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Human Immunodeficiency Virus (HIV) is a lentivirus 
whose infection in humans eventually leads to 
Acquired Immunodeficiency Syndrome, better 

known as AIDS. AIDS is characterized by a dysfunctional 
immune system, more specifically during the late stages of 
the HIV infection1. When an individual contracts HIV, the 
virus attacks the body’s immune system, which is responsible 
for fighting diseases and viruses. HIV is known to infect two 
types of cells in the body: CD4+ T cells and macrophages. 
When CD4+ T cells are attacked and killed, the immune 
system loses its ability to coordinate immune responses against 
pathogens. This affects both cell-mediated responses (with 
CD8+ T cells) and responses with antibody-producing cells (B 
cells/plasma cells). In other words, this causes an individual 
infected with HIV to become more susceptible to illnesses and 
diseases than an uninfected individual because his/her immune 
system is no longer able to mount a proper immune response 
to the pathogen. With a decrease in immune response, HIV 
continues to grow by producing “billions of new HIV viruses 
in the body” increasing an infected individual’s susceptibility 
to all sorts of diseases, such as the common cold, flu, or other 
equally frequent virus infections2. 

HIV Type 1 (HIV-1) is a type of retrovirus. Retroviruses 
have been classified into one of three pathogenic groups: 
lentiviruses (of which HIV-1 is a member), cancer-causing 
oncoretroviruses (examples being human T-cell leukemia virus 
and murine leukemia virus), and non-pathogenic spumaviruses 
(including human and simian foamy viruses). Oncoretroviruses 
and spumaviruses are restricted to actively dividing cells for 
productive infection and replication. Lentiviruses, on the other 
hand, are able to replicate in both actively dividing cells (such 
as CD4+ T cells) and non-dividing/terminally differentiated 
cells (such as macrophages)8. An actively dividing cell refers to 
a cell which is actively going through the cell division process 
to replicate more copies of itself. 

In its replication process, HIV-1 undergoes a step-by-step 
life cycle. First, the virus fuses into the host cell by interaction 
with host cell membrane CD4 receptors. CD4 receptors are 
present on the surface of certain T cells and macrophages, 
which are critical components of the body’s immune system3. 
After HIV has entered the cell, HIV’s positively oriented 
single stranded ribonucleic acid genome, which encodes for 

the proteins necessary for HIV survival and replication, is 
reverse transcribed into negatively oriented single stranded 
deoxyribonucleic acid which is then further copied/transcribed 
into double stranded DNA. The enzyme Reverse Transcriptase 
(RT) is the critical protein which catalyzes this process. The 
DNA form of HIV’s genetic content is necessary for further 
virus replication because the host cell replication process does 
not recognize viral RNA initially in its transcription step. The 
HIV proviral DNA is then integrated into the host cell’s DNA 
and transcribed into messenger RNA (mRNA). The mRNA 
is translated into viral proteins which assemble at the cell 
membrane, along with new viral RNAs, into a new virus. The 
new virus then escapes or is released from the cell for infection 
of another host cell3. In this manner, the replication and 
protein expression machinery of the cell is permanently taken 
over by HIV since the DNA integrated into the host cell is able 
to remain dormant there for long periods of time. By targeting 
the HIV Type-1 Reverse Transcriptase (HIV-1 RT) protein for 
research, it is hoped that information gained could provide a 
better understanding of HIV viral biology. 

From previous research, the structure of HIV-1 RT was 
determined to be a heterodimer of two subunits, p66 and 
p51. The p66 subunit contains all the enzymatic activity of 
the complex, containing a DNA polymerase domain and an 
RNase H domain. The p51 subunit is a proteolytic cleavage 
product of p66. The p51 unit has 440 amino acids and the 
p66 unit has 560 amino acids4. The DNA polymerase domain 
of the p66 subunit has been likened to a right hand and is 
divided into three subdomains: the fingers, the palm, and 

the thumb. Retroviruses like HIV-1 RT replicate by first 5 

to 3 RNA directed DNA polymerization (DNA synthesis 

on an RNA template), second 5 to 3 DNA directed DNA 
polymerization (DNA synthesis on a DNA template), and 
third exoribonuclease (degradation of RNA in RNA:DNA 
hybrid) which happens at the same time as the synthesis of a 
negatively oriented ssDNA. The polymerase is responsible for 
the first two polymerization steps. RNase H also works closely 
with the polymerase region in these critical steps to ensure that 
the RNA is converted into double stranded DNA (dsDNA) by 
degrading RNA present in the RNA:DNA hybrid. Once the 
DNA (or RNA) template is in place, HIV-1 RT must now add 
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deoxynucleotide triphosphates (dNTPs which are the building 
blocks of DNA) to generate new copies of genomic material. 
HIV-1 RT-template interactions and the stabilizing features 
of polymerase site help stabilize the dNTP binding site and 
promote polymerization reaction4. 

The amino acid tyrosine is located at position 115 within 
the palm subdomain and is frequently referred to as Y115. 
Tyrosine’s location in the palm yields it a critical stacking 
interaction with incoming dNTPs allowing RT to perform its 
polymerase functions. Based on its extreme stability in vivo, 
tyrosine is believed to be a critical component to the dNTP 
stacking interactions within the palm subdomain of RT9. 
This then yields to the prediction made by this experiment: 
mutation of tyrosine to another amino acid residue should 
affect the stacking interactions which are quantified in terms 
of dNTP usage efficiency. 

In previous unpublished HIV-1 RT research done in 
this laboratory, mutation of tyrosine to other amino acids 
such as alanine (Y115A), leucine (Y115L), valine (Y115V), 
phenylalanine (Y115F), methionine (Y115M), and serine 
(Y115S) led to the finding that the ability of RT to efficiently 
use dNTPs at low dNTP concentrations was altered. According 
to previously acquired data, Y115A RT followed in activity 
after the wild type RT. Y115S was found to be less active 
than Y115A. Y115V and Y115I showed similar activity to 
the wild type. This current study analyzes the effects of the 
Tryptophan mutant at position 115 in the active site of HIV-
1 RT. Previous experimentation mutating tyrosine to artificial 
amino acids observed alterations in dNTP usage efficiency10. 
This observation agrees with the prediction made for this 
experiment: mutating tyrosine to tryptophan would alter RT’s 
dNTP usage efficiency since tyrosine has a stacking interaction 
with the incoming dNTPs during transcription. A mutation 
to tryptophan would therefore alter the stacking interactions 
of incoming dNTPs since the residue structure of RT has been 
changed and the sugar of the incoming dNTPs have to interact 
with an amino acid of a different structure. 

Materials and Methods 
Site-directed mutagenesis involving overlapping PCR 

was used to generate the Y115W mutation into HIV-1 RT. 
A plasmid containing the sequence for HIV-1 strain NL4-3 
RT was used as a template. NL4RT N-T NdeIF (5-AAAA
AAAAACATATGCCCATTAGTCCTATTGAGAC-3) and 

NL43RT Y115 W-R (5-CTTTATCTAAGGGAACTGA
AAACCAGGCATCGCCCACATCCAG-3) were used as 
primers for an initial 5’ PCR fragment; Y115 overlap new F 
(5-GTTCCCTTAGATAAAGACTTC-3) and NL4RT C-T 
HIIIR (5-AAAAAAAAGCTTTTATAGTACTTTCCTGAT
TCCAG-3) were used as primers for an initial 3 product. 
The process used initially yielded one 5 fragment with the 
Y115W mutation and a 3 (wild type) fragment. The secondary 
(overlapped) product was a single fragment of DNA with both 
NdeI and HindIII cut sites (introduced by the primers) with 
the Y115W mutation. The mutated RT gene was inserted into 
pET28a (Novagen, WI) using 5x ligase buffer and T4 DNA 
ligase from Invitrogen (Invitrogen, Carlsbad, CA). The DNA 
from the ligations was transformed to Escherichia coli XL-1 
Blue (Stratagene, La Jolla, CA). Sequence analysis (Genewiz 
Inc., South Planfield, NJ) confirmed introduction of the Y->W 
mutation to the RT gene. 

Hexahistidine-tagged RT protein was expressed and 
purified using protocols, reagents, and buffers provided by 
the manufacturer (Novagen) as outlined previously5,6 with 
few modifications. Briefly, pET28a expression plasmids with 
wild type or mutant RT inserts were transformed to E. coli 
BL21 (DE3) pLysS and grown in shaking culture at 37°C to 
an OD600=0.2 and then induced with isopropyl-1-thio-D-
galactopyranoside (IPTG) to one-hundredth of total culture 
volume (5mL to 500mL culture). Cultures were allowed to 
shake at 37°C for an additional 3h to allow protein expression. 
Bacteria were then harvested and cell pellets were resuspended 
in 1x binding buffer and stored overnight at -80°C. Frozen 
pellets were thawed on ice for 2h, and then centrifuged 20min 
(15,000 rpm at 4 °C). Supernatants were applied to Ni2+ 
charged resin for Ni2+ chelation chromatography as previously 
described.5,7 Purified protein was then dialyzed against 1X 
dialysis buffer (50mM Tris-HCl pH7.5, 1mM EDTA, 200mM 
NaCl, 10% glycerol) overnight at 4°C. Purified proteins were 
then dialyzed for an additional 3h against 1X dialysis buffer 
with 1 mM dithiothreitol. Dialyzed protein was stored at -80 
°C prior to usage in assays. Protein expression and purification 
were found to be successful based on a protein gel run of the 
fractions collected as demonstrated in Figure 1 of Results and 
Discussion section. The protocol for the preparation of DNA 
Polymerization were performed as previously explained6. The 
polymerization assays were performed using a 17-mer primer 
A (5-TCGCCCTTAAGCCGCGC-3) annealed to a 32P-

Figure 1: Protein gel depicting p66 protein fractions generated following protein purification.
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In order to find the amount of wild type or mutant enzymes 
showing equal extension capability, the three proteins were first 
used in primer extension experiments at 250μM dNTP (data 
not shown). There was approximately equal protein activities 
for all three proteins compared when in the presence of 250μM 
dNTP. A one-twenty fifth dilution concentration of protein 
was used to perform a dNTP titration of the following final 
concentrations: 250μM, 50μM, 25μM, 5μM, 1μM, 0.5μM, 
0.25μM, and 0.1μM. The dNTP titration was performed in 
comparison to the wild type RT and the Y115V RT, both 
generous donations of other fellow lab participants. From 
previous unpublished data gathered in the lab, the wild type 
RT showed fifty percent extension at a one to one hundred 
and fifty dilution and the Y115V RT showed fifty percent 
extension at a one to one hundred dilution concentration, 
therefore these concentrations were used in the dNTP titration 
reaction. The dNTP titration reactions were refined with a 
more limited range of dNTP and protein concentrations varied 
as follows: Y115 was diluted to a factor of one to seventy-five 
instead of one to one hundred and fifty, Y115W was diluted 
to a factor of one to eight instead of one to twenty five, and 
Y115V was maintained at the factor of one to one hundred. 
The dNTP concentrations were limited to 25μM, 12.5μM, 
10μM, 7.5μM, 5μM, 4μM, 3μM, 2μM, 1μM, and 0.5μM. 
The amount of protein then giving 50% extension capability 
at 250μM dNTP was then fixed.   This amount of each protein 
was then used in dNTP titration experiments. 

In comparing wild type, Y115V, and Y115W proteins, the 
mutants showed less polymerase activity than wild type at 
concentrations below 5μM dNTP. However, Y115W showed 
somewhat better activity than Y115V, at 3uM and below 
(Figure 3). The negative control (as shown in Figure 2) against 
which wild type, Y115V, and Y115W were tested contained no 
protein and therefore was not expected to show any extension. As 
stated above, the protein activity level was equalized at 250μM 
dNTP. This equivalent activity between the three proteins 
remained for dNTP concentrations of 50μM and 25μM. 
Below 25μM dNTP concentration however, differences in 
protein activity among the three proteins were observed. Wild 
type continued to extend equally well at 5μM, 1μM, 0.5μM, 
and 0.25μM. Between 0.25μM and 0.1μM, the wild type 
protein activity decreased significantly (see Figure 2). Y115V 
showed a decrease in protein activity between 25μM and 5μM 
dNTP. The decrease in activity continued until the last data 

labeled 38-mer RNA template (5-AAGCTTGGCTGCAG
AATATTGCTAGCGGGAATTCGGCGCG-3). The assays 
employing wild type, Y115W, and Y115V proteins were 
performed at varied concentrations of dNTP (as indicated 
in the results and discussion section and in figure legends). 
The template-primer was prepared by annealing a 38mer 
RNA template (5-GCUUGGCUGCAGAAUAUUGCU
AGCGGGAAUUCGGCGCG-3, Dharmacon Research, 
CO) to a 17-mer DNA (5-CGCGCCGAATTCCCGCT-
3, A-primer) 32P-labeled at the 5end using [γ-32P]ATP and 
T4 polynucleotide kinase (template/primer, 4μL of 20μM). 
Reaction mixtures (20 μl) contained 20 μM template/primer, 
RT proteins (Wild type and Y115W), dNTPs (250 _M each 
dNTP), 25mM Tris–HCl (pH 8.0). Approximately 50% of 
the primer was fully extended by wildtype RT and Y115W RT 
under this reaction condition. Reactions were incubated at 37 
°C for 5 min and terminated by 4 μl of 40 mM EDTA, 99% 
formamide. Reaction products were immediately denatured by 
incubating at 95 °C for 3 min and analyzed by electrophoresis 
on 14% polyacrylamide-urea denaturing gels. Products were 
analyzed on 14% polyacrylamide-urea denaturing gel and 
visualized as set forth in figure 2 below. 

Results and Discussion 
As mentioned above, the clone was determined successful 

based on sequencing analysis (Y->W). From the data collected 
in this experiment, the Y115W RT protein expression and 
purification was demonstrated to be successful, as illustrated in 
Figure 1 below. Once the mutation had been successfully cloned 
and transformed to appropriate cells, the protein was expressed 
in E. coli and purified by Ni2+ column chromatography. To 
determine that the protein expression and purification method 
had been successful, a 12% polyacrylamide gel of the protein 
fractions collected were run and Coomassie stained (Figure 1). 
Protein presence was confirmed by the visible bands on the 
gel. The two fractions with the higher concentration of protein 
were used to perform the dNTP titrations. 

No significant barriers were encountered in mutating 
tyrosine to tryptophan or later expression of the Y115W 
RT protein. The overlapping PCR, transformation to XL-1 
Blue (for cloning), and later BL21 (for protein expression) 
progressed successfully, as depicted by the Y115W protein 
presence on the p66 protein gel (Figure 1) and the Y115W 
protein activity seen in the dNTP titrations (Figure 2). 

Figure 2: dNTP titration of WT, Y115V, and Y115W against the negative control which contains no protein. 
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point (0.1μM). Y115W demonstrated a significant drop in 
protein activity between 5μM and 1uM dNTP. The decrease 
in protein activity continued in similar fashion to Y115V 
until the last data point (0.1μM) as well. Since Y115V protein 
activity started to decrease at a higher dNTP concentration 
than Y115W, this would indicate that Y115W works slightly 
better than Y115V at lower dNTP concentrations. Wild type 
RT however still works better than Y115W at lower dNTP 
concentrations. 

Conclusion 
From the data gathered in this experiment, Y115W 

RT demonstrated slightly higher polymerase activity than 
Y115V RT but lower polymerase activity than wild type at 
concentrations lower than 25μM. In comparison to the other 
mutants generated in unpublished research done in this lab, 
the tryptophan mutant protein (Y115W RT) showed extension 
about sixty percent as good as tyrosine (Y115 RT) protein at 
25μM. In the dNTP titration reactions performed, the Y115W 
RT activity was constant down to a dNTP concentration of 5μM. 
After 5μM and between 5μM and 1μM dNTP, the Y115W 
RT no longer showed fifty percent extension. The Y115V RT 
showed equal protein activity up to a dNTP concentration 
of 25μM. After 25μM and between 25μM and 5μM dNTP, 
Y115V RT polymerase activity dropped sharply. Y115 RT, on 
the other hand, demonstrated equal protein activity at most 
dNTP concentrations used in this experiment. A decrease 
in activity of Y115 RT was observed between 0.25μM and 
0.1μM. Further refined dNTP titration reactions showed that 
Y115W polymerase activity dropped sharply between 2μM 
and 1μM but Y115V polymerase activity dropped between 
3μM and 2μM. Wild type RT activity however remained 
constant down to 0.25μM which is a slightly higher dNTP 
concentration than found in in-vivo cells targeted for infection. 
Macrophage have a dNTP concentration of ~.050μM and 
activated CD4+ T cells have 2-5μM dNTP8. To conclude, the 
protein with the Y115W mutation produced in this lab was 
better able to use dNTP than the other mutant protein which 
it was compared to, Y115V, at certain dNTP concentrations. 
However, the Y115W mutant protein was still unable to use 
dNTP as effectively as the wildtype protein which is normally 
found in nature and biological organisms. This information 
showing decreased dNTP usage polymerase will help to design 
viral vectors that specifically infect cells containing elevated 
dNTP concentrations, such as cancer cells, with the hopes of 

yielding more information about cancer biology for therapeutic 
studies. 
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