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ABSTRACT. Recently we demonstrated that the p58 subunit of p68/p58 HIV-2 reverse transcriptase (RT)
heterodimer, produced by processing of p68/p68 homodimer with recombinant HIV-2 protease, terminates
at Metig4 [Fan, N.,et al. (1995)J. Biol. Chem 270, 13573-13579]. Here we describe purification and
characterization of the p68/p58 heterodimer of recombinant HIV-2 RT. It exhibited both RT and RNase
H activities, obeyed MichaeksMenten kinetics, and was competitively inhibited by the DNA chain
terminator ddTTP Kiapp) = 305 + 20 nM). The HIV-2 RT-associated RNase H exhibited a marked
preference for RNA hydrolysis from a HIV-dagbased heteropolymeric RNA/DNA hybrid in the presence

of either Mg or Mn2*, compared to theH]poly(rA)-poly(dT) or PH]poly(rG)-poly(dC) homopolymeric
substrates. Relative to HIV-1 RT, the RNase H activity of HIV-2 RT was only 5% towarcthpedly-
(rA)-poly(dT) in the presence of Mg. The size distribution of products generated fraid]poly(rA)-
poly(dT) by HIV-2 RT-associated RNase H was markedly distinct from that of HIV-1 RT in the presence
of Mg2™ or Mn2". The p68/p58 HIV-2 RT heterodimer, produced by specific cleavage using HIV-2
protease, should be useful for inhibition and biophysical studies aimed at discovering and designing drugs
directed toward HIV-2.

The reverse transcriptase (RTOf human immunodefi-  to generate heterodimers of recombinant HIV-2 RT is to
ciency virus type 1 (HIV-1) is a well-known target for express the protein iischerichia coliand then depend upon
therapeutic intervention of AIDS (Chandet al, 1985; the proteolysis during isolation and purification by endog-

Mitsuyaet al, 1990). A second human retrovirus, HIV-2,  enous proteases (Warrebal.,, 1992). However, based on
is also associated with dysfunction of the immune system studies with HIV-1 RT, the protein recovered from the host
(Clavelet al, 1986a,b). The genomic organization of HIV-2  expression system is usually heterodimeric with a hetero-
is similar to that of HIV-1 (Guyadeet al, 1987; Zagunet  geneous C-terminus of the smaller subunit (Loeteal.,

al., 1988). There is a fairly high (6670%) homology in  1988). Another strategy to obtain purified heterodimer is
the regions of thepol gene coding for RT in HIV-1 and {4 coexpress the two subunits on a single plasmid (Muller
HIV-2 (LeGrice et al, 1988). Like the RNA-dependent o 5) 1991), and this requires a knowledge of the exact
DNA polymerase (RT) and RNase H functions of HIV-1 - ¢ o minus of the smaller subunit. Thus, it is desirable to

RT required during viral replication (Goff, 1990), the HIV-2 - . . i . . .
RT also possesses both the RT and RNase H activities (Hizi.Obtam heterodimeric HIV-2 RT in which the smaller subunit

etal, 1991a). However, the RT enzymes of the two human is generated by specific processing of the larger subunit with
: ' . . the homologous HIV-2 protease. This strategy has been
retroviruses also reveal nonconserved amino acids at some full lied t te heterodi ? 66/051
sites and this has been reflected in the insensitivity of HIV-2 successiully appiied 1o generate heterodimeric (p66/p51)
RT to the HIV-1 RT-specific inhibitors (Romeset al, 1991: HIV-1 RT in which the HIV-1 protease cleaves one of the

Shaharabany & Hizi, 1992; De Clercq, 1994). protomers at the Phe—Tyrs4; bond (Chattopadhyagt al.,

It has been shown that HIV-2 RT, like HIV-1 RT, is 1992).
present in virus particles as a heterodimer consisting of two Recently, we have shown that the p68/p68 homodimer of
polypeptides which were tentatively assigned molecular HIV-2 RT is not cleaved by HIV-2 protease at the Rjge
masses of 68 and 54 kDa (DeVied al,, 1989). One way  Tyrabond, but instead, the HIV-2 protease processes a bond
further downstream at Mgk (Fanet al, 1995a). These
" This work was supported in part by NCDDG-HIV Grant U01- findings provided a _ration_ale for the previous observation
Al25696-09. that the RT heterodimer isolated from HIV-2 lysates was
* To whom correspondence should be addressed at 7240-267-117 larger than that from HIV-1 (DeVicet al., 1989). Also,
TthUpj?]h” Company, 301 Henrietta St., Kalamazoo, MI 49001. e concluded that the p68/p58 HIV-2 RT heterodimer,
§C§§C§rm;ﬁtd'y|'mecﬁous Diseases Research. containing the Magstruncated p58 subunit, is presumably
® Abstract published iidvance ACS Abstract§ebruary 1, 1996.  the biologically relevant form of the enzynre vivo (Fanet

* Abbreviations: HIV-1and HIV-2, human immunodeficiency virus 51 1995a). However, little is known about the biochemical
types 1 and 2; RT, reverse transcriptase; AIDS, acquired immunode-

ficiency syndrome; IMAC, immobilized metal affinity chromatography;  Properties of the heterodimeric HIV-2 RT produced by a

SDS, sodium dodecy! sulfate; BSA, bovine serum albumin; PAGE, specific cleavage of p68/p68 homodimer with HIV-2 protease
polyacrylamide gel electrophoresis; TCA, trichloroacetic acid; RNase i

H, ribonuclease H; ss-DNA, single-stranded DNA; DTT, dithiothreitol; (ianet al'.’ 19.953)' -'Il—hlf p;f_?entdsgjgles W:re l‘!n.d.ertakfeﬂ.to
EDTA, ethylenediaminetetraacetate; dTTP, thymidine triphosphate; characterize in detall the an ase H activities of this

dTMP, thymidine monophosphate. recombinant heterodimeric (p68/p58) HIV-2 RT.
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MATERIALS AND METHODS bance (280 nm) and protein concentration by the Bio-Rad
i ) Bradford protein assay (Bradford, 1976).

Chemicals General laboratory chemicals were purchased SDS-Polyacrylamide Gel ElectrophoresisSDS-poly-
from Sigma Chemical Co. Protein assay reagents, SDS, Trisycryjamide gel electrophoresis was carried out with 0.75-
base, Coomassie Brilliant Blue G-230,N,N',N'-tetrameth- iy thick 10% gels as described (Laemmli, 1970) and stained
ylethylenediamine, ammonium persulfate, acrylamide, and ith coomassie R-250.
bisacrylamide were obtained from Bio-Rad Laboratories. /.1 gag-BaseddH]RNA/DNA Hybrid The HIV-1gag
Thymidine triphosphate (dTTP), poly(rA)ligo(dT), poly- gene was derived from the pSMP-15 plasmid which is a
(dT), andE. coli RNA polymerase were obtained from  pgyescript KS (Stratagene) derivative. The 1.4-i8ad/
PharmacierLKB. [*H]dTTP and fi-*S]ATP were obtained = gg);| pNA fragment from the HIV-1 variant HXB2 (Gen-
from New England Nuclear Corp. Single-stranded (Ss-) gank Accession Number K03455, nucleotides 62995)
DNA—cellulose was from Sigma Chemical Co. Select-D 55 cloned into theSad/BamHI site of Bluescript KS.
spin column was from '5-3', Inc. Recombinant HIV-2' pyified plasmid DNA was used fdn sitro transcription
protease was provided by Dr. A. G. Tomasselli. The RNase performed using a transcription kit from Stratagene &HgH[

H substrates’H]poly(rA)-poly(dT), PH]poly(rG)-poly(dC),  ATP and HJUTP (DuPont NEN). The DNA template was
and HIV-1gagbased HIRNA/DNA hybrid were prepared  gigested with 1 unit of DNased of DNA for 20 min at 37
as described before (Evaesal, 1994). °C. The predicted size of the RNA transcripts, purified by

Recombinant HIV-2 RT ConstrucThe HIV-2 RT gene  standard methods, was 1463 bases. The complementary
(Fanet al, 1995a) was cloned from the plasmid SMP10 H|v-1 gag DNA strand was also prepared from the pSMP-
which contains the HIV-2op RT coding region 23834095 15 plasmid by PCR. The radiolabeled HIV-1 RNA was
(HIV-25qisolate, GenBank Accession Number M15390). In  hybridized with nonradioactive complementary DNA strands
order to facilitate purification of the HIV-2 RT protein by  py standard procedures. The HIVghgbased JHJRNA/
IMAC, an affinity tag (Ala-Leu-hexa-His) was introduced DNA hybrid was diluted to 50 000 dpm/%f. and stored at
at the N-terminus of the HIV-2 RT. Thé-primer (CCATC- —20°C.
GATGGCTAAACACCACCACCACCACCAC- Enzyme AssaysRNA-dependent DNA polymerase (RT)
CCAGTCGCCAAAGTAGAG-3) includes aClal site, an  activity of HIV-2 RT was determined with poly(rAdligo-
initiation codon, hexa-His coding region, and 18 bases (dT) as the templateprimer (Faret al., 1995b). For kinetic
complementary to the antisense strand of therfl of the  studies, the concentration of the temptapeimer was varied
RT coding sequences. Thé&imer (3-CTTCTCTCATC-  between 0.075 and/&M. The RNase H activity associated
CGCCAAAACA) matches the sequence in the junction with HIV-2 RT was initially measured using poly(réply-
between the antisense strand of theBdd of the HIV-2 RT (dC) and poly(rA)poly(dT), as described earlier for HIV-1
coding region and the pKK223-3 vector. The 1.7-kb HIV-2 RT (Evanset al, 1994). For RNase H kinetic studies, the
RT fragment was amplified by 20 cycles of PCR and purified HIV-1 gagbased HIRNA/DNA hybrid was used. The
by low melting point agarose gel. The amplified 1.7-kb RT reported kinetic parametert 4 andViay) were mean values
fragment was then digested wial/Hind Il and subcloned  + SD from three independent assays.
into the pKK223-3 vector engineered withGlal/Hindlll Kinetics of ddTTP Inhibition The inhibition of RNA-
site. Competerti. coli strain JM 109 was transformed with  dependent DNA polymerase activity of HIV-2 RT was
the construct and selected for ampicillin resistance. Resultingmeasured by varying the concentration of ddTTP. A
colonies were analyzed by restriction enzyme analysis andnonlinear least-squares program was used for data analysis
screened for expression of the p68 HIV-2 RT protein upon using an equation derived for competitive inhibition:
induction with 1 mM IPTG at 0.4 ORonm as described

elsewhere (Sharmat al, 1991, 1992). The 'Shexa-His _ Vininhibited
linker and HIV-2 RT sequence of the resulting HIV-2 RT v= I
expression clone were confirmed by DNA sequencing using 1+ Ky

1

Sequenase version 2.0 sequencing kit ZAS]JATP. app]

Processing of p68/p68 Homodimer of HIV-2 RT with where
HIV-2 Protease and Purification of the p68/p58 Heterodimer

The IMAC-purified p68/p68 homodimer of HIV-2 RT was K([dTTP]+ K,,)
obtained from crudeE. coli extracts (Faret al, 1995a). ifapp] — K
Purified p68/p68 HIV-2 RT (13 mg) was dialyzed overnight m

in 200 mM Tris, pH 7.4, and 1 M NaCl at 4C. This

material was then incubated with 0.25 mg of HIV-2 protease The apparenkK; (Kiapp) Was determined directly from the
and 1.5 mM DTT at 37C for 1 h. The reaction mixture  nonlinear least-squares computer program. KiHer ddTTP
was dialyzed overnight in buffer A (50 mM Tris, pH 7.2, 1 was calculated by utilizing the dTTP concentration &xd
mM DTT, 1 mM EDTA, and 6% glycerol) at 4C and for dTTP.

applied to a 5-mL bed volume ss-DN#Aellulose column Analysis of RNase H Cleage Products by Denaturing
equilibrated in buffer A at a flow rate of 0.3 mL/min. The Gel Electrophoresis The RNase H substrat&$]poly(rA):
column was washed with 5 column volumes of buffer A until poly(dT) was prepared using. coli RNA polymerase
the absorbance returned to baseline. The HIV-2 RT het- (Volkmannet al,, 1993). In a total volume of 300L, 20
erodimer was washed using 3 column volumes of 80 mM ug of poly(dT) was incubated for 1 h at 3T with 50 units
NaCl in buffer A followed by elution using 3 column of E. coli RNA polymerase, 50 nM ATP, and 1Q4Ci of
volumes of 200 mM NacCl in buffer A (Mulleet al., 1991). [0-35S]ATP in 50 mM Tris-HCI buffer (pH 8.0) containing
Fractions (0.8 mL) were collected and analyzed for absor- 100 mM KCI, 5 mM MgCh, 5 mM DTT, and 1 mM MnCJ.
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Ficure 1: SDS-polyacrylamide gel (10%) electrophoresis of p68/

p58 HIV-2 RT obtained by HIV-2 protease processing of p68/p68
homodimer followed by purification on a ss-DNA cellulose column.

Lane 1, molecular weight markers; lane 2, p68/p68 HIV-2 RT; lane
3, purified p68/p58 heterodimeric HIV-2 RT; lane 4, purified p66/

p51 heterodimeric HIV-1 RT.

1/v (units/mg)! X10-4

Table 1: Comparison of RT and RNase H Specific Activities of ? 1 E T 1

Homodimer and Heterodimer of HIV-2 Reverse Transcriptase 0 1 1°M1 15
. A—|
HIV-2 RT activity? RNase H activity [poly rA:oligo dT]
enzyme (units/mg) (unitskg) FiGURe 2: LineweaverBurk plot showing the effect of varying
p68/p68 506006t 1300 2850+ 22 the concentration of templatgrimer on RNA-dependent DNA
p68/p58 8600Q: 1800 44204 57 polymerase activity of p68/p58 HIV-2 RT. The second substrate

dTTP) was kept at saturation. (Inset) MichaelMenten plot.
a Determined using poly(rApligo(dT) as described under Materials ( ) w P urad ( ) Mi P

and Methods. Data represent meaisD (n = 3). One unit of activity . . . .

is defined as 1 nmol ofH]dTMP incorporated into poly(rApligo(dT) heterodimer reported here is enzymatically distinct from the
in 1 h at 37°C. Y Determined using thgagbased heteropolymeric ~ more readily available and previously studied p68/p68
RNA/DNA hybrid in the presence of 8 mM Mg, pH 8.5. Data  homodimer (Hiziet al., 1991b). The p68/p58 heterodimer
represent meaet SD (0 = 3). One unit of activity is defined as 1 55 ysed for characterization of its enzymatic properties.
pmol of TCA-soluble {H] monomers or oligomers released from the . ..
RNA/DNA hybrid in 1 h at 37°C. Previously we reported kinetic parametels, @nd Viay)

for purified heterodimeric HIV-1 RT by varying the template
primer concentration (Chattopadhyayal., 1992). Figure

2 shows the kinetic parameter&,{ and Vmay) for het-
erodimeric HIV-2 RT determined by varying the concentra-
tion of the poly(rAYoligo(dT) and keeping saturating levels

After phenol extraction and ethanol precipitation, the hybrid
was dissolved in 10@L of TE buffer and purified from
unincorporated nucleotides by a Select-D spin column. The

RNA/DNA hybrid concentration and specific activity were ¢ 417p i the RNA-dependent DNA polymerase activity
determined by ORonmabsorbance and scintillation counting. assay. A straight line was obtained when the data were

For determination of the degradation products of the HIV-2 5nsformed into a LineweaveBurk plot showing 1#
RT-associated RNase H, 500 ng of p68/pS8 HIV-2 RT or yersys 18 As shown in the inset in Figure 2, the data fit
p66/pS1 HIV-1 RT in SQuL of RNase H buffer with either e Michaelis-Menten equation. These data provide no
8 mM MgCl; or 8 SmM MnCl, were incubated with X 10° evidence of nonlinear behavior, substrate inhibition, or
cpm (300 ng) of *S]poly(rA)-poly(dT) substrate at 37C. allosterism in HIV-2 RT heterodimer kinetics. K, value

Aliquots (10uL) of the _reaption mixture were rgmoved at of 023+ 0.024M and aViax of 80 000+ 1656 units/mg
5-, 15-, 30-, and 60-min time points, mixed with4. of were obtained under the defined assay conditions. Similar
formamide-containing stop solution, heat-denatured, and yineatic analyses were performed for the case where dTTP
analyzed by electrophoresis on 10% denaturing polyacryla- concentration was varied at subsaturation levels with poly-
mide gels (Zharet al, 1994). (rA)-oligo(dT) concentration being held at saturation. A
similar plot was obtained when the data were fitted into a
RESULTS AND DISCUSSION Michaelis—Menten equation (Figure 3). K, value of 4.76
Enzymatic Characterization of Polymerase Aityi of + 0.41 uM and aVmax of 76 500 £ 759 units/mg were
Heterodimeric (p68/p58) HIV-2 RTOur full-length con-  obtained under defined assay conditions.
struct, which contains 574 amino acids, was assigned an The chain terminator ddTTP is a competitive inhibitor of
apparent molecular mass of approximately 68 kDa (Ban  HIV-1 RT with respect to dTTP (Lowet al, 1991). We
al., 1995a). The smaller subunit of p68/p58 HIV-2 RT have also determined the ability of the chain terminator
heterodimer, produced by HIV-2 protease processing, is ddTTP to inhibit RNA-dependent DNA polymerase activity
referred to as p58. This subunit is 45 amino acids longer of the wild-type p68/p58 HIV-2 RT for comparison with the
than the p51 subunit of HIV-1 RT (Faet al, 1995a). Figure  p66/p51 HIV-1 RT. Figure 4 shows the theoretical curves
1 shows the p68/p58 heterodimer purified aftervitro for competitive inhibition of HIV-1 RT and HIV-2 RT and
processing of p68/p68 homodimer with HIV-2 protease. The the experimental data points for ddTTP inhibition. As
purified HIV-2 heterodimer showed a 1:1 distribution of two shown, the experimental results and theoretical curve cal-
bands corresponding to relative molecular masses of 68 andculated for competitive inhibition show good agreement. It
58 kDa (lane 3). Table 1 shows a comparison of RT and was found that ddTTP inhibits HIV-2 RT in a competitive
RNase H activities of p68/p68 homodimer with the p68/p58 manner with &ipp 0f 305+ 20 nM and was essentially in
heterodimer. As shown, the homodimer is about 41% and the same range as observed for the wild-type p66/p51 HIV-1
36% less active than heterodimer with respect to RT and RT (Kiapp = 289+ 15 nM) under defined assay conditions.
RNase H specific activities, respectively. Thus, HIV-2 RT For HIV-2 RT,K; for ddTTP inhibition calculated frorapp
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11 regard to the poly(rGpoly(dC) hybrid, the RNase H activity
of HIV-2 RT was comparable to HIV-1 RT in the presence

of Mg?*. However, in the presence of M this substrate
/"—‘ was relatively less effective with HIV-2 RT than with HIV-1
[ )

-
-] o
o o
I

0.75
RT. Again, the RNase H activity was dependent upon the

nature of the metal ion activator present in the assay mixture.
Notably, the RNase H activity assays used in the above
experiments measure the release of TCA-soldHI®ligo-
nucleotides €10 nucleotides) from3H]poly(rA)-poly(dT)
(Evanset al.,, 1994).

Heteropolymeric gag-Based RNase H Substrate for HIV-2
RT. Very little is known about the RNase H activity of
recombinant HIV-2 RT. In our search for a better RNase H

, — 7T substrate for HIV-2 RT, we studied cleavage of 3al]f
o100 0102 03 e % HIV-1 gagbased RNA/DNA hybrid used previously for
HIV-1 RT-associated RNase H (Evaesal, 1994). Table

Ficure 3: LineweavetBurk plot showing the effect of varying . "
the concentration ofH]dTTP while holding the second substrate 2 shows a comparison of Mg and Mrf*-dependent RNase

poly[rA]-oligo[dT] at saturation on the reaction rate of the RNA- H activities of HIV-1 RT and HIV-2 RT in the presence of
dependent DNA polymerase activity of HIV-2 RT. the HIV-1 gagbased RNA/DNA hybrid. The RNase H

associated with heterodimeric HIV-2 RT or HIV-1 RT
exhibited a marked preference for this HIVeghgbased
RNA/DNA hybrid, irrespective of the nature of the metal
80 . ion used in the RNase H activity assays (Table 2). Compared
to poly(rG)ypoly(dC) substrate, the specific RNase H activity
of HIV-2 RT was 300- and 2700-fold higher in the presence
of Mg?t and Mrt*, respectively. Interestingly, HIV-1 RT
shows Md@*- and Mr?*-dependent RNase H activities that
are approximately 2-fold higher than that for HIV-2 RT with

V (units/mg) x103
B [=2]
o o

n
o
L
[ ]
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[dTTPL,uM

1/v (units/mg)! x104
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40 + this HIV-1 gagbased RNA/DNA hybrid. Taken together,
these results show that the HIV-2 RT-associated RNase H
activity, to a large extent, depends upon the nature of the

20 0 200 400 500 800 RNA/DNA hybrid as well as the divalent cation activator.

[ddTTP], nM Also, they demonstrate that the lack of HIV-2 RT-associated
FiGURE 4: Inhibition of the RNA-dependent DNA polymerase RNase H activity (Table 2) with the commonly uséti}
activities of HIV-1 RT and HIV-2 RT by ddTTPLO, HIV-2 RT; poly(rA)-poly(dT) substrate is not a reflection of the intrinsic
®, HIV-1 RT. The activity was assayed by incorporation #jt RNase H activity of the HIV-2 RT.
dTTP into poly[rA}oligo[dT] as the templateprimer. The data Kinetic Characterization of RNase H Adity of HIV-2

were fitted into an equation for competitive inhibition by using a

nonlinear least-squares program. RT. From the above studies it was concluded that the HIV-1

gagbased RNA/DNA hybrid is an excellent substrate for
was 17.6+ 1.1 nM. This value is in agreement withka studying RNase H activity of HIV-2 RT. Figure 5 shows
of 36 nM reported for ddTTP inhibition of HIV-2 RT (Peach kinetics of HIV-2 RT-associated RNase H activity at each
et al, 1995). concentration of thegagbased RNA/DNA hybrid in the
Substrate Preference and filent Cation Requirement  presence of M§f. As shown, the data with this heteropoly-
for RNase H Actiity. It has been reported that the RNase meric substrate follows the Michaetid/lenten equation for
H activity of the unprocessed p68 HIV-2 RT is about 10% a uni-substrate condition. K, value of 0.42+ 0.04 uM
that of the corresponding p66 HIV-1 RT (Hiet al., 1991b). and aVmax 0f 5380+ 590 unitskg were obtained from these
This comparison was based on studies with the poly(rA) data under defined assay conditions. These results show that
poly(dT) homopolymeric substrate and Kigas the metal  the HIV-1gagbased substrate, as opposeciitjpoly(rA)-
ion activator in the RNase H activity assay. Recent studies poly(dT), is a suitable substrate for studying activity and
(Zhanet al.,, 1994) with homopolymeric RNA/DNA hybrids  inhibition of HIV-2 RT-associated RNase H.
as model substrates have shown that the RNase H activity Effect of Dvalent Metal lons on the Size of Products
of HIV-1 RT depends upon substrate composition as well Generated by HIV-2 RT-Associated RNase determine
as on the nature of the divalent metal ion. Therefore, we the basis for the relatively low RNase H activity of HIV-2
investigated in detail substrate preference and divalent cationRT with [*H]poly(rA)-poly(dT) substrate in the presence of
requirement for determining RNase H activity of our p68/ Mg?" (Table 2), the size distribution of products generated
p58 heterodimeric HIV-2 RT. Results are shown in Table by RNase H was determined by denaturing gel electrophore-
2 along with the p66/p51 heterodimeric HIV-1 RT included sis. As shown in Figure 6 (A and B), the time-dependent
for comparison purposes. size distribution of products, generated by HIV-2 RT RNase
The RNase H activity of HIV-2 RT was<10% of the H from [3*S]poly(rA)-poly(dT) substrate, differed markedly
RNase H activity of HIV-1 RT when poly(rApoly(dT) was from that of the wild-type HIV-1 RT. For HIV-2 RT, there
the substrate and Mgwas the cation activator. In contrast, was absence of significant release of oligonucleotides
with the same substrate, the RNase H activity of HIV-2 RT between 5 and 15 nucleotides in length even after 60 min of
was 20% that of HIV-1 RT in the presence of Kn With incubation (Figure 6B, lanes25). In contrast, under similar
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Table 2: Substrate and Metal lon Preferences for RNase H Activities Associated with Heterodimers of HIV-1 and HiV-2 RT

specific RNase H activity

p66/p51 HIV-1 RT p68/p58 HIV-2 RT
RNA/DNA substrate Mg" Mnz*+ Mg?* Mn2*
[3H]poly(rA)-poly(d TP 715+ 71 990+ 34 36+ 4 211412
[®H]poly(rG)-poly(dCy 19720+ 2930 2185+ 95 14418+ 572 847+ 82
gagbased 9310+ 140 5400+ 440 4420+ 57 2300+ 66

aData represent meatt SD (n = 3). The Mg* and Mr?" concentrations were 8 mM. One unit is defined as 1 pmol of TCA-soltile
monomers or oligomers released from the RNA/DNA hybrid in 1 h at@7 Other assay details are given under Materials and Metlidde
specific activities are expressed in units per milligr&he specific activities are expressed in units per microgram.

activity in the presence of M (Figure 6C,D). This
interpretation is consistent with the presence of both large
and smaller oligonucleotides at early time points. In the
presence of M#, the relative rate of formation of these
smaller (<10 nucleotides) products by HIV-2 RT was rather
slow compared to HIV-1 RT. The relative abundance of
intermediates (1615 oligonucleotides in length) observed
between 15 and 60 min for HIV-2 RT (Figure 6D, lanes
2—b5) suggests that perhaps its exonuclease activity, compared
to that of HIV-1 RT, is relatively less efficient in the presence
of Mn?*. These results led us to conclude timatitro RNase
H activity of the HIV-2 RT heterodimeric enzyme depends
upon the composition of the hybrid substrate as well as the
nature of the divalent cation activator.
Studies with immunoaffinity-purified HIV-2 RT from viral
e — : : lysates show that both the subunits of the heterodimeric
s 0 5 e 15 HIV-2 enzyme are slightly larger than their HIV-1 counter-
Vigag RNA/ONAJ, uM parts (DeVico et al, 1989). Our results on purified
B e fecombinant HIV-2 RT (Figure 1), obtained by o
reaction rate of RNase H act?:/ity associated with p6¥3/p58 Hiv-2 Processing of p68/p68 H_IV'Z RT with HIV-2 protease, are
RT. (Inset) Michaelis-Menten piot. in complete agreement with the data for HIV-2 lysates. These
results are consistent with vitro studies demonstrating that
experimental conditions, the smaller nucleotides were gener-the differential processing of homodimers of reverse tran-
ated by the wild-type HIV-1 RT as early as 5 min of scriptases from HIV-1 and HIV-2 is a consequence of the
incubation and continued for 60 min (Figure 6A, laness}. distinct specificity of the viral proteases (Fahal,, 1995a).
This was consistent with the RNase H activity data (Table There are conflicting reports (Hizt al, 1991b; Warren
2) in which only the small €10) oligonucleotides released et al, 1992) on the RNase H activity of HIV-2 RT. In these
from the RNA/DNA hybrid can be detected in the RNase H reports, the HIV-2 RT was not produced by specific cleavage
activity assay. Thus the differences observed here arewith the homologous HIV-2 protease. In contrast to these
consistent with the dissimilarities observed in the RNase H studies, our results shed light on the RNase H activity of
activities between HIV-2 RT and HIV-1 RT in the presence the biologically relevant form of p68/p58 HIV-2 RT. The
of poly(rA)-poly(dT) and M@" (Table 2). p68/p58 HIV-2 RT possesses high kg and Mr¢t-
Interestingly, no mononucleotide was generated in sig- dependent specific RNase H activity with the HIVgag
nificant amounts even after 60 min (Figure 6A), suggesting based heteropolymeric substrate. Although both HIV-1 RT
that endonuclease activity is responsible for the hydrolysis and HIV-2 RT possess RNase H activity, they appear to
of the poly(rAypoly(dT) substrate in the presence of ¥g differ significantly in the relative activities with poly(rA)
Furthermore, our data support the view that the endonucleasgoly(dT) and poly(rG)poly(dC) substrates in the presence
RNase H activity of the HIV-2 RT enzyme, compared to of Mg and Mr#*, respectively (Table 2 and Figure 6).
that of HIV-1 RT, is significantly decreased for this substrate Despite the fact that the two proteins are 60% identical at
under defined conditions. This is consistent with the reported the amino acid level, they show a large difference in their
(Hizi et al,, 1991b) low (10%) M&"-dependent RNase H  content of charged amino acids (Rateeal., 1985). Thus,
activity of p68 HIV-2 RT compared to HIV-1 RT in the the interaction of the enzyme with the RNA/DNA hybrid
presence of poly(rApoly(dT) substrate. seems to be partly influenced by the composition and/or
The cleavage products froni®§]poly(rA)-poly(dT) by structure of the substrate. Moreover, the additional use of a
HIV-2 RT RNase H in the presence of ®indiffered from heteropolymeric RNA/DNA hybrid has allowed us to
those shown above when Kfgwas the metal ion activator. ~ delineate the effects of substrate composition and divalent
As shown in Figure 6 (C and D), smaller oligonucleotides metal ions on RNA hydrolysis by HIV-2 RT.
(5—10 nucleotides in length) were produced very early in A number of factors led us to characterize p68/p58 HIV-2
the reaction (lanes-25), in agreement with a recent report RT obtained from p68/p68 homodimer by the action of
(Zhanet al., 1994). It appears that both endonuclease and HIV-2 protease. The reasons were that (a) purified p68/
exonuclease activities participate in the RNA degradative p68 homodimer can be prepared easily from crideoli
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FicURE 6: Determination of the sizes of the products of RNase H digestiofP8fdoly(rA)-poly(dT) by HIV-1 RT (panels A and C) and
HIV-2 RT (panels B and D). Panels A and B show Wglependent RNase H activity, while panels C and D show'Miependent RNase
H activity. Lanes 5 represent 0-, 5-, 15-, 30-, and 60-min time points of incubation &C37The approximate sizes of RNA cleavage
products are indicated.

extracts, (b) purified recombinant HIV-2 protease was readily 1991; Chattopadhyagt al, 1992). The regions of theol
available, (c) the heterodimer RT produced by processing gene coding for RT from HIV-1 and HIV-2 show that HIV-2
with HIV-2 protease could be easily purified by affinity RT exhibits 60% sequence homology with HIV-1 RT
chromatography on ss-DNAcellulose, (d) on the basis of (Guyaderet al., 1987). In fact, the polymerase active site
our most recent work (Faet al., 1995a) we were confident  for both the enzymes is present in the amino acid region
that the natural COOH terminus in the p58 subunit should 180-190 (Tonget al, 1993). Therefore, it is logical to
be the result of cleavage by the HIV-2 protease at the assume that the N-terminal hexahistidine tag would have no
previously characterized cleavage of the MetAlayssbond, deleterious effect on the polymerase function of HIV-2 RT.
and (e) the enzymatic properties of p68/p58 HIV-2 RT can  Our results show that an HIV-jagbased RNA/DNA
be directly compared with the already available p66/p51 hybrid is an excellent substrate for the RNase H activity of
HIV-1 RT produced by using an identical strategy (Chatto- HIV-2 RT. This finding has allowed us to demonstrate that
padhyayet al., 1992). RNase H kinetics of HIV-2 RT can be conveniently followed
It is well-known that addition of a hexahistidine affinity — with this gagbased hybrid. To our knowledge, this is the
tag or other amino acid residues at the N-terminus of HIV-1 first report on purification and characterization of polymerase
RT has no effect on the polymerase function (Prasad & Goff, and RNase H activities of the heterodimeric (p68/p58) form
1989; LeGrice & Gruninger-Leitch, 1990; Sharre& al, of HIV-2 RT. This well-characterized, homogeneous prepa-
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ration of p68/p58 HIV-2 RT heterodimer should be suitable Laemmli, U. K. (1970)Nature 227 680-685. .
for inhibition and cocrystallization studies aimed at discover- LeGrice, S. F. J., & Gruninger-Leitch, F. (199Byr. J. Biochem

: : : At 168 30—36.
ing and understanding drugs directed toward the replicative LeGrice, S. F. J., Zehnle, R., & Mous, J. A. (198B)Virol. 62,
machlnery of HIV-2. 2525-2529.
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