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HTLV-I Protease Cleavage of P19/24 Substrates Is Not Dependent
on NaCl Concentration
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Understanding the factors that affect the activity of Human T-cell Leukemia Virus type I
(HTLV-I) protease is essential for the discovery of inhibitors to be used for the treatment of
HTLV-I infection, but little has been reported on the protease to date. Here we report the
production of HTLV-I protease in purified yields greater than 150 mg/L, determination of its
extinction coefficient, and determination of the optimum conditions for cleavage of the p19/
24 substrates (DABCYL)-(GABA)-PQVL-Nph-VMH-(EDANS), (DABSYL)-(GABA)-PQVL-
Nph-VMH-(EDANS), and (DABSYL)-(GABA)-PQVLPVMH-(EDANS). The highest activity
was found at pH 5.2–5.3 and 378C. There was no effect on activity upon change in sodium
chloride concentration from 0 to 1500 mM. The values of Km and kcat for cleavage of these
substrates by the protease with and without the histidine tag were determined. q 2002 Elsevier

Science (USA)
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INTRODUCTION

Human T-cell leukemia virus type I (HTLV-I), isolated in the early 1980s, was the
first oncogenic human retrovirus to be discovered, and it has recently been classified
as a dangerous emerging pathogen by the Centers for Disease Control (1). HTLV-I
is an oncovirus in the Retroviridae family (2) and infection with this virus has been
linked to adult T-cell leukemia/lymphoma (ATL) and tropical spastic paraparesis/
HTLV-I associated myelopathy (TSP/HAM) (3). It is estimated that at least 2.5 million
United States residents and an additional 15 to 20 million individuals worldwide are
infected with HTLV-I, and currently approximately 10% of these infected individuals
will develop the fatal disease ATL (4). The Caribbean strains of HTLV-I are becoming
increasingly infectious as indicated by patients with this strain developing the above
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diseases at earlier ages than those infected with Japanese strains (5), which suggests
that HTLV-I might be evolving into a more dangerous virus.

HTLV-I exhibits homology to other leukemia viruses such as bovine leukemia
virus, avian sarcoma/leukemia virus, simian T-cell leukemia virus, mouse mammary
tumor virus and Rous sarcoma virus, and, to a lesser extent, human immunodeficiency
virus types 1 (HIV-1) and 2 (HIV-2) (6). The protease from HTLV-I, like the proteases
from these other viruses, is an aspartic acid protease that is involved in the proteolytic
processing of the transcribed viral polyproteins. It processes the Gag and Gag-Pro-
Pol precursors to produce the mature structural proteins and enzymes essential for
viral replication (6–8). The protease is therefore an attractive target for inhibitor
design in the treatment of HTLV-I infection, especially given the low mutation rates
of HTLV-I (9). HIV-1 and HTLV-I proteases are only 30% homologous and exhibit
distinct differences in response to pepstatin based inhibitors (10), rendering HIV-1
protease inhibitors ineffective in the treatment of HTLV-I infection. To date, relatively
little has been reported on HTLV-I protease, and only a few reports on the activity
of the protease have appeared, none of which describe systematic studies of the factors
influencing activity. It is critical to understand the factors that affect the activity of
HTLV-I protease for the design of inhibitors to treat HTLV-I infection. Here, we
report the efficient expression and purification of HTLV-I protease, the determination
of the molar extinction coefficient, and the dependence of protease activity on tempera-
ture, pH, and NaCl concentration.

MATERIALS AND METHODS

Chemicals and instrumentation. Sodium chloride was purchased from J. T. Baker,
imidazole from Sigma, and Tris, urea, sodium acetate, and Luria–Bertani (LB) broth
Miller from Fisher. All chemicals were reagent grade and used without further purifica-
tion. The water used in all experiments was deionized and filtered using a NANOpure
Infinity base unit from Barnstead/Thermolyne Corporation. Dynamic light scattering
measurements were carried out using a DynaPro from Protein Solutions, Inc.

HTLV-I protease expression vector. Plasmid pPR101, whose preparation was pre-
viously reported (11), was digested with BamHI and isolated on a 2% NuSieve low
melting gel. The Escherichia coli expression vector pET-15b (Novagen) was digested
with BamHI, dephosphorylated with calf intestinal alkaline phosphatase, and isolated
on 1% SeaPlaque gel. The DNA fragment from pPR101 (382 bp) was ligated into
the BamHI site of pET-15b to construct the expression vector pPR106. This new
construct has a His-Tag leader followed by a thrombin cleavage site and the HTLV-
I protease gene (Fig. 1, the fusion protein will be referred to as HisTPr).

Expression and purification of HisTPr. The previously reported purification (11)
was slightly modified as described below to isolate the fusion protein HisTPr. E. coli
BL21(DE3) cells containing the expression plasmid pPR106 were grown in 500 ml
of LB Miller medium containing ampicillin at 378C to an optical density at 600 nm
(OD600) of 0.6–0.8 and induced by addition of isopropyl-b -D-thiogalactoside (IPTG,
0.1 mM final concentration). After 3 h, the cells were harvested by centrifugation,
resuspended in buffer A (20 mM Tris, pH 7.9, 5 mM imidazole, and 500 mM NaCl),
and sonicated. The insoluble fraction was collected by centrifugation then resuspended
in buffer B (buffer A with 8 M urea). After incubating at 08C for 1 h, the mixture
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FIG. 1. Sequence of pPR106. The boxed region highlights the thrombin cleavage site and the arrow
indicates the beginning of the protease sequence.

was separated by centrifugation and the supernatant was loaded onto an 8 ml His-
Bind (Novagen) column. The resin with bound protease was washed first with buffer
B, then with buffer C (20 mM Tris, pH 7.9, 20 mM imidazole, 500 mM NaCl, and
8 M urea), and eluted with buffer D (20 mM Tris, pH 7.9, 1 M imidazole, 500 mM
NaCl, and 8 M urea) to provide a 16-kDa protein. This molecular weight agrees with
the expected molecular weight of the HTLV-1 protease monomer with the attached
leader containing the His-Tag and thrombin cleavage site.

The isolated fusion protein was refolded by dialysis against buffer E (10 mM
sodium acetate), at pH 3.5, then water. Aliquots of 1 ml were dried under vacuum using
Labconco centrivap concentrator operating at 358C. Stock solutions for concentration
determination were prepared by dissolving the protein in water.

Concentration determination. Solutions of HisTPr in water at pH 5.1 (ranging
from 0.14–2.5 mg/ml) were prepared and the OD280 for each solution was recorded.
Three sets of data were collected, and experimental data were compared to the
theoretical predictions based on the following extinction coefficients: W, 5.559; Y,
1.197; F, 0.0007 L/mol ? cm.

Solutions of HisTPr at pH 5.1 in water (ranging in concentration from 0.112–8.4
mg/ml) were prepared and an 800-ml aliquot from each was mixed with 200 ml of
Bradford reagent dye to yield 1 ml total volume. After incubation at room temperature
for 10 min, the OD595 was recorded using a plastic disposable cuvette with a pathlength
of 1 cm. Water (800 ml) and 200 ml of dye was used as a blank. The cuvette was
rinsed three times with water in between samples. The HisTPr was compared to the
commercially available protease pepsin. Solutions of pepsin were prepared with
concentrations ranging from 0.025–0.348 mg/ml, the OD595 of these solutions were re-
corded.

Intrinsic fluorescence measurement. The HisTPr cleavage of the fluorogenic sub-
strate (4-(4-dimethylaminophenylazo)benzoyl)-(g -aminobutyric acid)-PQVL-p-nitro-
phenylalanine-VMH-(5-(2-aminoethylamino)-1-napthalenesulfonic acid) (abbrevi-
ated (DABCYL)-(GABA)-PQVL-Nph-VMH-(EDANS)) (SynPep Corp.), a modified
p19/24 site, was monitored using a RF5301PC Spectrofluorimeter (Shimadzu) (12).
The reactions were carried out in reaction buffer E at a substrate concentration of
100 mM and a HisTPr concentration of 50 nM in a volume of 1 ml. The pH dependence
was determined by monitoring solutions at various pHs at 378C and 0 mM NaCl.
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The dependence on salt concentration was determined by using solutions containing
various NaCl concentrations (0, 500, 1000, 1500 mM) in buffer E at pH 5.3. Tempera-
ture dependence was determined by monitoring the reaction (pH 5.3, 0 mM NaCl)
at 20, 30, 35, 37, and 408C. The fluorescence was monitored at excitation wavelength
of 336 nm and emission wavelength of 472 nm.

RESULTS AND DISCUSSION

HTLV-I protease production. Employing the new construct pPR106, the protein
was produced in excess of 150 mg per liter of culture. The HisTPr was isolated using
a His-Bind column with no further purification required. The protein was typically
stored as a freeze-dried powder. Storage in solution, especially at dilute concentration,
resulted in autoproteolysis as observed by gel electrophoresis, which has also been
reported by Tozser and coworkers (13). Autoproteolysis is not observed at higher
concentrations, probably due to aggregation of the protease. Dynamic light scattering
studies indicate that the protease is dimeric, as expected, at concentrations of 15 mM
and below and is aggregated at concentrations above 100 mM. These studies were
carried out in the presence of the inhibitor (CH3)2CHCH2CO-Lys-Val-Sta-Ala-
NH(CH2)3CH(CH3)2 (10) to prevent autoproteolysis.

A common method for determining protein concentration is amino acid analysis.
However, unless one has immediate access to the appropriate instrument, this requires
waiting several days or more. To allow quick determination of the concentration of
HTLV-I protease solutions, we determined the extinction coefficient and also compared
the response of HTLV-I protease to pepsin in the Bradford assay. To determine the
extinction coefficient, the protein was dialyzed against water and freeze-dried. Aliquots
of the protein were then redissolved in water and the OD280 were plotted versus
sample concentration. The theoretical values for the OD280 of the solutions were
generated by calculating the expected absorbance based on the number of Tyr, Trp,
and Phe residues in the protease, and these values show good agreement with the
experimental data. The concentration was confirmed by amino acid analysis. The
molar extinction coefficient of HisTPr at ambient temperature and pH 5.1 in water
was determined to be 14,600 L/mol ? cm.

Determination of protein concentration based on the extinction coefficient requires
relatively large quantities of protein. However, when sufficient protein is not available
to collect OD280 data for concentration determination, the Bradford assay, which can
detect protein in the microgram range, can be used. The OD595 of prepared samples
(see Materials and Methods) were collected after a 10-min incubation period following
mixing. Absorbance versus concentration was plotted for a wide concentration range
to locate the linear portion. Sample concentrations were prepared within that linear
segment. These data were compared to the plotted data of the inexpensive protein
pepsin, and the ratio of pepsin concentration to HisTPr concentration for a given
OD595 was found to be 61. That is, if one uses a pepsin standard curve to calculate
concentration (in mg/ml), the value obtained must be divided by 61 to give an
accurate concentration. Previous work on the kinetics of HTLV-I protease might
require correction if pepsin or BSA was used as a standard for protein concentration
determination without using a correction factor. Using the Bradford assay with the
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FIG. 2. Initial velocity versus pH.

appropriate correction factor, concentration determination on microgram quantities
can be carried out.

HTLV-I protease activity assays. The fluorogenic substrate (DABCYL)-(GABA)-
PQVL-Nph-VMH-(EDANS) allows the observation of cleavage of the peptide by
measuring an increase in the fluorescence of the sample. In the intact peptide, fluores-
cence is quenched by resonance energy transfer, a process that does not occur in the
cleaved peptide (12). A plot of fluorescence intensity versus time shows that HisTPr
has no activity at pH 3.0, is most active at pH 5.2 and 5.3, activity decreases as the
pH is increased to pH 6.0. This can be most easily seen in a plot of the initial velocity
(in the first 10 min) versus pH (Fig. 2). A peak can be seen at pH 5.1–5.3, with the
highest activity at pH 5.2.

The temperature dependence of protease activity was determined by observation

FIG. 3. Fluorescence intensity (arbitrary units) versus time as a function of temperature. Experimental
conditions: 10 mM sodium acetate and 0 mM NaCl at pH 5.3.
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FIG. 4. Fluorescence intensity (arbitrary units) versus time as a function of NaCl concentration.
Experimental conditions: 10 mM sodium acetate, pH 5.3, at 378C.

of fluorescence intensity versus time at 20, 30, 35, 37, and 408C. As shown in Fig. 3,
the initial rate is highest between 35 and 408C.

To determine the dependence of protease activity on NaCl concentration, the fluores-
cence intensity versus time at NaCl concentrations of 0, 500, 1000, and 1500 mM
was recorded. As shown in Fig. 4, there was little effect of NaCl concentration on
the activity of the protease.

These experiments were also carried out using (DABSYL)-(GABA)-PQVLPVMH-
(EDANS) and (DABSYL)-(GABA)-PQVL-Nph-VMH-(EDANS) and the protease
with and without the histidine tag. The values for Km and kcat are shown in Table 1.
As can be seen from these data, the presence of the His-tag leader and added NaCl
have no significant effect on Km and kcat.

The results of the assays with added salt are in contrast to some reports that describe
an increase in proteolytic activity for HIV-1 (14,15), avian sarcoma/leukemia virus
(16), and bovine leukemia virus (17) upon increasing ionic strength. However, it has
also been reported that for some substrates that the activity of HIV-1 is independent
of sodium ion concentration (14), but does depend on magnesium ion concentration

TABLE 1

Values of Km and kcat for Cleavage of the Fluorescent Substrates by HTLV-I Protease

Km kcat kcat /Km

Enzyme Substrate [NaCl] (mM) (s21) (M21*s21)

His-PR DABCYL-GABA-PQVL/NphVMH-EDANS 0 M 55 6 5 0.2 6 0.02 3000
His-PR DABSYL-GABA-PQVL/NphVMH-EDANS 0 M 68 6 4 0.3 6 0.01 4000
PR DABSYL-GABA-PQVL/NphVMH-EDANS 0 M 58 6 4 0.2 6 0.007 4000
His-PR DABSYL-GABA-PQVL/PVMH-EDANS 0 M 74 6 5 0.3 6 0.02 4000
PR DABSYL-GABA-PQVL/PVMH-EDANS 0 M 60 6 7 0.2 6 0.007 4000
His-PR DABSYL-GABA-PQVL/PVMH-EDANS 1 M 63 6 4 0.3 6 0.01 4000
PR DABSYL-GABA-PQVL/PVMH-EDANS 1 M 60 6 1 0.3 6 0.007 4000
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(14). Furthermore, the effect of ionic strength has been shown to depend on the
sequence of the substrate (15,16), and an increase in activity upon increasing NaCl
concentration is most often observed when the substrate is not the natural substrate
of the enzyme. The effect is most often due to a decrease in Km (15,17,18), although
there is at least one report of an increase in kcat (15). No studies on the salt dependence
of HTLV-I protease activity have been reported, and the effect of ionic strength and
substrate structure on Km and kcat have yet to be explored. Information on the effect
of ionic strength on substrate binding will be invaluable in the design of inhibitors
to function under physiological conditions. We are currently examining the proteolytic
cleavage of other substrates, both natural and nonnatural, to understand the influence
of ionic strength as it relates to substrate structure.

In summary, we have efficiently expressed and purified HTLV-I protease with an
attached histidine tag (150 mg/L), and determined the molar extinction coefficient to
be 14,600 L/mol ? cm. The Km and kcat for cleavage of p19/24 substrates is not affected
by the presence of a histidine tag on the protease nor is it affected by the presence
of NaCl in concentrations up to 1.5 M. We are currently investigating the dependence
of cleavage of other natural and nonnatural substrates on salt concentration.
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