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Two ciraserved sequence Mot oceurring i FILV-L reverse transeriptise nt residue‘s Q=116 andd §83=190, have been studicd uiiug site-dirceted
mutagsuesis of the cloned geae. In particulir, aspartstes at posilions 185 und 185 have cuch been mutdted o cither ngparagine or plutamate, The
resulting mutant prateing weee eatalytically inactive but sl able to bind the emplate-primer complex. poly rA-olige dT. Other mutations in these
regions resulted in reduced reverse transeriptase activity but the mutation of tyrosine-183 to sevine cuused u signifleant increase in the K, for &TTP
and the K, fer inhibition hy . uzx-iathymndmc -triphosphate, 27, 3‘ dideoxylhymldmc—|nphnspl|.ne und phasphonaformic seid.

Rcversc irnngeriptase (HIV-1): Stiewdirecied mutagenesis; Conserved sequence mouf; E nzymc mhltuuou

I. INTRODUCTION

" Several reports detailing amino acid sequence com-
parisons between polymerases highlight a conserved se-
quence motif containing an Asp-Asp doublet flanked
by hydrophobi¢ residues {1-7]. This Asp-Asp motif is
observed in many RNA.dependent RNA- and DNA-
. polymerases [4,6], and some DNA-dependent RNA-

. and DNA-polymerases [3,7]. Additionally, another
conserved region has been identified which also features
an invariant Asp [2,3,6,7]. The strict conservation of
these acidic residues suggests an important mlc in
polymerase function.

The reverse transcriptase (EC 2.7.7.49) flom HIV-1

is responsible for converting the RNA genome of the

virus into a double-stranded DNA copy. The Asp-Asp

motif has been identified at residues 185 and 186 and-

the third invariant Asp is at residue 110 (Fig. 1). In a
previpus site-specific mutagenesis study of the HIV-!
RT [8], Larder et al. showed that mutation of either
Asp''® or Asp'® abolished reverse transcriptase activi-
ty. In order to study the role of the Asp-Asp motif, we

have mutated each Asp to the residues Asn or Glu such,

as to.introduce minimum disruption. These, and other
mutants with mutations in these conserved regions
" {denoted B and E in Fig. | as in the study by Larder at
al, [8]), were analyzed in detail. The effect on Ky, for the
substrate, dTTP, and K; for the inhibitors AZT-TP,
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ddTTP and PFA are presented. The results confirm
that only the conserved aspartate residues in these

. regions are essential for polymerase activity but they are:
‘not essential for template-primer bmdmg. suggesting a

catalytic or substrate binding role i inthe polymenmnon
process:

2. MATERlALS AND METHODS

‘a1, Mumm caastruction

Murtants were prepared by siic- dtrcucd mun;,cncms of lhc coding
sequence for HIV-1 RT cloned in the M3 espression vedlor, mplac
18 [8,9]. Selection way achieved in some cases usipg (he myutagenesis’
methads of Kunkel {10} or Eckstéin {11]. For high-level expression of

_some of the muwant proteins, the mutaied gene was stib-cloned ino a

derivative of the plasmid pKK233-2 [9] in which the kanamycin
resistance gene had been inserted for increased plasmld uubﬂuy

(P Ertl, unpublished).

2.2, Purification of Hiv.] rm'er.se lianscriplase .
- Wild-type and mutant proteins were expressed in £ cofi and s.dl
ircc exiracts prepared as-described by Larder et al, 9], The prepara-

~tion was passed through a Q-Sepharose column (10% 1.5 em) (Phar-

macia) equilibrated in 50 mM-diethylamipe-HCl buffer (pH 8.8), 100
mM-NaCl, 10% (v/v} glvcérol, under which conditions the RT is not -
retained by the column and is collected in the. flow-through. This
material was then loadad directly onto a RTMAb 8 immuno+
absorbent column [12) equilibrated in the same buffer, After washing
the column with diethylamine buffer, the RT waseluted by 1 M Nal
dissolved in diethylamine buffer (pH 8.8), The Nal was subsequently
removed by extensive dialysis in 3¢ mM Tris, pH 7.5, 0.2 mM
dithjothreito] and zhe purified protein.was stored frozen at -70°C,

2.3, Assay for reverse frapscriplase aclivity

Assays were perfor med exactly as described by Lowe et al. [13].
following the. incorporation of PHIATTP 2 Ci/mwol) into DNA
using poly rA-oligo dT (18-mer) as tempiate-primer. Kinetic data were
analyzed by non-linear:least-squares methods, PFA was obtained
from Dr. B. Oberg, AZT-TP from Dr, P.A, Furm'm and ddTTP
fram Boehr.nger Mannheim Btochemlcals
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Fig. L. Position of iwo conserved regions in HIV-TRT with fntlication where single .mmm-m.ul suhstmumni have been mmle. Adagpied from Larder
e al, (8]

A conpetition assny was performed using aliguols of eatalytically
inactive RT mutants (10-100 nM. protein) addedt 1o a RT assay con:
@ining 5 yM [PHIATTE, 10 nM poly ra-cligo dT and approximately
10 nivl wild-type RT protein. At this limiting concentration of poly

rA-oligo dT, binding of poly rA-oligo ¢ T by a mutani protein rosults |

it inhibition of the wild-type RT activiw.

2.4, Preporation of poly PPHrAoligo dT

Poly [8-'H]adenylic acid, Na salt {Amersham Inlernmlonnl ple)
{range 3B-137 nucleotides; average spec. det. SO Cirmmol) was
‘dissolved in water and miixed with synthetic oligo dT (18-mer) in ap-
proximately equimolar amounis. After $ min ar 42°C, the mixture
was annealed by cooling stowly to room temperature.

2.5. Binding of poly P"MrA-oligo AT io RT

RT {approx. 50 nM protcnn) was incubated-at 37°C with poly
(*HIrA-oligo dT, 5-100 pM, in 50 mM Tris, pH 7.5, 5§ mM MgCl;, 0.3
mM dithiothreitol, before filiering onto wetted nitrocellulose disks

(Sehieicher & Schuall, BA £3) and washing with 8 ml ice-cold 50 mM
Trig, pH 7.5, % mM MgCla. The discs were air-dried before counting
in liquid seintillant, In blank reactions containing no protein, bailed
RT protein or bovine serum albumin, approximately 20%o of the ap-
plied radioactivity. remained bound 1o the filter. This amount was sub-
tracted Frony the amount of radioactivity bound in the presence ofl RT
protein. The binding of poly *H]rA-oligo dT 1o wild-type RT wis not
dependent on MgCly and oceurred even in the presence of 0.5 mM
EDTA and no MgClh.-

3. RESULTS AND DISCUSSION

The mutations that we have introduced are shown in
Fig. | and the kinetic . parameters determined for the
purified ‘mutant proteins are presented in Table 1. In-

" hibition by AZT-TP and ddTTP was competitive with
‘respect to dTTP, whereas PFA, a pyrophosphate

Table |

Kinetic and inhibitar constants determined for mutanis of reverse transcriptase

Enzyme . RT activity K for dTTP ‘K for AZT-TP Ki for ddTTP K for PFA (c,u) . Binding of poly
o (T wild-type) C(uM) . (M) (uM) (M) _ rA-oligo dT

Witd-type 100 . 5 0.013 0.08 02,03 “ o

Asp—GIn"'® <0.01* Lo - ~ - ND

Asp - Gly'"? 59% 5 0,23 }.8 07,00 ND

Ala—+Ser'' 8o B B! 0.04 0.09 0.7, 0.9 © . ND

Tyr~aAsn'® 12 : 50 © 5.0 12.4 Non-linear ND

Tyr—Phe!? 90 - 5 ND N ‘ ND ND

Tyr~+Ser!# L 385 3.3 14.0 | 32.0, 92.0 ND

Met~ Len'® 8, 7 ND ND : ND ND

Asp -+ Asn '8 <0,01 - - - - +

Asp—Glu'# <0.01 - .- - ~ ‘ +

Asp— Asn'te <001 L= - - - i+

Asp—*Glu'”. <0.01 - - - - +

Gly— Arg'? 23 ] S 0.028 0.13 0.3, 24 -+ ND

The standard deviations for these results were typically about 10%.
*From Larder et al. [B]. ND, Not done.
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ﬁnﬁlagua, showed mixed mlubman with dTTF as the
~ variable substrate,

In region B (Fig. 1), mutation ol‘ the conserved Asp

at position 110t Gin reduced reverse transcripmw Ag=

tmw to undetectable levels (8). The other Asp in this

region (Asp''™) is not highly conserved amongst
. polymerases outside the retravirus group [6,7], and its
mutation ta Gly only has a limited effset on the level of

enzyme activity while the Ky for dTTP is not’

significantly affected (Table I). The same is true for the
neighbouring mutation of Ala'™ to Ser (Table 1). Both
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- Fig, 2. SDS-pelvacrylamide pel electrophoresis of E. cofi extracts

after infection with M13mptac 18 containing no insert or expressing

the gente. for wild-type or mutated RT protelns, The samples were

anatyzed on & 12.5% 3DS-polyacrylamide gel (Tris-Cilycine) and
stained witlh Coormassic Brillidnt blue,

FERS :,,mm

May 1991

these mutated enzymes show reduced wmilivuy 1o ﬂw
inhibitors rested, which is pamwlmly marked for the
inhibition of the RT mutant (Asp=Gly'"’) by AZT-TP
and ddTTP. The Tyr at positian 115 is moderately well .

- conzerved [6,7] and its mutation to Asn resulty in a

10-fold increase in the K for dTTP with & resulting

dropr in RT aetivity (Table I}, suggesting o degree of

disruption at the active site. This mutant also displayed
raised Ki's for AZT-TP and &dTTP and the kineties
with PFA were non-linear, giving incomplete inhibition -
even at high PFA concentrations (only 60% inhibitlon
way achieved at 1.5 mM PFA). However, when the
more conseevative mutation 10 Phe was made, the
resulting protein had wild-type activity and Ky for

dTTP. This Is consistent with Phe appearing at this

position in other RNA-dependent polymerases [6], and
suggests that the hydrophobic ring structure is imper-
tant at-this position and not the presence of a hydragen-
bonding group.

The role of the Asp-Asp doublet in region E (Fig. 1)

was probed by making the conservative changes- :

Asp=Asn'®®,  Asp—~Glu'™,  Asp~Asn'® . and

Asp—+Glu'®, Afrer induction of the mutant proteins, -

activity measurements made on crude extracts failed to -
detect any reverse transcriptase activity abave
background (Table 1). Analysis of the extracts by SDS-
polyacrylamide gel electrophoresis confirmed that pro-
teins of M, about 66000, squivalent to wild-type RT,
were being expressed (Fig. 2). The mutant proteins were
subsequently purified to near homogeneity (Materials

-and Methods), but still failed to show any significant

activity in a standard reverse transcriptase assay. Their
ability to bind ‘template primer was tested using the
nitrocellulose filter binding assay (see Materials and
Methods) which gave titratable binding of poly rA-

10 -

Radioactivity Bound x 10°3 (d.p.m.)

1 ] 1 ] |

0 20 40 60 80 100
[[3H] poly rA—oiigo dT] (ni‘ﬂ

‘ Fxg 3, Bmdmg of poly [HIrA -olige dT 1o mutant R[‘ protein

(Asp—m.sn at residue l86)
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Fig, 4. Inhibition ol wild-type RT aetivity at limiting template-primer

cancentration by the prasence of RT protein with mutaiion of -

Asp=Glu at residuc 186, Concentration of mutant RT proigin

(Asp—Gluy 186) was as follaws; @, no protein; A, 30 nM; =, 45 ‘

nMi 0, SESnM. A, 60 M, Q, 90!\M

oligo dT for each mutant (example in Fig. 3), Hence,
although these mutants are not catalytically- active
reverse transcriptases, they sull retain the ability to bind
template-primer.

As a further test for template -primer binding, pro-
‘teins with Asn'®® and Glu'®® mutations were found to
behave as inhibitors in a competition assay with wild-
type RT, run at limiting template-primer concentration
(Matcnals and Methods) (example in Fig, 4).

Other mutations previously prepared in region E of
RT include  Tyr—Ser'® =~ Gly—Arg'”® [8] and
Met—»Leu'*. None of these residues prove to be essen-
tial for catalytic activity but their mutation results in a
significant reduction of detectable enzyme activity
(Table I). In the case of the Ser'®* mutant, this is largely
explained by a 77-fold increase in the Ky, for dTTP, and
‘there is a corresponding increase in the K; values for in-
hibition by AZT-TP, ddTTP and PFA, wheréas the K,
and K values for RT mutants Leu'® and Arg' are vir-
tually unchanged relative to wild-type, suggesting an ef-
fect. on Vaax. All three murants retain the same require-
ment for MgCl, as wﬂcl—type wnth an optimum of about
10 mM.

These results confirm that an intact Asp—ASp doublet
at posnmns 185- 186 in HIV-1 RT i is absolutely essenual
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for reverse transcriptase activity, But that conservative
mutations al these residusy do not prevent RNA=DNA
binding. Thix would Imp!y that the structural integrity
of the mutant RT proteins is not seriously nflected,
which is reintTorced by the stability of these mutant pro-
reing on purification. (In contrast, some mutams, in
partieular those with 6-12 amino aeit deletiens, where
the protein structure was likely to be disrupted, rendedt
to  degrade during  purification (D, Lowe,  un-
publishec)). : ‘ ‘

Mutation of surrounding resldues in region E and
alsa in region B did not indicate any further absolutely
essential resielies, apart from the previously deserived
Asp'"” (8], The most significant kinetic effect resulted
fromy mutation of Tyr==Ser'™, where the large increase
in Km for dTTP suggests a funcrional role in catalysis.
This could invalve pyrophosphate exchange, since the
bvinding of PFA is reduced in fine with that of the

- substrate analogues, AZT-TP and ddTTP.

Thus, the structure of the active site is likely to bring

‘the three Asp’s at positions 110, 185 and 186 into a

spatial arrangement whereby they can perfcrm a
catalytic role or, posswly. bind Mg** which, in turn,
acts catalytically or in the binding of phosphates.
Various structure predictions, based on the known ter-
tiary structure of the Klenow fragment of Pol 1 [14),
have placed these Asp's at the bottam of a cleft (7,15},
but their precise location must await the solving of the
X-ray crystallographic structure for H[Vl reverse

~ transcriptase.
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