
Fig. 1.  View of HIV-1 protease active site cleft surface. Red area 
denotes conserved constellation of atoms interacting with SPI 

inhibitors. 

Introduction

According to recent estimates over 75% of drug-experienced 
patients in North America harbor HIV that is resistant to one or more of the 
antiretroviral agents used in multi-drug ‘cocktails’. Moreover, it has been 
estimated that drug-resistant HIV accounts for up to 12% of new infections. 
The number of reported cases of patients infected with mdr-HIV is rising 
steadily. Mutations within the protease gene that confer clinical drug 
resistance have emerged for all of the FDA-approved HIV protease (PR) 
inhibitors. The particular sequence and pattern of mutations selected by PIs 
is believed to be somewhat drug-specific and often patient-specific, but high 
level resistance is typified by multiple mutations in the protease gene which 
give rise to cross-resistance to all of the PIs. 

New antiretrovirals are needed to treat existing drug resistant 
infections as well as to curb their transmission. Further still, there exists a 
need for inhibitors of HIV that can prevent or slow the emergence of drug 
resistance and the development of mdr-HIV in infected individuals.

Methods

Recombinant wild type and mutant HIV PR was expressed in E.coli cells 
as inclusion bodies, purified to apparent homogeneity by ion-exchange 
chromatography in 8 M urea, and refolded at pH 7.0. The yield of purified WT or 
mutant form of HIV PR was 1-10 mg from 1 liter of E. coli culture. 

Inhibition constants were determined using the fluorogenic substrate 
ArgGlu(EDANS)SerGlnAsnTyr-ProIleValGlnLys(DABCYL)Arg (Molecular Probes, 
Oregon USA) in 0.05 M sodium phosphate buffer, pH 6.5 (excitation and 
emission wavelengths - 340 and 520 nm, cut off filter 495 nm.) The increase of 
fluorescence was monitored using SpectraMAX Gemini fluorescence plate 
reader (Molecular Devices, CA USA). 

The data were fitted by nonlinear regression analysis to the equation
V=V0/2Et({[Ki(1+S/Km)+It-Et]2+4Ki(1+S/Km)Et}1/2-[Ki(1+S/Km)+It-Et]) 
with the program GraFit version 5, where V and V0 are initial velocities with 

and without inhibitor, Km is a Michaelis-Menten constant and S, Et and It are the 
concentrations of substrate, active enzyme and inhibitor respectively.

Monogram Biosciences PhenoSense HIV assay was used to evaluate 
antiviral activity of PIs in cell culture against a panel of WT and MDR HIV. 

Table 1.  Inhibition constants of SPI-256 against 
recombinant WT and mdr-HIV proteases

15.4±2.622.5±50.07±0.01Saquinavir
94.3±11.412.3±1.70.4±0.1Indinavir

8±664.6±160.13±0.02Ritonavir
222±4610.9±1.70.23±0.05Nelfinavir
8.2±0.94±10.25±0.05Amprenavir

<0.30.5±0.10.07±0.01Lopinavir
77±92.2±0.50.07±0.01Atazanavir

0.6±0.040.19±0.050.16±0.01Tipranavir
<0.3<0.05<0.05SPI-256
M9*M8*WTInhibitor

Protease
Inhibition constant (nM)

*M8 and M9 were derived from patient isolates and have mutations at the following protease positions:  M8 
- 10, 11, 22, 24, 35, 36, 37, 41, 43, 54, 62, 63, 71, 84; M9:  10, 13, 32, 37, 46, 63, 71, 84, 89, and 91.

Conclusions

•SPI-256 has subnanomolar potency against WT B and non-B HIV strains in 
Monogram Biosciences PhenoSense HIV assay and is 4-50 fold more potent 
than currently approved PIs.

•SPI-256 remains fully active against mutants with single primary mutation 
(groups 8-12) and viruses resistant to majority of reference PIs (groups 4, 5).

•Resistance to SPI-256 requires accumulation of multiple primary PR mutations 
(groups 6, 7). Importantly SPI-256 remains highly potent even against these 
viruses with average IC50 12.9 nM.

•SPI-256 represents a potent new generation antiviral agent for first line and 
salvage therapy
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Results

We have implemented a structure-based approach for the design of 
novel HIV protease inhibitors (PIs) with high potency against WT and MDR 
viruses. In this approach the conserved atomic interactions were identified 
among the structurally different PIs and WT and drug-resistant HIV PRs. Series 
of inhibitors that preferentially interact with this constellation of conserved 
atoms within the active site (Fig. 1) were designed and synthesized.  

Inhibitors were first prescreened in the enzyme-based assay using WT 
and selected MDR PRs. Promising leads were then profiled in 5 days cell-
based antiviral assay using in-house panel of clinically derived MDR viruses 
that resulted in several pre-clinical candidates. 
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Summary of antiviral activity and phenotypic resistance data

• SPI-256 is 4-50 fold more potent than reference PIs against WT B and non-B clades : mean 
IC50 = 0.3 nM (range: 0.2 - 0.4 nM).

• SPI-256 is fully active against viruses that are highly resistant to the majority of reference 
PIs (Groups 4 and 5) : mean IC50 = 0.5 nM (range: 0.2 - 0.9 nM).

• SPI -256 retains high potency against worst-case MDR viruses (Groups 6 and 7), although 
efficacy is reduced compared to WT: mean IC50 = 12.9 nM (range 1.8 - 34 nM).

• SPI -256, like reference PIs, is hypersensitive to the ATVr I50L mutation (Group 3): mean 
IC50 < 0.1 nM).

• SPI -256, unlike reference PIs, retains wild type potency against viruses that harbor 
primary mutations in addition to the I50L mutation (Group 14) : mean IC50 0.2 nM (range: 0.2 
- 0.3 nM).

• SPI-256 remains fully active against the NFVr mutations, D30N/N88D, that confer cross-
resistance to most or all other PIs (Group 1): IC50 = 0.2 nM.

• Viruses with any of the single primary mutations V82A,F,T; L90M, I84V and N88S remain 
fully sensitive to SPI-256 (Groups 8-12). Viruses with an I50V mutation (Group 2) show 
reduced relative, but high absolute  sensitivity to  SPI-256: IC50 <5.0 nM. 
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group criteria
total # 

mutations LPV ATV AMP IDV SQV NFV RTV SPI-256 L24I D30N V32I M46I M46L I47V G48V I50V I50L I54L I54M I54S I54T I54V V82AV82F V82I V82T I84V N88DN88SL90M
B 0.0014 0.0130 0.0075 0.0042 0.0072 0.0186 0.0023 0.0002 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

nonB A, R5 12 0.0027 0.0011 0.0053 0.0045 0.0019 0.0027 0.0069 0.0004 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
nonB A1, X4 12 0.0015 0.0007 0.0052 0.0029 0.0010 0.0029 0.0092 0.0002 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
nonB C, DM 10 0.0039 0.0016 0.0097 0.0085 0.0026 0.0078 0.0243 0.0004 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
nonB C, R5 9 0.0036 0.0016 0.0074 0.0077 0.0018 0.0080 0.0224 0.0003 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
nonB D, DM 12 0.0026 0.0010 0.0055 0.0062 0.0021 0.0056 0.0112 0.0003 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
nonB D, R5 9 0.0032 0.0010 0.0099 0.0058 0.0016 0.0097 0.0215 0.0002 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 D30N/N88D, 1 primary, NFV > 100, SQV > 10 13 0.0318 0.0380 0.0216 0.0661 0.0881 >1.5 0.3926 0.0002 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0
2 I50V, 1 primary 6 0.0213 0.0008 0.1665 0.0047 0.0015 0.0080 0.2202 0.0011 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 I50V, 1 primary 12 0.0502 0.0016 0.4489 0.0118 0.0037 0.0260 0.4328 0.0048 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 1 primary; V82A 9 0.0763 0.0031 0.0321 0.0680 0.0039 0.0715 0.3202 0.0002 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0
8 1 primary; V82A 13 0.0670 0.0045 0.0179 0.0495 0.0045 0.0696 1.0576 0.0003 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0
8 1 primary; V82A 11 0.1425 0.0047 0.0530 0.0622 0.0156 0.0870 0.6103 0.0003 0 0 0 0 0 0.5 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0
9 1 primary; L90M 10 0.0065 0.0086 0.0224 0.0683 0.0430 0.1554 0.1416 0.0003 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
9 1 primary; L90M 10 0.0123 0.0123 0.0255 0.0524 0.0238 0.1136 0.1816 0.0004 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
9 1 primary; L90M 15 0.0116 0.0196 0.1025 0.0490 0.0222 0.3706 0.5144 0.0005 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1

10 1 primary; V82F or T 8 0.0358 0.0096 0.0418 0.0825 0.0014 0.1390 0.7134 0.0004 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
10 1 primary; V82F or T 10 0.0134 0.0048 0.0070 0.0702 0.0040 0.0555 0.2647 0.0002 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0
10 1 primary; V82F or T 12 0.0452 0.0081 0.0188 0.0573 0.0029 0.0464 0.3791 0.0002 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0
11 1 primary; I84V 10 0.0157 0.0063 0.1431 0.0160 0.0105 0.0231 0.2034 0.0005 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0
11 1 primary; I84V 9 0.0200 0.0102 0.0387 0.0456 0.0307 0.0739 0.6232 0.0004 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0
11 1 primary; I84V 10 0.0189 0.0337 0.0646 0.1346 0.0631 0.1668 0.1389 0.0004 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
12 1 primary; N88S 13 0.0082 0.0473 0.0044 0.0921 0.0091 0.3200 0.0868 0.0004 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
12 1 primary; N88S 10 0.0124 0.0552 0.0034 0.1180 0.0084 0.5120 0.0763 0.0002 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
13 V32I+I47V 5 0.0147 0.0027 0.1465 0.0137 0.0011 0.0105 0.1302 0.0007 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
13 V32I+I47V 12 0.0161 0.0043 0.0717 0.0334 0.0013 0.0270 0.0377 0.0004 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 I50L, 1 primary 6 0.0008 0.0082 0.0088 0.0024 0.0009 0.0041 0.0047 0.0001 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
3 I50L, 1 primary 10 0.0012 0.0179 0.0140 0.0033 0.0006 0.0068 0.0066 0.0001 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
3 I50L, 1 primary 9 0.0014 0.0155 0.0093 0.0030 0.0011 0.0050 0.0136 0.0001 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

14 I50L; other primaries allowed 19 0.0072 >0.5 0.0960 0.0169 0.0337 0.1374 0.3386 0.0003 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1
14 I50L; other primaries allowed 12 0.0102 0.1090 0.0260 0.0510 0.0067 0.0329 0.2726 0.0002 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1
14 I50L; other primaries allowed 18 0.0377 0.0714 0.0355 0.0192 0.0043 0.0347 0.3786 0.0002 0 0 0 1 0 1 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
14 I50L; other primaries allowed 13 0.0377 0.1265 0.0625 0.0314 0.0006 0.0114 0.0837 0.0002 0 0 1 1 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0
4 3 PIs >10, LPV > 30, no 30 or 50 13 0.1466 0.0068 0.0531 0.0498 0.0055 0.1310 1.7516 0.0002 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1
4 3 PIs >10, LPV > 30, no 30 or 50 10 0.1611 0.0306 0.0531 0.1281 0.0191 0.0594 0.8013 0.0004 0.5 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0
4 3 PIs >10, LPV > 30, no 30 or 50 9 0.1157 0.0016 0.1699 0.0679 0.0019 0.0102 0.1913 0.0008 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
4 3 PIs >10, LPV > 30, no 30 or 50 14 0.1927 0.0120 0.1217 0.0703 0.0175 0.1057 >3 0.0004 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0.5 0 0 0.5
5 4 PIs >10, IDV > 30, no 30 or 50 13 0.0370 0.0216 0.0226 0.2706 0.0249 0.1557 0.7923 0.0004 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1
5 4 PIs >10, IDV > 30, no 30 or 50 14 0.0164 0.0054 0.0682 0.2926 0.1522 0.3458 0.9048 0.0009 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
6 all PIs > 50 15 0.3198 0.1210 >2 0.2943 0.3697 0.7149 2.6917 0.0259 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1
6 all PIs > 50 19 0.7873 >0.5 0.4360 >1.5 >0.5 >1.5 >3 0.0018 0 0 0 0 0 0 0.5 0 0 0 0 0 0.5 0 0.5 0 0 0 0 0 0 1
6 all PIs > 50 20 0.8975 0.2241 1.4782 0.9438 >0.5 0.6411 >3 0.0336 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1
6 all PIs > 50 21 0.8910 0.0760 0.9823 0.4346 0.1314 0.6620 >3 0.0072 0 0 1 1 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1
6 all PIs > 50 17 0.3691 >0.5 1.2083 0.7036 >0.5 >1.5 >3 0.0107 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 1
6 all PIs > 50 15 0.4004 0.1436 0.4762 0.3239 0.3955 0.5452 >3 0.0060 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 1
7 6 primary PI mutations 18 0.4327 0.2328 0.6534 0.3316 >0.5 0.4352 >3 0.0064 0 0 0 0 1 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 1
7 6 primary PI mutations 13 0.3129 0.0404 0.2509 0.1951 0.1939 0.1043 2.4105 0.0041 0 0 1 1 0 1 1 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1
7 6 primary PI mutations 14 0.4202 0.3737 0.5611 0.4800 0.4526 0.4891 >3 0.0090 0 0 1 0 1 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0
7 6 primary PI mutations 15 0.3265 0.1927 0.6181 0.0952 0.1956 0.3322 >3 0.0102 0 0 1 1 0 0.5 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 1
7 6 primary PI mutations 20 >1 0.4274 1.3715 >1.5 >0.5 1.4515 >3 0.0196 0 0 1 0 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 1
7 6 primary PI mutations 19 >1 0.1862 0.4982 >1.5 >0.5 1.4542 >3 0.0206 0 0 0 1 0 0 1 1 0 0 0 1 0 0 1 0 0 0 0 0 0 1

The Monogram Biosciences panel included viruses with HIV PR derived 
from several non-B strains of different tropism as well as different PI resistant
mutants derived from patients’ isolates that contain up to 21 total substitutions 
in the PR gene. For the purpose of data analysis PI resistant mutants were 
divided into following categories: 

• viruses containing one primary PI mutation - groups 1, 2, 8-12; 

• viruses with  I50L or I50L with other primary mutations - groups 3 and 14;

• viruses with V32I and I47V - group 13;

• viruses highly resistant to LPV (FC>30) and 3 other PIs (FC>10) – group 4;

• viruses highly resistant to IDV (FC>30) and 4 other PIs (FC>10) – group 5;

• viruses highly resistant to all PIs (FC>50) or containing 6 primary PI mutations 
– groups 6 and 7.

<1 nM
>=1<10
>=10<50
>=50<500
>500


