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Serpin A1 (a1-AT), the largest subgroup of serpins, presents in human plasma at high concentration and
plays important regulatory roles in physiological and pathological processes. Accumulated evidence sug-
gests that a1-AT may play a role in controlling HIV-1 infection. In this study, we designed and synthe-
sized a set of short linear peptides derived from the C-terminal sequence of a1-AT. Since none of them
showed significant anti-HIV-1activity, we proceeded to synthesize four short cyclic peptides having 7
amino acids, and we found that three of them exhibited significant anti-HIV-1 activity. One of these cyclic
peptides, designated CPM, inhibited HIV-1 entry and infection at low lM level, indicating that these short
cyclic peptides could serve as leads for the development of novel anti-HIV-1 therapeutics.

� 2012 Elsevier Ltd. All rights reserved.
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Acquired immune deficiency syndrome (AIDS) is a lethal dis-
ease caused by the human immunodeficiency virus (HIV). So far,
25 anti-HIV entities have been licensed by the US Food and Drug
Administration (FDA) (http://www.fda.gov/oashi/aids/virals.html).
However, drug resistance and adverse reactions during long-term
medication make it essential to continue developing novel anti-
HIV drugs with new mechanisms of action.

Serpins (SERine Proteinase INhibitors), which comprise 330�
400 amino acids and represent a superfamily of approximately
500 proteins, fold into a conserved structure consisting of three b-
sheets and at least seven a-helices.1 Serpin A1, also called a1-
antitrypsin (a1-AT), is the largest subgroup of serpins. It presents
in human plasma at high concentration and plays important regu-
latory roles in physiological and pathological processes.2–5 Accu-
mulated evidence suggests that a1-AT plays roles in the
inhibition of the HIV-1 fusion with the target cells6,7 and the sup-
pression of HIV-1 infection.8,9 Besides the whole protein, the pep-
tides derived from a1-AT also exhibited potent anti-HIV-1
activity. For example, peptide A1-C26 that derives from the C-ter-
minal 26-residue sequence a1-AT,10,11 its analogue C105Y (CSIP-
PEVKFNKPFVYLI),12 and VIRIP (VIRus-Inhibitory Peptide)13 could
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all effectively inhibit HIV-1 infection. Although these results sug-
gest the potential for further development as anti-HIV-1 therapeu-
tics, such peptide drugs could not now be administered orally and
would lack oral availability.

The carboxyl terminal fragment of al-AT (residues 370–374),
FVFLM (Fig. 1), is the binding site of the serpin–enzyme complex
(SEC) to its receptor.10 Binding of FVFLM to the receptor could lead
to proteinase inactivation, serving as ‘hydrophobic core’ for cellular
uptake and nucleolar localization. A synthetic analogue of this pen-
tapeptide, peptide 105C (FVYLI), was able to block the binding and
internalization of al-AT-1261-trypsin complexes by HepG2 cells.9

We thus hypothesized that the peptides containing the se-
quences of FVFLM and FVYLI might have anti-HIV-1 activities.
Based on this supposition, we synthesized two short linear pep-
tides, FM5 (FVFLM) and PI6 (PFVYLI), as previously described.14

Because these two peptides exhibited low solubility, we then
A1-C26A1-C26

Figure 1. Bioactive peptides derived from the C-terminus of serpin A1. VIRIP
corresponds to a1-AT residues 353–372. Peptide A1-C36 corresponds to residues
359–394. Peptide A1-C26 corresponds to residues 369–394. The FVFLM sequence
(underlined) corresponds to the binding site of SEC to its receptor.8
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Table 2
Inhibition of the cyclic peptides on HIV-1IIIB replication

Peptide Sequence MW IC50 (lM) CC50(lM)

CPM Cyclo-(CPFVFLM)-SH 837.8 8.96 ± 2.23 >200
CPE Cyclo-(CPFVFLE)-SH 835.6 55.84 ± 3.31 >200
CPR Cyclo-(CPFVFLR)-SH 862.9 74.07 ± 22.84 >200
CPEM Cyclo-(CPEVFLM)-SH 819.7 >100 >200

Table 3
Inhibition of the bioactive peptides on cell–cell fusion

Peptide Sequence IC50 (lM)

PM6 PFVFLM >200
PE6 PFVFLE >200
PR6 PFVFLR >200
PEM6 PEVFLM >200
CPM Cyclo-(CPFVFLM)-SH 67.20 ± 4.05
CPE Cyclo-(CPFVFLE)-SH 115.58 ± 6.28
CPR Cyclo-(CPFVFLR)-SH 73.98 ± 7.44
CPEM Cyclo-(CPEVFLM)-SH >200

Concentration of peptide (µM)
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Figure 2. The inhibitory activity of CPM on HIV-1 pseudovirus infection assay. The
peptide was tested in triplicate and the data presented as mean ± SD.
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designed several analogous peptides by extending toward the N-
termini of FM5, such as PM6 (PFVFLM), KM7 (KPFVFLM), and
NM8 (NKPFVFLM), or by introducing polar amino acids in peptide
sequences (Glu or Arg), including PE6 (PFVFLE), EM6 (EFVFLM),
PEM6 (PEVFLM), and PR6 (PFVFLR) (Table 1). Their anti-HIV-1
activities were tested by a virus inhibition assay as previously de-
scribed.15 However, none of these peptides exhibited inhibitory
activity on HIV-1IIIB replication, even at concentrations as high as
100 lM (Table 1), suggesting that these short linear peptides might
not maintain their active conformation.

However, some reports16–18 have demonstrated that cyclization
is a promising strategy to enhance bioavailability of peptides. Spe-
cifically, with constrained conformations, the cyclic peptides pos-
sessed improved in vivo stability and better selectivity.19–21

Therefore, we selected four linear peptides, including PM6, PE6,
PR6, and PEM6, for synthesis of the cyclopeptides CPM, CPE, CPR,
and CPEM, respectively (Table 2), using the thioester method22

with some modifications. The inhibitory activities of the cyclic pep-
tides were then determined using an HIV-1IIIB replication assay, as
described above. Surprisingly, three of the four cyclic peptides
exhibited anti-HIV-1 activity. CPM, the most active peptide,
showed an IC50 (50% inhibitory concentration) of 8.96 lM against
HIV-1IIIB replication (Table 2). All the four peptides exhibited low
cytotoxicity with a CC50 (50% inhibitory concentration)15 of
>200 lM to MT-2 cells (Table 2).

To determine the mechanism of action, we tested the activity of
cyclic peptides on HIV-1 envelope protein (Env)-mediated cell–cell
fusion, as previously described23 and the IC50 was calculated using
the CalcuSyn software.24 CPM showed an IC50 of 67.2 lM in the
cell–cell fusion assay, which is reasonable, based on its anti-HIV-
1 activity, as described above, and results of the pseudovirus repli-
cation assay, which is explained below (Table 3). Noticeably, CPM
was about 5- to 6-fold more potent than CPE and CPR in inhibiting
HIV-1IIIB replication, while former was almost equally potent as
latter, suggesting that CPM may target not only the HIV-1 fusion
step, but also other step of HIV-1 replication.

To further determine whether a cyclic peptide could block HIV-
1 entry, we constructed a pseudovirus expressing the envelop pro-
tein gp160 of the HIV-1 R5 virus SF162 and tested the inhibitory
activity of peptide CPM on the single cycle infection of the pseudo-
typed HIV-1 as previously described.25 The results showed that the
cyclic peptide CPM significantly inhibited HIV-1 pseudovirus infec-
tion with an IC50 of 5.95 lM (Fig. 2), suggesting that these cyclic
peptides inhibited HIV-1 infection by blocking virus entry, an out-
come which is consistent with the mechanisms of action of the
long linear peptides derived from a1-AT, such as VIRIP.13 We will
further modify the peptide sequences by introducing unnatural
amino acids, such as D-amino acids, so that the short cyclic antivi-
ral peptide can be orally administered.

In conclusion, a set of linear and cyclic peptides derived from
the C-terminal sequence of a1-AT were designed and synthesized.
A cyclic peptide CPM showed low lM inhibitory activity against
HIV-1 infection. The mechanism study showed that this short
Table 1
Inhibition of the designed peptides on HIV-1IIIB replication

Peptides Sequences MW IC50 (lM)

FM5 FVFLM 696.9 >100
PM6 PFVFLM 794.0 >100
KM7 KPFVFLM 922.2 >100
NM8 NKPFVFLM 1,036.3 >100
PI6 PFVYLI 792.0 >100
PE6 PFVFLE 791.9 >100
EM6 EFVFLM 826.0 >100
PEM6 PEVFLM 776.0 >100
PR6 PFVFLR 819.0 >100
cyclic peptide inhibited HIV-1 infection by blocking virus fusion
with and entry into the target cells, suggesting that that CPM
and other short cyclic peptides could serve as leads for the devel-
opment of novel anti-HIV therapeutics.
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