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RNase H activity of HIV reverse transcriptases is confined exclusively to
the dimeric forms
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A mcghod for the rapid preparation of g defined substrate to monitor RNase H activity has been developed. Using this substrate. we have
investigated the RNase H activities of the different forms of recombinant HEV-1 and HIV-2 reverse transcriptase (RT) in detaii. As we report here.
RNase H activity is associated only with the dimeric forms (pS1/p66 or p66/p66) of the enzymes

HIV: Reverse transeriptase: RNase H: Dimerization

1. INTRODUCTION

In addition to their DNA puiymerase activity. retro-
viral reverse transcriptases possess an RNase H activity
which degrades the RNA moiety of an RNA/DNA
hybrid. The RNase H activity is v.sential for the process
of conversion of genectic information from the sinplc
stranded RNA form in the virion into the double
stranded DNA form in infected cells. Formally, during
synthesis of the minus strand of DNA complementary
to the viral RNA genome, the RNAse H activity is
required to degrade the RNA strand in the DNA/RNA
hybrid to allow plus strand DNA synthesis. The actual
mechanism appears to involve the simultancous action
of both the polymerase and RNase H activities. so that
as the DNA strand grows, the RNA template is
degraded [1].

The reverse transcriptases of HIV-1 and HIV-2 are
heterodimeric proteins consisting of one subunit of mo-
lecular weight of approximately 66 kDa and another of
molecular weight of 51 kD, which -epresents a curbo-
xyterminally truncated form of the larger subunit [2--7].
The difference polypeptide between these two subunits
contains the RNAse H activity of the reverse
transcriptase [8,9]. There is still controversy regarding
the biological significance of the dimeric organization.
which is characteristic of the known lentiviral RTs. In
particular there is no agreement about the significance
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of the monomeric and homodimeric species which have
been isolated from recombinant expression systems.

Using recombinant enzyme preparations we have in-
vestigated the biochemical propertics of monomeric and
dimeric forms of HIV-1 and HIV-2 RT, We¢ were parti-
cularly interested to determine whether the RINAse H
activity is influenced by subunit interaction, We
deseribe here experiments which clarify the dependence
of the RNAse H activity on the state of dimerization of
the reverse itunsceriptase molecule.

2. MATERIALS AND METHODS
2

A Proteins

Recombivant RTs from HIV-1 and HIV-2 were cxpressed in £, cofi
and purificd as described previously [7.10].

The coding sequence of the RT RNase H domain of HIV-1,,,,
starting with Tyr'™” was amplificd by PCR. By using appropriate
oligonucleotides for PCR amplifi-tion we ndded Four codons (Met-
Ala-Asn-Gli) to the N terminus and 4 TAA stop codon 1y 1l ©
terminus of 1 - coding sequenge. Flanking Neol . siction sites were
also introduced. The fragment was digested with Veel and then ligated
with the prokaryotic expression vector pKK233-2 [11] which had been
lincarized with Neol. £ coii CGSC 6662 cells which contained the
comguitible repressos plasmid pDMIL 1 [12] were transformed with the
expression ¢umsteuct. The bacteria were grown in LB medium to an
0D, of ¢a. 0.5 and induced with 20 me'ml isopropyl-§-thio-gon-
patactopyranoside for 5 h.

The cells were hasvested by centrifugation and resuspended in
bulfer A (50 mM Tris-HC pH K0, § mM DTT, § mM EDTA. 0.5%
NP-40, 0.4 mM PMSE. | mM Americain, 0.1 mM benzamidine).
Following cell fysis by sonilication, inseluble material wis removed
by centrifugistion (30 min, 8000 % g). Nucleic agigdh were precipitaied
feom the cell extrict with 40 mpml steeptomycin sulfate and removald
by contrifugition (20 min, 48,000 « ). The supernatant was didyzed
overnight aginst bullcr % 70 =% Trs-HC pH 7.6, 1 mM EDTA,
tmM DTT, 0.2 mM PMSE) Ali Inllowing purification sieps were
performed ysing o FRLC sy (Witersh. The erude extragt was
applicd 10 4 DEAL fractogel colunn (Superfonmance. 26 x 300 mm.
Tractuge! EMD D2EAE 650 Merck)in bulTer 13 Bound protein wis
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eleted with a step grafient (S0 mM. 130 mM and 200 oM NaCiin
buffer BiL. Fractions containing RNase H were coflected and the pro-
tein was precipaated with 80% ammonium seffate. Foliowinz cen-
trifogation (20 min. 45,000 x g) the pellet was resuspended in bufler
C (25 =M Tris-HCl pH 82, 1'mM DTT, I mM EDTA) cvtaining
75 mM NaQl and applied 1o a gel fltration column (HiL.oad, 26 % 600
mm. Superdex 200 Pharmacia) in boffer C + 75 mM Na(l. The
recombimamt protein was finally parified by anion- exchange chroma-
tography ona colomn (HiLoad, 16x 100 mm; Phar-
rzciak The fractions from the gel filtration column containing RNase
H were dilztad by the additzon of 2 vols. of balfer C and applied 10
the colwm in buoffer C, The bound projein was elmed by a step
gmdiuu(ﬁmhLIWmMamdmmMNaClinhuﬂerC) The
purified was then dialyzed against 20 mM Tris-HCL pH 7.8,
I mM EDTA. | mM DTT, 15% glvoerol and stored at -80°C.

22 Preparation of the RNuse H subsmrate

The plasmid pBS-Endo (pBluescript XS containing the coding se-
quence for the endonuclease from HIV-lgy,) was linearized with
A%ol. Transcription of DNA into RNA was carried out in a total vol.
of 50 gl containing 40 mM Trs-HCl pH 7.9. 6 mM MgCl.. 2 mM
spermidine, 10 mM DTT. 100 grg/mt BSA, 60 U RNasin (Promega).
0.5 mM ¢NTP (GTP, CTP and UTP). 0.05 mM ATP [2-“PJATP. 400
Cirmmol or PHIATP, 44 Cismmct Amersham). 2-5 pg lincarized
vector DNA and 106 {J T7 RNA polymerase (New England Biolabs).
Afrer 2hat 37°C the reaction was stopped by the addition of 20 mM
ENTA and punified using Quiagen columms (accornding to the instruc-
tions of the manufacturer: Diagen: Diksseldori, Germany). The
purified RNA was dissolved in bvbridization buiTer (80% formamide,
400 mM NaCl 1 mM EDTA. 50 mM HEPES pH 6.4) and the con-
centration was cakulated from the amount of incorporated radioac-
tivity. The corresponding DNA fragment was amplified by PCR from
the plasmid pBS- Endo using PCR primers hybridizing to the T3 and
T7 promotor sequences respectively. PCR conditions were: 67 mM
Tas-HC pH 8.8, 10% DMSO, 0.16 mg/ml BSA, 2 mM MgCl,. 16 mM
(NH.).SD. 7 mM B-mercaptoethanol, 200 4M dNTP each, 0.4 uM
primer, 15 pM vector and 2 U Teg DNA polymerase (Beckman) in
a S0 1 reaction mixture. 40 cycles (1 min at 90°C, | min at $0°C and
10 min at 70°C) were pcrfonned. The product was purified by HPLC
gel filtration in 20 mM Tris-HCl pH 7.5, 100 mM NaCl (columns see
2.5). After cthanol precipitation, the fragment was dissolved in TE
buffer and the concentration was determined by measuriag the ab-
sorbance at 260 nm. Subsequently the DNA was lyophilized and
redissolved in 50 ul hybridization buffer containing the fabelled RN,
The molar ratio of RNA to the corresponding DNA sirand was 1:3.
The mixture was incubated for 15 min 21 85°C followed by 3hat 55°C.
To remove the formamide, the hybridization mixtare was applicd to
a sepharose (CL- 6B, Pharmacia) column and cluted with TE (10 mM
Tris-HCl pH 7.8, 1 M DTT) buffer. Digestion of the final prepara-
tion with 51 nuclease led to depradation of ca. 20% of the radioactively
labelled RNA to acid soluble material, suggesting 2 comamination
with single stranded RNA. The remaining 80% of the RNA could be
completely degraded by reverse trareriptase.

2.3. Derermination of the RNase H activity

The reaction splution comamcd 50 mM Tri<-HCl pH 8.0, 80 mM
KCL 8 mM MpCl, | @M DTT. 0.1 mg/ml BSA. § ool RNADNA
hybrid and enzyme. Reactions were incubated for 10 min at 37°C and
stopped by the addition of 2 mi jcocold 5% wrichloroacetic acid.
Acid-insoluble material was collected on nitroceilulose  Siters
iSchieicher and Schuedl, BA 85) and radioactivity retained on the
filters was measured by scimillation counting. § U of B Nase H activ iy

catalyres the releses P fmol FNMD Gom 5 ENADNA Lybnd in
10 min gt 37°C.

X4 Preparation and charectorization af anri FIIV-1 BT mumogtong!
ot ibenedicy

The preparaton and characorization of 23 monoclenal antibodics
apaing HIV-1 BT il be desctibed in Jetal chewhere (Rewde o1 al .
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submitted). Bricfly, mice were immunized with putified recormnbinant
HIV-1 RT and production of hybridomas was petformed as described
by Pawfita et al. [13]. Monoclonal antibodies were parified from hy-
bridoma ol supernatants as well as from ascites flvid uying a commer-
cially available kit (MAPS T¥ kit, Bio-Rad) following the instructions
of the manufactorer. All preparations were proven 1o be free ofpm-
tease and nuclease activities, Epitope mapping was performied using
a set of 11 C-terminal delstion mutants of HIV-1 R'i. The interaction
of the antibodies with the truncated proteins was investigated by
immunoblotting [14].

25. HPLC size exclusion chromarography

Chromatography was performed using two HPLC columns in seties
(Bio-Rad TSK-250 followed by Bin-Rad TSK-125; both 7.5 300
mm). The columns were eluted with 200 mM potassium phosphate pH
6.5 at | mUVmin.

3. RESULTS AND DISCUSSION

For determination of the RNase H activity of HIV
RT we developed a simple method for the rapid
preparation of large amounts of a defined RNA/DNA
hybrid as outlined in Fig. 1. The method is based on the
production of a *runoff® RNA transcript of defined
length by T7 polymerase, followed by hybridization to
the complementary DNA strand. The DNA fragment
was amplified by PCR and hybridization was carried
out under conditions favouring formation of RNA/
DNA hybrids. The resulting hybrid, which was labelled
uniformly with [*H)- or {°PIATP in the RNA strand,
consisted of a 1043 base DNA strand derived from the
HIV-1 endonuclease sequence and a complementary
RNA strand of 966 bases. The degradation of the RNA

DMA 1043 bp

RNA 866 b

5,

¥
3 £
ONARNA hybrid
Fig. §. Preparanon of the RNA/DNA hybnd. For details see matgrialy

and methods. The resulting hybrid has 5'- and Y.DNA overhanging
erds of 53 and 24 baees respoctively.
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Fig. 2. Comparison of the RNase H activity of HIV-1 (circles) and
HIV-2 (squares) reverse transcriptase heterodimers as a function of
the enzyme concentration.

moiety of the hybrid was followed by the decrease of
acid-precipitable radioactivity upon ncubation with
RT.

The different forms of HIV-1 and HIV-2 RT were
incubated with this substrate to determine their specific
RNase H activities. Preparations of heterodimeric
reverse transcriptase from HIV-1 had specific activities
of ca, 400 U/mg. The same activity was found for the
dimeric form of the 66 kD: ..bunit of rc-.erse
transcriptase. It is of interest to note that recombinant
reverse transcriptase from HIV-2 [7] exhibits a com-
parable RNase H activity (Fig. 2), in contrast with
carlier findings which suggested that the activity was 10
times lower than in the case of HIV-1 [15]. This activity
arose exclusively from the recombinant protein, and not
from contaminating E. coli RNase H, as proven by the
result that it could be completely inhibited by a mono-
clonal antibody (designated MAD 2; Fig. 3). This anti-
body belongs to a set of 23 monoclonal antibodies

% ANase i aclvity

(]
400 600 800 1000
MADb 2 (ng)

et
0 200

Fig. 3. Inhibition of HIV-] reverse transcriptase RNase H activity by

a purificd monoclonal antibody. See text (or details. A preincubation

of enzyme and antibody was performed for ca. 10 minutes on ice

Lefure starting the reaction by adding the substrate. The amount of

heterodimeric RT was held constant at 20 ng. The 100% valie cor-

responds to a specific uctivity of 400 units/mg. Circles, HIV-1: squares,
Hiv.2,

FEBS LETTERS

March 1992
> 100
3 R
§ seof °
b o4 -
:~r
- 4
R 40F
- o
20}
0 1 1 1 [ 1L 1 i 1 5
0 20 40 60 80 100
% heterodimer

Fig. 4. Specific RNase H activity of HIV-1 reverse transcriptase (p51/
p66) as a function of the degree of dimerization. The heterodimer was
dissociated hy treatment with 15% acctonitrile and re-association was
initiated by lowering the acetonitrile concentration 1o 3%. For details
see text and refs. {5.7]. RNasc H activity was measured throughout the
course of redimerization and the dimer content was determined in
parallel by HPLC gel filtration. The 100% value comresponds 10 a
specific activity of 400 U/mg.

prepared against recombinant HIV-1 RT [16; Restle et
al., submitted] and has been shown to recognize an
epitope located between amino acids 300 and 350 of the
protein (for details see section 2). Since this antibody
recognizes an epitope which is not part of the RNase H
domain. it is evident that the inhibition cannot arise
from cross reactivity with contaminating R Nase H from
cther sources. HIV-2 RT, which does not cross react
with this monoclonal antibody. shows no reduction of
RNase H activity in a control experiment (Fig. 3). This
demonstrates that the inhibition of the HIV-1 enzyme
occurs in a specific manner.

We have previously shown that the RNA-dependent
DNA-polymerase activity of reverse transcriptase from
HIV-1 and HIV-2 is only present in dimeric forms of the
enzyme (51 kDa homodime:s, 66 kDa homodimers or
66/51 kDa heterodimers) and that the monomeric forms
show no activity [5.7]. The resvits shown in Fig. 4 dem-
onstrate that this is also true for the RNase H activie,.
As we have described caslier [5]. dimens HIV RT can
be dissociated by the addition of acetonitrile. Upon
reduction of the organic solvent concentration by dilu-
tion of the sample, slow (¢, ., approximately 12 h at the
concentration of 6 uM used here) quantitative re-as-
sociation of the subunits to the native heterodimer
accurs. This re-association process can be studied in a
time-dependent manner by high resolution HPLC size
exclusion chromatography. Using this technique we
found that there is also a lincar relationship between the
degree of dimerization and the specific RNase H activ-
ity of the RT hewerodimer (Fig. 4). Similar results were
obtainzd for the 96 k1Y pro-arations (data ot shown),
whereas neither the dimeric nor the monomceric form of
the 51 kDa subunit showcd detectable activity. Prepara-
tions of reverse transcriptase from HIV-2 showed simi-
lar behaviour (data not shown). We therefore conclile
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that RNase H activity of reverse transcripiases from
HIV-1-and HIV-2 is confined to the dimeric forms.

Reports on the RNase H activity of the isolated
RNase H: domam ‘of HIV.1 reverse transcriptase have
been inconsistent. with claims of active [1.9.17.18] and
inactive {19] preparations. We have also investigated
recombinant RNase H with respect to its enzymatic
pmpemes. Expression of the C-terminal domain in E.
coli. starting with Phe*™ of the RT coding sequence. was
not successful, In contrast, (:lmﬂsmgTvr’m as the starting
point {17] led to efficient expression in the range of
10-15% of soluble protein. The recombinant protein
was purified as described in section 2. Upon purification
by FPLC gel filtration. the recombinant protein was
separated into two fractions which appeared identical
on SDS-PAGE. These probably correspond to mono-
meric and dimeric forms of the protein with molecular
weights of 16 and 30 kDa. respectively. as verified by
high resolution HPLC size exclusion chromatography.
However. it was not possible to induce dissociation of
the putative dimeric form or association of the mono-
meric form by dilution or concentration of the protein
soliition respectively. so that we telieve that they re-
present forms of the protein which are folded differ-
ently. Very low (ca. S0-fold lower than the reverse trans-
criptase heterodimer) RNase H activity was detected in
the monomeric form of the protein. This activity could
not be inhibited by another monoclonal antibody (des-
ignated MAb 1: [16]. Restle et al.. submitted) which
recognizes an epitope in the RNase H region of HIV-]
RT (epitope between amino acids 528 and 560) and was
found to inhibit the RNase H activity of the 66/51 kDa
heterodimer to the extent of 20%. Thus. we conclude
that the enzymatic activity detected in the monomeric
form of the recombinant RNase H domain probably
arises from contaminating E. coli RNase H. No activity
could be detected in the dimceric form, which is probably
due to the fact that the FPLC gel Sliration column is
able to separate this form from the E. coli proicin. which
has a molecular weight of about 15 kDa.

Receat evidence sepgests that the essential enzymatic
functions of HIV-reverse transcriptase reside in the 66
kD subunit in heterodimers {20.21). In spite of this. as
our results show. the dimeric organisation of the en-

Zyme appears o be a prerequisite for the expression of
these activitios.
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