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Abstract
Introduction: Lactoferrin (LF) is a transferrin family protein present in blood and in almost all of the
exocrine secretions of mammals (milk, saliva, bile, tears, etc.) which exhibits a variety of biological functions,
such as influencing iron homeostasis, modulating the immune response, and exerting anti-infectious properties
against a broad range of Gram-positive and Gram-negative bacteria and viruses.
Objectives: LF and its derivatives can represent effective alternatives or adjuvants to the current antiviral
therapies that carry the risk of numerous side effects and resistance emergence.
Methods: This review summarizes the data gathered up to date on the antiviral activity of lactoferrin and
peptides derived from different domains of this multifaceted molecule.
Results: Antiviral effects reported for peptides derived from N-terminal domain (Lactoferricin,
Lactoferrampin, LF1-11, HLP1-23, LF-33) and peptides derived from C-terminal domain (corresponding to
sequences 506-522, 418-429, 553-563 and 600-632) were analyzed and compared with the properties of the
native molecule; the results indicated the capacity of LF and a series of LF-derivates to interfere with the early
stages of the life cycle of a wide variety of viruses. Short synthetic peptides have the advantages of a low
molecular weight and offer the possibility of in vitro molecular simulation studies that can potentially improve
their antiviral activity.
Conclusion: The LF-derived peptides could represent promising candidates for prophylaxis or treatment
of a broad spectrum of viral infections.
Keywords: Lactoferrin, Lactoferrin-derived peptides, antiviral activity.
Rezumat
Introducere: Lactoferina umană (LF) este o glicoproteină din familia transferinei, prezentă în sânge și în
majoritatea secrețiilor mamiferelor (lapte, salivă, bilă, lacrimi etc.), care exercită numeroase funcții, precum
modularea homeostaziei fierului, dar și activități imunomodulatoare, antibacteriene și antivirale.
Obiective: LF și peptidele derivate din Lactoferină ar putea reprezenta alternative eficiente sau adjuvanți
importanți în tratamentul infecțiilor virale, mai ales din cauza reacțiilor adverse asociate medicamentelor
antivirale.
Metode: Acest articol sumarizează datele recente legate de acțiunea antivirală a Lactoferinei și a peptidelor
derivate din diferite domenii ale acestei glicoproteine multifuncționale.
Rezultate: Acțiunile antivirale ale peptidelor derivate din domeniul N-terminal al Lactoferinei
(Lactofericina, Lactoferampin, LF1-11, HLP1-23, LF-33) și a peptidelor derivate din domeniul C-terminal al
acesteia (corespunzatoare secvențelor 506-522, 418-429, 553-563 și, respectiv, 600-632) au fost comparate cu
efectele moleculei native; rezultatele au indicat faptul că pentru o varietate largă de virusuri, LF și peptidele
derivate pot interfera în principal cu fazele incipiente ale ciclului replicativ viral, inhibând astfel replicarea
virală. Aceste peptide scurte au avantajul unei greutăți moleculare reduse, oferind posibilitatea îmbunătățirii
proprietăților lor antivirale prin studii de simulare moleculară in vitro.
Concluzii: LF și peptidele derivate din Lactoferină reprezintă o strategie terapeutică promițătoare în
profilaxia și tratarea unui spectru larg de infecții virale.
Cuvinte-cheie: Lactoferină, peptide derivate din Lactoferină, acțiune antivirală.
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INTRODUCTION
Natural and synthetic peptides with biological activity against bacteria, fungi, protozoa, viruses and yeast infections are promising
broad spectrum antimicrobial therapies, as
well as immunomodulatory, anti-inflammatory, angiogenic and anti-tumoral agents.
Lactoferrin (LF) is a protein of the transferrin family present in the blood and in almost all of the exocrine secretions of mammals
(milk, saliva, bile, tears, etc.) [1]. LF exhibits
a variety of biological functions such as influencing iron homeostasis, modulating the immune response, and exerting anti-infectious
properties against a broad range of Gram-positive and Gram-negative bacteria and viruses
[2-7]. Some studies have also reported antiviral activities of LF-derived synthetic peptides
containing amino-acids from different parts of
the native molecule, and detailed their modes
of action. Therefore, LF and its derivatives can
represent effective alternatives or adjuvants to
the current antiviral therapies that carry the
risk of numerous side effects and resistance
emergence.
This review summarizes the data gathered
up to date on the antiviral activity of lactoferrin
and peptides derived from different domains
of this multifaceted molecule.
LACTOFERRIN IN PREVENTION OF
FREQUENT VIRAL INFECTIONS
X-ray crystallography indicates that
human lactoferrin (HLF) is a polypeptide
chain of about 700 amino acids, containing
two homologous globular domains named
N-lobe (amino acid residues 1–333) and C-lobe
(amino acids 345–692), connected by a short
α-helix. Each lobe consists of two subdomains
and contains one iron-binding site and one
glycosylation site [8]. The structure is highly
similar in different mammalian species and
the two symmetrical lobes have high sequence
homology, possibly as a result of an ancestral
gene duplication [9].
The antimicrobial properties of lactoferrin
are mainly mediated by a sequence located in
the N-terminus region of the protein which
contains high amount of basic residues allow214

ing interaction with surface components of the
microbial structure [2]. Antimicrobial and antiviral activities have also been attributed to peptides derived from the C-lobe of LF [10].
In vivo and in vitro studies have shown that
human lactoferrin can inhibit the early phase
of viral replication, its antiviral activity being
reported for a wide range of enveloped and
non-enveloped DNA and RNA viruses.
- Alpha and Beta Herpesviridae [11, 12]
- Hepatitis B virus (HBV) [13] and C virus
(HCV) [14]
- Adenoviruses [15]
- Retroviruses: Feline Immunodeficiency Virus
[16], and Human Immunodeficiency Virus
(HIV) [12]; HLF polymorphisms correlate
with the risk of HIV-1 mother to child
transmission [17]
- Respiratory syncytial virus and Rotaviruses
[18]
- Enteroviruses: poliovirus [19] and Enterovirus
71 [20].
Other mammalian lactoferrins have also
been documented as strong viral inhibitors
for the above mentioned, as well as other viral
families [12, 19, 21-28], such as human echovirus
5 [29], influenza A H1N1 [30], Papillomaviruses
[31], Norovirus [32], and Arboviruses Sindbis
and Semliki Forest viruses [33], Dengue virus
[34], Toscana virus [35], Hantavirus [36],
Mayaro virus [37], Chikungunya and Zika
viruses [38].
MECHANISMS OF THE ANTIVIRAL
ACTIVITY
In most cases, LF acts in the early phase
of viral life cycle, either by blocking viral
attachment to receptors on the cell membrane,
or by direct binding to viral particles [39-41] –
Fig. 1.
One particular molecular feature of LF
is the high positive surface charge which is
crucial for most of its properties. LF prevents
viral attachment to target cells by binding to
Glycosaminoglycans (GAGs), such as heparan
sulphate or chondroitin sulphate. Thus, the
interference of LF with virus-GAGs interactions
was reported to be mediated through the
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molecular weight and increased solubility.
Moreover, their structure-function relationship
can be easily studied by molecular simulation
in order to improve the antiviral properties.

Fig. 1. Schematic presentation of the mechanisms
of antiviral effect

cationic clusters GRRRR and RKVRVG located
in the N-terminus region of protein [42-44].
This antiviral mechanism was demonstrated in vitro on cell cultures with selective modified expression of GAG molecules [40] and
shown to be independent of the iron withholding, since both iron saturated and apo-LF were
equally effective [45].
LF can prevent viral infections by using
additional non-glycosaminoglycans pathways,
such as binding to dendritic cell-specific
intercellular adhesion molecule 3-grabbing
non-integrin (DC-SIGN) [46] and low-density
lipoprotein receptors (LDLR) [47].
LF can also target proteins from the
viral surface, for example capside III and IIIa
structural polypeptides of adenoviruses [42],
and envelope E1 and E2 of HCV [48].
An intracellular activity involving direct
inhibition of viral replication and/or activation
of different inflammatory pathways were also
suggested [49]. Additional protective effects
were associated with activation of natural killer
cells, monocytes, and granulocytes which can
enhance the clearance of the viral particles [50].
Despite its antiviral potential, the use
of LF in protein-based products for clinical
application is limited, due to its short half-life.
To overcome this disadvantage, LF-derived
peptides that contain only active sequences
from its N- or C-terminal regions are being
tested in in vitro and in vivo studies. These
chemically synthesized peptides have low

PRODUCTION AND ISOLATION OF
LACTOFERRIN DERIVED PEPTIDES
Production and isolation of peptides
derived from human or bovine LF was
accomplished by either the use of various
enzymatic hydrolysis methods, or more
recently, of heterologous expression in
different systems.
Enzymatic hydrolysis of bovine LF with
gastric pepsin generated a cationic peptide
- lactoferricin B (LFcin B) with a broad
spectrum antibacterial activity, being 8-fold
more potent than the native molecule [51, 52].
Over the past few years, the concept of plantmade biopharmaceuticals was introduced
in practice to obtain heterologous peptides
[53], while the E. coli-based system was used
to obtain lactoferricin [54] and different other
antimicrobial peptides [55]. The heterologous
expression of cationic peptides is a practical
and sometimes better option for peptides
production [52] as it eliminates safety concerns
related to animal-derived products, and
provides consistency across production lots.
Additionally, liposomes can be used as a drug
delivery vehicle; encapsulation of lactoferrin
or its derivates into liposomes was reported to
improve the stability and enhance the efficacy
of the bioactive molecule [56].
PEPTIDES
DERIVED
FROM
N-TERMINAL DOMAIN
1. Lactoferricin (LFcin)
In 1991, Tomita et al. found that the pepsinhydrolysate of LF has potent antimicrobial
activity, and the purified active peptide named
lactoferricin (LFcin) is the most studied LFderived compound [51] – Fig. 2. LFcin-B derived
from bovine LF (aa residues 17- 41 of LF) and
LFcin-H from human LF (aa residues 1 - 47
of LF) are highly hydrophobic peptides, with
36% sequence similarity [57], and containing
multiple positively charged residues.
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Fig. 2. Location of Lactoferricin (white),
Lactoferampin (dotted line), LF1-11 (solid line) in
the N-terminal lobe of human Lactoferrin - ribbon
diagram representation of the secondary structure
of iron saturated human Lactoferrin

host cell, but the antiviral activity is more
than seven-fold weaker than that of the native
molecule [61].
Only a moderate inhibition was obtained
with lactoferricin B in HIV infection as reported
by Berkhout et al. [26]. However, a 4-fold
increase in the anti-HIV potency was detected
when negatively-charged groups were added
to the LF molecule by succinylation [12],
allowing a more efficiently binding to the V3
loop from gp120 envelope protein [62].
In the recent years, LFcin has been
reported as an active antitumoral peptide,
with proposed underlying mechanisms, such
as the formation of transmembrane pores,
depolarization of mitochondria or activation of
the caspases cascade [63], mechanisms that can
also interfere with the viral life cycle.

The secondary structure of LFcin-B
includes a single β-sheet strand instead of
the long α-helix present in LF molecule [58];
this alteration seems to promote the binding
with the bacterial membranes, explaining its
increased antimicrobial effect compared to the
entire molecule. LFcin has strong antimicrobial
and immunological properties, but exerts only
weak antiviral activities [11, 59] suggesting that
the antiviral effect is either dependent on the
secondary structure stabilized by a disulfide
bond formation of the native molecule, or it is
mediated by other LF regions.
The antiviral effects of LFcin were
demonstrated on HSV-1 and 2 and were
attributed to viral entry blocking through
its interaction with heparin sulphate GAGs
present on host cell surface. The human peptide
seems to exert lower antiviral activity than the
bovine one, a feature probably explained by
the interference with intracellular trafficking
of the virus exhibited by LFcin-B and bovine
LF [60]; additional characteristics, such as size,
quaternary structure, hydrophobicity and
distribution of charged amino acids were also
incriminated [41].
LFcin-B, LFcin-H, and the cyclic form
of LFcin-H were active on CMV infection,
inhibiting the in vitro viral entrance into the

2. Lactoferrampin (LFampin) – Sequence:
WNLLRQAQEKFGKDKSP; Ip = 9.70
Lactoferrampin contains residues 268–284
from the N-domain that plays a key role in the
membrane-mediated activities of lactoferrin –
Fig. 2; it has good antimicrobial and anti-fungal activities [64], but only modest antiviral effects. Its properties seem to be associated with
binding and disruption of the bacterial membrane following a two-step model of action,
similar to that reported for LFcin [65]. Recent
studies indicate that the amino acid composition is crucial for the biological effects of both
LFampin and LFcin. Thus, Morten et al. indicated that a high amount of tryptophan residues promote the interactions with membrane
functioning as anchor for membrane proteins
[66], while Sijbrandij T et al. found arginine residues to be important, as lysine to arginine substitutions produced an increased antimicrobial
activity especially in the case of LFampin [67].
In humans, LFampin and Lactoferrinderived peptide LF1-11 have been tested on
HIV, as potential inhibitors of viral integration
[68]. Both peptides inhibit the activity and
the nuclear translocation of the HIV-1
integrase. The proposed mechanism is that
the LF-derived peptides block the interaction
between HIV-integrase and Lens EpitheliumDerived Growth Factor, p75/LEDGF [69]. p75/
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LEDGF is a host-cell cofactor that favors viral
integration in latently infected CD4+ T cells from
reservoirs, by binding the HIV-1 integrase in
the C-terminal domain and reading chromatin
through the PWWP domain – a conserved
member of the “Royal Family” of domains
that function as chromatin methylation readers
[70].
3. Lactoferrin derived peptide LF1-11 –
Sequence: GRRRSVQWCAV; Ip = 11.70
LF1-11 consists of the first eleven aminoacid
residues of the N-terminus of LF – Fig. 2. The
peptide has been shown to be highly effective
against several bacterial strains and a number
of Candida species, and was recently tested in
HIV infection, as mentioned above [68].
4.
Human
Lactoferrin
derived
Peptide
1-23
(HLP
1-23).
Sequence:
GRRRRSVQWCAVSQPEATKCFQW; Ip = 11.2
HLP1–23 is a synthetic peptide comprising
the first 23 amino acids residues from the
N-terminal domain of the LF molecule, reported
to prevent HBV infection and replication.
HLP1–23 contains the GRRRR cationic cluster
of the native HLF, which is one of the two
glycosaminoglycan binding sites involved in
its antiviral activity. In vitro studies on HepaRG
and HepG2.2.2.15 cell lines suggested that
HLP1-23 binds to the viral particle, using the
cationic cluster that allows peptide interaction
with the negatively charged residues from
the virion envelope, while the absence of the
second glycosaminoglycan binding site limits
the possibility of attachment to the cells [71].
5. Human Lactoferrin derived Peptide
33 (LF-33). Sequence: GRRRRSVQWCAVS
QPEATKCFQWQRNMRKVRGP
LF-33, a synthetic peptide containing
the amino acids 1-33 from the N-terminal
domain, was recently reported to be involved
in LF binding to HIV env protein. The derived
peptide also inhibits early steps of HIV
mucosal transmission. Both HLF and LF33 can inhibit the in vitro attachment of HIV
strains from early infection (R5-tropic) and
from late infection (X4-tropic) to CD4-negative

epithelial cells cultures [72]. Nevertheless, only
the native HLF seems to exert an efficient effect
in the transfer of HIV-1 strains from immature
dendritic cells to CD4 T lymphocytes, probably
in a DC-SIGN-dependent manner.
LACTOFERRIN C - LOBE DERIVATES
Lactoferrin C-lobe derivates seem to have
a more limited-spectrum inhibitory effect,
demonstrated only on influenza and hepatitis C
virus infections. Bovine lactoferrin was shown
to inhibit all major influenza virus subtypes
including the currently circulating H1N1 and
H3N2, by C-lobe binding to the HA2 region of
the viral hemagglutinin [22]. This part of the
viral envelope is a highly conserved region
containing the fusion peptide that is under
intense scrutiny for the design of a universal
influenza vaccine [73]. Effectively targeting
of HA2 could potentially be used to obtain
broad anti-influenza drugs, as this constant
region, embedded in the HA head domain
does not suffer the unpredictable changes
characteristic of the HA1 subunit. Recent
reports indicate that lactoferrin derived C-lobe
fragments can inhibit viral hemagglutination
and influenza infection even at very low
concentrations [22]. Three bovine Lactoferrinderived peptides that correspond to the C-lobe
sequences 506-522 (SKHSSLDCVLRP), 418429 (AGDDQGLDKCVPNSKEK) and 553-563
(NGESSADWAKN) are patented and have
demonstrated good antiviral activities [10].
Both human and bovine LF can inhibit
Hepatitis C virus attachment to human
hepatocytes in vitro [24], possibly through
binding to the C-terminal part of E1 and
E2 proteins from the HCV envelope [48].
Early in vivo studies have shown that oral
administration of BLF for 2 - 6 months can
produce a significant decrease in serum alanine
transferase and HCV-RNA viral load in HCV
infected patients [14, 74].
The anti-HCV effects are thought to
be associated with the interaction of HCV
envelope proteins and a region of 93 carboxyl
amino acids of the lactoferrin molecule that
shows partial homology to the HCV receptor
CD81, indicating a potential interference with
217
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the viral life cycle [74]. Further deletion analysis
and production of tandem repeats identified
33 amino acid residues (amino acids 600-632)
as the minimum binding site in the carboxyl
region of LF that can prevent HCV infection
in cultured human hepatocytes; moreover,
site-directed mutagenesis studies indicated
that Cys at amino acid 628 was critical for the
binding of E2 viral protein [75].

6.

CONCLUSIONS

9.

Taken together, these studies have
demonstrated the capacity of LF and a series of
LF- derivates to interfere with the early stages of
the life cycle of a wide variety of viruses. Short
synthetic peptides have the advantages of a
low molecular weight and offer the possibility
of in vitro molecular simulation studies that
can potentially improve their antiviral activity.
Based on these properties, the LF-derived
peptides could represent promising candidates
for prophylaxis or treatment of a broad
spectrum of viral infections.
Acknowledgements
The study was supported by PN-III-P2-2.1
Grant/PED No. 150/3.01.2017 “Human
Lactoferrin-derived peptides with broad
spectrum antiviral activity” (2017-2018)
Conflict of interests: The authors declare that
they have no conflict of interests.

7.

8.

10.

11.

12.

13.

14.

REFERENCES
1.
2.

3.

4.
5.

Vogel HJ. Lactoferrin, a bird’s eye view.
Biochem Cell Biol. 2012 Jun;90(3):233-44.
Rosa L, Cutone A, Lepanto MS, Paesano R,
Valenti P. Lactoferrin: a natural glycoprotein
involved in iron and inflammatory homeostasis.
Int J Mol Sci. 2017 Sep; 18(9):1985.
Albar AH, Almehdar HA, Uversky VN,
Redwan EM. Structural heterogeneity and
multifunctionality of lactoferrin. Curr Protein
Pept Sci. 2014;15(8):778-97.
Valenti P, Antonini G. Lactoferrin: an important
host defence against microbial and viral attack
Cell. Mol. Life Sci. 2005;62:2576–87.
Levay PF, Viljoen M. Lactoferrin: a general
review.
Haematologica.
1995
May-Jun;
80(3):252-67.

218

15.

16.

17.

Redwan EM, Uversky VN, El-Fakharany EM,
Al-Mehdar H. Potential lactoferrin activity
against pathogenic viruses. C R Biol. 2014
Oct;337(10):581-95.
Wakabayashi H, Oda H, Yamauchi K, Abe
F. Lactoferrin for prevention of common
viral infections. J Infect Chemother 2014
Nov;20(11):666-71.
Baker EN, Baker HM. Molecular structure,
binding properties and dynamics of lactoferrin.
Cell. Mol. Life Sci. 2005;62 (22): 2531–9.
Anderson BF, Baker HM, Dodson EJ, Norris
GE, Rumball SV, Waters JM, et al. Structure of
human lactoferrin at 3.2-A resolution. Proc Natl
Acad Sci USA. 1987 Apr;84(7):1769-73.
Superti F, Agamennone M, Ammendolia MG,
Pietrantoni A, Lannutti F. Lactoferrin derived
peptides for use as broad- spectrum inhibitors
of influenza virus infection. PATENT no. WO
2013072946 A1, 2013.
Andersen JH, Jenssen H, Gutteberg TJ.
Lactoferrin and lactoferricin inhibit Herpes
simplex 1 and 2 infection and exhibit synergy
when combined with acyclovir. Antiviral Res.
2003 May;58(3):209-15.
Harmsen MC, Swart PJ, de Bethune M-P,
Pauwels R, De Clercq E, The TH, et al.
Antiviral effects of plasma and milk proteins:
Lactoferrin shows potent activity against both
human immunodeficiency virus and human
cytomegalovirus replication in vitro. J Infect
Dis. 1995;172:380–8.
Hara K, Ikeda M, Saito S, Matsumoto S, Numata
K, Kato N, et al. Lactoferrin inhibits hepatitis B
virus infection in cultured human hepatocytes.
Hepatol Res. 2002 Nov;24(3):228.
Tanaka K, Ikeda M, Nozaki A, Kato N, Tsuda
H, Saito S, et al. Lactoferrin inhibits hepatitis C
virus viremia in patients with chronic hepatitis
C: a pilot study. Jpn J Cancer Res 1999; 90:367–
71.
Johansson C, Jonsson M, Marttila M, Persson
D, Fan X, Skog J, et al. Adenoviruses use
lactoferrin as a bridge for CAR-independent
binding to and infection of epithelial cells. J
Virol 2007;81:954e63.
Sato R, Inanami O, Tanaka Y, Takase M, Naito
Y. Oral administration of bovine lactoferrin
for treatment of intractable stomatitis in
feline immunodeficiency virus (FIV)-positive
and FIV-negative cats. Am J Vet Res. 1996
Oct;57(10):1443-6.
Zupin L, Polesello V, Segat L, Kamada AJ,
Kuhn L, Crovella S. Association between LTF
polymorphism and risk of HIV-1 transmission

In the backstage of lactoferrin derived peptides’ antiviral activity

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

among zambian seropositive mothers. Curr
HIV Res. 2018;16(1):52-57.
Grover M, Giouzeppos O, Schnagl RD, May
JT. Effect of human milk prostaglandins and
lactoferrin on respiratory syncytial virus and
rotavirus. Acta Paediatr.1997;86:315.
Marchetti M, Superti F, Ammendolia MG, Rossi
P, Valenti P, Seganti L. Inhibition of poliovirus
type 1 infection by iron-, manganese- and zincsaturated lactoferrin. Med Microbiol Immunol
1999;187:199e204.
Weng T, Chen L, Shyu H, Chen S, Wang J, Yu
C, et al. Lactoferrin inhibits enterovirus 71
infection by binding to VP1 protein and host
cells. Antivir Res 2005;67:31e7.
Mohamed Mansour El-Loly and Mohamed
Bahy Mahfouz. Lactoferrin in Relation to
Biological Functions and Applications: A
Review. International Journal of Dairy Science.
2011;6(2):79-111.
Ammendolia MG, Agamennone M, Pietrantoni
A, Lannutti F, Siciliano RA, de Giulio B, et al.
Bovine lactoferrin-derived peptides as novel
broad-spectrum inhibitors of influenza virus.
Pathog Glob Health. 2012;106:12–19.
Li S, Zhou H, Huang G, Liu N. Inhibition of
HBV infection by bovine lactoferrin and iron-,
zinc-saturated lactoferrin. Med Microbiol Immunol. 2009 Feb;198(1):19-25.
Ikeda M, Sugiyama K, Tanaka T, Tanaka K,
Sekihara H, Shimotohno K, Kato N. Lactoferrin
markedly inhibits hepatitis C virus infection in
cultured human hepatocytes. Biochem Biophys
Res Commun. 1998 Apr 17;245(2):549-53.
Albar AH, El-Fakharany EM, Almehdar HA,
Uversky VN, Redwan EM. In vitro exploration
of the anti-HCV potential of the synthetic
spacer peptides derived from human, bovine,
and camel lactoferrins. Protein Pept Lett.
2017;24(10):909-21.
Berkhout B, van Wamel JL, Beljaars L, Meijer
DK, Visser S, Floris R. Characterization of the
anti-HIV effects of native lactoferrin and other
milk proteins and protein-derived peptides.
Antiviral Res. 2002 Aug;55(2):341-55.
Sano H, Nagai K, Tsutsumi H, Kuroki Y.
Lactoferrin and surfactant protein A exhibit
distinct binding specificity to F protein and
differently modulate respiratory syncytial virus
infection. Eur J Immunol. 2003 Oct;33(10):2894902.
Egashira M, Takayanagi T, Moriuchi M, Moriuchi H. Does daily intake of bovine lactoferrin-containing products ameliorate rotaviral
gastroenteritis? ActaPaediatr 2007;96:1238e44.

29. Furlund CB, Kristoffersen AB, Devold TG,
Vegarud GE, Jonassen CM. Bovine lactoferrin
digested with human gastrointestinal enzymes
inhibits replication of human echovirus 5 in cell
culture. Nutr Res.2012 Jul;32(7):503-13.
30. Shin K, Wakabayashi H, Yamauchi K, Teraguchi
S, Tamura Y, Kurokawa M, et al. Effects of
orally administered bovine lactoferrin and
lactoperoxidase on influenza virus infection in
mice. J Med Microbiol 2005;54:717e23.
31. Yugis A, Saputra A, Noviana R, Iskandriati
D, Pamungkas J, Suparto I. Comparison of
methods for the purification of goat lactoferrin
and antiviral activity to Human Papillomavirus.
American Journal of Microbiological Research,
2015; 3(5):171-5.
32. Ochoa TJ, Chea-Woo E, Baiocchi N, Pecho I,
Campos M, Prada A, et al. Randomized doubleblind controlled trial of bovine lactoferrin for
prevention of diarrhea in children. J Pediatr
2013;162:349e56.
33. Waarts BL, Aneke OJ, Smit JM, Kimata K,
Bittman R, Meijer DK, et al. Antiviral activity
of human lactoferrin: inhibition of alphavirus
interaction with heparan sulfate. Virology. 2005
Mar 15;333(2):284-92.
34. Chen JM, Fan YC, Lin JW, Chen YY, Hsu WL,
Chiou SS. Bovine lactoferrin inhibits dengue
virus infectivity by interacting with heparan
sulfate, low-density lipoprotein Receptor, and
DC-SIGN. Int J Mol Sci. 2017 Sep;18(9):1957.
35. Pietrantoni A, Fortuna C, Remoli ME, Ciufolini
MG, Superti F. Bovine lactoferrin inhibits
Toscana Virus infection by binding to heparan
sulphate. Viruses. 2015 Feb;7(2):480–95.
36. Murphy ME, Kariwa H, Mizutani T, Tanabe
H, Yoshimatsu K, et al. Characterization of in
vitro and in vivo antiviral activity of lactoferrin
and ribavirin upon hantavirus. J Vet Med
Sci. 2001 Jun;63(6):637-45.
37. Carvalho CA, Sousa IP Jr, Silva JL, Oliveira
AC, Gonçalves RB, Gomes AM. Inhibition of
Mayaro virus infection by bovine lactoferrin.
Virology. 2014 Mar;452-453:297-302.
38. Carvalho CA, Casseb SM, Gonçalves RB, Silva
EV, Gomes AM, Vasconcelos PFC. Bovine
lactoferrin activity against Chikungunya and
Zika viruses. J Gen Virol. 2017 Jul;98(7):1749-54.
39. McAbee DD, Bennatt DJ, Ling YY. Identification
and analysis of a CA(2+) –dependent Lf receptor
in rat liver. Lf binds to the asialoglycoprotein
receptor in a galactose-independent manner,
Adv. Exp. Med. Biol. 1998;443:113–21.
40. Marchetti M., Trybala E., Superti F., Johansson
M., Bergstrom T. Inhibition of HSV infection by
219

SULTANA et al.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

LF is dependent on interference with the virus
binding to glycosaminoglycans. Virology.2004;
318:405–13.
Jenssen H, Andersen JH, Uhlin-Hansen L,
Gutteberg TJ, Rekdal O. Anti-HSV activity of
lactoferricin analogues is only partly related to
their affinity for heparin sulfate. Antiviral Res.
2004;61:101–9.
Pietrantoni A, Di Biase A, Tinari A, Marchetti
M, Valenti P, Seganti, L, et al. Bovine lactoferrin
inhibits adenovirus infection by interacting
with viral structural polypeptides. Antimicrob.
Agents Chemother. 2003;47:2688–92.
Mann DM, Romm E, Migliorini M. Delineation
of the glycosaminoglycan-binding site in
the human inflammatory response protein
lactoferrin. The Journal of Biological Chemistry.
1994;269:23661-67.
Andersen JH, Jenssen H, Sandvik K, Gutteberg
TJ. Anti-HSV activity of lactoferrin and
lactoferricin is dependent of the presence of
heparin sulphate at the cell surface. J Med Virol
2004;74:262–71.
Marchetti M, Longhi C, Conte MP, Pisani S,
Valenti P, Seganti L. Lactoferrin inhibits herpes
simplex virus type 1 adsorption to Vero cells.
Antiviral Res. 1996;29:221–31.
Groot F, Geijtenbeek T., Sanders RW, Baldwin
CE, Sanchez-Hernandez M, Floris R, van Kooyk
Y, et al. Lactoferrin prevents dendritic cellmediated human immunodeficiency virus type
1 transmission by blocking the DC-SIGN—
gp120 interaction. J. Virol.2005;79:3009–15.
Chien YJ, Chen W, Hsu WL, Chiou SS. Bovine
lactoferrin inhibits japanese encephalitis virus
by binding to heparan sulfate and receptor for
low density lipoprotein. Virology. 2008;379:143–
151.
Yi M, Kaneko S, Yu DY, Murakami S. Hepatitis
C Virus Envelope Proteins Bind Lactoferrin.
Journal Virol, 1997 Aug;71(8):5997–6002.
Pietrantoni A, Dofrelli E, Tinari A, Ammendolia
M, Puzelli S, Fabiani C, et al. Bovine lactoferrin
inhibits influenza A virus induced programmed
cell death in vitro. Biometals 2010;23:465–75.
Swart PJ, Kuipers ME, Smit C, Pauwels R, DE
Bethune MP, De Clercq E, et al. Antiviral effects
of milk proteins: acylation results in polyanionic
compounds with potent activity against human
immunodeficiency virus type1 and 2 in vitro.
AIDS Res Hum Retroviruses 1996;12:769–75.
Tomita M, Bellamy W, Takase M, Yamauchi
K, Wakabayashi H, Kawase K. Potent antibacterial peptides generated by pepsin digestion

220

52.

53.

54.

55.

56.

57.
58.

59.

60.

61.

62.

63.

of bovine lactoferrin. Journal of dairy science.
1991;74(12):4137-42.
Bellamy W, Takase M, Wakabayashi H,
Kawase K, Tomita M. Antibacterial spectrum
of lactoferricin B, a potent bactericidal peptide
derived from the N-terminal region of bovine
lactoferrin Journal of Applied Microbiology.
1992 Dec;73(6):472–9.
Parachin NS, Mulder KC, Viana A, Dias SC,
Franco OL. Expression systems for heterologous
production of antimicrobial peptides. Peptides.
2012; 38, 446–56.
Luo H, Chen S, Ren F, Guo H, Lin S, Xu W. In
vitro reconstitution of antimicrobial pathogen
activity by expressed recombinant bovine
lactoferrin N-terminal peptide in Escherichia
coli. J. Dairy Res. 2007;74:233–8.
Deng T, Ge H, He H, Liu Y, Zhai C, Feng L, Yi
L. The heterologous expression strategies of
antimicrobial peptides in microbial systems.
Protein Expr Purif. 2017 Dec;140:52-59.
Balcao VM, Costa CI, Matos CM, Moutinho
CG, Amorim M, Pintado ME, Gomes AP, et al
Nanoencapsulation of bovine lactoferrin for
food and biopharmaceutical applications. Food
Hydrocoll. 2013;32:425–31.
Eskin M, Tamir S. Dictionary of Nutraceuticals
and Functional Foods. Taylor & Francis Group:
Taylor and Francis; 2005.
Gifford JL, Hunter HN, Vogel HJ.
Lactoferricin: a lactoferrin-derived peptide
with antimicrobial, antiviral, antitumor and
immunological properties. Cell Mol Life Sci.
2005 Nov;62(22):2588-98.
Jenssen H. Anti herpes simplex virus activity of
lactoferrin/lactoferricin -an example of antiviral
activity of antimicrobial protein/peptide. Cell
Mol Life Sci. 2005 ;62(24):3002-13.
Marr AK, Jenssen, H, Moniri MR, Hancock RE,
Panté N. Bovine lactoferrin and lactoferricin
interfere with intracellular trafficking of Herpes
simplex virus-1. Biochemistry 2009;91:160-4.
Andersen J, Osbakk J, Vorland L, Traavik T,
Gutteberg T. Lactoferrin and cyclic lactoferricin
inhibit the entry of human cytomegalovirus
into human fibroblasts.Antiviral Research. 2001
Aug;51(2):141-149.
Puddu P, Borghi P, Gessani S, Valenti P, Belardelli F, Seganti L. Antiviral effect of bovine lactoferrin saturated with metal ions on early steps
of human immunodeficiency virus type 1 infection. Int. J. Biochem. Cell Biol. 1998;30:1055-62.
Mulder K, Lima L, Miranda V, Dias S, Franco
O. Current scenario of peptide-based drugs:
the key roles of cationic antitumor and

In the backstage of lactoferrin derived peptides’ antiviral activity

64.

65.

66.

67.

68.

69.

antiviral peptides. Frontiers in Microbiology.
2013;Article 321,10.1007/s00018-005-5228-7.
Sinha M, Kaushik S, Kaur P, Sharma S, Singh
T. Antimicrobial lactoferrin peptides: the
hidden players in the protective function of a
multifunctional protein. International Journal
of Peptides. 2013;12:390230-1.
Haney EF, Lau F, Vogel HJ.Solution
structures and model membrane interactions
of lactoferrampin, an antimicrobial peptide
derived from bovine lactoferrin. Biochim
Biophys Acta. 2007 Oct; 1768(10):2355-64.
Morten BS, Haug BE, Rekdal Q, Skar ML,
Stensen W, Svendsen JS: Important structural
features of 15-residue lactoferricin derivatives
and methods for improvement of antimicrobial
activity. Biochem Cell Biol 2002; 80: 65–74.
Sijbrandij T, Ligtenberg AJ, Nazmi K, Veerman
EC, Bolscher JG, Bikker FJ..Effects of lactoferrin
derived peptides on simulants of biological
warfare agents. World J Microbiol Biotechnol.
2017 Jan;33(1):3.
Wang WY, Wong JH, Ip DT, Wan DC, Cheung
RC, Ng TB. Bovine Lactoferrampin, Human
Lactoferricin, and Lactoferrin 1-11 Inhibit
Nuclear Translocation of HIV Integrase. Appl
Biochem Biotechnol. 2016 Aug;179(7):1202-12.
Cherepanov P, Sun Z-YJ, Rahman S, Maertens
G, Wagner G, Engelman A. Solution structure of
the HIV-1 integrase-binding domain in LEDGF/
p75. Nat. Struct. Mol. Biol.2005;12:526–32.

70. Eidahl JO, Crowe BL, North JA, McKee
CJ, Shkriabai N, Feng L, et al. Structural
basis for high-affinity binding of LEDGF
PWWP to mononucleosomes. Nucleic Acids
Res. 2013;41:3924–36
71. Florian PE, Macovei A, Lazar C, Milac A,
Sokolowska I, Darie C, et al. Characterization
of the Anti-HBV Activity of HLP1–23, a Human
Lactoferrin-Derived Peptide. J Med Virol.
2013;85:780–8.
72. Carthagena L, Becquart P, Hocini H,
Kazatchkine M, Bouhlal H, Belec L. Modulation
of HIV binding to epithelial cells and HIV
transfer from immature dendritic cells to CD4
T lymphocytes by human lactoferrin and its
major exposed LF-33 peptide. Open Virol J.
2011;5:27–34.
73. Sautto G, Kirchenbaum G, Ross T. Towards
a universal influenza vaccine: different
approaches for one goal. Virol J. 2018 Jan;15:17.
74. Iwasa M, Kaito M, Ikoma J, Takeo M, Imoto,
I, Adachi Y, et al: Lactoferrin inhibits hepatitis
C virus viremia in chronic hepatitis C patients
with high viral loads and HCV genotype 1b.
Am J Gastroenterol 2002; 97: 766–7.
75. Nozaki A, Ikeda M, Naganuma A, Nakamura
T, Inudoh M, Tanaka K, et al. Identification of a
lactoferrin-derived peptide possessing binding
activity to Hepatitis C Virus E2 envelope
protein. The Journal of Biological Chemistry.
2003; 278:10162-73.

221

