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Abstract: We designed a new computer program (MIMETIC), which generates a series of peptidesfor inter-
action with atarget peptide sequence. The genetic algorithm employed ranksthe sequences obtained from
one generation to the next by “ goodness of fit” tothetarget. MIMETIC designed recognition peptidesto
variousregions of HIV-1reversetranscriptase. Among ten peptide candidates synthesized, threeinhibit-
ed reversetranscription in vitro. TLMA2993 and PSTW 1594 both targeted the connection domain of reverse
transcriptase and ESL A2340 targeted the thumb domain.
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We designed an evolutionary software program,
MIMETIC, which runs on any typical PC computer.
MIMETIC generates a series of mimetic peptide
sequences with potentia to interact with atarget peptide
by comparing several physico-chemical parameters of
each pair of the complementary peptides being ana-
lyzed. When the genetic algorithm has evolved through
5,000 iterations, the program ranks the generated peptide
sequences by “goodness of fit” to the target. If generat-
ed peptides can interfere with the function of a target
region in a protein, rational design using these sequences
as templates could be a useful approach for drug design.
Therefore, we attempted to generate mimetic peptidesto
recognize biologically active regions of HIV-1 reverse
transcriptase (RT) expecting that some of these might
interfere with RT function. RT isan intensively studied
molecule, and both its sequence and 3 dimensiona struc-
ture are known (8, 10). RT isa heterodimer composed of
p66 and p51 subunits, the latter being a truncated version
of p66 and lacking the RNase H domain. The resem-
blance of the enzyme to aright hand has led to the divi-
sion of each RT chain into structural subdomains known
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as the fingers, pam, thumb, connection and RNase H
subdomains (8). The active catalytic site for DNA poly-
merization isin the pam domain, and the thumb, palm,
and finger domains serve to grip the RNA/DNA template.
The connection domain serves to connect these domains
to the RNase H domain at the carboxy end of p66, and is
aso involved in the p66/p51 interaction. Based on this
information, we selected the palm regions consisting of
amino acids 96-115 and 178-191 which contain the
polymerase catalytic site amino acids, D110, Y 181, and
Y188 (3, 11) aswell asthe YMDD motif which is high-
ly conserved in many DNA polymerases (3). The second
target sequence was the thumb domain consisting of
amino acids 283-302 which contains two LT pairs
believed to interact with the DNA/RNA template (1).
The third target region was in the connection domain
comprising amino acids 384-413 where mutation affect-
ed packaging (12) and genomic placement (6) of tRNAY
in the virion.

Abbreviations: DCM, dichloromethane; DMF, N,N-dimethy|-
formamide; DM SO, dimethyl sulfoxide; EDT, 1,2-ethanedithiol;
HBTU, 2-(1H-Benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate; HOBT, hydroxybenzotriazole; 1C50, 50%
inhibitor concentration; NMM, N-methylmorpholineg; NMP, N-
methylpyrrolidone; RT, reverse transcriptase; TFA, trifluoroacetic
acid.
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Materials and Methods

Design of mimetic peptides. We used the evolutionary
software program MIMETIC to design mimetic pep-
tide sequences for interaction with target regionsin RT.
This proprietary software employs a genetic algorithm
that generates a series of increasingly optimized peptides
to atarget by random dteration of amino acids for 5,000
generations. Every peptide sequence generated in this
manner is assigned a score based on several physico-
chemical parameters including: hydropathic comple-
mentarity optimization; average structural similarity
optimization; minimization of bulky side chain inter-
ference and backbone alignment. Following the fina
generation, the program re-arranges the peptides into a
list according to a scoring method for “goodness of fit”
to the target. We synthesized peptides with the highest
score and tested their ability to inhibit reverse tran-
scription. We designated each mimetic peptide by the
one letter code for the first four amino terminal amino
acids followed by its molecular weight.

Peptide synthesis. We synthesized peptides using an
AMS 422 Multiple Peptide Synthesizer (ABIMED, Lan-
genfeld, Germany) using standard solid-phase synthesis
techniques and 9-fluorenylmethoxycarbonyl (Fmoc)
amino acids (Watanabe Chemical Industries Ltd.,
Hiroshima, Japan). In situ activation was by 2-(1H-
Benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexa-
fluorophosphate (HBTU) with N-methylmorpholine
(NMM), and hydroxybenzotriazole (HOBT) as catal yt-
ic bases. Amidated peptides (25 pumol scale) were pre-
pared using Fmoc-PAL-PEG-PS resin (PerSeptive
Biosystems, Warrington, U.K.). All residues were dou-
ble coupled in N,N-dimethylformamide (DMF; Peptide
synthesizer grade; Watanabe Chem. Ind., Ltd.), N-
methylpyrrolidone (NMP) and dichloromethane (DCM).
Deprotection was achieved using 20% piperidine in
DMF. Peptides were then cleaved from the resin, with
concomitant removal of side-chain protecting groups
by treatment with trifluoroacetic acid (TFA; 80%),
thioanisol (12%), 1,2-ethanedithiol (EDT; 6%), and m+
cresol (2%). After cleavage, the peptides were precipi-
tated with 2 volumes of cold ether for 10 min, collected
by centrifugation, washed two times with cold ether
and left to dry overnight. Purification was carried out by
reversed-phase HPL C (Waters 741 Data Module; Waters
484 Tunable Absorbance Detector; Waters 600E System
Controller). Samples of crude peptide were chro-
matographed on a Waters Delta-Pak™ C,, column (40x
100 mm, 15 pm, 100 A particles) with linear gradient:
Milli-Q water/acetonitrile in 0.1% TFA. Peptide mass
was confirmed using electrospray mass spectrometry

(Kompact Mdldi 1, Kratos Analytical, Shimadzu, Japan).
Lyophilized peptides were stored desiccated at [1 30 C.

Virusisolation frominfected cells and viral RNA iso-
lation. The monocytic cell line, PLB, chronically infect-
ed with the HIV,; strain, was maintained through the
addition at 3-4 day intervals of equal numbers of unin-
fected cells (cell suspension of 2x 10° cells/ml), in
RPMI 1640 medium (GIBCO Products Ltd., Quebec,
Canada) supplemented with 10% heat-inactivated fetal
calf serum, 2 mm L-glutamine, 250 U/ml of penicillin,
and 250 pg/ml of streptomycin. Virus was isolated
from the cell culture medium by first centrifuging the
supernatant in a Beckman GS-6R rotor at 3,000 rpm
for 30 min, and the virus was then pelleted from the
resulting supernatant by centrifuging in a Beckman Ti45
rotor at 35,000 rpm for 1 hr. The viral pellet was then
purified by centrifugation at 26,500 rpm for 1 hr through
15% sucrose onto a 65% sucrose cushion, using a Beck-
man SW41 rotor.

Total viral RNA was extracted from viral pellets using
the guanidinium isothiocyanate procedure (2). The pel-
lets were dissolved in 5 mm Tris buffer, pH 7.5.

Analysis of reverse transcription. The unspliced viral
genomic RNA in total viral RNA was determined by the
ribonuclease protection assay, as previoudy described (5,
9). Approximately 0.5x 10°* molecules of viral genomic
RNA annealed in vivo with tRNAY* were incubated for
15minat 37 Cin 20 pl RT buffer (50 mm Tris-HCI pH
7.5,60 mm KCI, 3 mm MgCl,, 10 mm DTT) containing
50 ng purified HIV-RT, 10 units RNase, and various
dNTP's. Thefirst 6 sequentially incorporated bases are,
CTGCTA. tRNA"* was extended 1 base by the addition
of 5 uCi *P-dCTP (Du Pont, 3,000 uCi/mmal, 10
MCi/ml) asthe only dNTP added. To extend the tRNAY*
by 6 bases, the reaction mix contained 0.2 mm dCTR, 0.2
mm dTTR, 5 uCi #*P-dGTP (Du Pont, 3,000 uCi/mmol,
10 pCi/ml), and 0.05 mm ddATP. The extended primer
was ethanol precipitated, resuspended and analyzed on
6% polyacrylamide, 7 m urea, 1x TBE. One pl of pep-
tide inhibitor, in 75% DM SO, was added to the final
reaction volume of 20 ul. We observed a prominant
|abeled species moving more slowly than 1-base extend-
ed tRNA"®, This species migrates as a 4-base extended
tRNA"=, and most likely results from the addition of C
to tRNAY® already extended in the virion by the first 3
bases (i.e., CTG). We have previously reported that
tRNAY in the virus produced from COS cellsis present
in both unextended and 2-base extended forms (7). Inthe
preparations of PLB-produced HIV-1 used here, appar-
ently 3-base extended forms exist aswell. The reverse
transcriptase-extended tRNA"* products were resolved
on 1D PAGE, and the electrophoretic patterns, visualized
by autoradiography. The inhibitory effect of the peptide
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Table 1. Target peptidesin RT and generated mimetic peptides

Target peptide Subdomain Mimetic peptide Abbreviation Inhibition
(RT region targeted in brackets)

96HPAGLKKKKSV palm MWATELILISDSDEVDSIQM (96-115) MWAT?2299 no

TVLDVGDAY 115

178PDIVIYQYMD pam RFYPHIHIHHVGVKSDIEVY (178-191) RFY P2448 no

DLYVGSDLEI191

283LRGTKALTEV ESLALYKSLQQSEMLLELEL (283-302) ESLA2340 yes

IPLTEEAELEL302 thumb ESLALYKSLQ (283-292) ESLA1153 no
QSEMLLELEL (293-302) QSEM 1205 no
TLMALELKGKLLLAGLAPSAFLPLSFPEL ~ TLMAZ2993 yes
(383-413)

383WGKTPKFKLPIQKETWE  connection  PSTTPTFLKFQLK (383-395) PSTT1508 no

TWWTEYWQATWIPE413 PSTWPTFLKFQLK (383-395) PSTW1594 yes
IPARLGHMFMLRRVGL (398-413) IPAR1900 no

350KTGKYARMRGAHTN363  connection LSATMAAAAASMS (350-363) LSAT1256 no

was not affected by the order in which the inhibitor and
other reagents were added.

Results

Mimetic Peptides Generated to Targetsin RT

The best-fit peptide sequences were generated by
MIMETIC and their target regions in RT are listed in
Table 1. Each peptide is designated by the one letter
code for the first four amino terminal amino acids fol-
lowed by its molecular weight. MWAT2299 and
RFY P2448 were generated to the palm regions (amino
acids 96-115) and (amino acids 178-191), respectively.
ESL A2340 was generated to the thumb domain (amino
acids 283-302) and ESLA1153 and QSEM 1205 were
generated to subregions of the same domain (amino
acids 283-292) and (amino acids 293-302) respectively.
TLMAZ2993 was generated to the connection domain
(amino acids 383-314) and PSTT1508, PSTW1594 and
IPAR1900 were generated to subregions of the same
domain (amino acids 383-395 or 398-413). LSAT1256
was generated to another connection domain (amino
acids 350-363).

Inhibition of Reverse Transcription by Mimetic Peptides

We tested the mimetic peptides listed in Table 1. In the
control lane (Fig. 1), the reaction is carried out by the
addition of the peptide solvent buffer, containing 75%
DMSO, and the mgjor, 6-base long extension of the
tRNA"® can be seen indicating that DMSO does not
interfere with the reaction. In the other lanes, the reaction
mixture contained 2 pg/20 pl reaction volume of mimet-
ic peptide or control peptide. We found that only

il

Fig. 1. Inhibition of reverse transcription by mimetic peptides.
Total RNA was extracted from PLB-derived virus and included in
vivo placed tRNAY* as the source of primer. Reverse transcrip-
tion was carried out in the presence of dCTP, dTTPR, a-*P-dGTR,
and ddATP. Thefirst 6 bases incorporated are CTGCTA, and the
major product is a 6-base extension of the tRNA“® due to the
presence of ddATP and the absence of dATP. The control isno
added peptide. LRTW2157 is an unrelated peptide from com-
plement component C3a. The marker lane is purified tRNAY*
extended 6 bases in the in vitro reverse transcription reaction
(without inhibitor present), using this tRNA annealed to the
primer binding site in synthetic HIV genomic RNA as the source
of primer/template.

TLMA2993, ESLA2340 and PSTW1594 inhibited RT
activity (Fig. 1). RFYP2448 and MWAT2299 (targeting
the connection domain), and L SAT1256 (targeting the
palm domain) did not affect reverse transcription in this
assay (data not shown). TLMA2993, a 30 amino acid
long mimetic peptide, was the strongest RT inhibitor
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Fig. 2. Inhibition of RT by increasing doses of mimetic peptides. The reaction conditions are identical to those used for the experiments
inFig. 1 with total HIV-1 RNA used as a source of primer/template. Panels A, B and C represent reactions run in the presence of increas-
ing concentrations of TLMA2993, PSTW1594, and ESLA2340, respectively. The upper portion of each panel shows the elec-
trophoretic pattern of the reverse transcription products, and the lower portion of each panel shows the quantitation of these results using
phosphor-imaging. The marker lane represents the reverse transcription reaction run under similar conditions, minusinhibitor, and using
purified tRNA"* annealed to the primer binding site in synthetic HIV genomic RNA as the source of primer/template.

and completely inhibited reverse transcription. This
peptide was designed to complement the amino acid
sequence in the connection domain starting with amino
acid 383 and terminating with amino acid 413. This
region includes beta sheet 19, alpha helix L, and beta
sheet 20 of RT. Peptides targeting subregions covered by
TLMAZ2993 were tested. |PAR1900 targets the RT
sequence from amino acid 398 to amino acid 413, and
proved to be inactive as an inhibitor. PSTT1508 and
PSTW1594 target the RT sequence connection domain
from amino acid 383 to 395, and differ from each other
only by the replacement of the fourth amino acid, 387T
in PSTT1508 with W in PSTW1594. While PSTT1508
was inactive, PSTW1594 significantly inhibited reverse
transcription, although not as efficiently as the larger
TLMAZ2993. Mimetic peptides targeting subregions
covered by ESLA2340 were also generated (ESLA 1153
and QSEM1205) but these had no effect on RT activity.
TLMA2993, PSTW1594, and ESL A2340 inhibited RT
activity invitro in a dose dependent manner (Fig. 2). The
upper portion of each panel shows the electrophoretic
patterns of reverse transcription products with increasing
amounts of inhibitor, using total viral RNA as the source
of primer/template and the lower portion of each panel

shows the quantitation of these results using phosphor
imaging. TLMA2993 shows an |C50 of approximately
12 pm, and the maximum inhibition shown (close to
100%) is obtained at a molar excess of TLMA2993 over
p66/p51 RT of approximately 1,000. Inhibition by
PSTW1594, which was generated to the first half of the
TLMA?2993 target sequence, occurs at an 1C50 closer to
50 pm, and does not achieve as high an inhibition. The
IC50 for ESLA2340 is similar to that of TLMA2993, but
the level of maximum inhibition is also lower.

Discussion

We synthesized ten mimetic peptides generated by
MIMETIC to target regions within RT presumed to be
active from structure-function studies. Of the ten pep-
tides, three were able to inhibit reverse transcription in
vitro. Close to complete inhibition of reverse transcrip-
tion by TLMA2993, the strongest of the three inhibitors
tested, occurred at a 50% inhibitor concentration (1C50)
of approximately 32 um. For comparison, under similar
conditions, the nucleoside analogues AZTTP and ddATP
give maximal inhibition at approximately 80 pum, while
the non-nucleoside drugs nevirapine and delavirdine
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give maximal inhibition at 0.32 and 0.64 M, respectively
(4). Therefore, the capacity of TLMA2993 to inhibit RT
in vitro is comparable to nucleoside analogs although it
is much lower than that of non-nucleoside inhibitors. We
have found that 2-3 amino acid insertions into the thumb
or connection subdomains of RT result in diminished
HIV-1 replication in cells due to blocking of tRNA“* and
viral precursor protein Pr160 gag-pol incorporation into
the virions during their assembly (12). Thisindicates that
the regions targeted by mimetic peptides may not only
interfere with enzyme activity, but with the packaging of
viral components during assembly, and that a pleiotropic
effect of the mimetic peptides may be expected. In
summary, our novel genetic algorithm has the potential
for generating peptides which interact with atarget pep-
tide sequence.

Thiswork was supported by grants from The Organization for
Pharmaceutical Safety and Research (OPSR) of Japan and the
Medical Research Council of Canada.
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