
HIV Entry Inhibitors:
Molecular Targets

• gp120
• gp41

• CD4
• Coreceptors

Viral:

Cellular:
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Is CCR5 a prime target
for microbicides?
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Can we rationally design
effective CCR5 inhibitors?
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Solution Structure of RANTES
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N-Terminal Sequence of Two
Mutated RANTES Analogues

RANTES

L-RANTES

C1.C5-RANTES

SPYSSDTTPCCF-

L-SPYSSDTTPCCF-

CPYSCDTTPCCF-

S. Polo et al. Eur. J. Immunol. 2000



Antiviral Activity of RANTES
NH2-Terminal Mutants
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Identification of RANTES 
Functional Domains 
by Peptide Scanning



   1 SPYSSDTTPCCF
2 ..YSSDTTPCCFAY
3 ....SDTTPCCFAYIA
4 ......TTPCCFAYIARP
5 ........PCCFAYIARPLP
6 ..........CFAYIARPLPRA
7 ............AYIARPLPRAHI
8 ..............IARPLPRAHIKE
9 ................RPLPRAHIKEYF
10 ..................LPRAHIKEYFYT
11 ....................RAHIKEYFYTSG
12 ......................HIKEYFYTSGKC
13 ........................KEYFYTSGKCSN
14 ..........................YFYTSGKCSNPA
15 ............................YTSGKCSNPAVV
16 ..............................SGKCSNPAVVFV
17 ................................KCSNPAVVFVTR
18 ..................................SNPAVVFVTRKN
19 ....................................PAVVFVTRKNRQ
20 ......................................VVFVTRKNRQVC
21 ........................................FVTRKNRQVCAN
22 ..........................................TRKNRQVCANPE
23 ............................................KNRQVCANPEKK
24 ..............................................RQVCANPEKKWV
25 ................................................VCANPEKKWVRE
26 ..................................................ANPEKKWVREYI
27 ....................................................PEKKWVREYINS
28 ......................................................KKWVREYINSLE
29 ........................................................WVREYINSLEMS
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Peptide Scanning of RANTES
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Inhibition of HIV-1BaL-Induced Syncytia 
Formation by RANTES Peptides
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N-loop



Binding of RANTES Peptides to CCR5-Expressing Cells
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N-loop Region on the Antiviral Activity of RANTES
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Solution Structure of the RANTES Dimer
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Charge Distribution on the
Surface of the RANTES Dimer



SPYSSDTTPCCFAYIARPLPRAHIKEYFYTSGKC-

ββββ0 ββββ1N-Loop

                         CFAYIARPLPRA
SPYSSDTTPCCFAYIARPLPR
                         CFAYIARPLPRAHIK
                         CFAYIARPLPRAHIKE
                         CFAYIARPLPRAHIKEYFY
                         CFAYIARPLPRAHIKEYFYTSGKC
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Synthetic Peptides Derived from the
N-Loop Region of RANTES



Inhibition of HIV-1BaL Infection in Primary
Human PBMC by RANTES Peptides

0

20

40

60

80

100

0 5 10 20 40 80 160 320
Peptide concentration (µµµµM)

Pe
rc

en
t i

nh
ib

iti
on

 o
f 

H
IV

-1
 p

24
 re

le
as

e 

C11-Y29
cyC11-C34
C11-K25
C11-E26
C11-A22
S1-R21



Positive charge
Negative charge

Charge Distribution on the
Surface of the RANTES Dimer



CFAYIARPLPRAHIKEYFY

Peptide RANTES 11-29

Linker

Hydrophobic clusters



Relative antiviral activity
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The N-Terminal Hydrophobic Cluster of Peptide
RANTES 11-29 Is Critical for HIV-1 Inhibition
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Relative antiviral activity
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The C-Terminal Aromatic Cluster of of Peptide
RANTES 11-29 Is Critical for HIV-1 Inhibition



Relative antiviral activity
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Uncoupling HIV-1 Blockade
and Receptor Activation
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Biological Activity of a
Retro-Inverted Peptide

Mimetic of RANTES 11-29



0

20

40

60

80

100

0 1,25 2,5 5 10 20 40 80
Peptide concentration (µµµµM)

L-peptide
D-peptide

Inhibition of HIV-1-Induced Cell Fusion by Wild-Type
and Retro-Inverted Peptide RANTES 11-29

Ac-CFAYIARPLPRAHIKEYFY-nh2

nh2-CFAYIARPLPRAHIKEYFY-Ac
L-peptide
D-peptide





Structural determinants of
CCR5 recognition and HIV-1
blockade in RANTES
Vanessa Nardese1, Renato Longhi2, Simona Polo1,
Francesca Sironi1, Cinzia Arcelloni3, Rita Paroni3,
Claudio DeSantis1, Paolo Sarmientos4, Menico Rizzi5,
Martino Bolognesi6, Vincenzo Pavone7 and
Paolo Lusso1

1Unit of Human Virology, DIBIT, San Raffaele Scientific Institute, 20132 Milan,
Italy.  2National Research Council-IRBM, 20131 Milan, Italy. 3Laboratory of
Separative Techniques, San Raffaele Scientific Institute, 20132 Milan, Italy.
4PRIMM srl., 20132 Milan, Italy.  5DISCAFF Department, University of Eastern
Piemonte, 28100 Novara, Italy.  6Advanced Biotechnology Center-IST and
Department of Physics-INFM, University of Genoa, 16132 Genoa, Italy.
7Department of Chemistry, University of Naples “Federico II”, 80126 Naples,
Italy.

nature structural biology • volume 8 number 7 • july 2001


