1 functioning in HIV-1 propagation, the 

mechanism and role of Tat-SF1 in regulating HIV-1 RNA levels 

is still not well understood. Current literature suggests at least 

three possible functions of Tat-SF1 action: stabilization, nuclear 

transport, and alternative splicing of viral RNA to yield the 

differences in the three size class levels (Miller et al., 2009).  

Through our study, we hoped to gain further insight into the 

role of Tat-SF1 and its importance in HIV-1 gene regulation. 

Unlike previous studies which employed Tat-SF1 knockdown 

experiments, our study utilized HeLa cells with overexpressed 

levels of Tat-SF1.  Even though the human HeLa cell line has 

been previously used to investigate HIV-1 regulation during 

depletion of Tat-SF1 (Zhou & Sharp, 1996; Miller et al., 2009), 

HIV-1 mRNA regulation during overexpression of Tat-SF1 in 

HeLa cells has not yet been investigated. 

To quantify HIV-1 RNA levels in transfected HeLa cells, 

reverse transcription and real-time PCR techniques were 

employed. Real-time PCR, also known as quantitative PCR 

(qPCR), is a technique that allows for amplification and 

simultaneous quantification of target DNA molecules. Since this 

technique requires DNA, reverse transcription of isolated RNA 

samples was first performed to yield complementary DNA 

(cDNA) for qPCR reactions. The utilization of sequence-specific 

primers and SYBR green reporter dye allowed for amplification 

and quantification of HIV-1 cDNA size classes. The 

quantification of amplicons was achieved by measurement of 

fluorescent signal produced by the reporter dye during each 
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cycle. Since the signal is produced as a result of reporter dye 

binding to the double-stranded DNA, the intensity of 

fluorescence measured was directly proportional to the amount of 

amplified cDNA products (Schmittgen & Livak, 2008; Applied 

Biosystems, 2008). 

Data from the qPCR experiments was analyzed using a 

relative quantification method (the comparative CT method 

(2
−ΔΔC

T). This method allows for normalization of gene 

expression by comparing levels of an endogenous reference gene 

and a target gene in control and experimental groups. 

Normalization of HIV-1 mRNA levels was performed by 

comparison to GAPDH mRNA levels in both control and Tat-

SF1 overexpressed HeLa cells.  Since GAPDH is a housekeeping 

gene, its expression levels do not often change with experimental 

conditions, allowing GAPDH to be used as a reference gene.  In 

the work presented here, successful overexpression of Tat-SF1 in 

HeLas cells resulted in reduced levels of each HIV-1 RNA size 

class. 

 
MATERIALS AND METHODS 
 
Mammalian Expression Vectors 
The pCAGGS plasmid expressing FLAG::Tat-SF1 was provided 

by Dr. Kyosuke Nagata. The FLAG sequence encoded by the 

expression vectors used in this study is a polypeptide affinity tag 

that allows for flagged protein detection and analysis. Following 

the transformation into SURE 2 supercompetent E. coli 

(Stratagene/Agilent Technologies, Inc. Santa Clara, CA), an 

individual colony was chosen and used to inoculate a starter 

culture. After 7 hours, 1 mL of the starter culture was transferred 

into 100mL LB broth with ampicillin and shaken overnight at 

37°C.  The FLAG::R7BP (R7-binding protein) expression vector 

was described previously (Drenan et al., 2005). R7BP is a 

neuronally expressed human protein. Since R7BP is unrelated to 

Tat-SF1, it was utilized as a negative control in this experiment. 

The FLAG::R7BP plasmid was transformed into competent E. 

coli (Novagen/ EMD Biosciences, San Diego, CA), whereupon 

an individual colony was picked and used to inoculate a 100mL 

culture of LB broth with ampicillin. Plasmid DNA was purified 

using a Qiafilter Plasmid Maxi Kit (Qiagen, Inc., Valencia, CA) 

and quantified using a NanoDrop (Thermo Scientific, 

Wilmington, DE).  

 

Mammalian Cell Culture 
HeLa cells were cultured using DMEM, high glucose 

(Gibco/Invitrogen, Carlsbad, CA) supplemented with 10% FBS 

and 1% penicillin/streptomycin/amphotericin B.  HeLa cells 

(350,000) were plated per well of a 6-well plate containing 2mL 

complete DMEM and left to incubate overnight at 37
o
C.  Cells 

were co-transfected using FuGENE HD (Roche, Indianapolis, 

IN).  The ratio of FuGENE HD to plasmid DNA was optimized 

to achieve a high level of expression.  Five µL and 7µL of 

FuGENE HD were used with 2µg of DNA (1µg of FLAG::Tat-

SF1 plus 1µg of FLAG::R7BP).  Cells were lysed 48 and 72 

hours post-transfection and total protein concentration was 

determined using a BCA assay (Pierce/Thermo Scientific, 

Rockford, IL) according to manufacturer’s instructions.  

Subsequent experiments used the optimized ratio of 7µL of 

FuGENE HD to 2µg of DNA with lysis 48 hours post-

transfection.  Fifty micrograms of protein was loaded into each 

lane of an SDS-PAGE gel and electrophoresed at constant 

current (30mA) for 45-60 minutes.  After a 90 minute transfer 

onto nitrocellulose, the membrane was blocked for 10 minutes 

using a 5% non-fat powdered milk blocking solution (Tris-

buffered saline with 0.1% Tween-20, TBS-T).  A 1:2500 dilution 

of mouse anti-FLAG primary antibody (Sigma-Aldrich, St. 

Louis, MO) was added and incubated overnight. Following 3 

washes with TBS-T, the membrane was incubated for 1 hour 

with a 1:5000 dilution of goat-anti mouse IgG HRP secondary 

antibody (Sigma-Aldrich, St. Louis, MO).  After 3 more washes 

with TBS-T, the membrane was exposed to ECL substrate 

(Pierce/Thermo Scientific, Rockford, IL).  After 1 minute, the 

membrane was photographed with luminescence settings on a 

GelLogic 1500 Imaging System (Kodak/Carestream Health, Inc., 

Rochester, NY). 

 

Transfection and lysate preparation  
HeLa cells were co-transfected with pSG3∆env and either 

FLAG::Tat-SF1 or FLAG::R7BP as a negative control using 

FuGENE HD Transfection Reagent (Li et al., 2005). The 

pSG3∆env is an HIV-1 plasmid that expresses the entire viral 

genome except the env gene, which encodes the viral envelope 

protein. The lack of viral envelope protein hinders assembly of 

HIV-1 virions, allowing for non-infectious viral gene expression 

studies without implementation of a high biosafety level.  As 

mentioned before, the FLAG used in both vectors is a protein 

affinity tag. This feature was used to detect  plasmid-derived 

protein products during western blot analysis. Furthermore, a 7:2 

ratio of FuGENE HD to plasmid DNA was used for optimal 

transfection.  After 48 hours of incubation at 37°C, total RNA 

was purified using an RNeasy Mini Kit (Qiagen, Inc., Valencia, 

CA). To remove any contaminating DNA, a TURBO DNA-free 

Kit was used (Ambion, Austin, TX). RNA concentration and 

purity was assessed using a NanoDrop spectrophotometer. Cell 

lysates were also made for analyzing protein levels by 

resuspending cells in cell lysis buffer. Protein concentrations 

were determined using a BCA assay. 

 

Reverse transcription, quantitative polymerase chain reaction 
(RT-qPCR) 
Prior to mRNA quantification using qPCR, total RNA was 

reverse transcribed into cDNA using the iScript Select cDNA 

Synthesis Kit (BioRad, Hercules, CA). Each reaction contained 

0.25 µg of RNA and oligo(dT) primers to reverse transcribe both 

cellular and viral RNAs from both FLAG::Tat-SF1 and control 

cells.  The total volume of each reaction was 10 µL. The 

reactions were incubated at 42°C for 90 minutes, 85°C for 5 

minutes, and 4°C indefinitely. To quantify and compare Tat-SF1 

mRNA levels present in FLAG::Tat-SF1 and control cells, 

previously published forward and reverse primers specific to Tat- 
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SF1 and GAPDH were used (Miller et al., 2011). To quantify 

and compare overall HIV-1 mRNA levels present in FLAG::Tat-

SF1 and control cells, forward and reverse primers specific to a 

region common to all size classes were used. To quantify and 

compare individual size classes, forward and reverse primers 

specific to 9kb, 4kb, or 2kb RNAs were used. The HIV-1 primer 

sequences were published previously (Houzet et al., 2007). Each 

reaction contained 0.38 µL of primer mix, 6.25 µL of SYBR 

Green Supermix (BioRad, Hercules, CA) and 3.38 µL of sterile, 

deionized water.  A 2.5 µL volume of cDNA was then added to 

bring the final reaction volume to 12.5 µL per well. RT-qPCR 

samples were also run without reverse transcriptase to test for 

DNA contamination. Technical duplicate reactions were run 

using 96-well plates with optimized cycle parameters (Table 1) 

using iQ5 Imaging Module and iCycler (BioRad, Hercules, CA).  
 

Data Quantification  
To quantify the amount of mRNA present, data were analyzed 

using the comparative CT method (2
−ΔΔC

T) (Livak and 

Schmittgen, 2001). CT values of GAPDH amplicons were used as 

a reference when calculating Tat-SF1 and overall HIV-1 levels. 

Cycle Repeats Steps Temp (°C) Time 

Cycle 1 1X Step 1 95.0 3 min 
Cycle 2 40X Step 1 95.0 20 sec 

  Step 2 60.06 45 sec 
Table 1. Cycling parameters used in RT-qPCR. 

Figure 1. Melt-curve analysis representing specific products of 2 kb(A), 4 kb(B), 9 kb(C), All(D), Tat-SF1(E), and GAPDH(F) amplicons. Graphs were 
generated by using BioRad’s iCycler® iQ system software. The rate of change values of the relative fluorescence units (RFU) with time (T) (-
d(RFU)/dT) were plotted on the y axis versus the temperature in Celsius on the x axis. Appearance of a single peak throughout all of the figures (A-
F) confirmed amplification of one specific product in each plotted reaction.  
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Figure 2. Expression levels of Tat-SF1 in FLAG::R7BP control and FLAG::Tat-SF1 
transfected cells. A. Western blot detection of Tat-SF1 overexpression. A band of 
approximately 140 kDa corresponding to FLAG-tagged Tat-SF1 was detected in 
FLAG::Tat-SF1 and not in FLAG:R7BP cell lysate, indicating Tat-SF1 
overexpression. B. RT-qPCR detection of relative Tat-SF1 mRNA levels in 
FLAG::R7BP control and FLAG::Tat-SF1 overexpressed cells. For comparative 
analysis, FLAG::R7BP control cells were used as a calibrator by setting their 
amplified Tat-SF1 mRNA levels to 1 arbitrary unit. Mean CT values from technical 
duplicates were used in calculating relative quantities. Data shown are the mean 
relative quantities from 2 qPCR experiments. The  FLAG::Tat-SF1 cells showed a 
53-fold increase in Tat-SF1 mRNA levels compared to the control, thus verifying 
successful overexpression of Tat-SF1 in these cells. 

 

 

CT values of amplicons representing all HIV-1 RNAs 

were used as a reference when calculating 9, 4, and 2kb 

levels. CT values of duplicate reactions were averaged. 

Relative quantities from two independent qPCR 

experiments were also averaged.  

RESULTS 
Prior to RT-qPCR quantification of relative mRNA 

levels, primer specificity and the presence of primer 

dimers in the final amplified products were tested. For 

this, melt curve analysis of 2 kb, 4 kb, 9 kb, All, Tat-

SF1 and GAPDH amplicons was performed. Each 

generated melt curve revealed one peak, suggesting the 

absence of primer dimers and non-specific amplification 

products in each reaction (Figure 1A-F). Next, the purity 

of extracted RNA samples was validated. For this, 

reverse transcription reactions were prepared in either 

the absence or presence of reverse transcriptase for each 

sample. Once RNA was reverse transcribed into cDNA, 

qPCR was carried out to amplify GAPDH and all HIV-1 

mRNAs as a way to test for genomic DNA (gDNA) and 

plasmid DNA (pDNA) contamination, respectively. Data 

in Table 2 reveal that contamination levels of gDNA and 

pDNA in FLAG::R7BP control and FLAG::Tat-SF1 

samples were less than 0.1%, demonstrating very 

negligible amounts of DNA contamination (Applied 

Biosystems, 2008).  

Once the samples were shown to produce specific 

amplicons and have negligible DNA contamination, RT-

qPCR analysis and western blotting techniques were then 

used to confirm Tat-SF1 overexpression in co-transfected HeLa 

cells (Figure 2). As seen in Figure 2A, FLAG-tagged proteins 

were detected in both the FLAG::R7BP control and FLAG::Tat-

SF1 lysates. A band was detected at approximately 28 kDa in the 

FLAG control lysate. This is the molecular weight of the FLAG-

tagged protein used as a control, R7BP. This protein consistently 

existed as a doublet on western blots, with a second band slightly 

smaller than 28 kDa. A band of approximately 140 kDa was 

detected in the FLAG::Tat-SF1 lysate, which corresponds to the 

molecular weight of FLAG-tagged Tat-SF1. As expected, this 

band is absent in the control lane. Several smaller, non-specific 

bands were detected as well. Furthermore, overexpression of Tat-

SF1 was also confirmed using RT-qPCR data analysis, which 

revealed a 53-fold increase of Tat-SF1 mRNA in FLAG::Tat-SF1 

cells compared to FLAG::R7BP control cells (Figure 2B). 

After confirming overexpression in co-transfected 

FLAG::Tat-SF1 HeLa cells,  HIV-1 mRNA size class analysis 

was performed using the 2
−ΔΔC

T relative quantification method 

(Schmittgen and Livak, 2008; Applied Biosystems, 2008).  The 

numerical values used in this method were CT values 

obtained from the RT-qPCR experiments. The CT, 

which is also known as the threshold cycle, is 

defined as the number of cycles required for the 

fluorescent signal of the reporter dye to cross the 

threshold. Only CT values that fell between the 

optimal range of 15-30 were used in the 2
−ΔΔC

T  

comparative data analysis. CT values higher than 30 

indicated a minimal to moderate amount of target 

amplicons. This can be due to various factors such 

as contamination or inefficient primers. These 

factors can hinder successful production and 

accurate quantification of target amplicons. As 

previously mentioned, prior to RT-qPCR 

quantification, melt curve analyses were carried out 

   RT    

   - +    
   CT CT ΔCT 2

-ΔΔC
T % 

gDNA GAPDH 
FLAG::R7BP 33.8 22.4 11.4 3.70E-04 0.037 

FLAG::Tat-SF1 33.2 22.9 10.3 7.93E-04 0.079 

pDNA All 
FLAG::R7BP 33.6 22.2 11.4 3.70E-04 0.037 

FLAG::Tat-SF1 33.5 22.8 10.7 6.01E-04 0.060 

 

Table 2. Determination of percent contamination of genomic DNA (gDNA) and plasmid 
DNA (pDNA) by amplification of GAPDH and All mRNA in FLAG::R7PB (control) and 
FLAG::Tat-SF1 cells.  Percent contamination of gDNA and pDNA in all tested samples was 
less than 0.1 %, indicating very negligible amounts of DNA present. 
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Figure 3. Relative HIV-1 mRNA levels in FLAG::R7BP control and FLAG::Tat-SF1 cells. 
A. mRNA level comparison of all HIV-1 mRNAs relative to GAPDH. For comparative 
analysis, FLAG::R7BP control cells were used as a calibrator by setting their mRNA 
levels to 1 arbitrary unit. Mean CT values from technical duplicates were used in 
calculating relative quantities. Data shown are the mean relative quantities from 2 
qPCR experiments. The FLAG::Tat-SF1 cells exhibited an approximately 2-fold 
decrease of relative viral mRNA levels in comparison to FLAG::R7BP control cells. B. 
mRNA level comparison of the three HIV-1 RNA size classes relative to all HIV-1 
mRNAs. Each size class level was calculated as a fraction of all HIV-1 mRNA levels. For 
comparative analysis, FLAG::R7BP control cells were used as a calibrator by setting 
their amplified mRNA levels to 1 arbitrary unit. Mean CT values from technical 
duplicates were used in calculating relative quantities. Data shown are the mean 
relative quantities from 2 qPCR experiments. The fully spliced HIV-1 mRNA size class 
is represented by the 2kb, the singly spliced HIV-1 mRNA size class is represented by 
the 4 kb, and the unspliced HIV-1 mRNA size class is represented by the 9 kb. In 
comparison to FLAG::R7BP, there was a decrease of relative viral mRNA levels across 
all three size classes in FLAG::Tat-SF1 HeLa cells.  

in order to rule out any possibility of faulty primers (Figure 1). In 

addition, reaction efficiency of each reaction was closely 

monitored to ensure optimized conditions for RT-qPCR 

quantification.  

The employment of a relative quantification method for data 

analysis relies on utilization of a reference gene as an internal 

control, and an untreated control group as a calibrator 

(Schmittgen and Livak, 2008). To normalize HIV-1 mRNA 

levels on a cellular basis, the viral mRNA levels were calculated 

relative to an endogenous gene by using GAPDH as a reference. 

Like many commonly used reference genes, GAPDH is a 

housekeeping gene. Due to its function in basic cellular 

processes, GAPDH is constantly expressed and its expression 

does not usually vary during experimental treatments. 

Furthermore, it has previously been experimentally shown that 

GAPDH levels remain constant during manipulation of Tat-SF1 

levels, verifying that GAPDH is a suitable option for a reference 

gene (Miller et al., 2011). For relative comparison of HIV-1 

mRNA levels in Tat-SF1 overexpressed cells to control cells 

with normal Tat-SF1 expression, FLAG::R7BP control values 

were used as calibrators. Figure 3A shows that in the Tat-SF1 

overexpressed cells, the overall relative HIV-1 mRNA levels 

were lower compared to the FLAG::R7BP control, with an 

approximately 2-fold decrease in mRNA levels. Next, the 

relative mRNA levels of the 2, 4, and 9 kb HIV-1 mRNA class 

sizes were determined. As overall HIV-1 mRNA levels 

decreased with Tat-SF1 overexpression, each mRNA size class 

was reported as a proportion of overall HIV-1 mRNAs. Figure 

3B revealed a decrease in the 2, 4, and 9 kb mRNA levels in 

HeLa cells overexpressing Tat-SF1. The 2kb, fully spliced 

mRNAs decreased to 81% of the control level. The 4kb, singly 

spliced mRNAs decreased to 51% of the control level. Finally, 

the 9kb, unspliced mRNAs decreased to 72% of the control level.  

DISCUSSION 
Tat-SF1 overexpression was achieved through transfecting HeLa 

cells with a FLAG::Tat-SF1 expression vector. Tat-SF1 mRNA 

levels in these cells were 53-fold greater than Tat-SF1 mRNA 

levels in FLAG::R7BP control cells. Furthermore, the western 

blot of FLAG::R7BP control and FLAG::Tat-SF1 lysates 

revealed a prominent band in the FLAG::Tat-SF1 sample 

corresponding to this protein, indicating successful expression of 

FLAG-tagged Tat-SF1 protein.  Other bands at lower molecular 

weights were also detected in this sample with anti-FLAG 

antibodies (Figure 2A). These bands could be a result of protein 

degradation or to high antibody concentration, which lead to 

nonspecific binding. Optimization of antibody concentration 

would most likely yield a cleaner result.  

The data presented in this study are unique because studies 

of HIV-1 RNA size class levels after overexpression of Tat-SF1 

have never been carried out before. A previously published 

paper utilized RNA interference (RNAi) to deplete Tat-SF1 in 

human 293 cells (Miller et al., 2009). They showed that levels of 

HIV-1 mRNA size classes were altered in cells with depleted 

levels of Tat-SF1 relative to control cells. In Tat-SF1 depleted 

cells, 9 kb (unspliced) and 4 kb (singly spliced) viral mRNAs 

increased while 2 kb (fully spliced) viral mRNAs decreased 

relative to the control. Indeed, results presented in our study also 

showed altered levels of HIV-1 mRNAs when Tat-SF1 levels 

were manipulated. Due to the opposite nature of our study 

(overexpression versus depletion), it was expected that HIV-1 

mRNA size class levels would be contrary to those reported in 

the Miller study. This held true for both the 9kb and 4kb 

mRNAs, which both decreased with Tat-SF1 overexpression. 

Fully spliced, 2kb mRNAs also decreased, which was 

inconsistent with the depletion study. Furthermore, Miller et al. 

observed no change in the overall levels of HIV-1 mRNAs with 

Tat-SF1 depletion, while we observed a marked drop in levels 

with Tat-SF1 overexpression.  

The difference between our expected and observed HIV-1 

mRNA levels could have been a result of affecting numerous 

underlying cellular factors. For example, there is the possibility 
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that the overexpression of Tat-SF1 led to disruption of the 

stoichiometry of protein complexes responsible for transcription 

regulation, thus leading to a decrease in HIV-1 transcription 

(Zhou & Sharp, 1996). Tat-SF1 has been shown to form protein 

complexes with other cellular components that act on 

transcription elongation (Parada & Roeder, 1999; Kim, 1999). 

Such disruptions could have led to early termination of viral 

RNA transcripts. In addition, the observed drop in overall HIV-1 

mRNA levels could have been due to the absence of full length 

viral transcripts. Since RT-qPCR primers reporting overall HIV-

1 RNA levels were designed to anneal to the 3’ end of the 

transcripts, only full length transcripts were able to be detected 

using RT-qPCR.  

Splicing occurs in a complex composed of small nuclear 

RNA (snRNA) and protein subunits called the spliceosome. Tat-

SF1 has been demonstrated to interact with various subunits of 

the spliceosome (Kameoka et al., 2004; Fong & Zhou, 2001). 

Yan et al. (1998) showed Tat-SF1 to associate with a splicing 

factor SF3a66 and spliceosomal protein SAP62, which are part of 

the integral component of the spliceosome. Yan et al. also 

showed CUS2, a yeast homolog of Tat-SF1, to aid in recruitment 

of SF3b and SF3a protein components for spliceosome assembly 

as well as aid in formation of correct secondary structure of U2 

snRNA. This data, along with studies on Tat-SF1’s roles in 

human gene expression (Miller et al., 2011), suggests that Tat-

SF1 may also play a role in splicing. In the Miller et al., 2011 

study, seven different categories of alternative spicing were 

identified as being regulated by Tat-SF1 in human cells. Among 

these, many genes showed utilization of alternative transcription 

initiation sites. Additional data from this study supports the 

notion that Tat-SF1 plays a role in both transcription and splicing 

processes; however, results showed that these processes were not 

coupled, as previously thought (Miller et al., 2011).  

A 53-fold increase in Tat-SF1 overexpression could have 

also had an effect on other HeLa cell functions. Flooding the cell 

with such high amounts of Tat-SF1 bares a risk of having an 

effect, whether positive or negative, on different cellular 

processes. The drop in the mRNA levels of the three HIV-1 RNA 

size classes could have been the result of a change or imbalance 

in an unknown cellular process(es) that had a direct effect not 

only on HIV-1 RNA size class  levels, but on transcription and 

translation, as well. Additional accumulation of Tat-SF1 in the 

nucleus, as mentioned previously, could have played a role in 

either alternative splicing, transport, or stability of these RNAs. 

To address these possibilities, future studies would involve 

titrating smaller amounts of FLAG::Tat-SF1 to obtain lower 

levels of expression and comparing these results to those 

described here. 

In a similar study utilizing HeLa cells transfected with 

pCAGGS encoding FLAG::Tat-SF1, researchers concluded that 

Tat-SF1 stimulates synthesis of influenza virus RNA (Naito et 

al., 2007). Conversely, Tat-SF1 was shown to be unnecessary for 

viral transcription of HIV-1 mRNA (Miller et al., 2009). Results 

of these studies suggest that Tat-SF1 may modulate RNA levels 

in different viruses through different mechanisms.  

The preliminary results presented here will have to be 

repeated. Due to time constraints, only technical replicates were 

used to yield data reported in this study. To validate our findings, 

this work needs to be repeated using not only technical 

replicates, but biological replicates as well. Furthermore, the next 

step in our study would be to perform this experiment using 

HeLa cells with depleted levels of Tat-SF1, and then compare the 

different HIV-1 RNA size class levels to present data.  
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