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Solid phase synthesis of the proteinase of bovine leukemia virus

Comparison of its specificity to that of HIV-2 proteinase
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The 126~-residuse proicinase (PR} of bavine leukemia virus (BLY) was synthesized by solid-phuse peptide synthesis and its activity was shown using

viitious oligopepiide substrates cepresenting cleavage sites in BLV, human T-cell leukemia virus type | (HTLV-1), murine leukemin virus {MuL V)

and human immunadeficiency virus type | (HIV=1). The speciflcity of the BLY PR was ulsc compared te that of chemically synihesized humun

immunodefieieney virus type 2 (HIV.2) PR, Many of the peptides were cleaved nt the expected site. however, § out of 15 were hydrolyzed enly

byone of the PRs. Furthermore, one BLY peplide was progessed differently by the two enzymes. These results, together with the relative astivities

and the lack of inhibition of DLV PR by two MIV.1 PR (nhibitors, suggest that the BLY PR specificity is substantially different from that of MLY
PRs.

Solid phase peplide synibesis; BLY protcinise: Substrate specificity

1. INTRODUCTION

Human immunodeficiency viruses (HIV)} and human
T-cell leukemia viruses (MTLV) are intensively studied,
since they are the causative agents of acquired immu-
nodeficiency syndrome (AIDS) and adult T-cell leuke-
mia (ATL). respectively [1]. The retroviral proteinase
{PR), especially that of HIV has also received a great
deal of attention as a patential target for chamotharapy
[2], since the PR activity is required for the maturation
and infectivity of the viruses [3-5]. The lentiviral PR is
also suggested to be involved in the carly phase of viral
life-cycle (6-8]. However, far less is known about the
HTLY PR, the proteolytic enzyme of the first bona fide
human retrovirus, which has only been recently cloned
[9].

Bovine leukemia virus {BLYV) is the etiologic agent for
enzootic bovine leukosis [10], which is an economically
important disease of cattle. BLY shows the closest rela-
tionship to HTLYV [11-13), therefare, as the virus itself,
BLY PR can also be considered as a model of HTLYV-1
PR.
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We have used solid phase peptide synthesis to pro-
duce the proteolytic enzyme of BLV. Previousiy, BLY
PR has been obtained from purified virus, and partially
characterized [14]. It is compased of 126 residues, and
it is the largest known retroviral proteinase. In this
study the substrate specificity of the BLY PR was com-
pared to that of also chemically synthesized HIV-2 pro-
teinase.

2. MATERIALS AND METHODS

2.4, Syathesis of peptidyleresin, hydragen fluorids cleavage and refold-
ing

Solid phase peptids synthesis was performed using a Vega Coupler
250C peptide synthesizer (DuPont Co.), starling with 330 mg (0.25
mmol) Boc-Gly-phenylacetamidomethyl cesin (Applied Biosysiems,
[ng), with u program which has been deucribed ¢arlier [15). Eight
equivelents of protested amino acids (Buchem, [ne.) were used in cach
sycle, The side chain-praiecting groups were beneyl far Asp, Glu, Ser,
Thr 3-¢hlorobenzylosycarbonyl for Lys: 2-bromo-benzyloxycarbonyl
for Tyr; formy! for Trp and tesyl for Arg. At the end of the 125¢)sle
synihesis, the peptidyl-resin weighed 2,06 g. The pepride was ¢leaved
fram the retin by the following difTerent ways (using 270-270 mg
aliquois); {i) stirring for 1 h at 0°C in the mixture of liquid HF (8 ml)
und p-cresole (G.3 ml); Gii) stirving for | hat 8*C in the mixture of liquid
HF (12 ml), anisole (1 ml), and ethanedithiole (1 mi); (ili) by lowshigh
cleavage according to Tam et al. [16). The erude peptides (25-25 mg)
were dissalved in 2 ml 8 M guanidine-HC, purified by RP-HPLC, and
refolded with 20 mM PIPES.HCI, pH 7.0, containing 1 mM EDGTA,
190 mM NaCl, 10% glyeerol, 5% ethylene glycol and 0.5% Nonidet
P-40, as described for HIV-2 PR {17). Amino acid compesition of the
obtained protein was determined after hydrolysis in 6 M HC1(110°C,
20 h)on a Durrum D500 analyzer. Feptide cbtained with MF cleavage
protogal (i} was further puriiied by gel fiitration on a Superdex G-75
HR-16/50 column (Pharmacia LKB Bioteshnology) and purified
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ugain on RP-HPLC us deswrived for H1V:2 PR (17]. The refalded
proleinuse solution wes concentrnied using Amisen-3 congentralor,
$DS-PAGE of the purified FI} wis performed uccording te Luemmyii
(18],

2.2, Qligepeptiles

Oligopeptides were synthesized by solid-phuse pepride synihesix on
a Model 430A automated peptide synthesizer (Applied Biosystems,
Inc.) or en the Vega Caupler 250C using Hoc chemistry, and were
purified by RP-MPLC. Stock <olutions wnd dilutions were made in
distilled water {or in & M dithicthreitol for the Cys-¢ontaining pep-
tide), und the propsr peptide conceniration was dgtermined by amine
acid unalysis on efther a Durrun D-300 or 1 Waters Pica-Tug una-
lyzer.

2.1, Prneincse assuy

Proteinuse ussays were performed a4 ATC using ehemically syathe.
sized BLY ynd HiV-2 PR1[17,19-21]in 0.28 M potassium phosphate
bulfer, pH 5.6, containing 7.5% glycsrol. 5 mM dithiothreitol, | mM
EDTA,0.2% Nanidet P40 and 2 M NaCl, followed by the separation
al the subsiruies and eleavige products by RP-HPLC us it wis de-
seribed [15,12.20,21). Amino acid analysis of the colirsted peaks was
usedd to coplirm the eleavage site in the substrates,

3. RESULTS AND DISCUSSION

3.1. Chemicat synthesis of the BLV proteinase

While curlier techniques limited chemical peptide syn-
thesis 1o preduce only relatively small bialogically ac-
tive oligopeptides and enzymes iike ribonucleuses
[22.23]. recent developments and automatization af the
solid-phase peplide synthesis have made it possible to
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Fig. 1. Reversed-phase HPLC purification of chemisally synthesized
BLY preicinase. The polypeptids was cleaved from the resin by MF
in the presence of anisole and cthanedithiole. purified by reversed.
phiase HPLC, then purificd by ge! filtration in 6 M Guunidine-HCl,
100 mM Tris-HCl. The peak lraction ol the gel Aliralion was acidified
1o pH 2 by the addition of TFA and applied ta u gbendapak CI8
column (19 » 150 mm). The proteinuse was eluted with an acetonitrile
gradient into water in the presence of 0.05% TFA. Fructions were
sollected manually, lyophilized and refolded as desceribed in sestion 2.
Aclivity was measured using the oligopeptide KTKVLeYYQPK (rep-
resenting 1he CA/NC elsavage site in HTLV-1). Insert shows the
purity of the pesk fraction (fractica 5) of RP-HPLC on SDS-poly-
acrylumide gel. The protein was stained with Coomassie brillont blue
1K-250.
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produce larger biologicully astive polypeptide mole-
cules [24-20). including the 99-residue HIV-1 and HIV-
2 PRs (19.27.28], However. the routine synthesis of
large peptides (over 50 residues) has not yet been com-
pletely resolved. Although BLYV PR has already been
expressed in u bacterinl expression vector {29], chemical
synthesis may have some advantages: it is less labouri-
ous, fuster. and contumination/degradation by cellulur
proleinases is not u concern.

Using the solid phase peptide synthesis, we were able
to prepure the BLV PR, a 126 residue polypeptide, so
fur the lurgest proteinase which has been chemically
synthesized. Peptides obtained with any of the HF
cleuvage method showed activity after refolding, how-
ever, the peptide subjected to HF cleavage protecol {ii)
had the highest specific aclivity (data not shown). The
amino acid compesition of the peptide obtuined with
cleavage method (ii) and RP-HPLC purification was
determined to be us follows (the numbers in parentheses
represent the expected values): Asx 9.63 (10); Thr 5.08
(5): Ser 7.39 (9% Glx 10.60 (11): Pro 13.88 (14), Gly 5.61
(9): Ala 8.96 (9); Val 10.85 (11); Met 2,01 (2); Ile 7.36
(8): Leu 16.91 (17): Tyr 3.11 (3); Phe 2.41 (2): Lys 3.74
(3}, Arg 8.45 (9): Trp was not determined. N-terminal
sequence analysis performed up to 22 residues with a
madel 470A gas-phase sequencer (Applied Biosystems,
Ine.) gave the proper sequence. The peptide was further
purified by gel filtration and RP-HPLC. The last purifi-
cation step is shown in Fig. . The peak fruction of the
HPLC scparution was active after refolding and it waus
found to be homogenous using SDS-PAGE (Fig. 1)
having the expected molecular weight (15 kDa). The
active fraction eluted on the RP-HPLC at 50% acetoni-
trile which is in good agreement to that found with the
virul enzyme ($2-55%) {30). This preparation was uble
to cleave peptides in a time-dependent manner. The
cleavage of the peptide KTKVL*VVQPK followed the
Michaelis-Menten kinetics with an apparent K, of 0.05
mM and apparent K,,, of 0.4 nmol's™ mg™' (using 1 h
incubation time).

3.2, Specificity af BLV proteinase, comparison ta that of
chammically synthesized HIV-2 proteinase

Qligopeptides representing determined cleavage sites
in the polyproteins of BLY, HTLV-1, MulLV and HIY-
| were investigated as substrates of BLV PR. To com-
pare the substrate specificity of BLV PR with HIV-2
PR, the peptides were also investigated as substrates of
chemically synthesized HIY-2 PR.

Oligopeptides representing known Gag and Gag-Pro
cleavage sites in BLV were all hydrolyzed by the BLY
PR (Table I). Similar resuits were found with BLY PR
expressed in £, coli [29]. This suggests, that the retrovi-
ral PR may be able to process the respective polypro-
teins, as it was suggested for HIV-1 and HIV-2 PR,
using the snme approach [20,31]. However, one BLY
clenvage site peptide (peptide 2) was not hydrelyzed by
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Table 1
Compurison of the subitrate spscificity of chemically synibesized BLV and HIY-2 protsinascs
Peptide Represented Relative acjivity®
cleavage site
BLV PR HIV.2 PR

1 PPAILPIISE BLY MAJCA* 1.00 1.00

2, KQPAILsVHTPG 8Ly CAMC Q.80 not hydrolyzed®

3 ELECLsLSIPL BLY TFIPR 032 Q.15

4, PPMVGYLDAP BLY PR/pi 0.0 0.23

5 APQVL«PVMHP HTLV-{ MAICA 1.2 1.5

6. KTKVL«VVQPK HTLV- CAMNC 1.9 Al

7 DPASILsPVIP HTLV-) TF/PR 0.42 not hydrolyzed®

8 RESLY«PALTP" MulV MA/pI2 0.02 124

9, TSQAFsPLRAG" MuLV pl1UCA 0.21 11.8
10, MSKLLeATVVS MuLVy CAMNC 0.07 aot hydrolyzed®
11, PQTSLLTLDRGQ" MuLV NC/PR Q.14 not hydrolized®
12, YEQNYPIVQ Hlv.l MA/CA not hydrolyzed* 8.8
13. KARVL'AEAMS HIVv.l CAX Q.13 6l
4, TATIM»MQRGN Hiv-1 HMC Q.0¢ 269
15, YSFNFBEQITL Hiv-l TF/PR not hydrolyzed® 0.25

* Activitics were sneasured at 0.2 mM substrate eaneentrution, and a relative activily was expressed as the activily on a given peplids divided by
the netivity obtained for cach enzyme with peptide 1.

" MA, matrix protein; CA, capsid protein; X, peptide between MA and CA in HIV-1 Gag; NC, nucleocapsid pratein; TF, transframe protein: PR,
retraviral proteinase (Fstroviral protein nomenclature from Leis ¢t al, [37)). Cleavage sites are indicated by asterisks, and taken from [9,36).

¢ Not hydrolyzed during 24 b incubalion.

* This peptide was hydrolyzed by the HIV-2 PR at the -CyseLeu. bond, instead of the -LeusLeu- bond found by the BLV PR.
* The pepiides representing MulV cleavage sites were also hydrolyzed by disrupied MulV, at the predicted sits,
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Fig. 2. Amino aeid allgmoment of GLY, HTEV=! sad HIV.2 protcinases. The amino acid ssauences are laken from the fojlowing literatures: BLY
PR [12,34]; HTLY-l PR [9]; HIV-2 PR [19]. Comparizan is based on multiple alignment [38). Those amino acids which are predicted to be in~volved
in the enzyme-subsirate interactions (8,-5, region) based on the struciures of HI¥-1 PR-inhibitor compiexes §39-41] and melesular medeling of
HIV-PR substraie and inhibiter interactions [17.42) are boxed,
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the HIV-2 PR, while another one (peptide 3) was hydro-
lyzed differently, at the -CyseLeu- bond instend of the
-LeusLeu- bond.

The BLY PR was also able to hydrolyze the HTLYV-1
cleavage site peptides at the expected site (Table 1). In
fact, the highest relative astivily was obtained with the
oligopeptide representing the CA/NC cleavage site in
HTLV-1 (peptide 6), which was also sufficiently hydro.
lyzed by the HIV-2 PR.

Since it has been noted earlier, that the HTLV/BLYV
cleavage sites are homologous to the MuL¥ cleavage
sites [32], we also investigated the cleavage of oligopep-
tides representing four MuLV Gag and Gag-Pol cleav-
age sites. [n accordance with the cleavage site homol-
ogy, these peptides were also hydrolyzed by the BLY PR
at the expected site {Table I). Although two of the pep-
tides representing MuLV cleavage sites were also sub-
strates for HIY-2 PR, two of them were hydrolyzed only
by the BLY PR.

Two peptides of HIV-1 cleavage site sequences were
not hydrolyzable by the BLV PR, while one of them
(peptide 12) was the most efficient substrate of HIV-2
PR from the selected peptides. These results suggest,
that the BHIV proteinase has a substrate specificity dis-
tinct from that of the BLYV (and possibly the HTLY) PR.

3.3, Lack of inhibition of the BLV PR by inhibitors of
HIV proteinases

Two specific inhibitors of HIV proteinases, SP-346
{33] and a phosphinicomethy! isostere (Compound 3
{34]} were assayed as inhibitors of BLY PR. None of
these inhibitors wers able to inhibit the BLV PR up to
the highest concentration assayed (40 uM and | uM,
respectively), while both were able to inhibit completely
H1V-2 PR under identical conditions (IC., values were
8 uM and 002 gM, respectively). This result further
emphasizes the differences between the HIV and BLY
proteinases, The lack of inhibition with SP-346 is not
surprising, since it is a pipecolic acid containing unalog
of SP-211, an HIV PR substrate (peptide 12 in Table I,
which is not hydrolyzed by the BLV PR, This peptide
contains a typical Class I cleavage site of the immunode-
ficiency viruses having Asn at Py, arormnatic amino acid
at P, and Pro at P’ position [35]. Since another peptide
representing Class 1 cleavage site was also not hydre-
lyzed by BLYV PR (peptide 15}, the typical Class 1 cleav-
age sites of HIV are neot efficient subsirates of BLY PR.
In this regard, it is important to point out, that ~Tyr/
Phe*Pro- cleavage site does not occur in BLY and
HTLY Gag polyproteins [36].

Although the HIV-2 PR substantially differs in size
and amine acid composition from BLY and HTLV-1
PRs, many of the amino acids expecied to be involved
in enzyme-substrate interaction are conserved (Fig. 2).
However, certain amine acid changes at the crucial
parts of the substrate binding pocket like the change of
1le* to Ala at the tip of the flup or the change of Thr*-
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Pro"-[le* as part of the $,-8, binding pockets may be
respensible for the substantinl differencss in specificity
of the HIV und BLV proteinases.

HIV proteinases are potential targets for chemother-
apy [2]. By analogy. it may be possible to treat ATL and
enzoolic bovine leukosis by administration of inhibitors
of HTLY and BLYV PRs. However, our initial results
indicate, that the BLY PR {and possibly the HTLY PR)
has a substantially different substrate specificity from
thut of HIV PRs. as also suggesied by others [29].
Therefore it is likely. that inhibitors designed ngainst the
HIV PRs will not be suituble in therapy of enzootic
bovine leukosis and ATL.

The protease of HTLVY-! has recently been expressed
in £. coli [9]. The availability of both BLY and HTLY-1
PRs will allow comparative studies of their substrate
specificity.
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