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A B S T R A C T   

Viral epidemics are occurring frequently, and the COVID-19 viral pandemic has resulted in at least 6.5 million 
deaths worldwide. Although antiviral therapeutics are available, these may not have sufficient effect. The 
emergence of resistant or novel viruses requires new therapies. Cationic antimicrobial peptides are agents of the 
innate immune system that may offer a promising solution to viral infections. These peptides are gaining 
attention as possible therapies for viral infections or for use as prophylactic agents to prevent viral spread. This 
narrative review examines antiviral peptides, their structural features, and mechanism of activity. A total of 156 
cationic antiviral peptides were examined for information of their mechanism of action against both enveloped 
and non-enveloped viruses. Antiviral peptides can be isolated from various natural sources or can be generated 
synthetically. The latter tend to be more specific and effective and can be made to have a broad spectrum of 
activity with minimal side effects. Their unique properties of being positively charged and amphipathic enable 
their main mode of action which is to target and disrupt viral lipid envelopes, thereby inhibiting viral entry and 
replication. This review offers a comprehensive summary of the current understanding of antiviral peptides, 
which could potentially aid in the design and creation of novel antiviral medications.   

1. Background 

Emerging and reemerging viruses are a serious concern worldwide. 
The investigation of the origins of antimicrobial peptides as potential 
agents against human viruses is a key area of research in tackling this 
problem [1]. A recent in-depth review focused on approved antiviral 
peptides (AVPs), providing a comprehensive analysis of important pat
ents and their applications spanning from 2000 to 2020. This review also 
explored the advancements made in the development of antiviral drugs 
utilizing peptides and related compounds. However, despite the FDA’s 
approval of specific peptides for antiviral treatment, there is still a lack 
of effective therapeutics specifically designed to target viral infections 
[1,2]. It is challenging to design antivirals that do not impact the host as 
viruses use the host cell machinery for replication. Moreover, the 
continuous evolution and mutation of viral genomes can result in the 
emergence of drug-resistant strains. Shin and Seong., reviewed the un
derlying mechanisms of FDA-approved anti-influenza drugs and pat
terns of drug resistance. The authors also explored potential novel 

targets for the development of broad-spectrum antiviral drugs and re
views recent advancements in drug design strategies to combat drug 
resistance in influenza infections [3]. Antimicrobial peptides (AMPs) 
and their mimics can potentially be used to combat the spread of viruses 
and as therapeutic agents. AMPs, and more specifically antiviral pep
tides (AVPs), act either directly on the virus or via the host. AVPs have 
been shown to target steps in the viral life cycle, especially attachment, 
entry, and fusion. Researchers have been investigating the synthesis of 
new AVPs and studying their antiviral activities, as well as unraveling 
the underlying mechanisms by which these peptides and modified ver
sions (peptidomimetics) exert their antiviral effects against the dengue 
virus [4]. Peptides are suitable antiviral drugs as they are small, highly 
active, specific, effective in the nanomolar range, easy to synthesize, and 
can easily be degraded by body peptidases thus reducing the chance of 
accumulation and long-term side effects. Due to the significant benefits 
associated with peptides, researchers have directed their attention to
wards identifying peptides targeting viral proteins. Furthermore, studies 
reported advanced techniques for validating the binding affinity of 
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peptides to their respective targets [5]. Other reviews have assessed the 
structural characteristics of peptides with antiviral and antibacterial 
properties. This was achieved by examining the diverse primary and 
secondary structures associated with host defence peptides [6]. These 
previous reviews focused on the sources of peptides, the various 
methods that have aided in the quest for potential antiviral peptides, and 
their benefits. This review highlights associations between physical 
features of antiviral peptides such as charge, hydrophobicity and 
amphipathicity, with their mode of action, including interactions with 
viral envelopes, cellular membranes, and host immune components. By 
consolidating the current knowledge on cationic antiviral peptides with 
information on their sequence, activity, and therapeutic index, and 
physical features with their mode of action, this review provides valu
able insights for researchers, clinicians, and drug developers designing 
and testing new antiviral therapies based upon AVPs. 

2. Method 

This is a narrative review focusing on the antiviral activities of AMPs. 
A summary of the literature search criteria is presented as a flow chart in  
Fig. 1. 

2.1. Literature and Antimicrobial peptide database search 

Two electronic databases, PubMed and Scopus, were used for the 
initial literature search and two manually curated databases, the data
base of Antimicrobial Activity and Structure of Peptides (DBAASP) (http 
s://dbaasp.org/home) and the Antimicrobial Peptide Database (APD) 
(https://aps.unmc.edu/), were used to generate a final list of papers. In 
terms of literature search, Boolean search terms “cationic antimicrobial 
peptide” AND “virus” AND “mechanism of action” were used whereas 

for databases search “antiviral peptide” search term was used. Further 
article selection followed the PRISMA guidelines as shown in Fig. 1 [7]. 
All in vitro, in vivo or in silico studies that reported the antiviral activity 
of any peptide were included. Studies were excluded if they reported on 
the activity of AMPs against plant or animal (non-human) viruses, 
bacteria, fungus, or concerned anionic peptides. The final inclusion 
criteria were that the articles must be published in English and available 
in full-text format. Non-English articles, abstracts, letters, commen
taries, reports, short communications, and synopses were excluded from 
this study. 

3. Results 

3.1. Peptide selection 

The literature and database searches initially generated a total of 
1769 journal articles, of which 166 were duplicates and removed. 
Subsequent screening of titles and abstracts of the remaining 1603 re
cords lead to the removal of 1302 papers. A total of 246 articles were 
extracted excluding 55 articles that presented peptides active against 
animal or plant viruses (but had no information about activity against 
human viruses). After that, to ensure only cationic antimicrobial pep
tides were evaluated, each peptide identified from the search was im
ported into the Expasy ProtParam tool [8] from where their net charge, 
aliphatic index (which measures the hydrophobicity of the peptide) and 
GRAVY score (which measures the overall hydropathy of the peptide, 
with negative values indicating non-polar peptides and positive values 
indicating polar peptides) were extracted and imported to online tools 
(https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=/NPSA/np 
sa_seccons.html) to determine the secondary structure of the peptides. 
As antimicrobial peptides are typically short (12–50 amino acids), with a 

Fig. 1. A flow chart representing the collection procedures of antiviral peptides from scientific journals and databases. APD = Antimicrobial Peptide Database; 
DBAASP = Database of Antimicrobial Activity and Structure of Peptides. 
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+ 2 to + 9 charge, and amphiphilic [6], only peptides with a charge of 
≥ + 2 were included in the study, and this excluded a further 126 ar
ticles. Finally, 86 articles were extracted and used for further analysis. 
Information about the peptides mode of action, concentration that was 
cytotoxic to 50% mammalian cells (CC50) and the concentration that 
inhibited viral replication (IC50), or their half maximal effective con
centration (EC50) was extracted from these articles so that a therapeutic 
index (TI) CC50/IC50 or EC50) could be calculated. 

3.2. Antiviral peptides and their mechanism of action 

Natural AVPs can be derived from animals, plants, marine life, am
phibians, or other sources. Synthetic peptides can be produced either by 
synthesizing peptides, often based on information from molecular 
docking studies, or by using peptidomimetics (adding chemical groups 
or non-natural amino acids) to enhance antiviral activity. Using bioin
formatics tools and protein engineering strategies, synthetic AVPs can be 
designed to bypass most of the limitations that occur in natural AVPs 
[1]. 

A total of 156 antimicrobial peptides with cationic properties were 
investigated for their antiviral activity and mode of action against 
multiple viruses. Twenty-one different viruses have been reported to be 
affected by AVPs (as defined in the current study; Fig. 2). Most studies 
have examined the effect of AVPs on human immunodeficiency virus 
(HIV) [9–38], 73 peptides demonstrated antiviral activity against HIV, 
47 peptides were active against herpes viruses [39–53], 27 peptides 
active against hepatitis C virus (HCV) [54–59], 11 were active against 
human coronaviruses [39, 52, 53, 60–65], and 9 showing antiviral ac
tivity against the influenza virus [39, 61–63, 66–69]. The other viruses 
that have been studied were Dengue virus (DEV) [53, 70–75] (8 active 
peptides); Zika virus (ZIKV) [75–80] (8 active peptides); Vaccinia virus 
[81–83] (8 active peptides), Human papilloma virus (HPV) [51,84] (6 
active peptides); Ebola virus [85] (5 active peptides); Measles virus [39, 
52, 61] (3 active peptides); Junin virus [47] (2 active peptides); 
Enterovirus 71 (EV71) [86] (2 active peptides); Hepatitis B virus [87,88] 
(HBV) (2 active peptides); Human rhinovirus (HRV) [63] (2 active 
peptides); Japanese encephalitis virus (JEV) [79,89] (2 active peptides); 
BK virus [90] (1 active peptide); Adenovirus [91] (1 active peptide); 
Aichi virus [92] (1 active peptide); Human cytomegalovirus [93] 
(HCMV) (1 active peptide); and Venezuelan equine encephalitis virus 
(VEEV) [94] (1 active peptide). 

Most (15) of these viruses are enveloped viruses, which have a lipid 
bilayer membrane on the outer surface of virus (HIV, Herpes virus, HCV, 
coronavirus, influenza virus, DEV, HBV, Ebola virus, ZKV, JEV, Vaccinia 

virus, Measles virus, HCMV, VEEV, Junin virus) and the remainder are 
non-enveloped (Aichi virus, BK virus, human adenovirus, human 
enterovirus, HPV, and human rhinovirus), which lack a membrane. 

A summary of where some of the AVPs act to prevent replication in 
host cells is shown in Fig. 3. AVPs can directly target the structural 
components of the virus outside of the host cells or target various stages 
of viral replication cycle such as blocking host cell receptors, inhibiting 
virus binding, attachment or entry, replication, transcription, trans
lation, other post entry processes, modulating the immune response to 
be protective against viruses, or preventing virus release (Fig. 3). Some 
AVPs can act on multiple stages. For example (Fig. 3), LL-37 has been 
shown to be able to directly inactive viruses (step-1), prevent viral 
attachment, fusion, and entry (step-3), affect post binding entry pro
cesses (step- 4 and 6) and prevent viral replication (step- 8), although 
they may act at each stage only for specific viral types. 

3.3. Enveloped viruses 

The envelope of a virus is a lipid bilayer that surrounds the viral 
capsid that contains its genetic material and is essential for the virus’s 
entry into host cells, replication, and transmission. As a result, the en
velope is a crucial target for antiviral agents and is a prime location for 
AVPs to bind to and neutralize the virus. By targeting the envelope, AVPs 
can prevent the virus from infecting host cells and replicating, ultimately 
reducing the spread of the virus. This makes the envelope an important 
focus for antiviral research and the development of new antiviral agents. 
Enveloped viruses that had been investigated for susceptibility to AVPs 
are discussed below. 

3.3.1. Human immunodeficiency virus (HIV) 
HIV is the causative agent of acquired immunodeficiency disease 

syndrome (AIDS). Seventy-three AVPs have been reported to be active 
against HIV. The AVPs listed in Table 1 most likely target the envelope of 
the HIV virus. Dermaseptin-S4 (isolated from frog skin) and its synthetic 
analogs (S4a, K4-S4, S4-(1− 16)a, K4-S4-(1− 16)a, S4-(1− 12)a, S4-(1− 9) 
a, and S4-(6− 28)) [32], indolicidin [14] (isolated from neutrophil blood 
cells of cows) and a scorpion venom peptide Kn2–7 [37] directly bind 
with the HIV envelope when preincubated with the virus. Most of these 
AVPs are alpha-helical, with only a few exceptions (indolicidin and 
K4-S4). The AVPs K4-S4 and Kn2–7 were likely to be most appropriate to 
progress to further testing as they had high TI values of 12 and 13.9, 
respectively. 

The entry steps of HIV were the second most targeted site for AVPs. 
The synthetic peptide T22 (derived from polyphemusin II) interfered 

Fig. 2. The number of antiviral peptides active against various viruses. As some peptides have a broad spectrum of antiviral activity, they are counted as active 
against more than one virus. 

U.L. Urmi et al.                                                                                                                                                                                                                                 



Peptides 166 (2023) 171024

4

with gp120 and CD4 mediated virus fusion and entry, blocked the 
CXCR4 coreceptor and inhibited HIV infection [10–13]. The 
Rev-derived synthetic peptides Rev(34− 50)-A(4)C and Rex(1− 21) also 
inhibited HIV entry by blocking the CXCR4 coreceptor [35]. Human 
alpha-defensins (HNP 1–4), rhesus theta defensins (RTD1–3), retro
cyclin-1–3 and their analogues RC-101 & RC-112 interfered in gp120 
and CD4 binding [23, 24, 28–31]. Although both the peptides 
retrocyclin-1 and RC-112 share an identical sequence, RC-112 is 
composed solely of D-amino acids, while retrocyclin-1 contains only 

L-amino acids [24]. Retrocyclin-1 was active in a late stage of the virus 
fusion process most likely by inhibiting 6-helix bundle formation [25]. 
RC-101 also inhibited HIV entry by forming patch-like aggregates on the 
surface of CD4 + cells [21]. The apelin peptides 36, 17, 13 and 12 
inhibited HIV entry by targeting the orphan G protein-coupled receptor 
APJ which serves as a coreceptor for HIV infection [20]. One synthetic 
peptide (Caps-MT) from the membrane-proximal helical motif of the 
extracellular domain of gp41 (which was an AVP as defined in the 
current article), blocked gp41 mediated cell fusion and entry [19]. 

Fig. 3. Key steps in a viral replication cycle targeted by antiviral peptides; 1. Direct inactivation of virus; 2. Blocking host cell receptors; 3. Viral attachment, fusion, 
binding and entry processes; 4. Post binding entry processes; 5. Uncoating; 6. Post entry processes; 7. Immune modulation; 8. Viral replication; 9. Viral gene 
transcription; 10. Viral gene translation; 11. Packaging of viral genome; 12. Viral assembly; 13. Maturation; and 14. Virus release. 

Table 1 
Characteristics of AVPs that directly targeted the envelop of HIV.  

Peptide name 
(References) 

Amino acid Sequence Charge Aliphatic 
index 

GRAVY 
Score 

Structure 
prediction 
(α-helix/ random 
coil (%)) 

CC50 

(µM) 
IC50 or EC50 

(µM) 
Therapeutic 
index (TI) 

Dermaseptin-S4  
[32] 

ALWMTLLKKVLKAAAKAALNAVLVGANA  4  146.79  1.032 85.71/14.29 4.5 2.25 2 

K4-S4 [32] ALKMTLLKKVLKAAAKAALNA  5  140  0.667 0 16.8 1.4 12 
S4a [32] ALWMTLLKKVLKAAAKAALNA  4  140  0.81 95.24/4.76 5.6 2 2.8 
S4-(1–16)a [32] ALWMTLLKKVLKA  3  157.69  0.892 84.62/ 15.38 19.2 > 19.2 < 1 
K4-S4-(1–16)a  

[32] 
ALKMTLLKKVLKA  4  157.69  0.662 76.92/15.38 > 100 28 > 3.6 

S4-(1–12)a [32] ALWMTLLKKV  2  156  0.99 70/20 > 100 > 100 1 
S4-(1–9)a [32] ALWMTLLKK  2  141.11  0.633 55.56/ 22.22 > 100 > 100 1 
S4-(6–28) [32] ALWMTLLKKVLKAAAKAALNAVLV  4  162.92  1.217 91.67/8.33 > 100 > 100 1 
Kn2–7 [37] FIKRIARLLRKIF  5  157.69  0.554 84.62/ 15.38 23 1.65 13.9 
Indolicidin [14] ILPWKWPWWPWRR  3  60  -1.069 0/100.00 ND 35.13–52.43 ND 

*GRAVY score = Grand average hydrophobicity; CC50 = cytotoxic concentration by 50%; EC50 = effective concentration reducing viral replication by 50%; IC50 
= inhibitory concentration by 50%; TI= therapeutic index (EC50 or IC50/CC50), ND = not determined. 
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Table 2 summarizes the results of the studies that evaluated different 
antiviral peptides for their potential to target the fusion and entry stage 
of the HIV virus. The results indicate that having an alpha-helix was rare 
among these AVPs, with only two peptides (Caps-MT and Rev (34− 50)- 
A (4)C) being alpha-helical, and they had the lowest IC50 values (1 and 
0.42 μM, respectively). The random coil structure was found to be the 
most prevalent secondary structure in the case of HIV entry inhibition. 

HIV is transmitted via the exchange of body fluids. Perhaps due to 
this, most of the AVPs tested for anti-HIV activity were examined for 
their ability to inhibit viral replication rather than attacking the virus 
outside of the host cell (e.g., directly acting on its envelope). The human 
defensin beta-defensin (HBD)− 2, HBD-3, alpha-defensin, human 
neutrophil peptide (HNP)− 1, and two synthetic arginine-rich peptides 
(Rev(34− 50)-A(4)C and Rex(1− 21)) derived from the Rev protein of 
HIV probably worked by inhibiting replication as their action occurred 
after the viruses had infected cell lines [27, 28, 35], although the exact 
mechanisms have yet to be established. Protegrin-1(isolated from 
porcine neutrophil) interferes at the early stages of replication of HIV 
[33]. The synthetic peptides I33, EBR28 and IN-1 can inhibit HIV’s 
integrase enzyme that the virus uses to integrate its genome into the 
host’s during its replication cycle [22,38]. Cecropin A (derived from 
Tobacco budworm moth) and melittin (isolated from honeybee venom) 
were able to inhibit HIV-1 gene transcription, at concentrations that did 
not affect the host cells or the virus directly, by suppressing the activity 
of the long terminal repeat genes in HIV [16]. Synthetic derivatives of 
LL-37 and other human and bovine cathelicidins can inhibit HIV repli
cation [34], and one mechanism was to inhibit HIV-1 reverse tran
scriptase [36]. Table 3 demonstrates that the characteristics of AVPs that 
affected HIV replication machinery varied considerably. The net charge 
of AVPs ranged from + 2 to + 10, the aliphatic index from 0 to 162.5 
and the GRAVY score from − 2.552 to + 0.87 which represents the 
hydrophobicity value of peptides. Whilst most of the peptides were 
predicted to have an α-helical secondary structure, HBD-2, HBD-3, 
HNP-1 Protegrin-1, IN-1 and Rex (1− 21) were predicted to have no 
helix. For an antiviral to be effective in human, it should have a high 
therapeutic index (TI; CC50/ (IC50 or EC50), i.e. the ratio of the dose that 
provides a therapeutic effect against a virus is greater than the dose that 

causes harmful or toxic effects in the host). In general, a high therapeutic 
index for an antiviral peptide is desirable, as it indicates a wide margin 
of safety between the antiviral effect and toxic effects. Determining the 
therapeutic index for an antiviral peptide is an important aspect of its 
development and clinical testing. The AVPs BMAP-18, GI-20, GI-20Q16, 
BMAP-18X6X10 and LL-37 showed the highest TI values of 24, 15, 15 
and 12, respectively (Table 3), indicating that further evaluation of their 
safety and efficacy may be useful. 

Antiviral activity can be measured by determining reductions in the 
cytopathic effect of HIV in the presence and absence of AVPs. Tachy
plesin and polyphemusin derived from horseshoe crab species, and 
peptides synthesized from them, and Circulin C (derived from a tropical 
tree) had potent anti-HIV cytopathic effects [9, 15, 18]. All these pep
tides, except T131, had a random coil structure (Table 4), and most of 
them showed good therapeutic index (TI) values. T22, T131, T121, 
T130, T123, TW70, and T11 were the best candidates for further eval
uation, with the highest TI values of 6771, 2125, 1419, 526, 480, 320, 
and 112, respectively. Additionally, a retrovirus protease inhibitor that 
was designed from the HIV Vif domain was an AVP as it had a net charge 
of + 3. Its characteristics are given in Table 4, however there is no in
formation on its CC50, although it does have a relatively low IC50 value 
of 3.31 μM [17]. 

3.3.2. Herpes Simplex Virus 1 & 2 
Herpes simplex viruses cause mouth or genital ulcers. Several AVPs 

target herpes simplex viruses HSV-1 and HSV-2. Some of these AVPs 
directly interact with the virion structure, disrupting or disturbing 
membrane integrity or aggregating virion particles, including temporin 
L (derived from European frog), TL1 (a synthetic peptide) [39], MCP-1,2 
(isolated from rabbit leukocytes) [40], MOD-1 (synthetic) [41], hectate 
(synthetic peptide analogue of melittin) [42], indolicidin [43,47], 
CAM-brevinin-1 (brevinin-1 synthetic analog) [43], dermaseptin S4 
[44] and it’s synthetic derivatives [51], bomodin (a recombinant AMP 
based upon BMAP-27) [53], and gB122 (a synthetic peptide) [50]. The 
net charge of these peptides ranged from + 2 to + 10, aliphatic index 
from 19.33 to 146.79, and the GRAVY score from − 1.121 to + 1.288. 
Most of the AVPs were alphahelical. Bomidin had the highest TI value of 

Table 2 
Characteristics of AVPs that inhibit HIV entry and fusion.  

Peptide name (References) Amino acid Sequence Charge Aliphatic 
index 

GRAVY 
Score 

Structure prediction 
(α-helix/ random coil 
(%)) 

IC50 (µM) 

Apelin-12 [20] RPRLSHKGPMPF  3  32.5 -1.133 0/100 44.28 
Apelin-13 [20] QRPRLSHKGPMPF  3  30 -1.315 0/100 16.77 
Apelin-17 [20] KFRRQRPRLSHKGPMPF  6  22.94 -1.6 0/100 2.24 
Apelin-36 [20] LVQPRGPRSGPGPWQGGRRKFRRQRPRLSHKGPMPF  10  29.72 -1.508 0/100 0.072 
HNP-1 [30] ACYCRIPACIAGERRYGTCIYQGRLWAFCC  3  65.33 0.3 0/73.33 ND 
HNP-2 [30] CYCRIPACIAGERRYGTCIYQGRLWAFCC  3  64.14 0.248 0/72.41 ND 
HNP-3 [30] DCYCRIPACIAGERRYGTCIYQGRLWAFCC  2  62 0.123 0/73.33 ND 
HNP-4 [30,31] VCSCRLVFCRRTELRVGNCLIGGVSFTYCCTR  4  85 0.55 0/40.62 ND 
Retrocyclin-1 [23–25] GICRCICGRGICRCICGR  4  86.67 0.744 0 0.67 
Retrocyclin-2 [30] CICGRGICRCICGRRICR  5  86.67 0.517 0 1.13 

± 1.41 
Retrocyclin-3 [30] RICRCICGRRICRCICGR  6  86.67 0.289 0 ND 
RC 101 [21,29] GICRCICGKGICRCICGR  4  86.67 0.778 0 1.20 
RC 112 [24] GICRCICGRGICRCICGR  4  86.67 0.744 0 0.88 
RTD-1 [30] GFCRCLCRRGVCRCICTR  5  59.44 0.35 0/100 1.72 

± 0.85 
RTD-3 [30] GFCRCICTRGFCRCICTR  4  43.33 0.522 0/94.44 1.55 

± 0.58 
RTD-2 [30] GVCRCLCRRGVCRCICRR  6  75.56 0.217 0/94.44 2.46 

± 1.58 
Rev (34–50)-A (4)C [35] TRQARRNRRRRWRERQRAAAAC  9  22.73 -2.232 77.27/22.73 0.42 
Rex (1–21) [35] MPKTRRRPRRSQRKRPPTPWP  9  0 -2.552 0/100 > 10 
Caps-MT [19] APKEWMAWAREIAAYAKLIAALIKQGI  2  116.3 0.374 81.48/ 18.52 1 
T22, Polyphemusin II [Tyr-5,12, Lys- 

7] [10–13] 
RRWCYRKCYKGYCYRKCR  8  0 -1.706 0 ND 

*GRAVY score = Grand average hydrophobicity; IC50 = inhibitory concentration by 50%. 
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16 (Table 5). Six other peptides were found to inhibit virus replication, 
namely hecate [42], BMAP-28 [45], melittin, magainin-1,2 [47] and 
AR-23 [52], however their exact mechanism of action was not specified. 
These replication inhibitors had charges ranging from + 3 to + 9, 
aliphatic indexes from 72.17 to 148.7, and GRAVY scores from + 0.083 
to + 0.73, and were a alpha helical. AR-23 and melittin showed the 
highest TI values at 32 and 6 respectively (Table 6). 

Human alpha, theta and rhesus theta defensins were reported to 
interfere with virus entry into host cells [48]. Retrocyclin 2 bound with 
HSV-2 glycoprotein to inhibit attachment whereas human 
alpha-defensins (HNP 1–3) showed antiviral activity when added during 
the post-binding period [48]. Human apolipoprotein E (apoEdp) and 11 
synthetic peptides from it showed anti-HSV activity by inhibiting virus 
entry when cells were co incubated with both peptides and virus [49]. 
Rabbit alpha defensin, NP-1 showed no affinity towards virus glyco
proteins or host cell receptors but still stopped virus entry and 
cell-to-cell transmission [46]. This peptide prevented translocation of 
VP16 to the cell nucleus thereby interfering with early post binding steps 
(fusion of the viral envelope and cell membrane). Another peptide, 
AR-23, was reported to inhibit HSV entry and attachment [52] and the 
synthetic peptide gB122 from HSV-1 glycoprotein B gave cellular pro
tection from infection by inhibiting HSV-1 entry [50]. The overall 
characteristics of these peptides were presented in Table 6. 

3.3.3. Hepatitis C virus 
Worldwide hepatitis C virus remains the major cause of chronic 

hepatitis and liver cirrhosis [59]. Table 7 represents the overall features 
and mode of action of the anti-HCV peptides. Hp 1090 (isolated from 
scorpion venom) and six peptides designed from Hecate targeted the 
lipid envelope of HCV. Hp 1090 is a hydrophilic alpha-helical peptide 
with an IC50 value of 5 µM [56,58] (Table 7). Hecate and its derivatives 
had net charges from + 8 to + 10, aliphatic indeces of 137.2–144.78, 
and GRAVY scores + 0.05 to + 0.26. These peptides had IC50 values 
ranging from 2.6 to 34.24 µM (Table 7). Scorpion defensin peptide 
BmKDfsin3 inhibited HCV attachment and subsequent replication by 
suppressing p38 activation during infection thereby regulating P38 
mitogen-activated protein kinase (MAPK) signaling pathway [59]. Ten 
cationic hydrophobic peptides [54,55] targeted a specific region of the 
HCV polyprotein and prevented NS3 protease activation. All these 
synthetic peptides showed a net positive charge between + 4 to + 5, an 
aliphatic index between 104.62 and 156.92, and a GRAVY score be
tween + 0.069 and + 0.815. Most of the peptides were predicted to have 
an alpha-helix structure (Table 7). Peptides P49, P50 and 33 had the 
lowest IC50 values of 3–3.4 µM (Table 7). A study evaluating the 
anti-HCV effect of human-alpha, β, and synthetic linear avian 
alpha-defensins found that human defensins were more active than 
avian ones, providing cellular protection, neutralization of viruses, and 
allowing recovery of any HCV-infected cells [57]. Human-alpha and 

Table 3 
Characteristics of AVPs that affect the replication machinery of HIV-1.  

Peptide name 
(References) 

Amino acid Sequence Charge Aliphatic 
index 

GRAVY 
Score 

Structure 
prediction 
(α-helix/ 
random coil 
(%)) 

CC50 

(µM) 
IC50 or 
EC50 

(µM) 

Therapeutic 
index (TI) 

Protegrin-1  
[33] 

RGGRLCYCRRRFCVCVGR  6  53.89 -0.25 0/38.89 ND 7.77 ND 

LL-37 [33,34] LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLVPRTES  6  89.46 -0.724 78.38/21.62 18.4 1.6 11.5 
BMAP-18 [34] GRFKRFRKKFKKLFKKIS  10  43.33 -1.25 72.22/27.78 8.45 0.35 24.1 
BMAP- 

18X6X10  
[34] 

GRFKRXRKKXKKLFKKIS  10  43.33 -1.561 72.22/27.78 10.2 0.68 15 

GI-20Q16 [34] GIKQFKRIVQRIKDFLRNLV  5  126.5 -0.225 80/20 13.7 0.91 15 
GF-17 [34] GFKRIVQRIKDFLRNLV  4  125.88 -0.094 70.59/29.41 8.9 0.98 9 
GI-20 [34] GIKEFKRIVQRIKDFLRNLV  4  126.5 -0.225 80/20 22.7 1.08 21 
GI-20EF [34] GIKEFKREFQRIKDFLRNLV  3  92.5 -0.695 80/20 9.9 1.6 6.2 
BMAP-18P9  

[34] 
GRFKRFRKPFKKLFKKIS  9  43.33 -1.122 55.56/44.44 18.9 3.2 5.9 

FK-13 [34] FKRIVQRIKDFLR  4  112.31 -0.438 61.54/23.08 10.4 3.4 3 
GI-20W17  

[34] 
GIKEWKRIVQRIKDFLRNLV  4  126.5 -0.41 80/20 23.6 7.4 3.2 

SK-21 [34] SKEKIGKEFKRIVQRIKDFLR  5  88.1 -1.005 71.43/28.57 22.5 10.8 2 
LL-23 [34] LLGDLLRKSKEKIGKEFKRIVQR  5  114.35 -0.757 86.96/13.04 > 35.4 > 35.4 1 
KR-20 [34] KRIVQRIKDFLRNLVPRTES  4  107 -0.755 60/40 > 40.5 > 40.5 1 
Retro-FK-13  

[34] 
RLFDKIRQVIRKF  4  112.31 -0.438 69.23/ 23.08 33.7 > 58.1 < 0.6 

KR-12 [34] KRIVQRIKDFLR  4  121.67 -0.708 58.33/25 > 63.5 > 63.5 1 
HBD-2  

[26–28] 
GIGDPVTCLKSGAICHPVFCPRRYKQIGTCGLPGTKCCKKP  6  64.15 -0.102 0/90.24 ND ND ND 

HBD-3 [26] GIINTLQKYYCRVRGGRCAVLSCLPKEEQIGKCSTRGRKCCRRKK  11  67.11 -0.7 0/82.22 ND ND ND 
HNP-1 [28] ACYCRIPACIAGERRYGTCIYQGRLWAFCC  3  65.33 0.3 0/73.33 ND ND ND 
Inhibition of virus replication by suppressing gene expression 
Cecropin A  

[16] 
RWKVFKKIEKVGRNIRDGVIKAAPAIEVLGQAKAL  6  114.29 -0.111 77.14/22.86 ND ND ND 

Melittin [16] GIGAVLKVLTTGLPALISWIKRKRQQ  5  135 0.273 69.23/30.77 ND ND ND 
Inhibition of integrase 
EBR28 [22] YQLLIRMIYKNI  2  162.5 0.417 50/25 ND 5 ND 
I33 [22] QLLIRMIYKNILFYLVPGPGHGAEPERRNIKYL  3  118.18 -0.127 51.52/ 36.36 ND 9 ND 
IN-1 [38] WQCLTLTHRGFVLLTITVLR  2  146 0.87 0/35 ND 12 ND 
Inhibition of reverse transcriptase 
LL-37 [33] LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLVPRTES  6  89.46 -0.724 78.38/21.62 ND 15 ND 
LL13–37 [36] IGKEFKRIVQRIKDFLRNLVPRTES  4  101.2 -0.624 64/36 ND 7 ND 
LL17–32 [36] FKRIVQRIKDFLRNLV  4  133.75 -0.075 75/18.75 ND 70 ND 

* , GRAVY score = Grand average hydrophobicity; CC50 = cytotoxic concentration by 50%; EC50 = effective concentration reducing viral replication by 50%; IC50 
= inhibitory concentration by 50%; TI= therapeutic index (EC50 or IC50/CC50), ND = not determined. 
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Table 4 
Characteristics of AVPs which reduced HIV induced cytopathic effect or protease inhibition.  

Peptide name 
(References) 

Mode of action/amino acid Sequence Charge Aliphatic 
index 

GRAVY 
Score 

Structure 
prediction 
(α-helix/ random 
coil (%)) 

CC50 

(µM) 
IC50 or EC50 

(µM) 
Therapeutic 
index (TI) 

Reduction of HIV induced cytopathic effect 
T22 [9] RRWCYRKCYK GYCYRKCR  8  0 -1.706 0/100.00 21.67  0.0032 6771.8 
Tachyplesin I [9] KWCFRVCYRGICYRRCR  6  40 -0.518 0/ 58.82 12.78  3.70 3.5 
Tachyplesin II [9] RWCFRVCYRGICYRKCR  6  40 -0.518 0/41.18 15.87  2.91 5.5 
Polyphemusin I [9] RRWCFRVCYRGFCYRKCR  7  16.11 -0.833 0/44.44 13.83  2.40 5.8 
Polyphemusin II [9] RRWCFRVCYKGFCYRKCR  7  16.11 -0.8 0/55.56 13.57  0.78 17.4 
T5 [9] WCFRVCYRGICYRRCR  5  42.5 -0.306 0/37.50 17.28  4.11 4 
T8 [9] KWCFRVCFRGICFRRCR  6  40 -0.035 0/47.06 12.07  2.41 5 
T9 [9] KWCFRVAYRGIAYRRCR  6  51.76 -0.6 0/70.59 14.06  2.63 5.34 
T11 [9] RWCYRKCYRGICYRKCR  7  22.94 -1.235 0/64.71 16.86  0.15 112.4 
T12 [9] WCYRKCYRGICYRKCR  6  24.38 -1.031 0/ 93.75 95.47  3.19 29.9 
T13 [9] AWCYRKCYRGICYRKCR  6  28.82 -0.865 0/100 134.60  3.09 43.6 
TW70 [15] RRWCYRKKPYRKCR  8  0 -2.45 0/100.00 8  0.025 320 
T121 [15] RRWCYRKKGYRKCR  8  0 -2.364 0/100.01 45.42  0.032 1419.4 
T123 [15] RRWCYRKKGYRECR  6  0 -2.336 0/85.71 81.62  0.17 480 
T130 [15] RRWCYRKKGERKCE  5  0 -2.45 0/71.43 57.95  0.11 526.8 
T131 [15] RRYCYRKKPYRKCR  8  0 -2.479 0 42.50  0.02 2125 
circulin c [18] NGIPCGESCVWIPCITSVAGCSCKSKVCYR  2  71.33 0.437 0/86.67 ND  0.048 ND 
Inhibition of protease 
Vif 88–98 [17] EWRKKRYSTQV  3  26.36 -2.118 0/100 ND  3.31 ND 

* , GRAVY score = Grand average hydrophobicity; CC50 = cytotoxic concentration by 50%; EC50 = effective concentration reducing viral replication by 50%; IC50 
= inhibitory concentration by 50%; TI= therapeutic index (EC50 or IC50/CC50), ND = not determined. 

Table 5 
Characteristics of AVPs that directly target the envelop of herpes simplex virus.  

Peptide name 
(References) 

Amino acid Sequence Charge Aliphatic 
index 

GRAVY 
Score 

Structure 
prediction 
(α-helix/ 
random coil 
(%)) 

CC50 

(µM) 
IC50 or EC50 

(µM) 
Therapeutic 
index (TI) 

DRS-S1 [51] ALWKTMLKKLGTMALHAGKAALGAAADTISQGTQ  3  92.35  0.185 88.24/11.76 25 3 8.3 
[Thr4Lys12]-DRS- 

S1(1–29)-NH2  
[51] 

ALWTTMLKKLGKMALHAGKAALGAAADTI-NH2  3  108.28  0.524 89.66/10.35 20 1.3 15.4 

DRS-S1(1–29)-NH2  
[51] 

ALWKTMLKKLGTMALHAGKAALGAAADTI-NH2  3  108.28  0.524 89.66/10.34 20 1.7 11.8 

[1Nal3]-DRS-S1 
(1–15)-NH2 [51] 

AL-1Nal-KTMLKKLGTMAL-NH2  3  125.71  0.65 100/0 50 2.7 18.5 

[His3]-DRS-S1 
(1–15)-NH2 [51] 

ALHKTMLKKLGTMAL-NH2  3  117.33  0.393 93.33/ 6.67 > 100 5 > 20 

[Lys01Nal3]-DRS- 
S1(1–15)-NH2  
[51] 

KAL-1Nal-KTMLKKLGTMAL-NH2  4  117.33  0.394 93.33/ 6.67 50 5 10 

DRS-S1(1–19)-NH2  
[51] 

ALWKTMLKKLGTMALHAGK-NH2  4  97.89  0.132 84.21/15.79 80 9 8.9 

DRS-S1(1–13)-NH2  
[51] 

ALWKTMLKKLGTM-NH2  3  97.69  0.2 69.23/15.38 100 10 10 

DRS-S1(1–14)-NH2  
[51] 

ALWKTMLKKLGTMA-NH2  3  97.86  0.314 92.86/7.14 85 10.5 8 

DRS-S1(1–12)-NH2  
[51] 

ALWKTMLKKLGT-NH2  3  105.83  0.058 66.67/25 25 ND ND 

MOD-1 [41] KLWKKWAKWLKLWLAW  5  110  -0.325 0 18 4.6 3.9 
Temporin L[39] FVQWFSKFLGRIL  2  112.31  0.823 53.85/15.38 19.61 8.55 2.3 
TL-1 [39] FVPWFSKFLGRIL  2  112.31  0.969 46.15/23.08 42.18 9.99 4.2 
Bomidin [53] MGRFKRFRKKFKKLFKKLS  10  41.05  -1.121 78.95/21.05 169.6 10 17 
gB122 [50] GHRRYFTFGGGYVYF  2  19.33  -0.387 0/33.33 ND 138 ND 
Indolicidin [43,47] ILPWKWPWWPWRR  3  60  -1.069 0/100.00 ND 29,360.08 ND 
CAM brevinin-1  

[43] 
FLPVLAGIAAKVVPALFCKITKKC  4  134.17  1.288 79.17/20.83 ND 39,322.60 ND 

Dermaseptin-S4  
[44] 

ALWMTLLKKVLKAAAKAALNAVLVGANA  4  146.79  1.032 85.71/14.29 ND ND ND 

MCP-1 [40] VVCACRRALCLPRERRAGFCRIRGRIHPLCCRR  9  85.76  -0.112 6.06/81.82 ND ND ND 
MCP-2 [40] VVCACRRALCLPLERRAGFCRIRGRIHPLCCRR  8  97.58  0.139 9.09/ 78.79 ND ND ND 
Hecate [42] FALALKALKKALKKLKKALKKAL  9  144.78  0.222 95.65/4.35 ND ND ND 

* , GRAVY score = Grand average hydrophobicity; CC50 = cytotoxic concentration by 50%; EC50 = effective concentration reducing viral replication by 50%; IC50 
= inhibitory concentration by 50%; TI= therapeutic index (EC50 or IC50/CC50), ND = not determined. 
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recombinant beta defensins had net positive charges ranging from + 2 to 
+ 11, aliphatic indexes between 46.11 and 85, and GRAVY scores be
tween − 1.008 and + 0.55. All alpha defensins were hydrophobic, 
whereas all synthetic beta defensins were hydrophilic. Additionally, the 
structure of all these peptides were random coils (Table 7). 

3.3.4. Human coronaviruses 
The human coronaviruses SARS-CoV, SARS-CoV-2 and MERS-CoV 

infect host cells through the fusion of the virus spike protein with a 
host cell receptor, angiotensin-converting enzyme 2 (ACE-2 for SARS- 
CoV and SARS-CoV-2) [65] and dipeptidyl-peptidase 4 (DPP4 for 
MERS-CoV) [95] and have caused epidemics and pandemics of severe 
respiratory disease. AVPs active against human coronaviruses showed 
four modes of action: direct inactivation, inhibition of virus entry, in
hibition of replication, and immunomodulation. Mucroporin-M1 (syn
thetic analog of mucroporin) directly interacts with the SARS-CoV 
envelope [61] and TL-1 (a temporin L analog) directly inactivates 
SARS-CoV-2 [39]. Peptides AR-23 (isolated from skin secretion of frog) 
[52] and bomidin [53] also directly interact with the SARS-CoV-2 en
velope to inhibit infection. Human cathelicidin (LL-37) and alpha and 
theta defensins interfere with the SARS-CoV-2 entry process [64,65]. 
LL-37 inhibits virus entry by binding with both the receptor binding 
domain of the spike protein and the ACE2 receptor on the host cell [65]. 

Synthetic AVPs P9 and P9R bind to SARS-CoV, SARS-CoV-2 and 
MERS-CoV glycoproteins to prevent endosomal acidification, blocking 
membrane fusion and RNA release [62,63]. SARS-CoV infected mice 

treated with rhesus theta defensin-1 were protected and had reduced a 
mortality rate as the result of immunomodulation [60]. The cytokine 
responses observed in lung tissue homogenates at 2 and 4 days after 
infection demonstrated elevated levels of interleukin-6 (IL-6), kerati
nocyte chemoattractant, and granulocyte colony-stimulating factor in 
mice infected with SARS-CoV and treated with RTD-1, as compared to 
mice infected with SARS-CoV alone. Although RTD-1 did not show any 
significant direct inhibitory effect on the virus titer in vivo or in vitro, 
the altered cytokine responses appear to have impacted the outcome of 
the disease [60]. 

Table 8 presents the characteristics of peptides that directly target 
the coronavirus envelope. These peptides have a net charge ranging 
from + 2 to + 10, aliphatic index ranging from 41.05 to 160.59, and 
GRAVY scores ranging from − 1.121 to + 0.969. Most of the antiviral 
peptides (AVPs) have an alpha helix structure, except for P9 and P9R, 
which have the highest TI values of 158 and > 333, respectively. On the 
other hand, human defensins and cathelicidin, which act as virus entry 
inhibitors, have a positive charges ranging from + 3 to + 6, aliphatic 
indeces ranging from 64.06 to 89.46, and GRAVY scores ranging from 
− 0.724 to + 0.778. Among these, human alpha defensins have a 
random coil structure, theta defensins have neither an alpha helix nor a 
random coil structure, and LL-37 has an alpha helix structure. Addi
tionally, the immunomodulating peptide RTD-1 has a net charge of + 5, 
aliphatic index of 59.44, and GRAVY score of + 0.35. It has a random 
coil secondary structure. 

Table 6 
Characteristics of AVPs targeting HSV following different mode of actions.  

Peptide name 
(References) 

Mode of action/ amino acid sequence Charge Aliphatic 
index 

GRAVY 
Score 

Structure 
prediction 
(α-helix/ random 
coil (%)) 

CC50 

(µM) 
IC50 or 
EC50 

(µM) 

Therapeutic 
index (TI) 

Inhibition of replication 
AR-23 [52] AIGSILGALAKGLPTLISWIKNR  3  148.7  0.73 69.57/30.43 25 0.78 32 
Melittin [47] GIGAVLKVLTTGLPALISWIKRKRQQ  5  135  0.273 69.23/30.77 8.51 1.35 6.3 
Magainin 2 [47] GIGKFLHSAKKFGKAFVGEIMNS  3  72.17  0.083 78.26/ 21.74 > 100 22.16 > 4.5 
Magainin 1 [47] GIGKFLHSAGKFGKAFVGEIMKS  3  72.17  0.217 60.87/39.13 > 100 36.59 > 2.7 
BMAP-28 [45] GGLRSLGRKILRAWKKYGPIIVPIIRI  7  144.44  0.256 40.74/40.74 ND ND ND 
Hecate [42] FALALKALKKALKKLKKALKKAL  9  144.78  0.222 95.65/4.35 ND ND ND 
Inhibition of virus adhesion and entry 
ApoEdpL-W [49] WRKWRKRWWWRKWRKRWW  10  0  -2.767 0 ND 3.1 ND 
MU92 (Hepta 1 dp) 

[49] 
RWWRWWRRWWRWWR  6  0  -2.443 0 ND 3.3 ND 

RLLR5 [49] RLLRRLLRRLLRRLLRRLLR  10  195  -0.35 0 ND ˂3.3 ND 
MU94 (Deca 1 dp)  

[49] 
YRWWRWARRWYRWWRWARRW  8  10  -2.11 0 ND 5 ND 

N-[RLLR]3 [49] APKAMRLLRRLLRRLLR  7  149.41  -0.247 82.35/17.65 ND 7.3 ND 
MU89 (Octa 1 dp)  

[49] 
RRWYRWWRRRWYRWWR  8  0  -2.75 0 ND 8.3 ND 

MU104 [49] RRRRRRRRRRRRRRRWWW  15  0  -3.9 0/ 77.78 ND 9.25 ND 
Deca 1 [49] YRWWRWARRW  4  10  -2.11 50/40 ND > 20 ND 
Hepta 1 [49] RWWRWWR  3  0  -2.443 0/42.86 ND > 20 ND 
MU103 [49] RRRRRRRWWWRRRRRRRR  15  0  -3.9 0 ND > 20 ND 
Octa 1 [49] RRWYRWWR  4  0  -2.75 0/50 ND > 20 ND 
HNP-1 [48] ACYCRIPACIAGERRYGTCIYQGRLWAFCC  3  65.33  0.3 0/73.33 ND ND ND 
HNP-2 [48] CYCRIPACIAGERRYGTCIYQGRLWAFCC  3  64.14  0.248 0/72.41 ND ND ND 
HNP-3 [48] DCYCRIPACIAGERRYGTCIYQGRLWAFCC  2  62  0.123 0/73.33 ND ND ND 
NP-1 [46] VVCACRRALCLPRERRAGFCRIRGRIHPLCCRR  9  85.76  -0.112 6.06/ 81.82 ND ND ND 
Retrocyclin-2 [48] CICGRGICRCICGRRICR  5  86.67  0.517 0 ND ND ND 
Retrocyclin 1 [48] GICRCICGRGICRCICGR  4  86.67  0.744 0 ND ND ND 
RTD-3 [48] GFCRCICTRGFCRCICTR  4  43.33  0.522 0/94.44 ND ND ND 
gB122 [50] GHRRYFTFGGGYVYF  2  19.33  -0.387 0/33.33 ND 18 ND 
AR-23 [52] AIGSILGALAKGLPTLISWIKNR  3  148.7  0.73 69.57/30.43 25 3.125 8 
Inhibition of virus attachment 
AR-23 [52] AIGSILGALAKGLPTLISWIKNR  3  148.7  0.73 69.57/30.43 25 6.25 4 
Cell line pretreatment to inhibit infection 
gB122 [50] GHRRYFTFGGGYVYF  2  19.33  -0.387 0/33.33 ND 72 ND 
Inhibition of cell-to-cell transmission 
NP-1 [46] VVCACRRALCLPRERRAGFCRIRGRIHPLCCRR  9  85.76  -0.112 6.06/ 81.82 ND ND ND 

* , GRAVY score = Grand average hydrophobicity; CC50 = cytotoxic concentration by 50%; EC50 = effective concentration reducing viral replication by 50%; IC50 
= inhibitory concentration by 50%; TI= therapeutic index (EC50 or IC50/CC50), ND = not determined. 
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3.3.5. Influenza virus 
Antigenic shifts and drifts in the influenza genome make it chal

lenging to manage. There are several anti-influenza drugs and vaccines 

available, but strains can become resistant over time. The AVPs TL-1 
[39], P9 [62,63], P9R [63], Urumin (isolated from the skin of south 
Indian frog) [67] and mucroporin-M1 [61] disrupt the virus envelop and 

Table 7 
Characteristics and mode of action of Anti-HCV peptides.  

Peptide name 
(References) 

Mode of action/ amino acid sequence Charge Aliphatic 
index 

GRAVY 
Score 

Structure 
prediction 
(α-helix/ 
random coil 
(%) 

CC50 

(µM) 
IC50 or 
EC50 

(μM) 

Therapeutic 
index (TI) 

Inhibition of NS3 protease and NS2/3 Processing 
P49 [55] KKKKAVAATYVLV  4  120  0.323 0/38.46 ND 3 ND 
P50 [55] KKKKVAAATYVLV  4  120  0.323 0/30.77 ND 3 ND 
P90 [55] KKKKVTAATYVLV  4  112.31  0.131 0/30.77 ND 4.3 ND 
P83 [55] KKKKVVKATYVLV  5  126.92  0.069 0/30.77 ND 6.5 ND 
P163 [55] KKKKVVLPFLFFF  4  104.62  0.769 0 ND 7 ND 
P63 [55] KKKKFVAATYVLV  4  112.31  0.4 0/30.77 ND 7 ND 
P58 [55] KKKKVVLATYVLV  4  156.92  0.662 0/30.77 ND 7.5 ND 
P165 [55] KKKKLLAAFLFFF  4  105.38  0.815 0 ND 7.6 ND 
P179 [55] KKKKLVLPFLFVF  4  134.62  0.846 0 0 8.3 ND 
33 [54] KGSVVIVGRIILSGRK  4  151.87  0.644 0/25 ND 5.7 ND 
37 [54] RGGSVVIVGRIILSGRK  4  142.94  0.547 0/41.18 ND 3.4 ND 
Cell line pretreatment to reduce infection, neutralization, & treatment to infected cell 
HNP-1 [57] ACYCRIPACIAGERRYGTCIYQGRLWAFCC  3  65.33  0.3 0/73.33 ND ND ND 
HNP-2 [57] CYCRIPACIAGERRYGTCIYQGRLWAFCC  3  64.14  0.248 0/72.41 ND ND ND 
HNP-3 [57] DCYCRIPACIAGERRYGTCIYQGRLWAFCC  2  62  0.123 0/73.33 ND ND ND 
HNP-4 [57] VCSCRLVFCRRTELRVGNCLIGGVSFTYCCTR  4  85  0.55 0/40.62 ND ND ND 
RHBD-1 [57] DHYNCVSSGG QCLYSACPIF TKIQGTCYRG KAKCCK  4  46.11  -0.272 0/91.67 ND ND ND 
RHBD-2 [57] GIGDPVTCLK SGAICHPVFC PRRYKQIGTC GLPGTKCCKK P  6  64.15  -0.102 0/90.24 ND ND ND 
RHBD-3 [57] GIINTLQKYY CRVRGGRCAV LSCLPKEEQI GKCSTRGRKC 

CRRKK  
11  67.11  -0.7 0/82.22 ND ND ND 

RHBD-4 [57] EFELDRICGY GTARCRKKCR SQEYRIGRCP NTYACCLRKW 
DESLLNRTKP  

6  50.8  -1.008 42/58 ND ND ND 

Directly targeted envelop/membrane 
Hecate [58] FALALKALKKALKKLKKALKKAL  9  144.78  0.222 95.65/4.35 12.17 8.57 1.4 
Lys-Hecate [58] K-FALALKALKKALKKLKKALKKAL  10  138.75  0.05 91.67/ 8.33 7.97 2.6 3 
Glu-Hecate  

[58] 
E-FALALKALKKALKKLKKALKKAL  8  138.75  0.067 95.83/4.17 9.12 3.30 2.7 

Acetyl-Hecate  
[58] 

Acetyl-FALALKALKKALKKLKKALKKAL  9  144.78  0.222 95.65/4.35 9.43 3.79 2.5 

GA-Hecate [58] GA-FALALKALKKALKKLKKALKKAL  9  137.2  0.26 92/8 34.95 11.18 3.1 
GA2-Hecate  

[58] 
GA2-FALALKALKKALKKLKKALKKAL  9  137.2  0.26 92/8 > 100 34.24 > 2.9 

Hp1090 [56] IFKAIWSGIKSLF  2  127.69  1.077 61.54/15.38 ND 5 ND 
Inhibition of virus replication           
BmKDfsin3  

[59] 
GFGCPFNQGKCHRHCRSIRRRGGYCDGFLKQRCVCYRK  9  28.16  -0.924 0/ 92.11 61.99 4.36 14.2 

* , GRAVY score = Grand average hydrophobicity; CC50 = cytotoxic concentration by 50%; EC50 = effective concentration reducing viral replication by 50%; IC50 
= inhibitory concentration by 50%; TI= therapeutic index (EC50 or IC50/CC50), ND = not determined. 

Table 8 
Characteristics and mode of actions of AVPs that are active against human coronaviruses.  

Peptide name 
(References) 

Mode of action/amino acid Sequence Charge Aliphatic 
index 

GRAVY 
Score 

Structure 
prediction 
(α-helix/ random 
coil (%)) 

CC50 

(µM) 
IC50 or 
EC50 

(µM) 

Therapeutic 
index (TI) 

Directly targeted envelop/membrane 
P9R [63] NGAICWGPCPTAFRQIGNCGRFRVRCCRIR 6 55.33 -0.15 0/70 > 87.92 0.26 > 338 
P9 [62,63] NGAICWGPCPTAFRQIGNCGHFKVRCCKIR 5 55.33 -0.067 0/ 73.33 113.88 0.72 158 
TL-1 [39] FVPWFSKFLGRIL 2 112.31 0.969 46.15/23.08 42.18 4.62 9.1 
mucroporin-M1  

[61] 
LFRLIKSLIKRLVSAFK 5 160.59 0.794 88.24/11.76 34.70 7.12 4.9 

AR-23 [52] AIGSILGALAKGLPTLISWIKNR 3 148.7 0.73 69.57/30.43 25 12.5 2 
Bomidin [53] MGRFKRFRKKFKKLFKKLS 10 41.05 -1.121 78.95/21.05 169.6 ND ND 
Inhibition of virus entry 
RC-101 [65] GICRCICGKGICRCICGR 4 86.67 0.778 0 ND 2.48 ND 
HNP-1 [65] ACYCRIPACIAGERRYGTCIYQGRLWAFCC 3 65.33 0.3 0/73.33 ND ND ND 
HD5 [65] ATCYCRTGRCATRESLSGVCEISGRLYRLCCR 4 64.06 -0.113 0/65.62 ND ND ND 
LL-37 [64] LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLVPRTES 6 89.46 -0.724 78.38/21.62 ND ND ND 
Immunomodulation to reduce infection in vivo        
RTD-1 [60] GFCRCLCRRGVCRCICTR 5 59.44 0.35 0/100 ND ND ND 

* , GRAVY score = Grand average hydrophobicity; CC50 = cytotoxic concentration by 50%; EC50 = effective concentration reducing viral replication by 50%; IC50 
= inhibitory concentration by 50%; TI= therapeutic index (EC50 or IC50/CC50), ND = not determined. 
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interfere with endosomal acidification. The AVPs BF-30 (isolated from 
snake venom), retrocyclin-2 and HBD-3 inhibit virus entry by blocking 
hemagglutinin-mediated fusion [66,69]. Short synthetic lipopeptides 
such as S-KKWK can inhibit virus entry by interfering with the confor
mational rearrangements of the hemagglutinin-2 subunit [68]. 

Peptides that directly target the influenza virus envelope have a net 
charge ranging from + 2 to + 6, aliphatic indeces ranging from 55.33 to 
160.59, and GRAVY scores ranging from − 0.15 to + 0.794 (Table 9). 
Most of these antiviral peptides have a random coil structure, except for 
mucroporin-M1 and TL-1. All the peptides showed good antiviral ac
tivity, with IC50 values ranging from 0.26 to 6.74. BF-30, HBD-3, and 
retrocyclin-2 act as fusion inhibitors and have a positive charge ranging 
from + 5 to + 11, aliphatic index ranging from 67.11 to 86.67, and 
GRAVY scores ranging from − 0.7 to + 0.517. Among these, HBD-3 has 
a random coil structure, theta defensins have neither an alpha helix nor 
a random coil structure, and BF-30 has an alpha helix structure. In 
addition, one lipopeptide that acts as an entry inhibitor has a net positive 
charge of 3, an aliphatic index of 0, and a GRAVY score of − 2.68. It has 
a random coil secondary structure with a lower IC50 value of 2.52 
(Table 9). 

3.3.6. Zika virus 
Eight AVPs have been identified with the ability to inhibit Zika virus 

infection. The AVP brevinine-2GHk (isolated from skin of southeast 
Asian frog) disrupts the envelope integrity by binding with the ZIKV E 
protein [80]. Hc-CATH, a cathelicidin from snake skin, targets the en
velope and interferes with the downregulation of the AXL kinase re
ceptor. AXL plays an important role in ZIKV infection either by acting as 
a cofactor for the entry of ZIKV to host cells or by regulating the innate 
immune response of host cells by negatively regulating interferon (IFN) 
signaling and the expression of inflammatory factors [76]. Both mouse 
cathelicidin CRAMP and human cathelicidin LL-37 directly bind with 
the virions and cause increased leakage of genomic material (RNA). 
These cathelicidins also inhibit Zika virus replication if they are applied 
to cells after entry of the virus, but the specific target site is unknown 
[77]. Two other synthetic cathelicidins GF-17 and BMAP-18 show 
anti-Zika activity when preincubated with the virus (presumably by 
affecting its envelop, but this has yet to be verified) and stimulating the 
interferon pathway to provide protection [78]. The AVP RC-101 and 
An1a (identified from spider venom) inhibit NS2B-NS3 serine protease. 
The NS2B-NS3 protease is a complex of two viral proteins, NS2B and 
NS3, that work together to cleave the viral polyprotein at specific sites. 
The viral precursor polyprotein is a long chain of amino acids that is 

translated from the viral RNA and needs to be cleaved into smaller 
functional proteins in order for the virus to replicate and produce new 
virus particles [75,79]. RC-101 also binds with the DE loop of the E 
protein, preventing virus entry [79]. 

Antiviral peptides that directly target Zika virus have a positive net 
charge ranging from + 4 to + 12, an aliphatic index between 43.33 and 
125.88, and a GRAVY score from − 1.25 to + 0.033. All these AVPs have 
an alpha helix secondary structure. Two cathelicidins, CRAMP and LL- 
37, that inhibit virus replication have a positive net charge of + 4 and 
+ 6, an aliphatic index of 91.76 and 89.46, and a GRAVY score of 
− 0.682 and − 0.724, respectively. Both peptides also have an alpha 
helix secondary structure. The AVP immunomodulators during Zika 
virus infection contain two members, BMAP-18, and GF-17, which have 
a positive net charge of + 10 and + 4, an aliphatic index of 43.33 and 
125.88, and a GRAVY score of − 1.25 and − 0.094, respectively with an 
alpha helix secondary structure. Two peptides, An1a and RC-101, act 
specifically on the NS2B-NS3 protease, with RC-101 also acting as an 
entry inhibitor. An1a has mostly random coil sheet secondary structure, 
while RC-101 does not have an alpha helix or random coil structure. 
An1a has a positive net charge of + 3, an aliphatic index of 29.72, and a 
GRAVY score of − 0.481, while RC-101 has a positive net charge of + 4, 
an aliphatic index of 86.67, and a GRAVY score of + 0.778. (Supple
mentary Table 1). 

3.3.7. Dengue virus 
Eight antiviral peptides were found to have anti-dengue virus ac

tivity. Bomidin directly targeted the dengue virus by interacting with its 
envelope and disrupting the integrity of the virion [53]. Two synthetic 
peptides DN57opt and 1OAN1 inhibited virus binding and fusion with 
the host cell and caused structural modifications of the virus [70]. 
During dengue infection, there is an increased expression of the β3 
integrin receptor on the surface of the host cell, which the virus uses to 
gain entry. The β3 integrin receptor interacts directly with the binding 
domain of the viral E protein located specifically on domain III of the 
envelope protein (EDIII). LL-37 inhibited virus entry by binding to the E 
protein, while P7 (a synthetic peptide) interfered with the interaction 
between β3 integrin and EDIII [73,74]. The AVPs protegrin-1, latarcin-1 
(isolated from spider venom) and An1a inhibited dengue virus replica
tion by targeting NS2B-NS3 serine protease. The NS2B/NS3 protease is a 
serine protease that belongs to the chymotrypsin family, and it is 
responsible for cleaving the viral precursor polyprotein at 8 out of 13 
specific cleavage sites. This proteolytic processing is critical for the 
maturation of the viral particle and the production of functional viral 

Table 9 
Characteristics and mode of actions of anti-influenza virus peptides.  

Peptide name 
(References) 

Mode of action/amino acid Sequence Charge Aliphatic 
index 

GRAVY 
Score 

Structure 
prediction 
(α-helix/ 
random coil 
(%)) 

CC50 

(µM) 
IC50 or 
EC50 

(µM) 

Therapeutic 
index (TI) 

Directly targeted envelop/membrane 
P9R [63] NGAICWGPCPTAFRQIGNCGRFRVRCCRIR 6 55.33 -0.15 0/70 > 87.92 0.26 > 338 
P9 [62,63] NGAICWGPCPTAFRQIGNCGHFKVRCCKIR 5 55.33 -0.067 0/ 73.33 113.87 0.36 316.3 
mucroporin- 

M1 [61] 
LFRLIKSLIKRLVSAFK 5 160.59 0.794 88.24/11.76 34.70 1.03 33.7 

Urumin [67] IPLRGAFINGRWDSQCHRFSNGAIACA 2 72.59 -0.033 0/81.48 2450 3.8 644.7 
TL-1 [39] FVPWFSKFLGRIL 2 112.31 0.969 46.15/23.08 42.18 6.74 6.3 
Inhibition of fusion 
BF-30 [69] KFFRKLKKSVKKRAKEFFKKPRVIGVSIPF 11 71.33 -0.537 56.67/23.33 67.7 5.2 13 
HBD-3 [66] GIINTLQKYYCRVRGGRCAVLSCLPKEEQIGKCSTRGRKCCRRKK 11 67.11 -0.7 0/82.22 ND ND ND 
Retrocyclin-2  

[66] 
CICGRGICRCICGRRICR 5 86.67 0.517 0 ND ND ND 

Inhibition of virus entry 
Lipopeptide  

[68] 
S-KKWK 3 0 -2.68 0/80 43.59 2.52 17.3 

* , GRAVY score = Grand average hydrophobicity; CC50 = cytotoxic concentration by 50%; EC50 = effective concentration reducing viral replication by 50%; IC50 
= inhibitory concentration by 50%; TI= therapeutic index (EC50 or IC50/CC50), ND = not determined. 
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proteins necessary for viral replication [71, 72, 75]. 
The charge of these peptides ranged from + 2 to + 10, with an 

aliphatic index of 29.72–76.43 and GRAVY score of − 0.25 to − 1.248. 
All peptides were hydrophilic, with equal prominence of alpha-helix and 
random coil structures (Supplementary Table 2). 

3.3.8. Other enveloped viruses 
Data for the AVPs that act against other enveloped viruses can be 

found in Supplementary Table 3. For the hepatitis B virus, two AVPs, 
mucroporin-M1 and BmKDfsin4 (a scorpion defensin), had antiviral 
activity. Mucroporin-M1 inhibited virus replication by inducing the 
mitogen-activated protein kinase (MAPK) pathway and downregulating 
HNF4α expression, while BmKDfsin4 inhibited virus DNA and protein 
production [87,88]. Mucroporin-M1 is a hydrophobic peptide with an 
alpha helical structure and a TI value of 7.9, while BmKDfsin4 is hy
drophilic with a random coil structure with a much higher TI value of 
103.6 (Supplementary Table 3). 

LL-37 and its derivatives have activity against Ebola virus. These 
AVPs impair cathepsin B-mediated processing of the Ebola virus glyco
protein, which is necessary for the virus to enter and infect host cells 
[85]. The peptides are all alpha helixes and share properties such as a 
net charge ranging from + 4 to + 6, an aliphatic index ranging from 
89.46 to 126.5, and a GRAVY score ranging from − 0.724 to − 0.094. 
Among these peptides, the GI-20d* and 17-BI derivatives had higher TI 
values than other peptides, indicating that they have greater potential as 
antiviral agents against Ebola (Supplementary Table 3). 

The AVPs mucroporin-M1, TL-1 and AR-23 have activity against 
measles virus. Mucroporin-M1 disrupts the virus envelope [61]. The 
AVPs TL-1 and AR-23 directly inactivated the virus [39,52] but the 
mechanism has not been investigated in detail. These AVPs have a 
positive net charge of + 2 to + 5, an aliphatic index within the range of 
112.31–160.59, and a GRAVY score from + 0.73 to + 0.969. This means 
that they are relatively hydrophobic and contain more positively 
charged amino acids than negatively charged ones. All three peptides 
have an alpha helical structure. The results show that Mucroporin-M1 
and AR-23 were found to be more potential AVPs, with TI values of 
9.8 and 8, respectively compared to TL-1 which showed a lower TI value 
of less than 0.8 [39, 52, 61] (Supplementary Table 3). 

Synthetic peptide HD5(1− 9) has been found to inhibit the entry and 
attachment of human cytomegalovirus to host cells. It has a net positive 
charge of + 2, an aliphatic index of 11.11, and a GRAVY score of 
− 0.589. Its structure is a random coil, which means that it lacks a fixed 
and ordered conformation and is more flexible. The reported IC50 value 
of HD5(1− 9) is 40 µM, and its CC50 is 150 µM, indicating a therapeutic 
index (TI) of 3.75. These characteristics are significant because they 
show the potential of HD5(1− 9) as an antiviral agent, specifically 
against HCMV [94] (Supplementary Table 3). 

LL-37 has been found to be active against Venezuelan equine en
cephalitis virus (VEEV) by inhibiting its replication and entry into host 
cells. However, the authors did not report the exact IC50 value. None
theless, the finding that LL-37 is active against VEEV is significant, as it 
suggests that this AVP may have potential as an antiviral agent against 
this virus [94]. Two AVPs, P2 (synthetic peptide) and RC-101 inhibited 
Japanese encephalitis virus (JEV) infection, with P2 being directly 
active against the virus with an IC50 of 0.0941 µM [89]. RC-101 
inhibited this virus entry and replication into the cell with an IC50 
values of 10.67 µM [79] (Supplementary Table 3). 

Eight peptides were active against vaccinia virus. The AVPs LL-37, 
magainin-2B (synthetic analog of magainin), uperin-3.1 (isolated from 
dorsal glands of the Australian floodplain frog), CaLL (a synthetic form 
of cecropin-LL37 hybrid), and three synthetic peptides PD3, PD4, and 
RW3 targeted the envelope of the virion and inhibited infection [82,83]. 
These peptides have a positive net charge ranging from + 2 to + 8, an 
aliphatic index ranging from 0 to 143.33, and a GRAVY score ranging 
from − 2.7 to + 0.9. Except for RW3, all the peptides have an alpha helix 
structure, which is a common structural motif in proteins. On contrary 

two cathelicidin, LL-37 and CRAMP inhibited virus replication both in 
vitro and in vivo [81]. CRAMP has a positive net charge of + 4, an 
aliphatic index of 91.76, and a GRAVY score of − 0.682, while LL-37 has 
a positive net charge of + 6, an aliphatic index of 89.46, and a GRAVY 
score of − 0.724 (Supplementary Table 3). 

Both cecropin A and melittin have antiviral activity against Junin 
virus, with the ability to inhibit virus replication within host cells. 
Melittin has a positive net charge of + 5, an aliphatic index of 135, and a 
GRAVY score of + 0.273, while cecropin A has a positive net charge of 
+ 7, an aliphatic index of 74.71, and a GRAVY score of − 0.582. How
ever, when comparing the two peptides, cecropin A had a higher po
tential for further research, with a higher TI value of 29.4, compared to 
melittin’s TI value of 9.9 [47]. 

3.4. Non enveloped virus 

As their name suggests, non-enveloped viruses lack a lipid layer 
surrounding their viral capsid. Examples of non-enveloped viruses 
include adenoviruses, papillomaviruses, BK virus, and human rhino
virus. Due to the lack of a lipid enveloped, the mechanisms of antiviral 
action and the types of antiviral compounds that are effective against 
non-enveloped viruses can differ from those that target enveloped ones. 
Also, perhaps due to this difference, there are fewer studies on the action 
of AVPs against non-enveloped viruses. 

The AVP LL-37 produced 96% inhibition of Aichi virus infection, 
with an IC50 values of 73 µM (TI=3.4) [92]. It has a positive net charge 
of + 6, an aliphatic index of 89.46, and a GRAVY score of − 0.724 
(Table 10). Human alpha defensin HD5 has activity against BK virus. 
HD5 aggregates the virion, thereby inhibiting its infectivity. HD5 is a 
cationic peptide with a net positive charge of + 4, an aliphatic index of 
64.06, a GRAVY score of − 0.113, and a random coil secondary structure 
[90] (Table 10). 

The peptides HNP-1, dermaseptin-S1 synthetic derivatives, and RTD- 
1 are active against human adenovirus type 5 and human papilloma
virus. HNP-1 reduces the production of human adenovirus type 5, with 
an IC50 of 4.35 µM [91]. Dermaseptin-S1 derivatives inhibited human 
papillomavirus entry into host cells, but only when added before 
infection. On the other hand, RTD-1 clustered the papilloma capsid and 
prevented the virus from binding with cell surface receptors [51,84]. 
The AVPs active against the papilloma virus peptides have similar 
characteristics in terms of their net charge range, which ranged between 
+ 3 and + 5, and their aliphatic index, which ranged from 59.44 to 
108.28. However, there is some variation in their GRAVY score, which 
ranges from + 0.058 to + 0.524. All the peptides are alpha helical, 
except for RTD-1, which has a random coil structure (Table 10). 

The AVPs LL-37 and CRAMP inhibited human enterovirus 71 pro
duction by reducing binding to the cells, and subsequently its cytopathic 
effects, intracellular viral RNA copy number and levels of viral VP1 
protein [86]. Both AVPs also increased expression of interferon beta 
(IFN-β), interferon regulatory transcription factor 3, and significantly 
decreased generation of interleukin-6 (IL-6) and activation of p38 MAPK 
[86]. CRAMP has a net charge of + 4, an aliphatic index of 91.76, and a 
GRAVY score of − 0.682, while LL-37 has a net charge of + 6, an 
aliphatic index of 89.46, and a GRAVY score of − 0.724. 

Two synthetic AVPs, P9 and P9R, inhibited human rhinovirus 
infection either by hindering virus-host endosome acidification or by 
inhibiting virus replication [63]. Both AVPs are cationic, hydrophilic 
and have random coil structure. In terms of activity P9R showed higher 
potency with a lower IC50 value of 1.55 µM (TI = >56.6) than P9 with 
higher IC50 value of 10.19 µM (TI = >8.8) [63] (Table 10). 

4. Discussion 

Many diseases caused by viruses are difficult to treat due to the 
emergence of new strains, making it important to find new and effective 
treatments. The possibility of viral pandemics that pose a significant 

U.L. Urmi et al.                                                                                                                                                                                                                                 



Peptides 166 (2023) 171024

12

danger to the global population is a real concern. There are many 
ongoing research efforts aimed at better understanding of viruses and 
developing new treatments. Cationic peptides are a class of antiviral 
compounds that contain positive charges. These charges allow the 
peptides to interact with the negatively charged surfaces of viruses, 
leading to a range of antiviral effects such as disrupting the viral 
envelop, blocking virus attachment to host cells, and inhibiting virus 
replication. Cationic antiviral peptides are a promising area of research 
for the development of new antiviral drugs, as they have broad-spectrum 
activity against a range of viruses, low toxicity to host cells, and the 
potential for low resistance development by the virus. 

This review highlighted the fact that most studies of AVPs’ activity 
had been conducted in vitro studies, with very few experiments using 
animal models, thus it is difficult to conclusively state that AVPs can 
prevent or reduce viral infections. However, AVPs were active against a 
wide range of viruses, including both enveloped and non-enveloped 
viruses. Most studied AVPs were found to be active against RNA vi
ruses rather than DNA viruses, but this might simply be due to the RNA 
viruses being studied more. AVPs had either been selected from natural 
sources or synthesized using bioinformatics tools. 

The main objective of this review was to emphasize the correlations 
between the physical characteristics of antiviral peptides, such as 
charge, hydrophobicity, and amphipathicity, with their mechanisms of 
action. To achieve this, the peptides were submitted to two online tools 
to determine their physicochemical properties. After analysing the 
physicochemical properties and mode of action of the peptides, this 
study identified three prominent target sites (virus particles, entry 
processes and post entry replication stages) for antiviral peptides, and 
that the secondary structure and hydrophobicity of the peptides varied 
depending on the target site. The peptides that target the virus directly, 
commonly the viral envelope, tend to have an alpha helix structure and 

be hydrophobic. The alpha helix structure can provide stability to the 
peptide, which may enhance its ability to interact with the viral target. 
The hydrophobicity of these peptides may also play a role in their in
teractions with the viral envelope. On the other hand, the peptides that 
target virus entry steps were mostly hydrophilic and random coils or 
with an unstable secondary structure. This may be because the peptides 
need to be able to interact with multiple targets and have more flexi
bility in their structure to do so. Finally, peptides that target the virus 
replication machinery tended to have an alpha helix structure but are 
hydrophilic. This may be because the peptides need to interact in a cell 
with the viral replication machinery and disrupt its function. Overall, 
these findings suggest that the secondary structure and hydrophobicity 
of antiviral peptides can play an important role in their efficacy and 
specificity for different target sites along with positive charges. 

Several peptides had demonstrated broad spectrum antiviral activity 
against multiple viruses through various mechanisms. These peptides 
mainly targeted viruses directly or by disrupting the viral envelope, 
interfering or inhibiting replication, and targeting virus attachment, 
fusion or entry. These group of peptides included TL-1 (directly targeted 
HSV-1 & 2, human coronaviruses, influenza, and measles virus) [39], 
indolicidin (directly targeted HSV-1 & 2 and HIV) [14,43], dermaseptin 
S4 (targeting the envelope of HIV and HSV-1) [32,44], synthetic de
rivatives of dermaseptin (effective against HSV-1 via directly targeting, 
and interfered within the replication process of HPV) [51], AR-23 
(inhibiting replication of HSV-1 and directly targeting human corona
viruses, and measles virus) [52], bomidin (effective against HSV-2 by 
inhibiting replication and directly targeting human coronaviruses and 
dengue virus) [53], BMAP-18 (inhibited HIV replication and effective 
against Zika virus by directly targeting it and causing immunomodula
tion) [34,96], P9 and P9R (effective against influenza, and SARS-CoV-2 
by directly targeting them, and inhibited human rhinovirus replication) 

Table 10 
Characteristics and mode of actions of peptides against non-enveloped viruses.  

Peptide name 
(References) 

Mode of action/amino acid Sequence Charge Aliphatic 
index 

GRAVY 
Score 

Structure 
prediction 
(α-helix/ 
random coil 
(%)) 

CC50 

(µM) 
IC50 or 
EC50 

(µM) 

Therapeutic 
index (TI) 

Aichi virus 
Mechanism of action not specified 
LL-37 [92] LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLVPRTES 6 89.46 -0.724 78.38/21.62 250 73 3.4 
BK Virus 
Virion aggregation 
HD5 [90] ATCYCRTGRCATRESLSGVCEISGRLYRLCCR 4 64.06 -0.113 0/65.62 ND ND ND 
Human adenovirus 
Intracellular treatment after adenovirus infection 
HNP-1 [91] ACYCRIPACIAGERRYGTCIYQGRLWAFCC 3 65.33 0.3 0/73.33 ND 4.35  
Human enterovirus 71 (EV71) 
Inhibition of virus replication, binding and caused immunomodulation 
CRAMP [86] GLVRKGGEKFGEKLRKIGQKIKEFFQKLALEIEQ 4 91.76 -0.682 73.53/26.47 ND ND ND 
LL-37 [86] LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLVPRTES 6 89.46 -0.724 78.38/21.62 ND ND  
Human papilloma virus 
Inhibition of virus entry by interfering binding between virion and cell surface complexes 
DRS-S1(1–29)-NH2  

[51] 
ALWKTMLKKLGTMALHAGKAALGAAADTI-NH2 3 108.28 0.524 89.66/10.34 40 ND ND 

[Thr4Lys12]-DRS-S1 
(1–29)-NH2 [51] 

ALWTTMLKKLGKMALHAGKAALGAAADTI-NH2 3 108.28 0.524 89.66/10.35 40 ND ND 

DRS-S1(1–14)-NH2  
[51] 

ALWKTMLKKLGTMA-NH2 3 97.86 0.314 92.86/7.14 > 100 ND ND 

DRS-S1(1–13)-NH2  
[51] 

ALWKTMLKKLGTM-NH2 3 97.69 0.2 69.23/15.38 > 100 ND ND 

DRS-S1(1–12)-NH2  
[51] 

ALWKTMLKKLGT-NH2 3 105.83 0.058 66.67/25 > 100 ND ND 

RTD-1 [84] GFCRCLCRRGVCRCICTR 5 59.44 0.35 0/100 ND 14 ND 
Human rhinovirus 
Inhibition of virus–host endosome acidification/ replication 
P9R [63] NGAICWGPCPTAFRQIGNCGRFRVRCCRIR 6 55.33 -0.15 0/70 > 87.92 1.55 > 56.7 
P9 [63] NGAICWGPCPTAFRQIGNCGHFKVRCCKIR 5 55.33 -0.067 0/ 73.33 > 89.90 10.19 > 8.8 

* , GRAVY score = Grand average hydrophobicity; CC50 = cytotoxic concentration by 50%; EC50 = effective concentration reducing viral replication by 50%; IC50 
= inhibitory concentration by 50%; TI= therapeutic index (EC50 or IC50/CC50), ND = not determined. 
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[63], mucroporin-M1 (directly targeted SARS-CoV, influenza, measles 
virus, and interfered within hepatitis B virus replication) [61,87], LL-37 
(effective against HIV, Zika virus, vaccinia virus, enterovirus 71 via 
directly targeting them and coronavirus, dengue, Ebola, and VEEV by 
inhibiting their entry) [34, 64, 73, 77, 82, 85, 86, 94], melittin (inhibited 
HIV and HSV-1 & 2 replication) [16,47], CRAMP (directly inhibited Zika 
virus, Vaccinia virus, and Enterovirus 71) [77, 81, 86], protegrin-1 
(active against HIV and dengue virus by inhibiting replication) [33, 
71], An1a (inhibited NS2B-NS3 protease of Zika and dengue virus) [75], 
HNP-2,3,4 (active against HIV, HSV-1&2 by inhibiting fusion and entry 
and provided cell line protection to reduce HCV infection) [30, 48, 57], 
retrocyclin 1 and RTD-3 (inhibited fusion and entry of HIV and HSV) 
[25, 30, 48], HD5 and its derivatives (inhibited entry of HCMV and 
SARS-CoV-2) [65,93], GI-20 and GF-17 (targeted entry steps of HIV and 
Ebola virus and caused changes in the immune response of cells infected 
with the Zika virus while also directly targeting the virus) [34, 78, 85], 
and RC-101 (inhibited entry of HIV and SARS-CoV-2) [29,65]. 

Some peptides were able to target multiple viruses directly, despite 
the differences in the composition of their envelopes. Usually, enveloped 
viruses are known to obtain their envelopes from various parts of the 
host cell. For example influenza virus acquires its envelope from the 
plasma membrane [97], HIV from the plasma membrane [98], hepatitis 
B virus from the plasma membrane of hepatocytes [99], dengue virus 
from the membrane of rough endoplasmic reticulum (ER) [100], human 
coronaviruses from the ER-Golgi intermediate compartment - a mobile 
complex responsible for delivering cargo from the ER to the Golgi [101], 
and HSV-1 from the inner nuclear membrane coated with nuclear egress 
complex (NEC) protein [102]. The composition of the envelope can vary 
greatly among different viruses due to their diverse origin. However, 
some peptides were effective against a wide range of viruses by targeting 
their envelopes, despite these differences. Additionally, some peptides 
targeted multiple steps of the virus entry and replication process. 
Further research is required to identify the precise targets and modes of 
action of many of these peptides against diverse viruses. This is neces
sary to draw definitive conclusions regarding their ability to combat 
multiple viruses through the same mechanism. 

Future investigations should concentrate not only on in vitro ex
periments of single peptides but also on animal models and the possible 
synergistic impacts of using a combination of several peptides with 
distinct mechanisms of action to combat viruses and diminish the like
lihood of developing resistance. 

5. Conclusions 

The objective of this review was to shed light on the potential of 
cationic AVPs as antiviral therapies. In view of the ongoing threat of 
viral pandemics, there is a pressing need for novel treatment options. 
Cationic AVPs have shown promise as antiviral agents, both on their 
own and in combination with other peptides or conventional drugs. The 
three primary targeting sites for AVPs were the virus itself, its entry 
steps, and replication. From the information obtained through this re
view, the physiochemical properties of peptides targeting these three 
groups varied: peptides directly targeting the virus tended to be alpha 
helical and hydrophobic, peptides targeting virus entry steps tended to 
be random coils and hydrophilic, while peptides targeting replication 
tended to be alpha helical and hydrophilic. The information provided in 
this review may serve as a guide for the development of new improved 
cationic AVPs. For example, these linear peptides can be allowed to tune 
for making shorter versions of amino-acid sequences, provide confor
mational constraint by synthesizing cyclic peptides and to develop 
hyper-branched peptides such as dendrimers to overcome limitations 
and shortage of antiviral therapeutics. 
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F. Tangy, The antimicrobial peptide dermaseptin S4 inhibits HIV-1 infectivity in 
vitro, Virology 334 (2) (2005) 264–275, https://doi.org/10.1016/j. 
virol.2005.02.002. 

[33] L. Steinstraesser, B. Tippler, J. Mertens, E. Lamme, H.H. Homann, M. Lehnhardt, 
O. Wildner, H.U. Steinau, K. Uberla, Inhibition of early steps in the lentiviral 
replication cycle by cathelicidin host defense peptides, Retrovirology 2 (2005) 2, 
https://doi.org/10.1186/1742-4690-2-2. 

[34] G. Wang, K.M. Watson, R.W. Buckheit Jr, Anti-human immunodeficiency virus 
type 1 activities of antimicrobial peptides derived from human and bovine 
cathelicidins, Antimicrob. Agents Chemother. 52 (9) (2008) 3438–3440. 

[35] K. Shimane, E.N. Kodama, I. Nakase, S. Futaki, Y. Sakurai, Y. Sakagami, X. Li, 
T. Hattori, S.G. Sarafianos, M. Matsuoka, Rev-derived peptides inhibit HIV-1 
replication by antagonism of Rev and a co-receptor, CXCR4, Int J. Biochem Cell 
Biol. 42 (9) (2010) 1482–1488, https://doi.org/10.1016/j.biocel.2010.05.005. 

[36] J.H. Wong, A. Legowska, K. Rolka, T.B. Ng, M. Hui, C.H. Cho, W.W. Lam, S.W. Au, 
O.W. Gu, D.C. Wan, Effects of cathelicidin and its fragments on three key enzymes 
of HIV-1, Peptides 32 (6) (2011) 1117–1122, https://doi.org/10.1016/j. 
peptides.2011.04.017. 

[37] Y. Chen, L. Cao, M. Zhong, Y. Zhang, C. Han, Q. Li, J. Yang, D. Zhou, W. Shi, 
B. He, F. Liu, J. Yu, Y. Sun, Y. Cao, Y. Li, W. Li, D. Guo, Z. Cao, H. Yan, Anti-HIV-1 
activity of a new scorpion venom peptide derivative Kn2-7, PLoS One 7 (4) 
(2012), e34947, https://doi.org/10.1371/journal.pone.0034947. 

[38] A. Armon-Omer, A. Levin, Z. Hayouka, K. Butz, F. Hoppe-Seyler, S. Loya, A. Hizi, 
A. Friedler, A. Loyter, Correlation between shiftide activity and HIV-1 integrase 
inhibition by a peptide selected from a combinatorial library, J. Mol. Biol. 376 (4) 
(2008) 971–982, https://doi.org/10.1016/j.jmb.2007.11.095. 

[39] C. Zannella, A. Chianese, L. Palomba, M.E. Marcocci, R. Bellavita, F. Merlino, 
P. Grieco, V. Folliero, A. De Filippis, M. Mangoni, L. Nencioni, G. Franci, 
M. Galdiero, Broad-Spectrum Antiviral Activity of the Amphibian Antimicrobial 
Peptide Temporin L and Its Analogs, Int J. Mol. Sci. 23 (4) (2022), https://doi. 
org/10.3390/ijms23042060. 

[40] R.I. Lehrer, K. Daher, T. Ganz, M.E. Selsted, Direct inactivation of viruses by MCP- 
1 and MCP-2, natural peptide antibiotics from rabbit leukocytes, J. Virol. 54 (2) 
(1985) 467–472, https://doi.org/10.1128/jvi.54.2.467-472.1985. 

[41] Y. Aboudy, E. Mendelson, I. Shalit, R. Bessalle, M. Fridkin, Activity of two 
synthetic amphiphilic peptides and magainin-2 against herpes simplex virus types 
1 and 2, Int J. Pept. Protein Res 43 (6) (1994) 573–582, https://doi.org/10.1111/ 
j.1399-3011.1994.tb00559.x. 

[42] A. Baghian, J. Jaynes, F. Enright, K.G. Kousoulas, An amphipathic alpha-helical 
synthetic peptide analogue of melittin inhibits herpes simplex virus-1 (HSV-1)- 
induced cell fusion and virus spread, Peptides 18 (2) (1997) 177–183, https:// 
doi.org/10.1016/s0196-9781(96)00290-2. 

[43] B. Yasin, M. Pang, J.S. Turner, Y. Cho, N.N. Dinh, A.J. Waring, R.I. Lehrer, E. 
A. Wagar, Evaluation of the inactivation of infectious Herpes simplex virus by 
host-defense peptides, Eur. J. Clin. Microbiol Infect. Dis. 19 (3) (2000) 187–194, 
https://doi.org/10.1007/s100960050457. 

[44] A. Belaid, M. Aouni, R. Khelifa, A. Trabelsi, M. Jemmali, K. Hani, In vitro antiviral 
activity of dermaseptins against herpes simplex virus type 1, J. Med. Virol. 66 (2) 
(2002) 229–234, https://doi.org/10.1002/jmv.2134. 

[45] M. Benincasa, B. Skerlavaj, R. Gennaro, A. Pellegrini, M. Zanetti, In vitro and in 
vivo antimicrobial activity of two alpha-helical cathelicidin peptides and of their 
synthetic analogs, Peptides 24 (11) (2003) 1723–1731, doi:10.1016/j. 
peptides.2003.07.025. 

[46] S. Sinha, N. Cheshenko, R.I. Lehrer, B.C. Herold, NP-1, a rabbit alpha-defensin, 
prevents the entry and intercellular spread of herpes simplex virus type 2, 
Antimicrob. Agents Chemother. 47 (2) (2003) 494–500, https://doi.org/ 
10.1128/aac.47.2.494-500.2003. 

[47] V.C. Albiol Matanic, V. Castilla, Antiviral activity of antimicrobial cationic 
peptides against Junin virus and herpes simplex virus, Int J. Antimicrob. Agents 
23 (4) (2004) 382–389, https://doi.org/10.1016/j.ijantimicag.2003.07.022. 

[48] B. Yasin, W. Wang, M. Pang, N. Cheshenko, T. Hong, A.J. Waring, B.C. Herold, E. 
A. Wagar, R.I. Lehrer, Theta defensins protect cells from infection by herpes 
simplex virus by inhibiting viral adhesion and entry, J. Virol. 78 (10) (2004) 
5147–5156, https://doi.org/10.1128/jvi.78.10.5147-5156.2004. 

[49] B.A. Kelly, S.J. Neil, A. McKnight, J.M. Santos, P. Sinnis, E.R. Jack, D. 
A. Middleton, C.B. Dobson, Apolipoprotein E-derived antimicrobial peptide 
analogues with altered membrane affinity and increased potency and breadth of 
activity, Febs J. 274 (17) (2007) 4511–4525, https://doi.org/10.1111/j.1742- 
4658.2007.05981.x. 

[50] R. Akkarawongsa, N.E. Pocaro, G. Case, A.W. Kolb, C.R. Brandt, Multiple peptides 
homologous to herpes simplex virus type 1 glycoprotein B inhibit viral infection, 
Antimicrob. Agents Chemother. 53 (3) (2009) 987–996, https://doi.org/ 
10.1128/aac.00793-08. 

[51] D. Savoia, M. Donalisio, A. Civra, S. Salvadori, R. Guerrini, In vitro activity of 
dermaseptin S1 derivatives against genital pathogens, Apmis 118 (9) (2010) 
674–680, https://doi.org/10.1111/j.1600-0463.2010.02637.x. 

[52] A. Chianese, C. Zannella, A. Monti, A. De Filippis, N. Doti, G. Franci, M. Galdiero, 
The broad-spectrum antiviral potential of the amphibian peptide AR-23, Int J. 
Mol. Sci. 23 (2) (2022), https://doi.org/10.3390/ijms23020883. 

[53] R. Liu, Z. Liu, H. Peng, Y. Lv, Y. Feng, J. Kang, N. Lu, R. Ma, S. Hou, W. Sun, 
Q. Ying, F. Wang, Q. Gao, P. Zhao, C. Zhu, Y. Wang, X. Wu, Bomidin: an 
optimized antimicrobial peptide with broad antiviral activity against enveloped 
viruses, Front Immunol. 13 (2022), 851642, https://doi.org/10.3389/ 
fimmu.2022.851642. 

[54] P.L. Darke, A.R. Jacobs, L. Waxman, L.C. Kuo, Inhibition of hepatitis C virus NS2/ 
3 processing by NS4A peptides, Implic. Control Viral Process., J. Biol. Chem. 274 
(49) (1999) 34511–34514, https://doi.org/10.1074/jbc.274.49.34511. 
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