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We synthesized analogues of gp41(553—590), 1, and evaluated them for their inhibitory activity
against HIV-1 in MT4 cell assay (ICso(1) = 2.7 uM). (The numbering scheme for gp41l (e.g.,
gp41(553—590) for 1) adapted throughout the text is from ref 6.) Gradual truncation of either
the N- or C- terminal end of gp41(553—590) resulted in a substantial loss of inhibitory properties
of resulting compounds. Unexpectedly, simultaneous truncations of both N- and C- termini of
gp41(553—590) resulted in a potent heptadecamer, 13, ICso = 10.4 uM. Coupling of a racemic
a-aminotetradecanoic acid (Atd) to gp41 fragments afforded diastereomeric conjugates, most
of which were chromatographically separable. In this series, pentadecamer 27 had an 1Cs, of
8.9 uM, while its Atd diastereomer 28 was much less inhibitory. This finding is consistent
with relative inhibitory potencies of other Atd-containing diastereomeric pairs and could reflect
a chiral sense of Atd residue interacting with the receptor. Compounds 13 and 27, which are
practically equipotent to 1, represent minimalistic fragments of the leucine-zipper region of
gp41 and constitute a basis for design of a second generation of gp41-based inhibitors. Circular
dichroism studies suggested that compounds in this series are likely to inhibit HIV-1 replication
by virtue of their a-helical character. The observed structure—activity relationship supports

impairment of viral gp41 as a possible mechanism of action of 1.

Introduction

The primary event in human immunodeficiency virus
(HIV) infection of T lymphocytes involves a high-affinity
interaction between the viral envelope glycoprotein
gp120 and the cellular CD4" receptors. Receptor bind-
ing is followed by exposure of the hydrophobic N-
terminal region of viral transmembrane glycoprotein
gp41; this initiates the fusion of viral and cellular
membranes, thus completing the initial infection event.
Subsequently, viral RNA is transcribed into DNA
through a series of enzyme-regulated events, and the
HIV genome is permanently integrated into the host cell
genome. Thus far, the search for therapeutically useful
compounds to battle HIV infection has focused on a few
molecular targets in the HIV-1 life cycle, such as reverse
transcriptase, HIV-1 protease,! and recently HIV-1
integrase.?2 At this time four RT inhibitors and three
protease inhibitors are approved for clinical use against
the virus.® All of these therapies suffer from the
development of drug-resistant mutant virus, which
frequently abrogates their continued use as mono-
therapy. Therefore, other targets that are less associ-
ated with the emergence of viral resistance are needed.
Herein, we describe our studies on synthetic fragments
of the transmembrane (TM) viral coat protein gp4l,
which contains several regions that are inhibitory to
HIV-1.45 A series of mutagenesis studies of gp4l
revealed immunodominant, fusion, and gp120-binding
regions.®’=9 In particular, region 553—590 of HIV-1
gp41 is a putative coiled-coil'® (3,4-hydrophobic repeat).
This motif is conserved throughout retroviral gp41 coat
proteins, and thus it is less sensitive to viral mutations.
In this report we describe the HIV-1 inhibitory effects
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of truncated peptides derived from gp41l and suggest
that these truncated peptides could be useful in the
design of therapeutic agents to fight HIV-1 infection.

We anticipated that the structure—activity studies of
gp41 would allow us to further define the mechanism
of action of gp41 and validate it as a therapeutic target
for development of anti-HIV agents. Additionally, we
attempted to define the critical and minimalistic region
of gp41(553—590), which was determinant of the inhibi-
tory action of 1. While gp41(553—590) (DP-107)1°
exhibits all the properties typical of a coiled-coil, its
length is well above the four heptads minimally required
for efficient formation of coiled-coil dimers*! (disulfide-
stabilized coiled-coils of only three heptads per helix
were recently reported!?). To us, this appeared to
provide further opportunity for low-size analogues of
gp41, assuming that they interact utilizing the o-helical
motif. To further define the core sequence of gp41-based
HIV-1 inhibitors, we made a systematic walk through
the gp41(553—590) sequence and evaluated the result-
ing truncated peptides in HIV-1 MT4 cellular assay. We
also measured the a-helical contents in some analogues
in an attempt to correlate their secondary structures
with inhibitory properties. Previously, we reported our
preliminary findings on the details of helical recognition
utilized by gp41 fragments derived from 1.1314 |n
conjunction with herein reported discovery of short
gp41-based inhibitors, our objective was to further
define the gp41 pharmacophore, which could then be
used in design of a second generation of gp4l-based
HIV-1 inhibitors.

The design of small molecules targeted to disrupt
protein—protein interactions still is in its early stages,
although prominent precedence-setting case exists.1516
This work focuses on the structurally simple and yet
prominent coiled-coil motif, responsible for the inter-
actions and functions of many dimeric receptors and
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enzymes, such as HIV-1 integrase,’” HIV-1 reverse
transcriptase,'® HSV-1 ribonucleotide reductase,!® Ep-
stein—Barr viral transactivator (ZEBRA),2° and p-
adrenergic receptor kinase (bARK).2!

Results and Discussion

N-Terminally Truncated Analogues of gp4l-
(553—590). Some of the gp4l-derived peptides dis-
cussed here contain CGG N-terminal extension, which
will be utilized in synthesis of covalent dimers (not
reported here). Due to its inherent flexibility, this linker
does not contribute to the coiled-coil interactions.? In
our initial series of compounds, we gradually truncated
1 starting from its N-terminal. We found that Ac-CGG-
gp41(559—590)-NH; (compound 2, six amino acids de-
leted relative to 1) was essentially equipotent to 1.
Further truncation of the N-terminus in Ac-des[His®%4]-
gp41(559—590)-NH, (3, seven amino acids deleted)
resulted in a significant reduction of its HIV-1 inhibitory
properties. Furthermore, Ac-CGG-gp41(566—590)-NH,
(13 amino acids deleted, 4) had an ICs of only 60.5 uM,
while shorter gp41(573—590)-NH; (20 amino acids
deleted, 5) was essentially ineffective. In summary, we
found a gradual decrease in HIV-1 inhibition within a
progressive series of N-terminally truncated analogues
of gp41(553—590). While the first six N-terminal amino
acids of gp41(553—590) were not essential, further
truncation beyond the 13 N-terminal amino acids
resulted in analogues of very low inhibitory potency. In
another paragraph we correlate biological activities of
1 and 5 with their o-helicities as determined by the
circular dichroism.

C-Terminally Truncated/Substituted Analogues
of gp41(553—590). We next investigated the impor-
tance of the C-terminal portion of 1 by two different
approaches. In one, we synthesized C-truncated pep-
tides. In another, we replaced C-terminal amino acids
by multiple alanines. High a-helical potential of alanine
was expected to conserve the secondary structure of 1
while eliminating its g- and y-branched amino acid side
chains which participate in the dimerization. Accord-
ingly, we synthesized Ac-[[Ala(581—583),(585—588)],
Adal(584),Asp(589),Lys(590)]-gp41(553—590)-NH, (6),
which retained strong antiviral inhibitory potency (I1Cso
= 6.3 uM, Table 1) relative to 1. With the highly
charged Ada? residue (y-diacetate a,y-diaminopropionic
acid) and multiple alanine substitutions at the C-
terminus, this finding suggested sequence redundancy
in the C-terminal of 1. We also synthesized two
C-truncated analogues: gp41(553—584)-NH; (7) and Ac-
CGG-gp41(553—575)-NH; (8). Although relatively low
solubility of 7 (six amino acids deleted) in 0.2% DMSO-
containing media precluded exact determination of its
I1Cs0, this compound appeared quite potent, this finding
being in agreement with our independent conclusion
derived from 6. Analogue 8 (15 amino acids deleted)
was surprisingly potent (ICso = 14.8 uM), suggesting a
rather large region of redundant C-terminal sequence.
The combined results from analogues 6—8 suggested
that the first C-terminal 10—14 amino acids in gp41-
(553—590) can be removed without affecting inhibitory
potencies of resulting compounds. This is in contrast
to the N-terminal region, which could tolerate only more
limited truncation compatible with potent inhibition of
HIV-1.
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N- and C-Terminally Truncated Analogues of
gp41(553—590). In the next series of analogues, we
synthesized peptides with simultaneous C- and N-
terminal deletions. Thus, additional truncation of 10
N-terminal amino acids in 7 resulted in compound 9
(designated —10/—6, indicating the number of deletions
from the N- and C-ends, respectively), which had an I1Csg
= 4.3 uM, essentially equipotent to 1. We also found
that peptide 10 (—6/—15) was a relatively potent inhibi-
tor with an I1Csp = 28.5 uM (Table 1). In light of the
above, less extensive —6/—6 truncation also resulted in
expected retention of HIV-1 inhibitory potency in 11
with I1Csp = 6.5 uM. On the other hand, compound 12,
with more dramatic —12/—9 truncation, had only 30%
inhibition at 20 x«M and probably represented a border-
line case of tolerable truncations.

The results discussed so far revealed that the single
N-terminal or the single C-terminal truncation rapidly
resulted in a significant reduction in inhibitory potencies
of respective peptides. Surprisingly, simultaneous dele-
tions of both N- and C-termini yielded potent inhibitors
(Table 1). For example, peptide 4 (—13/0) is only a
moderate inhibitor with 1Cso = 60.5 uM, while 9 (—10/
—6) with I1Csp = 4.3 uM and 13 (—12/-9) with I1Csp =
10.4 uM are substantially more potent. Both 9 and 13
are characterized by N-terminal deletions similar to that
of 4, but they are also C-terminally truncated. The
actual increase in their potencies compared to 4 could
be qualitatively explained by entropic factors. Peptide
4 contains a seemingly redundant C-terminal sequence
which does not appear to be essential for the binding.
This is in agreement with our earlier findings (compare
to analogues 7 and 8). Flexibility of the C-terminal tail
of 4 increases the total entropy of the system, resulting
in lower binding enthalpy, as compared to C- and
N-truncated analogues 9 and 13. Further deletions to
fragments —13/—10 in 14 and —14/—10 in 15 resulted
in a gradual decrease of their inhibitory potencies (Table
1). In summary, we found that the minimum binding
sequence within gp41(553—590) is approximately lo-
cated within amino acids 565—581, which corresponds
to —12/—9 truncation.

Alanine Scan of gp4l Fragments. We further
probed the importance of selected regions of gp4l to
inhibitory potency with several alanine-rich peptides
such as Ac-[Ala(556,563)]-gp41(553—590)-NH, (16), Ac-
[Ala(574,575,581,585,588,589)]-gp41(553—590)-NH, (17),
and Ac-[Ala(564,567,568,571,574,575,581,585,588,589)]-
gp41(553—590)-NH; (18). In separate reports we pos-
tulated the model of coiled-coil interaction in a gp41l
dimer (Figure 1).13 Positions 556 and 563 occupied by
alanine in 16 correspond to position a in the helical
wheel. The finding that 16 was practically equipotent
to 1 (Table 1) supports this model, as the position a does
not appear to be involved in the coiled-coil interface. The
two remaining peptides, 17 and 18, incorporate progres-
sive multiple alanine substitutions on positions e,f,b.
Although 26% of the 17 sequence and 37% of the 18
sequence are composed of alanine residues, both pep-
tides exhibited relatively high (22% and 37%) inhibition
at 20 uM, respectively (Table 1). In this model (Figure
1) positions ef,b of the a-helix of gp41l occupy the
external surface of a coiled-coil rather than the helix—
helix interface. Consequently, while positions e,f,b are
indispensable for the maintenance of the a-helical
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Table 1. Inhibitory Potencies of gp41l Fragments against HIV-1 in MT4 Cells?

553y |563¥ 1573¥| | 583y [5904] [ics0 (HIV-1)
MT4 cells |
0.2% DMSO
1 NIN[LIL[R[A[1 [E[AlalaH[L|L|QlL[T]v[W a1 [K|alL[alA[R]I [L]AIV[E[R]Y|L|K|D|Q] |2.7 ++ 1.0
2 Ac-|clalall [E[a[qlaH[LL{q[L|T]viW gt [K|alL[alAlR[l [L|AlV]E[R]Y|L[K]|D[Q] 14.7 +/- 05
3 Ac-|I [E[A]Q[alL]L[alL[T]vIWa]l [K[QlL[QA[R]I [L]A[VIE[RIY]L [K|D]Q] [28 % @ 20
4 Ac-|clglalL|alL[T[vIWa|i [K[aQlL[Q[A[R]i [L]A]VIE|R]Y|L|K[DIQ] [60.5+/-13.6
5 1 [K[qlL|QlA|R[i [L{A|VIE[R]YIL|K[DIQ] [0% @ 200]
6 Ac-|N|N|L]L]R[A]I |E]A[QlalH[L|L{Q[L|TIVIW Gl [K|a|L[Q[A|R]1 [A]A]A]X[A[A]A]A[D[K] [6.3 +/- 0.7
7 NIN[L[L[R]A]I [E]AlQlQH[LL]dL[TIVIWali [K[a[L|dlA[R[I [L{AlV]E 37% @5 |
8|Ac- [c|lalaN|N[L{L[R[A[I [E]AlQlalH[L[L|alL[T]v[Wa]i [K[d 14.8 +/- 1.6 #
9 Ac-[QH|L[L]dL|T]vIW G|l [K[alL|QJA[R]I [L]A[V]E 4.3 +/- 0.8# ]
10 Ac-|clala]l [E[aA]aqH|L]L]alL[T[vIWa]i [K][q] 285 +/- 8.6 #
11 Ac- |1 [E[A]QQ[H|L|L]QlL|T|viwWia]l [KIQ[L|Q|A[R]1 [L[A[VIE 6.5 +/- 1.0 ##
12 Ac-|cldglL[L|dL]T[vWa]i [KlQlL[Q[A[R]I |L 30% @ 20]
13 6-Aca- |L[L|dL[T[vWa]l [K[Q]L[Q[A[R]I |L 10.4+/-4.9
14 (H)-_[L|dL]T[vIwall [KiQlL[q[A]R]I 21% @ 100
15 (H)-_[alL]T]v[wiall [K|alL[Q[A[R]I 0%?1m
16 Ac-|N|NIL{A[R[A]I [E[A|QA[H[L[L|dlL|T[vIW Gl [K[QlL[Q[A[R]I [L[A]V|E[R[Y[L|K|D|a] [3.0 +/- 1.0
17 Ac-|N|N[LIL[R[Al [ElAlQQH[L[L|QlL[T[vIWali |A]A]L{Q[A[R]I [A[A]V]E[A[Y[L[A[AlQ] 122% at 20]
18 Ac-|N|N[LIL[R[A]l [E]AllQ]AlL[L|AlA[T[v[A]|G]i |A]A]L{Q[AIR]I |A[A]V]E]A[Y[L[A[A]Q] 137% at 20|
19 (H)-Aca-_|L[Q]L[T]v|Wa]I [K[Q[L|{QAlR]I 33% @ 40
20 (H)-Aca-_[Q[L[T]v]Wa]i [K[Q[L{q[AlR]i 11% @ 40
21 L,D-Atd-| |1 [K[Q[L{Q{A|RlI [L]AIVIE[R{Y[L|KID|Q] [9% @ 20
22 L,D-Atd-| |1 [K[QlL|Q[A[R]I [L]AIVIE[R]Y[L|K[D|@] [0% @ 20
23 L,D-Atd- [QH[L[L[Q[L[TIVIW Gl [K|QlL|QA[R[1 [L[A]V]E[R]Y|L|KID]Q] [15% @ 8
24 L,D-Atd-[Q[H[L|L][Q[L{T|v]Wia]l [K[Q[L|QA[R[1 {L[A[V][E[R]Y]L|K|D]Q] [0% @ 20
25[L,D-Atd-| [N|N|L[L[R[A]l [E[A]QlQH(L{L L|A|V[E[R]Y|L|K|D|Q] [4.4 +/- 1.7
26 aHL|LaLIT[vIW &) TK|dlL[a[A]R]I {L]A]V[E[R]YIL|K[D|Q] T10% @ 5
27 L,D-Atd- |QL|T|v]Wa|i [K[Q[L|alA[R]i 8.9+/-1.3
28 L,D-Atd-_|dL[T]VIWa[i [K[QL|alA[R]I 32% @ 16
29 wmm¢ L[aL[T[vIWa]I [K[Q[L]Q[A[R]I W%PGA
30 Ac-|QH|L|L|QL|TIVIWaGIX]| [QL]aA[R]I [L|A]V[E 40.0 +/- 10.1
31 Ac-|QH[L[L|QLiTIvIw |X] [QlL|alAlR[I [L|A]V[E 40.0 +/- 8.9 ]
32 Ac-[QH[L[L{Q[LiTIvVIWax< [QlL|q{alR[I [L|A]VIE 65.7 +/- 12.6
33 Ac-[QH[LIL[Q[L[xx-x | Ti [K[Q[L|Q[a[R[1 [L|AlV]E 0% @ 200
34 Ac-[QH[L[L[Q[L[TIV] [xx] [QlL|q[a[RlI [L|AlV[E 27% @ 80
35 Ac-|ClE{A[QQH[L|L|alL[T[VIWG[C 10% @ 20
36 «n- [1|kiqLiqlAlR[I [L|A|V[E[R]Y{L[K|D[Q] [0% @ 100
37 (Kn-_[QL[TIVIWa]l [KlalL[Q[AlR]l 0% @ 100
38 [Ac-|dL[TIVIWGEI [K|aiL[QlAlR]I 0% @ 100

a#, 1% DMSO/PBS; ##, 2% DMSO/PBS. All values are expressed in uM and represent an average of two to three determinations. All
C-termini are amides, the N-acetylated termini are indicated by Ac (acetyl), and X refers to e-aminocaproic acid (Aca).

Figure 1. Helical wheel representation of the coiled-coil dimer
of gp41(555—590)-NH;, (ref 13).

framework, they may not be directly involved in recog-
nition within the coiled-coil dimer. Substantial

inhibitory potencies of both analogues 17 and 18 are
thus consistent with the model of gp41 dimer, which is
derived on the basis of disulfide equilibration experi-
ments.13

Role of Hydrophobic Interactions. The trans-
membrane character of gp4122 prompted us to hypoth-
esize that hydrophobic residues anchored to gp41 frag-
ments could enhance the inhibitory potency of the
resulting conjugates. We incorporated Aca and Atd (e-
aminocaproic acid and a-aminotetradecanoic acid, re-
spectively) to selected fragments of gp41. Consequently,
we found that Aca-gp41(565—581)-NH; (13; Table 1)
was more potent (ICsp = 10.4 uM) than related com-
pound 12 (30% at 20 uM). Shorter sequences, such as
Aca-gp41(566—580)-NH> (19) and Aca-gp41(567—580)-
NH, (20), were characterized by substantially lower
inhibitory activities of 33% and 11% at 40 uM, respec-
tively (Table 1).

We further examined this approach by designing and
synthesizing Ac-(L/D)-Atd%72-gp41(573—590)-NH, (21),
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Ac-(L/D)-Atd572-gp41(573—590)-NH; (22), Ac-(L/D)-Atd562-
gp41(563—590)-NH;, (23), Ac-(L/D)-Atd>%2-gp41(563—
590)-NH; (24), and Ac-(L,D)-Atd>%2-gp41(553—590)-NH,
(25). In all the cases, with the exception of 25 and 29,
we were able to separate the diastereomers using Cig
reverse phase chromatography, but at this stage we did
not attempt to determine their configurations.

The parent compound gp41(573—590)-NH; (5) and
one pure diastereomer (22) were completely inactive (0%
inhibition at 20 uM); however, the corresponding dia-
stereomer 21 was a weakly potent (9% at 20 uM)
inhibitor. Similarly, one Atd-derivatized diastereomer
(24) was inactive (0% at 20 uM), whereas the other
diastereomer, 23, had a modest 15% inhibition at 8 uM
(low solubility of this compound precluded testing at
higher concentrations), not unlike its parent compound
gp41(563—590)-NH, (26; Table 1).

We were unable to separate the diastereomers of L,D-
Atd®52-gp41(553—590)-NH; (25), which was a strong
inhibitor of HIV-1 with an ICsg of 4.4 uM, similar to its
parent compound 1. Shorter fragments of Atd-contain-
ing gp41 were also synthesized and tested. The sepa-
rated diastereomer L- (or p)-Atd>%6-gp41(567—580)-NH,
(27) had an ICsg of 8.9 uM, while the other diastereomer
28 had much lower inhibitory potency, 32% atl6 uM.
Their parent compound 15 was ineffective with 0%
inhibition at 20 uM. In agreement with the above, a
diastereomeric (not separable) mixture, L,D-Atd%65-
gp41(566—580)-NH> (29), inhibited 37% of HIV-1 rep-
lication at 6.4 uM, while the parent compound 14
inhibited only 21% at much higher (100 M) concentra-
tion (Table 1). Several conclusions can be drawn from
these results. First of all, attachment of hydrophobic
Atd residue increases the inhibitory potency of only
short fragments of gp41 (e.g., 27 and 28 vs parent 15).
This enhancement is much less pronounced in medium
size sequences (23 and 24 vs parent 26), and it com-
pletely disappears for the full-length 25, which is
practically equipotent to parent 1. The Atd-mediated
enhancement of binding suggests a certain degree of
receptor specificity. This is further supported by the
finding that only one separable diastereomer exhibits
a significant enhancement of its inhibitory potency over
the parent compound and over the other diastereomer
(e.g., 27 and 28 vs parent 15). This phenomenon could
reflect the importance of proper screw sense of Atd-
containing diastereomers for the maximum interaction
with the receptor. This differential (between both
diastereomers) effect decreases as the peptide length
increases (compare 27 and 28 vs 21 and 22). Interest-
ingly, within pairs of diastereomers 21,22, 23,24, and
27,28, it is always the lower C;g HPLC retention time
diastereomer which also is more potent in the HIV-1
assay. Consequently, the overall hydrophobicity of the
Atd analogue is not the exclusive factor responsible for
increased potency of these analogues.

Tethered Fragments of gp4l. Finally, we at-
tempted to reduce the peptidic nature of the active
fragments of gp41(563—584) (9) by replacing central
amino acids with Aca linkers (Table 1). Such substitu-
tion usually disrupts the a-helical character of peptides,
but the resulting compounds conceivably still could
assume a-helical conformation by induced-fit interaction
with the receptor. Flexibility of the Aca linker makes
exact structural comparisons difficult, but arguably each
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Aca replaces about two o-amino acids. Our reference
compound for this series is Ac-gp41(563—584)-NHjy, 9,
with 1Csp = 4.3 uM. One of the most active inhibitors
(ICs0 = 40 uM) in this series, Ac-gp41(563—572)-Aca-
gp41(575—584)-NH, (30) (which we labeled 10/10 with
10 residues attached to each N- and C-terminal of the
Aca linker), was obtained by replacing central dipeptide
isoleucine-lysine (IK) by Aca. Similarly, replacement
of tripeptide glycine-isoleucine-lysine, GIK, by Aca as
in Ac-gp41(563—571)-Aca-gp41(575—584)-NH,, 31 (9/10
system with 9 residues attached to the N-terminus and
10 amino acids attached to the C-terminus of the Aca
linker), resulted in only moderate decrease of its potency
(ICs0 = 40 uM) relative to 9 (Table 1). Attempts to
replace IK by two Aca residues instead of one, as in 30,
resulted in essentially equipotent analogue 32 (10/10)
with ICsp = 66 uM. More extensive replacement of the
tetrapeptide TVWG by a string of three Aca residues
resulted in inactive Ac-gp41(563—568)-Acaz-gp41(573—
584)-NH;, 33. Compounds 30—32 all contain two 9—10-
amino acid long domains. Compound 33 (6/12), in
addition to longer domain 573—584, contains only a
short N-terminal sequence with low a-helical potential.
Consequently, overall propensity of 33 to form the
secondary structure is low. By shifting the double Aca
linker along the peptide chain back to central location,
as in (8/10) Ac-gp41(563—570)-Aca-gp41(576—584)-NH,
(34), we were able to recover the inhibitory potency back
to micromolar level (Table 1).

In summary, we were able to replace parts of the gp41
sequence with nonpeptidic linkers when both Aca-
connected domains were of a sufficient length (9—10
amino acids). We interpret this requirement as evi-
dence for cooperativity between both Aca-bound peptide
domains in either 30—32 and 34 but not in 33. This
conclusion is supported by comparison of relatively
potent 30 and 31 with inactive 5 and 35, both of the
latter being longer than any of the single helical
domains in 30 and 31. While a single 9—10-amino acid
long domain from gp41 is not inhibitory, two such
domains conjugated to a flexible linker result in com-
pounds inhibitory to HIV-1.

Mechanism and Specificity of Action. In light of
results obtained by Srinivas with amphiphilic pep-
tides,?® we sought an independent confirmation that
gp41 fragments indeed inhibited HIV-1 by target spe-
cific mechanism and not by disruption of the MT4
cellular membrane. We investigated 1 in both HSV-1
and HSV-2 cellular assays, in which Srinivas et al.
found inhibitory properties of several amphiphilic pep-
tides, such as DWLKAFYDKVAEKLKEAF (18A).28
While standard HSV—inhibitor acyclovir had an ex-
pected EDsg of 5.3 uM, in the same assay 1 had no
activity at concentrations as high as 100 uM. We also
tested 18A in HIV-1-infected MT4, again detecting no
activity at 100 uM. Compound 18A was very toxic, with
only 80% of cells surviving at 12.8 uM and only 5%
remaining at 200 uM. This is in a stark contrast to
peptide 1, which had only minimal toxicity at 200 uM.
Low toxicity of 1 and the above results support our view
that the gp41 fragments interact with a specific mac-
romolecular target.

Circular Dichroism (CD) Studies. We next at-
tempted to correlate the observed inhibitory potencies
of our key analogues with their secondary structures.
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Figure 2. CD spectra of 4 uM gp41(553—590)-NH; (1; —), 28
uM gp41(573—590)-NH; (5; :-+), and 15 uM gp41(567—580)-
NH; (15; — — —) at 22 °C. CD spectra were obtained in (A) 10
mM sodium phosphate/150 mM sodium chloride, pH 7.0 (PBS),
or (B) 30% trifluoroethanol/70% PBS.

CD spectra of several gp4l peptides were obtained
under physiological conditions (Figure 2A). A consider-
able amount of secondary structure for peptide 1 (gp41-
(553—590)-NH;) was observed in PBS (phosphate-
buffered saline) at 22 °C with two negative maxima at
222 and 208 nm, characteristic of helical structure. The
molar ellipticity value at 222 nm (—18 160 deg cm?
dmol~1) corresponded to a value of approximately 50%
helical content.?* In contrast, the CD spectra of peptides
5 (gp41(573—590)-NH>) and 15 (gp41(567—580)-NHy) in
PBS (Figure 2A) contained minor negative maxima at
222 nm, corresponding to predominantly unfolded forms
(5% of helical form each). Upon addition of TFE
(trifluorethanol; Figure 2B), an increase in helicity was
observed for all three peptides, to approximately 70%
for 1 and 20—25% for the other two peptides (5 and 15).

In summary, while both 5 and 15 are not helical in
PBS, they are amenable to conformational transition,
e.g., in 30% TFE/PBS. Compounds 5 and 15 are
virtually inactive, but their respective Atd conjugates
21 and 27 exhibit consistent inhibition. One cannot
exclude the possibility that an Atd residue anchors gp41
peptides to its receptor, which results in induction of
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Figure 3. Structure of 1,5,7-trimethyl-2,4-dioxo-3-azabicyclo-
[3.3.1]nonane-7-carbonyl fluoride.

o-helical conformation in 27 and 21. In this regard,
proline-substituted 1 (DP-121), unlike 1, is inactive in
MT4 cell assay and has no detectable a-helical struc-
ture.l9 Taken together, the available data strongly
suggest that gp41 fragments interact via a-helical motif.

Analogues That Incorporate Kemp’s Triacid. In
our final group of compounds reported herein, we
attempted to explicitly induce the a-helicity in short
fragments in gp41 by use of helix nucleators. Although
several helical nucleators or methods to stabilize the
helical conformation have been proposed, many of them
require multistep synthesis or are not sufficiently
general.?®

Our molecular modeling studies suggested that the
axial carbonyl groups of the Kemp's triacid?® should be
able to form bifurcated hydrogen bonds with amide
hydrogens of the helical peptide chain covalently at-
tached to it, thus stabilizing the o-helix. To simplify
the chemistry leading to the peptide—Kemp triacid
conjugate, we protected two carboxyl groups as an imide,
while the third carboxyl group was used for attachment
of the peptide. Two conjugates were synthesized by
reacting the appropriate resin-bound peptide fragments
with Kemp’s imide (Figure 3), coined here as Ki (1,5,7-
trimethyl-2,4-dioxo-3-azabicyclo[3.3.1]nonane-7-car-
bonyl fluoride), resulting in (Ki)-gp41(573—590)-NH,
(36) and (Ki)-gp41(567—580)-NH, (37). Both com-
pounds were inactive in the HIV-1 inhibition assay
(Table 1), as were related 5, 15, and Ac-gp41(567—580)-
NH, (38). Using CD, we then investigated whether
attachment of Kemp’s imide to peptide fragments
induced helicity in 37. We found very little difference
between CD spectra of 37 and 38 (Ac-gp41(573—590)-
NHy; Figure 4). Thus, Kemp’s imide failed to induce
noticeable secondary structure, as evidenced by CD and
consistent with biological properties of 36 and 37. We
continue our studies directed toward enhancing helical
contents in peptides using positional isomers of Kemp’s
triacid.

Conclusions

Discovered in 1988,27 the leucine-zipper motif is
implied in activity of many enzymes and receptors.
Surprisingly, there are only a few accounts that utilize
this motif in drug design. As an exception, HSV
ribonucleotide reductase (RR)-derived subunit interface
fragment YAGAVVNDL was successfully converted into
a potent and cell-permeable tetrapeptide inhibitor,
which acts by mediating the HSV-RR subunit dissocia-
tion.1® Our own efforts resulted in synthesis of penta-
and heptadecamers 27 and 13, which were essentially
equipotent to the 38-mer gp41(553—590), 1. Both
peptides are significantly shorter (about two heptads
long) than the shortest linear peptide so far reported to
form a leucine-zipper dimer, which involved at least
either three (covalent disulfide)?® or four heptads.!?
While not helical itself, it is conceivable that short
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Figure 4. CD spectra of 49 uM N-terminally acetylated gp41-
(567—580)-NH; (38; —) and 55 uM Kemp’s imide conjugate of
gp41(567—580)-NH; (37; +++) in 20 mM sodium phosphate, pH
7.0, at 22 °C.

peptide 27, with its high propensity toward the a-helix
(compare parts A and B, Figure 2, for compound 15)
assumes the secondary structure during the interaction
with its receptor. Further efforts are underway to
conformationally preorganize and optimize the structure
of 27. In a separate report, we investigated the nature
of the helical interface used by 1 in the coiled-coil of
gp41.2 Our working hypothesis assumed that the
inhibitory potency of 1 was related to its ability to
competitively interact with viral dimeric gp4l trans-
membrane protein. We concluded that both chains in
gp41 dimer interacted primarily by utilizing amino acids
on positions g and d as their (hydrophobic) major
contacts. Positions ¢ and a in this model (Figure 1)
constitute secondary sites with salt bridges formed
between two pairs of arginine and glutamic acid. The
structure—activity relationship (SAR) results discussed
here allow us to superimpose this model with the
sequence of inhibitory peptide 27, thus providing the
information about the size and the sequence of the
minimal dimeric surface utilized by the gp41 dimer. We
anticipate that this information will be instrumental in
further design of nonpeptidic blockers of gp41.2°

The mechanism of action of gp41(553—590) (1) is not
entirely understood. One possibility involves interaction
of 1 with the viral gp41 coiled-coil region,3°3! somewhat
analogous to the interaction of single-stranded DNA
with DNA dimer.32 The second possible mechanism
implicates gp41(576—592), also termed CS3, in interac-
tions with its putative 45- and 80-kDa receptor proteins
on human cells, resulting in viral entry/fusion.3334 A
compelling evidence that gp41(558—595) and its frag-
ments inhibit HIV-1 in a specific manner was recently
disclosed by Matthews et al.3> A series of recombinant
mutants of gp41(540—686), M41, was prepared. Shorter
fragments of M41, gp41(558—595) and gp41(643—678),
exhibited inhibitory properties in MT4 assay (ICgo = 1
uM and 1 nM, respectively). In addition, both associated
with each other in vitro. On the other hand, a covalent
hybrid containing both gp41(558—595) and gp41(643—
678) had virtually no inhibitory potency in MT4 assay
(ICg0 >50 uM). This loss of potency, as compared with
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Figure 5. Structure of the transient biotinylation reagent
used in the affinity purification of some analogues of gp41.

properties of the individual fragments, could indicate
that it is the intramolecular association of both sites,
which essentially makes each of them unavailable for
interaction with virus-infected MT4 cells. Accordingly,
a single amino acid substitution (11e578P) in M41 (M41-
P) resulted in ICyy of 80 NM. A plausible explanation
involves helix-breaking properties of Pro, which disrupt
the secondary structure of gp41(558—595) and abolish
its association with gp41(643—678). The latter is then
liberated from the binary complex, making it available
for interaction with virus-infected MT4. This results
in over 1000-fold increase in inhibitory potency of M41-P
over M41, which points to highly specific interactions
mediated by gp41.

The fact that selected gp41 analogues of very distinct
primary sequences inhibit HIV-1 in MT4 cells suggests
a mechanism of inhibition which utilizes either a-helical
character of gp41 fragments or their high propensity to
assume a-helical (receptor-induced) conformation. We
also attempted to determine if gp41 had activity in other
biological systems. In this regard we were unable to
detect any interaction of gp4l fragments with intra-
cellular effectors such as viral protease inhibitors.

Experimental Section

All the peptide synthesis reagents were from Perkin Elmer
(San Francisco, CA) and Bachem (Torrance, CA). Other
reagents were from Aldrich, except Boc-Atd (Dr. W. Gibbons,
London). The Atd used in synthesis of 21—25 and 27—29 was
racemic, and so the resulting peptides were diastereomers. In
all the cases, except 25 and 29, it was possible to separate the
diastereomers by HPLC. No further attempt was made to
characterize the configuration of Atd in peptides. Some of the
herein described analogues were purified to homogeneity by
the new affinity reagent (Figure 5) that we recently developed,
and the related chemistry and purification details will be the
subject of a separate publication.®® Briefly, the reagent was
used to transiently derivatize the free N-terminal of resin-
bound peptide. The conjugate, as well as N-acetylated trun-
cated peptides, was then cleaved from the resin and filtered
through an avidin column, which would retain only the
biotinylated full-length peptide, while the truncated peptides
were eluted from the column. Next, the column was washed
with guanidine hydrochloride and the eluent treated with
piperidine, resulting in a free peptide of high purity.

Peptide Synthesis. Peptide 18A (DWLKAFYDKVAEK-
LKEAF) was purchased from Peptides International. All the
new peptides were synthesized on 431 ABI synthesizer using
the Fmoc/But (10 equiv) protocol on a 0.1 mM scale. Rink
amide resin was used as a solid support. The coupling was
mediated by HBTU (2-(1H-benzotriazol-1-yl)-1,1,3,3-tetra-
methyluronium hexafluorophosphate) and HOBt (N-hydroxy-
benzotriazole) in NMP (N-methylpyrrolidone) for 9 min fol-
lowed by acetic anhydride capping (1 M acetic anhydride/NMP/
HOBt) and Fmoc deprotection by 20% piperidine in NMP (two
treatments, total of 7 min). When shown (Table 1), the
N-terminal amine was acetylated by 1 M acetic anhydride/
NMP/HOBt. The final dry resin was treated with 50 mL of
thioanisole/dithioethane/anisole/trifluoroacetic acid (5:3:2:90,
v/v) for 3 h and the cleaved resin filtered off. Cold ethyl ether
(200 mL) was then added to the filtrate, resulting in a white
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precipitate that was filtered off and dried in vacuo. The crude
peptides were purified to homogeneity on a C;5 reverse phase
HPLC column using Vydac #218TP1022 Cis RP, flow 18 mL/
min, 0—100% B/30 min, binary gradient of B:0.1% TFA in
acetonitrile and A:0.1% TFA in water, 220 nm. All the pure
peptides gave correct amino acid analyses and molecular
masses by either FABMS or electrospray.

Antiviral Activity Assay in MT4 Cells. Antiviral HIV
activity and compound-induced cytotoxicity were measured in
parallel by means of a propidium iodide-based procedure in
MT4 cells. Aliquots of the peptide compounds were serially
diluted in medium (RPMI 1640, 10% fetal calf serum (FCS),
and gentamycin) in 96-well plates (Costar 3598) using a Cetus
Pro/Pette instrument. Exponentially growing MT4 cells were
harvested and centrifuged at 1000 rpm for 10 min in a Jouan
centrifuge (model CR 4 12). Cell pellets were resuspended in
fresh medium (RPMI 1640, 20% FCS, 20% IL-2, and genta-
mycin) to a density of 5 x 10° cells/mL. Cell aliquots were
infected by the addition of HIV-1 (strain 111B) and diluted to
give a viral multiplicity of infection of 100 x TCIDsg. A similar
cell aliquot was diluted with medium to provide a mock
infected control. Cell infection was allowed to proceed for 1 h
at 37 °C in a tissue culture incubator with humidified 5% CO,
atmosphere. After the 1-h incubation, the virus/cell suspen-
sions were diluted 6-fold with fresh medium, and 125 uL of
the cell suspension was added to each well of the plate
containing prediluted compound. Plates were then placed in
a tissue culture incubator with humidified 5% CO, for 5 days.
At the end of the incubation period, 27 uL of 5% Nonidet-40
was added to each well of the incubation plate. After thorough
mixing with a Costar multitip pipetter, 60 L of the mixture
was transferred to filter-bottomed 96-well plates. The plates
were analyzed in an automated assay instrument (Pandex
screen machine, Baxter Biotechnology Systems). The assay
makes use of a propidium iodide dye to estimate the DNA
content of each well. The antiviral effect of a test compound
is reported as an ICsg, i.e., the inhibitory concentration that
would produce a 50% decrease in the HIV-induced cytopathic
effect. This effect is measured by the amount of test compound
required to restore 50% of the cell growth of HIV-infected MT4
cells, compared to uninfected MT4 cell controls.

CD Measurements. CD spectra were obtained using a
Jasco J-720 spectropolarimeter over the wavelength range
280—185 nm with a step resolution of 0.5 nm at 50 nm/min in
a 0.5-cm cell at room temperature (22 °C). Eight scans were
added per spectrum, and a base-line spectrum was subtracted
for each sample. Results are expressed in terms of mean
residue ellipticity (®) in units of deg cm?dmol. The helical
contents were calculated by the literature method.?

Syntheses of Kemp Acid—gp41 Conjugates. These were
accomplished by reacting the appropriate peptide fragments
attached to resin with 3-fold excess of 1,5,7-trimethyl-2,4-dioxo-
3-azabicyclo[3.3.1]nonane-7-carbonyl fluoride. The latter was
prepared by reacting 0.239 g (1 mM) of 1,5,7-trimethyl-2,4-
dioxo-3-azabicyclo[3.3.1]Jnonane-7-carboxylic acid, prepared ac-
cording to the literature reference,?® with 2 equiv of cyanuric
fluoride and 1 equiv of pyridine in tetrahydrofuran for 6 h.
Following aqueous workup and C,s chromatography, the final
1,5,7-trimethyl-2,4-dioxo-3-azabicyclo[3.3.1]Jnonane-7-carbon-
yl fluoride was obtained in 67% yield: *H NMR (CDCls) 6 8.05
(s, 1H), 2.54 (d, 3 = 13.9 Hz, 2H), 2.04 (d, J = 13.4 Hz, 2H),
1.39 (d, J = 13.4 Hz, 2H), 1.36 (s, 3H, CH3), 1.30 (dd, 3 = 3.7,
13.9 Hz, 2H), 1.26 (s, 6H, 2 x CHg); **C NMR (CDCl3) 23.94
(CH3), 29.50 and 29.46 (CHg, d, split by F), 39.85 (Cq), 41.54
and 42.13 (d, Cq, split by F), 43.32 (CHy), 43.52 (2 x CH)),
163.22 and 168.18 (CO, d, split by F), 175.51 (CO). Anal.
(C12H16N103F1) C,H,N,F.

Fast Atom Bombardment (FAB). The compounds were
analyzed using a VG 70SQ mass spectrometer with fast atom
bombardment source using cesium ion gun operating at 7 kV
in the positive ion mode. The sample was first dissolved in
methanol and mixed with 5:1 (w:w) dithiothreitol and dithio-
erythritol.

Electrospray Analysis. This was performed on a PE/Sciex
API 111 mass spectrometer using an ionspray source operating
in the positive ion mode at a voltage of 75 eV. The sample
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was dissolved in acetonitrile/water and introduced into the
source by flow injection into a mobile phase of acetonitrile at
a flow rate of 100 uL/min.

HPLC conditions (unless mentioned otherwise):
HPLC(1) Vydac #218TP54 C,5 RP, flow 1.5 mL/min, 0—100%
B/30 min, binary gradient of B:0.1% TFA in acetonitrile and
A:0.1% TFA in water, 220 nm; HPLC(2) YMC-Pack ODS-A 250
x 4.6 mm i.d. S-5 um, 120 A, flow 1.5 mL/min, 0—70% B/30
min, binary gradient of B:0.1% TFA in acetonitrile and A:0.1%
TFA in water, 220 nm.

Capillary zone electrophoresis conditions: (1) 16 kV,
monitored at 210 nm, 75 mm x 40 cm bare silica gel capillary,
50 mM HSA, 20 mM phosphoric acid, pH 2.1; (2) monitored
at 210 nm, 50 mm x 40 cm silica gel capillary, 10 mM
phosphate, 5 mm sodium borate, 50 mm SDS; (3) 10 kV,
monitored at 200 nm, 50 mm x 50 cm bare silica gel capillary,
50 mM HSA, 20 mM phosphoric acid, pH 2.03. The percent
purity was determined from integration of HPLC(1) chromato-
grams.

Amino Acid Analyses. AAA were performed on a Beck-
man 6300 instrument with postcolumn (ion exchange) ninhy-
drin derivatization. Samples were hydrolyzed in 6 N HCI/1
% phenol for 1 h at 150 °C. For tryptophan determination,
the peptide was hydrolyzed in 4 N methanesulfonic acid at
110 °C for 18 h.

1, (H)-gp41(553—590)-NH,: MS 4483.0 (4481.5); trpLcq) =
12.2 min; gradient 10—60% B/10 min + 60—90% B/3min, 220
nm, flow 2.5 mL/min, Vydac Cis 8 cm x 10 cm; yield 36.1%.

2, Ac-CGG-gp41(559—590)-NHz: AAA Cya 0.96 (1), Asx
1.17 (1), Thr 0.88 (1), Glx 8.15 (8), Gly 2.62 (3), Ala 3.07 (3),
Val 2.17 (2), lle 2.83 (3), Leu 6.08 (6), His 0.97 (1), Tyr 1.09
(1), Lys 2.03 (2), Arg 2.08 (2); MS 4061 (4059.2); tupLcy = 17.80
min, tupLce) = 27.7 min; purity 96.1%; yield 29.0%.

3, Ac-desHis®%*-gp41(559—590)-NH,: AAA Asx 0.98 (1),
Thr 0.87 (1), Glx 7.30 (8), Gly 1.99 (1), Ala 2.72 (2), Val 1.76
(2), le 2.17 (3), Leu 5.27 (5), Tyr 0.92 (1), Lys 1.64 (2), Arg
1.74 (2), Trp 0.63 (1); MS 3706 (3706); tupLca) = 19.3 min,
thpLce) = 26.7 min; purity 96.3%; yield 28.3%.

4, Ac-CGG-gp41(566—590)-NH,: AAA Asx 1.31 (1), Glx
4.27 (4), Gly 1.92 (2), Ala 2.06 (2), Val 1.18 (1), lle 1.49 (2),
Leu 3.02 (3), Tyr 1.01 (1), Lys 1.82 (2), Arg 1.92 (2); MS 3240.9
(3239.8); thpLc@ = 19.3 min, tupice) = 26.8 min; purity 96.0%;
yield 18.5%.

5, (H)-gp41(573—590)-NHz: AAA Asx 1.30 (1), GIx 4.55 (4),
Ala 2.12 (2), Val 1.02 (1), lle 1.14 (2), Leu 2.66 (3), Tyr 1.07
(1), Lys 1.90 (2), Arg 2.23 (2); MS 2184.68 (2183.3); trpLca) =
12.23 min, tczeq) = 11.6 min; purity 94.8%; yield 26.7%.

6, Ac-[AlaS81-583585-588  Ada(1)584, Asp5e, Lys59]-gp4l-
(553—590)-NH,: AAA Asx 2.91 (3), Thr 0.92 (1), GIx 6.41 (6),
Gly 1.10 (1), Ala 9.79 (10), Val 1.06 (1), lle 2.84 (3), Leu 6.05
(6), His 1.01 (1), Lys 1.92 (2), Arg 2.01 (2); MS 4253 (4250.34);
thpLc = 16.7 min, tupLce) = 23.1 min; purity 99.5%; yield 3.5%.

7, (H)-gp41(553—584)-NH;: AAA Asx 1.96 (2), Thr 0.89 (1),
Glx 7.37 (7), Gly 1.10 (1), Ala 4.00 (4), Val 2.13 (2), lle 2.76
(3), Leu 6.96 (7), His 0.98 (1), Lys 0.96 (1), Arg 1.89 (2), Trp
0.65 (1), MS 3681 (36781), tHPLC(l) =17.0 min, tHPLC(Z) =239
min; purity 98.4%; yield 23.4%.

8, Ac-CGG-gp41(553—575)-NH;: AAA Cya 1.12 (1), Asx
1.74 (2), Thr 1.01 (1), Glx 5.54 (5), Gly 2.73 (3), Ala 2.01 (2),
Val 1.10 (1), lle 1.88 (2), Leu 5.12 (5), His 0.87 (1), Lys 1.05
(l), Arg 0.92 (l), Trp 0.91 (l), MS 2944 (29436), thpLc) = 15.3
min; tupLce) = 20.6 min; purity 94.7%; yield 23.6%.

9, Ac-gp41(563—584)-NHy: AAA Thr 0.94 (1), GIx5.52 (5),
Gly 1.04 (1), Ala 2.15 (2), Val 2.01 (2), lle 1.58 (2), Leu 5.11
(5), His 1.01 (1), Lys 0.73 (1), Arg 0.95 (1), Trp 0.96 (1); MS
2598 (25975), tHPLC(l) =17.6 min, tHPLC(Z) =247 min; purity
98.1%; yield 39.6%.

10, Ac-CGG-gp41(559—575)-NH,: AAA Cya 0.91 (1), Thr
0.98 (1), GIx 5.25 (5), Gly 2.72 (3), Ala 0.96 (1), Val 1.03 (1),
lle 1.80 (2), Leu 3.22 (3), His 1.01 (1), Lys 1.03 (1); MS 2262.3
(2262.2); thpLcy = 13.7 min, tupLce) = 18.6 min; purity 95.3%;
yield 22.3%.

11, Ac-gp41(559—584)-NH,: AAA Thr 0.99 (1), GIx 6.75 (7),
Gly 1.20 (1), Ala 3.20 (3), Val 2.23 (2), lle 2.67 (3), Leu 5.09
(5), His 1.06 (1), Lys 0.83 (1), Arg 0.85 (1), Trp 0.81 (1); MS
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3041 (30388), tHPLC(l) = 17.5 min, tCZE(S) = 21.5 min, tHPLC(Z) =
24.7 min; purity 95.3%; yield 31.4%.

12, Ac-CGG-gp41(565—581)-NH,: AAA Cys 1.23 (1), Thr
0.92 (1), GIx 3.24 (3), Gly 3.00 (3), Ala 1.08 (1), Val 1.14 (1),
lle 1.81 (2), Leu 4.85 (5), Lys 0.98 (1), Arg 0.75 (1); MS 2251
(2250.3); thpLc) = 18.7 min, tupLce) = 28.2 min; purity 96.7%;
yield 27.1%.

13, Aca-gp41(565—581)-NH.: AAA Thr 0.90 (1), Glx 3.18
(3), Gly 1.08 (1), Ala 1.10 (1), Val 1.11 (1), lle 1.77 (2), Leu
4.91 (5), Lys 0.94 (1), Arg 1.02 (1); MS 2105.7 (2104); thpLcq)
= 17.3 min, tupLce = 25.4 min; purity 96.7%; yield 33.8%.

14, (H)-gp41(566—580)-NH;: AAA Thr 0.93 (1), GIx 3.15
(3), Gly 1.31 (1), Ala 1.13 (1), Val 1.05 (1), lle 1.71 (2), Leu
2.99 (3), Lys 0.86 (1), Arg 0.87 (1); MS 1765.6 (1765.1); thpLcq)
= 12.6 min, tczeq) = 11.5 min; purity 95.5%; yield 28.2%.

15, (H)-gp41(567—580)-NH;: AAA Thr 0.90 (1), GIx 3.14
(3), Gly 1.15 (1), Ala 1.05 (1), Val 1.18 (1), lle 1.68 (2), Leu
2.04 (2), Lys 0.93 (1), Arg 0.92 (1); MS 1653.4 (1652.0); thpLc()
= 11.9 min, tczeqy = 11.1 min; purity 97.6%; yield 36.9%.

16, Ac-Alad%6563-gp41(553—590)-NH,: AAA Asx 2.98 (3),
Thr 0.93 (1), GlIx 7.44 (7), Gly 1.13 (1), Ala 6.07 (6), Val 2.24
(2), lle 2.60 (3), Leu 7.06 (7), Lys 1.77 (2), Arg 2.89 (3), Trp
0.84 (l), MS 4427 (4424), tHPLC(l) =17.7 min, tHPLC(Z) = 25.6
min; purity 95.0%; yield 14.1%.

17, Ac-Ala 574,575.578,581,582,585,588.589_gp41(553_590)_NHz: AAA
Asx 1.94 (2), Thr 0.89 (1), Glx 7.35 (7), Gly 1.01 (1), Ala 9.78
(20), Val 2.05 (2), lle 2.90 (3), Leu 6.97 (7), Tyr 1.09 (1), His
1.00 (1), Arg 2.02 (2), Trp 0.69 (1); MS 4183 (4181.3); trpLcq)
= 18.9 min, thpLce = 28.0 min; purity 94.2%; yield 8.1%.

18, AC'Ala 563,566,567,570,573,574,577,580,581,584,587,588_9p41_
(5653—590)-NH,: AAA Asx 1.82 (2), Thr 0.86 (1), Glx 6.24 (6),
Gly 1.00 (1), Ala 13.31 (13), Val 2.06 (2), lle 2.84 (3), Leu 5.91
(6), Tyr 1.06 (1), Arg 1.91 (2); MS 3904 (3901.2); thpLcqy = 19.1
min, thpLce) = 27.9 min; purity 94.7%; yield 4.7%.

19, (H)-Aca®%®-gp41(566—580)-NH,: AAA Thr 1.01 (1), GIx
2.73 (3), Gly 1.06 (1), Ala 1.31 (1), Val 1.16 (1), lle 1.52 (2),
Leu 2.57 (3), Lys 0.83 (1), Arg 0.79 (1); MS 1879.6 (1878.1);
tHPLC(l) =135 min, tCZE(l) =12.1 min, tHPLC(Z) =18.9 min; purity
95.9%; yield 28.1%.

20, (H)-Aca®®¢-gp41(567—580)-NH.: AAA Thr 0.93 (1), GIx
3.25 (3), Gly 1.13 (1), Ala 1.08 (1), Val 1.04 (1), lle 1.72 (2),
Leu 1.92 (2), Lys 0.93 (1), Arg 0.95 (1); MS 1766.0 (1765.1);
tHPLC(l) =12.3 min, tCZE(l) =11.4 min; pUl’ity 99.1%; yleld 26.5%.

21, (H)-(L/D)-Atd572-gp41(573—590)-NH,: AAA Asx 1.17 (1),
Glx 4.34 (4), Ala 2.06 (2), Val 1.08 (1), lle 1.52 (2), Leu 2.88
(3), Tyr 0.93 (1), Lys 2.06 (2), Arg 1.95 (2); MS 2410 (2408.5);
tHPLC(l) =16.9 min, tHPLC(Z) = 23.8 min, tCZE(l) =16.4 min; pUI’ity
98.1%; yield 8.3%.

22, (H)-(L/p)-Atd572-gp41(573—590)-NHy: AAA Asx 1.50 (1),
Glx 4.05 (4), Ala 1.55 (2), Val 0.93 (1), lle 1.47 (2), Leu 2.86
(3), Tyr 1.29 (1), Lys 2.13 (2), Arg 2.22 (2); MS 2409.5 (2408.5);
thpLc) = 18.3 min, tezeq = 17.6 min, thpLce) = 26.3 min; purity
97.7%; yield 8.9%.

23, (H)-(L/D)-Atd®®2-gp41(563—590)-NH,: AAA Asx 1.05 (1),
Thr 0.96 (1), Glx 6.31 (6), Gly 1.19 (1), Ala 2.19 (2), Val 1.84
(2), lle 1.42 (2), Leu 5.95 (6), Tyr 0.99 (1), Lys 1.92 (2), Arg
2.10 (2), MS 3586 (35852), tHPLC(l) = 19.8 min, tCZE(Z) =171
min, tupLce) = 28.3 min; purity 96.4%; yield 12.1%.

24, (H)-(L/p)-Atd®2-gp41(563—590)-NHy: AAA Asx 1.13 (1),
Thr 0.87 (1), GlIx 6.24 (6), Gly 1.19 (1), Ala 2.36 (2), Val 1.78
(2), lle 1.47 (2), Leu 5.98 (6), Tyr 1.02 (1), His 1.08 (1), Lys
1.87 (2), Arg 2.01 (2); MS 3586.1 (3585.2); thpLcy = 20.2 min,
tezee = 17.1 min, tupLce) = 27.9 min; purity 93.9%; yield 11.7%.

25, (H)-(L,D)-Atd®>2-gp41(553—590)-NH,: AAA Asx 3.25 (3),
Thr 0.72 (1), Glx 8.15 (8), Gly 1.35 (1), Ala 4.03 (4), Val 1.55
(2), lle 2.88 (3), Leu 7.30 (8), Tyr 1.01 (1), His 1.19 (1), Lys
2.13(2), Arg 3.44 (3); MS 4709.5 (4706.76); thpLc) = 19.08 min,
tezee) = 16.60 min, thpLce) = 28.5 min; purity 95.6%; yield 9.6%.

26, (H)-gp41(563—790)-NH,: AAA Asx 1.20 (1), Thr 0.67
(1), GIx 6.76 (6), Ala 2.32 (2), Val 1.86 (2), lle 1.35 (2), Leu
5.85 (6), Tyr 0.97 (1), His 1.00 (1), Lys 1.82 (2), Arg 2.05 (2);
MS 3360 (3359), tHPLC(l) =16.1 min, tCZE(l) =13.2 min, tHPLC(Z)
= 22.5 min; purity 98.3%; yield 23.5%.

27, L,D-Atd>%¢-gp41(567—580)-NH2: AAA Thr 0.90 (1), GIx
3.32 (3), Gly 1.13 (1), Ala 1.09 (1), Val 0.93 (1), lle 1.74 (2),
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Leu 2.09 (2), Lys 0.87 (1), Arg 0.94 (1), Trp 0.88 (1); MS 1623.8
(1622.0); tupLczy = 16.8 min, tczee = 25.3 min; purity 98.4%;
yield 12.7%.

28, L/ID-Atd®%5-gp41(566—580)-NH,: AAA Thr 0.90 (1), GIx
3.23 (3), Gly 1.23 (1), Ala 1.08 (1), Val 1.00 (1), lle 1.73 (2),
Leu 3.00 (3), Lys 0.90 (1), Arg 0.94 (1); MS 1991.2 (1990.3);
thpLc) = 18.1 min, tupLce) = 24.6 min, teze = 25.0 min; purity
96.7%; yield 11.6%.

29, L/D-Atd®%5-gp41(566—580)-NH,: AAA Thr 1.13 (1), Glx
3.38 (3), Gly 1.15 (1), Ala 1.15 (1), Vval 0.97 (1), lle 1.78 (2),
Leu 3.10 (3), Lys 0.96 (1), Arg 0.99 (1); MS 1991.2 (1990.3);
thpLcy) = 18.9 min, thpicp) = 27.8 min; purity 95.9%; yield
14.7%.

30, Ac-gp41(563—572)-Aca-gp41(575—584)-NH,: AAA Thr
0.96 (1), GIx 4.75 (5), Gly 1.19 (1), Ala 1.97 (2), Val 2.19 (2),
Ile 1.26 (1), His 1.03 (1), Arg 0.80 (1); MS 2471 (2469.4); tupLcq)
=13.8 min, tczee) = 18.6 Min, tupLce) = 19.2 min; purity 99.3%;
yield 24.1%.

31, Ac-gp41(563—571)-Aca-gp41(575—584)-NHz: AAA Thr
0.90 (1), GIx 5.22 (5), Ala 2.09 (2), Val 2.05 (2), lle 0.89 (1),
Leu 4.85 (5), Lys 1.03 (1), Arg 0.96 (1); MS 2541 (2540.5);
thpLc = 13.7 min, tezey = 15.0 min; purity 96.2%; yield 23.9%.

32, Ac-gp41(563—572)-Aca,-gp41(575—584)-NH2: AAA
Thr 0.88 (1), GlIx 3.22 (3), Gly 1.06 (1), Ala 5.09 (5), Val 2.09
(2), lle 1.66 (2), Lys 0.90 (1), Arg 1.00 (1); MS 2582 (2582.1);
tHPLC(l) =135 min, tCZE(Z) =18.7 min, tHPLC(Z) =18.9 min; purity
98.0%; yield 18.7%.

33, Ac-gp41(563—568)-Acas-gp41(573—584)-NH2: AAA
Glx 4.82 (5), Ala 2.11(2), Val 1.13 (1), lle 1.98 (2), His 1.12 (1),
Lys 1.15 (1), Arg 0.96 (1); MS 2494.6 (2494.6); tupLcq) = 13.5
min, tcze = 15.8 min; purity 98.6%; yield 14.5%.

34, Ac-gp41(563—570)-Acar-gp41(575—584)-NHz: AAA
Thr 0.97 (1), GIx 5.22 (5), Ala 2.12 (2), Val 1.78 (2), lle 0.96
(1), Leu 4.94 (5), His 0.99 (1), Arg 1.02 (1); MS 2339 (2339.4);
thpLc = 12.9 min, tezey = 20.5 min; purity 94.6%; yield 17.4%.

35, Ac-[Cys]®%9573-gp41(559—573)-NH,: AAA Cya 2.39 (2),
Thr 0.84 (1), GIx 4.99 (5), Gly 1.05 (1), Ala 1.00 (1), Val 1.16
(1), Leu 2.72 (3), His 0.89 (1), Lys 0.96 (1); MS 2026.3 (2025);
tHPLC(l) = 12.3 min, tHPLC(Z) = 16.9 min; purity 967%, yleld
17.6%.

36, (Ki)-gp41(566—583)-NH,: AAA Asx 1.14 (1), GlIx 4.25
(4), Ala 2.10 (2), Val 1.13 (1), Leu 2.93 (3), Tyr 0.92 (1), Lys
1.99 (2), Arg 2.03 (2), MS 2405.2 (24044), thpLc) = 14.3 min,
tHPLC(2) = 19.8 min; purity 97.2%; yleld 32.3%.

37, (Ki)-gp41(560—573)-NH2: AAA Thr 0.91 (1), GlIx 3.07
(3), Gly 1.08 (1), Ala 1.08 (1), Val 1.00 (1), Leu 2.03 (2), Lys
0.97 (l), MS 1874.8 (18731), tHPLC(l) =15.2 min, tHPLC(Z) =20.4
min; purity 97.6%; yield 29.8%.

38, Ac-gp41(560—573)-NHz: AAA Thr 0.90 (1), GIx 3.20 (3),
Gly 1.08 (1), Ala 1.07 (1), Val 0.99 (1), Leu 1.98 (2), Lys 0.94
(l), Trp 0.99 (l), MS 1695 (1694), tHPLC(l) =13.7 min, tHPLC(Z) =
19.3 min; purity 95.2%; yield 25.6%.
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