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Abstract

An enzyme-linked immunosorbent assay (ELISA) using biotin-labelled oligo-dT primer and
digoxigenin (Dig)-dUTP was designed to measure the reverse transcriptase (RT) activity of hu-
man immunodeficiency virus type 1 (HIV-1). The ELISA system involves the selective detection
step of a newly synthesized cDNA by two specific bindings, biotin-streptavidin binding and al-
kaline phosphatase (AP)-conjugated anti-Dig-Dig binding, and the enzymatic amplification step
to increase coloring generated by AP. This method was used to measure the activity of RT in
the culture supernatants of peripheral leukocytes obtained from four anti-HIV-1-positive persons
cocultivated with those from four anti-HIV-1-negative persons. RT activity was detected in all of
four anti-HIV-1-positive culture supernatants but not in those cultivated with anti-HIV-1-negative
supernatants alone. Thus, our improved ELISA for detection of HIV-1 appears to be sensitive
enough and useful for routine laboratory work. This non-radioactive method will also be useful
for detecting other retroviruses and for screening of RT inhibitors.
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An enzyme-linked immunosorbent assay
(ELISA) using biotin-labelled oligo-dT primer and
digoxigenin (Dig)-dUTP was designed to measure
the reverse transcriptase (RT) activity of human
immunodeficiency virus type 1 (HIV-1). The
ELISA system involves the selective detection
step of a newly synthesized cDNA by two specific
bindings, biotin-streptavidin binding and alkaline
phosphatase (AP)-conjugated anti-Dig-Dig bind-
ing, and the enzymatic amplification step to in-
crese coloring generated by AP. This method was
used to measure the activity of RT in the culture
supernatants of peripheral leukocytes obtained
from four anti-HIV-1-positive persons cocultivat-
ed with those from four anti-HIV-1-negative per-
sons. RT activity was detected in all of four
anti-HIV-1-positive cuiture supernatants but not
in those cultivated with anti-HIV-1-negative
supernatants alone. Thus, our improved ELISA
for detection of HIV-1 appears to be sensitive
enough and useful for routine laboratory work.
This non-radioactive method will also be useful for
detecting other retroviruses and for screening of
RT inhibitors.
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H uman immunodeficiency virus type 1 (HIV-1)
appears to be the etiologic agent of acquired
immune deficiency syndrome (AIDS) (1-5). The genome
of HIV-1 encodes structural proteins such as gag, pol,
env and regulatory proteins. The pol protein has reverse
transcriptase (RT) activity. RT activity is most widely
used for detecting and quantifying retroviruses since
retroviruses need RT to replicate (6). The conventional
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isotopic RT assay has high sensitivity, but requires much
time and labor. In addition, its application is limited
because it involves the use of radioactive labels.

We have devised an enzyme-linked immunosorbent
assay (ELISA) to measure the RT activity of HIV-1. In
this method, the RT activity is quantified as the amount
of ¢cDNA which was synthesized by RT using polyA as
a template, biotin-labelled oligo-dT as a primer, and
digoxigenin (Dig)-dUTP (instead of Rl-labelled dTTP) as
a substrate. The ¢cDNA strand has biotin and Dig at each
side, so it reacts with streptavidin (SA)-coated microwells
at the biotin site and with alkaline phosphatase (AP)
conjugated-anti-Dig at the Dig site. In addition, the
method involves an enzymatic amplification step for
coloring generated by AP. We used this ELISA system
to measure the RT activity in the culture supernatants of
peripheral leukocytes obtained from four anti-HIV-1-
positive persons cocultivated with those from four anti-
HIV-1-negative persons.

Subjects and Methods

Sample preparation.  Blood was obtained from
four anti-HIV-1 positive persons. These sera were anti-
HIV-1-positive by the particle agglutination test (serodia
HIV: Fujirevio, Tokyo, Japan) and Western blotting (Bio
Rad, LA, USA). Leukocytes from 10-20ml of peripheral
blood were separated on a Ficoll-Conray gradient, and
then cultured at 1 X 10°/ml in 25 cm? tissue culture flasks
with RPMI-1640 medium containing 15% fetal calf
serum, interleukin-2 and antibiotics. At the same time,
1 X 10%/ml of phytohemagglutinin-stimulated leukocytes
from anti-HIV-1-negative healthy volunteers were added
to the tissue culture flasks. These cells were incubated at

37°C in a humidified atmosphere (5% CO,) for about 30
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days. On various days after cocultivation, 1ml aliquots of
the culture supernatants were collected for the RT assay.
The culture supernatants were placed in 1.5ml tubes and
centrifuged at 5,000rpm for 5min at 4°C. The super-
natants were transferred to new 1.5ml tubes and
centrifuged at 15,000rpm for 50min at 4°C to sediment
the viruses. The viral pellet was solubilized in 20zl of
NTET solution [100mM NaCl, 10mM Tris-HCl (pH
7.5), 1mM EDTA and 0.1% Triton-X100] on ice. A 10
1 aliquot of the virus lysate was used for the ELISA RT
assay.

RT reaction.  Ten microliters of NTET solution
containing RT sample was transferred to a new microtube.
Forty microliters of the RT reaction mixture [6.25xM
Dig-dUTP (Boehringer Mannheim, Germany), 25mM
KCl, 6.25mM MgCl,, 62.5mM This-HCl (pH7.8), 1.25
mM dithiothreitol, 2.5xg/ml polyA, and 446.4 pmol/ml
biotin-labelled oligo-dT (Promega, Madison, W1, USA)]
was added to each tube. After 30 min incubation at 37°C,
the reaction mixture was boiled for 10min to inactivate
RT compeletely.

Detection of RT products. Microwell mod-
ule plates (Nunc Roskilde, Denmark) were coated with
streptavidin (10mg/ml in 10mM acetate buffer at pH5.4)
by incubation at 4°C for 16h. The coated plates were
kept at 4°C until use. Immediately before use, the plates
were washed three times with STET buffer [10mM
Tris-HC! (pH7.5), 0.15M NaCl, 1mM EDTA and 0.01
% Tween20]. After the wells were blocked with blocking
solution (Boehringer Mannheim) for 30min at room
temperature, the blocking solution was aspirated and
wells were washed three times with STET buffer. Ten
microliters of the reaction mixture was transferred to the
SA-coated well, followed by the addition of 90ul of
buffered saline (0.75M NaCl, 75mM sodium citrate).
The wells were incubated at 37°C for 30min, and then
washed three times with STET buffer. To the well 100 41
of AP-conjugated anti-Dig (Boehringer Mannheim) diluted
1:5000 in STE buffer [10mM Tris-HCI (pH7.5), 0.15
M NaCl, 1mM EDTA] was added and then incubated
for 30min at 37°C. To remove the free conjugates, the
wells were washed six times with STET buffer and four
times with TBS [0.06M Tris-HCl (pH7.5, 0.15M
NaCl]. The fmal enzyme reaction was carried out by
adding 50 ¢l of substrate (ELISA amplification system:
GIBCO BRL, MD, USA). The wells were incubated at
25°C for 15min, followed by the addition of 50l of
amplifier (ELISA amplification system: GIBCO BRL).
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After the wells were incubated again for 15min at 25°C,
the reaction was stopped by adding 50 u1 of 0.3M H,SO.,.
The absorbance at 492nm was measured with a micro-
plate reader.

Standard curve for RT activity. Recom-
binant reverse transcriptase from HIV-1 (HIV-1 RT)
(Eiken Chemical, Tokyo, Japan) (7) and avian myelo-
blastosis virus-reverse transcriptase (AMV-RT) (Du
Pont, Boston, MA, USA) were used for standard curve.
These RTs were diluted from 10mU/ ! to 0.02mU/ ul
with NTET solution. Ten microliters of the solution were
used for the RT reaction.

Specificity of RT assay. T7 DNA polymer-
ase (Pharmacia Biotech, Uppsala, Sweden), Vent (exo-)
DNA polymerase (MILLIPORE Bedford, MA, USA),
Tth DNA polymerase (TOYOBO, Osaka, Japan) and
Taqg DNA polymerase (Perkin-Elmer, Norwalk, CT,
USA) were used in RT reaction instead of RT to check
the specificity of the assay.

Isotopic RT assay. Ten microliters of NTET
containing AMV-RT was added to a microtube. Forty
microliters of the reaction mixture [25mM KCl, 6.25
mM MgCl,, 62.5mM Tris-HCl (pH7.8), 1.25mM di-
thiothreitol, 3.6 «g/ml polyA, 2.5ug/ml oligo-dTi2-1s
(Pharmacia LKB, Uppsala, Sweden) and 5mCi [3H]
dTTP (1mCi/ml, specific activity 30Ci/mmol; Amer-
sham, UK)] was added to each tube. After 1h incubation
at 37°C, 50 u! of reaction mixture was spotted onto 3MM
filters (Whatman, Madstone, England). The flters were
dried and then washed twice (1h each wash) with 0.1M
sodium pyrophosphate in 5% trichloroacetic acid (TCA),
and (1h each wash) with 5% TCA, respectively, and
then washed with 95% alcohol for 10min. After drying,
the filters were placed into scintillation vials. Five milli-
liters of Scintiverse 2 (Fisher, USA) was added to each
vial and then radioactivity levels were measured with a
liquid scintillation counter.

Measurement of p24 core antigen of HIV.
The p24 core antigen of HIV in the same culture super-
natants was measured by HIV antigen enzyme immunoas-

say (EIA) (Abbott Laboratories, 1L, USA).

Results

Standard curve for RT activity. The
standard curves using the ELISA RT assay are shown in
Fig. 1-a and -b. The ELISA assay gave approximately
linear result up to 10mU of HIV-RT and 5mU of



Tomita et al.: Detection of reverse transcriptase activity by enzyme-linked

April 1995 Detection of RT Activity by ELISA Method 71
a b
1.0 9 2.0
€ g
g 3
3 8
g g
=} =}
* 0.5 < 1.0 4
0 T T T T 0 T—T T T
0 0.5 1.0 2.0 5.0 0 1.0 2.0 5.0 106.0
AMV-RT (mU) HIV-1-RT (mU)
Fig. 1 Standard curves for the enzyme-linked immunosorbent assay (ELISA) of reverse transcriptase (RT) obtained using five concentrations.

a: Avian myeloblastosis virus (AMV)-RT (0-5mU). b: Human immunodeficiency virus type | (HIV-1)-RT (0-10mU).
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Fig. 2  Correlation between isotopic RT assay and ELISA RT assay.

Correlation between isotopic RT assay and ELISA RT assay was
indicated with data obtained at four concentrations (0~ [0mU/RT
reaction) of AMV-RT. CPM: Count per min. RT, ELISA, AMV: See
Fig. 1.
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AMV-RT.

Correlation of ELISA RT assay and
isotopic RT assay. The correlation of the ELISA
RT and the isotopic RT assay is shown in Fig. 2 using
the data from 0 to 10mU of AMV-RT. As shown in Fig.
2, there was a good correlation between the two assays
r=0.974).

Specificity of RT assay. Five kinds of DNA
polymerases were used to check the specificity of the RT
detection method. All of them showed some incorporation
of Dig-dUTP (Table 1). Tth DNA polymerase in particu-
lar indicated showed substrate specificity.

RT activity of culture supernatant. The
RT activity was detected in all of four supernatants
cocultivated with the anti-HIV-1-positive and anti-HIV-1-
negative leukocytes after 2-4 weeks of cocultivation, but
not in those cultivated with anti-HIV-1-negative leuko-
cytes alone (Fig. 3).

p-24 core antigen of HIV.  P-24 core antigen
was detected in all of four supernatants cocultivated with
the anti-HIV-1-positive samples and anti-HIV-1-negative
samples whenever the RT activity was detected (data not
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Fig. 3

Kinetics of HIV-1 replication. RT activity is indicated by absorbance at 492nm. Each mark (O@ A A) indicates four HIV-1-positive

subjects. The mean of the reagent control of the ELISA RT assay was 0.043.

Table | Reverse transcriptase (RT) reactivities of the DNA polymerases
DNA polymerase
Concentration

HIV-RT T7 Vent(exo-) Tth Tag
0.1 mU/RT reaction 0.080 0.058 0.051 0.063 0.089
| mU/RT reaction 0.327 0.053 0.048 0.167 0.091
|0mU/RT rection 2.121 0.420 0.045 0.968 0.069
100mU/RT reaction n.t. 2.026 0.058 2.150 1.931

DNA polymerases [HIV-RT, T7, Vent(exo-), Tth, Taq] were used for RT reaction. Values of RT activity in DNA polymerases are indicated by

absorbance at 492nm. n.t. = not tested

shown).
Discussion

Since RT is detected only in retroviruses, measure-
ment of RT activity is extensively used for detecting and
quantifying retroviruses. With the expansion of HIV
infection, RT assays have been frequently used to
confirm HIV infection and for studying HIV inhibitors
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(1-5, 8). The conventional isotopic RT assay has high
sensitivity but has some difficulties in handling as already
described. Recently, several methods for detecting RT
without use of radioisotopes (RI) were developed (7, 9,
10), but they also require complicated procedures or
special equipment.

Here we have improved an ELISA which has high
sensitivity and is relatively easy to perform in general
laboratories which have no RI rooms or luminometers.
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The ELISA RT assay system reported by Suzuki e? al.
(10) consists of an RT reaction step using biotin-labelled
oligo-dT and digoxigenin-dUTP and a ¢cDNA detection
step using chemiluminescene measured by a luminometer.
On the other hand, our ELISA RT assay system
involves a unique amplification step instead of
chemiluminescene.

In the ELISA amplification step, the reduced form of
nicotinamide adenine dinucleotide phosphate (NADPH) is
dephosphorylated by bound AP to reduced nicotinamide
adenine dinucleotide (NADH). NADH activates a second-
ary enzyme system which involves a redox cycle driven by
diaphorase and alcohol dehydrogenase. In this cycle,
NADH reduces a tetrazolium salt (iodonitrotetrazolium
violet) to form an intensely colored formazan dye in the
presence of diaphorase and NADH itself is oxidized to
form NAD™. At the same time, NAD™" is reduced to
NADH and ethanol is oxidized to acetaldehyde by alcohol
dehydrogenase. The rate of reduction of the tetrazolium
salt is directly proportional to the concentration of NADH
originally formed by AP. In these steps, the sensitivity is
enhanced more than tenfold over the conventional coloring
generated by AP like p-nitrophenyl prosphate. The sensi-
tivity of the assay system was so high that 0.5mU
AMV-RT/RT reaction (Fig. 1-a) could be detected,
which is almost equal to the conventional isotopic RT
assay for AMV-RT (Fig. 2), and does not require the use
of special equipment such as a luminometer. In addition,
the procedure is so rapid and easy that the assay can be
complated less than 2.5h after the initial 30 min incubation
for the RT reaction. Concerning specificity, Tth DNA
polymerase seemed to possess the RT activity because its
absorbance was as high as half of HIV RT (Table 1).
Furthermore, Tth has been reported to have RT activity
in the presence of Mn** (11).

In practice, this method detected HIV-RT from all of
the four anti-HIV-1 positive samples used in this study.
The p24 HIV antigen was also detected in all these
samples. This means that the RT activities detected here
were almost certainly derived from HIV. HIV isolates
have been reported to be divided into two major types,
those with rapid/high and those with slow/low in wvitro
replication (12). One of the HIV isolates (Fig. 3) tested
here is considered to be the rapid/high type, because it
showed large and many syncytia.

In conclusion, the ELISA assay system described
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here will be useful for the detection of HIV-1 in carriers
or patients and for investigating RT inhibitors without the
need for radioactive materials.
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