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of [wt/A5] scIL-5. The data obtained argued that
Tyr and Trp are almost as effective in receptor
binding as negatively charged residues (Glu and
Asp). E. coli-expressed E110 variants contain-
ing E110W in the otherwise sequence-intact
N-terminal half, including a variant with an
E110A replacement in the sequence-disabled
C-terminal half, were shown by circular dichro-
ism to be folded into secondary structures
similar to that of scIL-5. Biosensor kinetics
analysis revealed that [E110W/A5] scIL-5 and
[E110W/A6] scIL-5 had receptor a-chain bind-
ing af®nities similar to that of [wt/A5] scIL-5.
However, [E110W/A6] scIL-5 had a signi®-
cantly reduced bioactivity in TF-1.28 cell pro-
liferation compared to both [wt/A5] scIL-5 and
[E110W/A5] scIL-5, and this activity reduction
was disproportionately greater than the much
smaller effect of E110 mutation on receptor
binding af®nity. The marked and disproportio-
nate decrease in TF-1 proliferation observed
with [E110W/A6] scIL-5 suggests a role for E110
in biological activity mediated by the signal
transducing receptor bc subunit of IL-5 recep-
tor. The data from phage-based randomization
data argue that the CD turn, and in particular
charge distribution in that turn, are key in Ra
recruitment but on their own will not activate
receptor ef®ciently (Fig. 3, left). This conclusion,
borne out by subsequent combined mutagenesis
[Plugariu et al., 2000], leads to the possibility to

form CD turn mimetics as non-activating anta-
gonists of IL-5. Intriguingly, cyclic peptides
have recently been reported [England et al.,
2000], which were derived using a path includ-
ing phage libraries, exhibit signi®cant af®nity
and antagonist activity, and contain charged
residues in a CD turn-like EXXR sequence
(Fig. 3, right). Whether these latter sequence
elements are responsible for the antagonist ef-
fect of such peptides is as yet unproven. None-
theless, the use of phage epitope libraries has
brought us to the point of being able to decipher
receptor recruitment epitopes and to begin to
use this understanding in IL-5 mimetics design.

Mechanism-Based Antagonism of
HIV-1 Cell Attachment

Human immunode®ciency virus type 1 (HIV-
1) infection, leading to acquired immunode®-
ciency syndrome (AIDS), is dependent on initial
attachment of the virus to host cells by the viral
spike envelope protein gp120 (Fig. 4). HIV-1
attachment leads to fusion of viral membrane
withtargetcellmembrane[Barre-Sinoussietal.,
1983; Gallo et al., 1984]. The fusion process can
be triggered by interaction of HIV-1 Env gp120
with the T-cell antigen receptor CD4 glycopro-
tein [Allan et al., 1985; Robey et al., 1985;
Maddon et al., 1986]. The second envelope pro-
tein, gp41, is a key mediator of virus±cell fusion.
Several seven-transmembrane chemokine

Fig. 3. Left: Structural model depicting the hypothesis of separable epitopes on IL-5 for activating and non-activating recruitment of
receptor a. The scheme shows the hypothetical structural rationale for the ®nding that receptor a chain can bind in activating (solid line)
vs. nonactivating (dotted line) modes, the latter of which would disable activating recruitment of the bc chain at the hypothesized IL-5
site around E13 [Wu et al., 1999; Plugariu et al., 2000]. Right top: Ribbon cartoon of the CD-turn region of IL-5 highlighting the charged
sequences of 88EERRR92 and Arg 32 in the context of the b-sheet conformation in the region of these residues. Right bottom: Sequence of
a recently identi®ed IL-5 antagonist derived by phage randomization and subsequent synthetic variation [England et al., 2000].
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