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The active site of HIV protease has been the object of close
scrutiny for inhibitor design, resulting in many classes of potent
inhibitors and six agents approved for clinical dgdthough potent
therapeutics are available, their individual use has been limited due
to the high mutation rate of HIV that leads to drug resisteéhce.
Inhibitors of HIV that are impervious to mutations within the virus
would be extremely powerful tools to fight viral infection. With
this in mind we targeted the four-strandgtisheet dimerization
interface of HIV-1 protease for inhibitiohas this region has been
relatively free of mutations. Figure 1. Model of compound. bound to the dimerization interface of an

Designed agents based on cross-linked interfacial peptides ofHIV-1 protease monomer.
protease had good potency against HIV-1 protease dimerization

and activity, but high molecular complexityEfforts to identify '*[JO Yoy ©

the minimal structure necessary for activity led to an agénthat PO RO

functioned as a dimerization inhibitor, but with reduced potéhcy. b1 e

On the basis of a model of the complex of inhibitbrand a )

monomer of HIV-1 protease, we designed a focused library of _ P

agents in an effort to regain high potency. The results of these effortso_# 1{ ¥ 1, \5{ Che-2 |

and the activity of these compounds against drug-induced mutants b ° ~©' M K=31054 M ;{/{N ( i \jﬂm

of HIV-1 protease are disclosed herein. [ /i*onﬂ\"r !@:
A model of compound. bound in the dimerization interface of 0 . K ' s 73

a folded HIV-1 protease mononiéndicates a number of structural ”‘“‘?ﬂ'\g"" R oy-ﬂﬁ.ﬁm(ﬂ?im, J—— ; o f@ I:;L'

features for inhibitor modification (Figure 1). Phe-1 (purple) of X Phes N oI R "

inhibitor 1, for instance, lies on an extended hydrophobic surface Ki=1802 36 nM () ‘;{1’ Thx-1

and may be replaced with larger aromatic side chains, whereas ni g ) Ki=71=30M

Phe-5 (yellow) occupies a well-defined hydrophobic cavity thatmay g (7 ¢ ""5’*__"5.’\3"" o M8 f‘ WS

not accept larger aromatics. With these considerations in mind and ¢ 1" % T 2" S % TS O

the placement of the other three side chains, we devised a focusec §,, SR ] g;, O

K; = 3000+ 120 nM {
é-«y‘fﬁi" on
a solid-phase approach, purified to homogeneity by HPLC, and \ patd Vo ¥ opres
analyzed by mass spectrometry and amino acid analysis. CZ,_ K; =260+ 20n0M o K=8e0x1000M
The activity of each library component against HIV-1 protease Figure 2. Results from focused library.
was initially screened at a single concentration ¢(8\W) using the

fluorescent assay of Toth and MarsHalkrom this assay 54  \yere found to predominate in many of the more potent inhibitors,

compounds of the library were chosen for further studyo l@lues — the nature of the hydrophobic group was found to play a key role.
were obtained, and the mechanism of inhibition was determined At position 2, for instance, butyl side-chain geometry was found

for the best inhibitors (25 compc_nunds) using the kinetic method of {4 pe significant with the efficacy trenseebutyl > isobutyl >
Zhang and Poormah.Of the library more than 50% of the .yt > tert-butyl. Amide side-chain functionality could be

library containing 68 single modifications to the parent compound
1 (Table 1). These compounds were synthesized in parallel using o&.«;h@

compounds were more potent than the parent compdyadd a modified to nitro- or methylsulfone-moieties in position 4 (Asn)

number of the modlflcatlon_s led to significantly enhanced efficacy \uith 3- to 4-fold increases in potency, whereas a methylsulfoxide

against HIV-1 protease (Figure 2). group led to a 2-fold decrease in inhibition. The Phe residue at
At each side-chain position within inhibitot a range of position 5 was much less accommodating for larger aromatic groups

interesting trends were discerned from the library data (Table 1). 35 compared to position 1, but addition of a methylene unit (Hfe)
For instance, the Phe residue at position 1 was not successfullyor replacement of phenyl with cyclohexyl (Cha) led to ap-
replaced with charged aromatics, such as His, but extendedproyimately 3- to 4-fold increases in potency. These data are

aromatics, such as biphenyl (Bip) or the biphenyl ether moiety of supported by modeling in which position 5 occupies a confined
Thx were well accommodated, leading to approximately 10- to 40- pydrophobic cavity.

fold increases in inhibitor potency. Although hydrophobic moieties " This focused library was composed of single amino acid
T National Institutes of Health. replacements, but one could envision an extensive library composed
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Table 1. Activity of Focused Library of Single Position Modifications (1—5) of Inhibitor 12
1 2 3 4

Thx 71 nM Chg 310 nM Phe 180 nM Phe 240 nM Hfe 860 nM
Bip 228 nM Ile 500 nM Leu 370 nM Paf 260 nM Cha 1.1 uM

oy

Bpa 495 nM Cha 690 nM Val 890 nM ANO, | 830 nM | 1-Nal 12 uM
Chg 1.1 uM Hfe 820 nM Met 1.6 uM Len 840 oM Pbf (1.2 uM)
Paf | 14um | Val 1.3 uM Paf | (1.0 uM) | CmeO, | 905 oM | Bip | (12 uM)

Hfe | 22uM | Phe | @46uM) | MetO, | qoumy | Val | 930n0M | Bpa | (26 uM)
1-Nal | (3.1 uMy | Met (5.0 uM) | €meO | (2.0 uM Met | (27 uM) | 2-Nal | (52 uM)
Pbf | 34umy| Tyr (7.2 uM) Tyr | (2.7 uM) Tyr 3.0 uM Trp (5.6 uM)

2-Nal | 3.6 uM) | Nle (11 uM) Pro 50% HANO, | (3.6 uM) | leu (12 uM)
Tpi |@61umy| Tbg | (3umy | Asn 30% GInO | (4.1 udy | Tyr (30 uM)
Tic (32 uM) Pro 15% Gln 30% AsnO | (44 pM) | Met 5%
His (125uM)| Asn 5% Hyp 20% MetO, | (5.3 uM)
Tyr 40% Asp 20% CmeQ | (12 uM)
Len 25% MetO (13 uM)
Pro 15% Gln 35%
Met 15% Lys 35%

a Each position is indicated with activity for the individual modification. Activity is reporte&@$Cso (in parentheses), and percent inhibition at o\b.
Values with error bars are in Supporting Information. Nonstandard amino acids are the following: Thx/thyroxine, Bip/biphenylalanine, Ghg/igihgtohe,
Paf/4-aminophenylalanine, Hfe/homophenylalanine, Nal/naphthylalanine, Pbf/4-bromophenylalanine, Tpi/tryptoline-3-carboxylic felkrBpgiphe-
nylalanine, Tic/1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid, Cha/cyclohexylalanine, Nle/norleucinterffingtyIglycine, Hyp/hydroxyproline, MetO/
methioninesulfoxide, Met@methioninesulfone, CmeO/methylcysteine sulfoxide, Cafe®thylcysteine sulfone, HAN&B-nitroalanine, ANG/4-nitro-2-
aminobutyric acid, AsnQd-hydroxyasparagine, GIn@fhydroxyglutamine.

of multiple modifications based on the best individual changes. In had equipotent activity with wild-type and mutant proteases, with
this way it may be possible to discover particularly potent agents. the exception of Phe3 which was 80% as active with the mutant
To test this hypothesis we prepared compo@rabntaining three ~ Protease as compared to the wild type.

fairly subtle modifications within the northern tripeptide (F1Paf,  In conclusion, we have demonstrated that a limited focused
L21, T3M). Although these are not the most potent modifications, library produced effective dimerization inhibitors of HIV-1 protease.
the changes to the side chains would be minimal. Individually these By combining individual changes of the library into a single
changes were found to provide modest 1.9- to 6-fold increases in COmpound, we obtained a significantly more potent agent and found
potency, whereas their combination resulted in an agent that wasthat an additive increase in inhibitor efficacy was obtained. The
35-fold more potent at half the molecular weight than the starting 9ood activity of library members against an active-site drug-resistant

inhibitor 1, and 2.5-fold more potent than a cross-linked agépt ( Protease mutant bodes well for dimerization inhibition as a
complementary method to targeting the active site.
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