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Sepsis is a life-threatening complication of an infectious process that results from the excessive and uncontrolled
activation of the host’s pro-inflammatory immune response to a pathogen. Lipopolysaccharide (LPS), also known
as endotoxin, which is a major component of Gram-negative bacteria’s outer membrane, plays a key role in the
development of Gram-negative sepsis and septic shock in humans. To date, no specific and effective drug against
sepsis has been developed.

lipopolysaccharide (LPS, endotoxin) innate immune system marine invertebrates

| 1. Introduction

Lipopolysaccharide (LPS, endotoxin), the major structural component of the Gram-negative bacteria’s outer
membrane, serves as a physical barrier that protects bacteria from the external environment and can be released
into the surrounding medium during cell division or death [LI. These molecules are the potent stimulators of the
innate immune system, playing an important role in the pathogenesis of Gram-negative infections in animals. When
it enters the body of a warm-blooded host, LPS binds and activates the cellular Toll-like receptor 4 (TLR4), which
leads to the development of an inflammatory reaction and, ultimately, as a result, to the death and elimination of
the pathogen. However, the accumulation of endotoxin in the bloodstream in large quantities (with Gram-negative
infection, invasive procedures, etc.) can cause the excessive activation of immunocompetent cells, inducing the
overproduction of pro-inflammatory cytokines and a systemic inflammatory response, which leads to sepsis and
septic shock within a few days (Figure 1). Lipid A, the predominantly lipophilic and most conserved fragment of the
LPS molecule, directly interacts with TLR4 and is responsible for most of the immunobiological and toxic properties

of endotoxin L.
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Figure 1. LPS-induced inflammatory response of the innate immune system and the anti-inflammatory effect of
LPS-binding peptides/proteins from marine invertebrates. Serum protein LBP (LPS-binding protein) binds the
monomer of LPS and delivers it to a CD14 molecule. CD14 transfers LPS to the ectodomain of the TLR4/MD-2
receptor complex, which leads to homodimerization of TLR4. This change in TLR4 conformation provides a binding
site for adaptor molecule MyD88 (myeloid differentiation primary-response protein 88). The MyD88-dependent
signaling pathway leads to the activation of nuclear factor-kB (NF-k), which regulates the expression of target
genes encoding pro-inflammatory mediators. The overproduction of pro-inflammatory cytokines may lead to an
uncontrolled inflammatory reaction and eventually to sepsis. The binding of ILBP to LPS blocks CD14-LPS
interaction and prevents the transfer of LPS to the TLR4/MD-2 complex, thus interfering with TLR4 dimerization

and downstream inflammatory responses.

Gram-negative sepsis remains a serious unresolved problem in clinical medicine. This type (according to the
etiology of pathogens) of sepsis is clinically the most severe, often accompanied by septic shock, and has a
significantly higher mortality rate than other types. The increasing use of new technologies in medical practice—
cytostatic and immunosuppressive therapy and transplantation and prosthetics—as well as the HIV and COVID-19
pandemics and the increasing resistance of pathogens to antibiotics contribute to the growth of septic
complications in patients. The aging population, accompanied by an increase in chronic diseases, also leads to an
increase in the incidence of sepsis and septic shock. As a result, despite the great advances in antimicrobial

chemotherapy, mortality rates from septic shock remain the highest and do not decrease worldwide. The
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development and introduction of new antibiotics into medical practice does not fundamentally solve the problem;

moreover, their use in some cases can lead to a deterioration in the condition of a septic patient.

Modern medicine does not have specific and effective anti-sepsis drugs whose molecular target is LPS. Molecules
that can selectively block TLR4, preventing endotoxin from binding to receptor and the development of a systemic
inflammatory response, may have therapeutic potential for the treatment of sepsis. In particular, TLR-4 receptor
antagonists are structural analogs of lipid A with low toxicity, including native lipid A from a number of marine
proteobacteria (Proteobacteria) (28], Another approach to the endotoxin-neutralizing drug design is based on the
use of synthetic or natural substances that can suppress the biological activity of LPS due to the formation of
strong complexes with it (Figure 1) [4l. Searching for such compounds among the host defense proteins of marine
invertebrates—which represent one of the most extensive and diverse groups of animals, numbering 153,434

species—seems very promising (UN data for 2019).

Marine invertebrates only have an innate immune system, including a huge set of defense proteins, which was
formed during a long evolution and allowed them to survive in the environment enriched with pathogenic
microorganisms 2. Host defense proteins are traditionally referred to as antimicrobial peptides, although they have
been shown to be polyfunctional compounds. These proteins are constitutively expressed and rapidly induced in
various cells and tissues, interact directly with infectious agents, and/or activate immune responses to eliminate
pathogens. Defense proteins usually recognize and bind to the surface of the pathogen the most conservative
biopolymers that are common and vital for a large group of microorganisms but not present in the host. These
molecules, known as pathogen-associated molecular patterns (PAMPS), trigger innate immune responses in the
host [8l. In Gram-negative bacteria, this PAMP is LPS.

Host defense proteins and peptides with lipopolysaccharide-binding capacity from marine invertebrates (ILBPs,
invertebrate lipopolysaccharide-binding proteins) may possess different biological properties depending on the
structure and nature of the interaction with endotoxins. With a high affinity for LPS, these proteins may have
antimicrobial or endotoxin-neutralizing activity, or both . ILBPs that combine both of these properties are

considered today as the most effective potential drugs for the treatment of human sepsis.

| 2. Anti-Lipopolysaccharide Factor (ALF)

A cationic protein that inhibited the LPS-induced activation of the crab hemolymph coagulation system has been
found in hemocyte lysates of Japanese (Tachypleus tridentatus) and American (Limulus polyphemus) horseshoe
crabs [BIE This protein, called the anti-lipopolysaccharide factor (ALF), was able to bind LPS, neutralize its
biological activity (in vitro and in vivo), and inhibit the growth of R-type Gram-negative bacteria. The natural and
recombinant anti-LPS factor Limulus (ALF-L) also suppressed endotoxin-mediated activation of cultured
endothelial and B cells, reduced the concentration of endotoxin and TNF-a in the blood serum of experimental

animals, and protected them from death in the late stages of endotoxemia and sepsis [LQI[L1I[12][13](14]
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Numerous ALF homologues have been identified and characterized in different types of crustaceans: shrimp,
lobster, crabs, and crayfish L216IL7I8I[191[20]21][22] The most extensively studied ALFs are isolated from shrimp of
the Penaeidae family, which includes many economically important species that are of interest as objects of

industrial fishing and breeding [23].

ALFs show a broad spectrum of antimicrobial activity against Gram-negative and Gram-positive bacteria, fungi,
human enveloped viruses (herpesvirus type 1, adenovirus), and white spot syndrome virus (WSSV), which is

widely distributed throughout the world and considered as one of the most destructive and pathogenic viruses in
shrimp farms [24125](26]

In crustaceans, one organism usually contains several isoforms of ALF, which are either encoded by different
genes or formed as a result of alternative mRNA splicing 24, Thus, six isoforms were identified in the tiger shrimp
Penaeus monodon, and seven isoforms were found in the Chinese shrimp Fenneropenaeus chinensis and the
South Korean blue crab Portunus trituberculatus 12128112930181[32] The jsoforms differed in tissue distribution and
antimicrobial properties. The wide diversity of ALF sequences within a species may provide a synergistic

enhancement of their protective action against bacterial infection.

ALFs are a group of small single-domain antimicrobial proteins consisting of 97-124 amino acid residues with a
relatively short 16—28 residue signal sequence. The molecular weight of the mature protein is about 11 kDa: ALFs
from L. polyphemus and shrimp of various species have masses of 11.8 and 10.74 to 12.23 kDa, respectively [
(331 According to the values of the isoelectric points (pl), ALFs were classified as cationic peptides, but more and
more data are emerging on the existence of anionic proteins among them 331341351 The theoretical pl values of
mature shrimp ALFs range from 5.02 to 10.29 23], Typically, ALF molecules have a highly hydrophobic N-terminal
region and conserved cluster of positively charged and hydrophobic amino acid residues within a loop fixed by a
disulfide bond between two conserved cysteine residues, which is commonly referred to as the LPS-binding
domain B8, This amphipathic loop is an important functional molecule moiety, which is responsible for the
biological activity of ALFs. Indeed, synthetic peptides corresponding to this fragment from various ALFs have

shown antimicrobial activity, the ability to inhibit WSSV virus replication, and a protective effect in sepsis [22B371(38]
(391,

Despite the large number of registered ALFs (more than 300 proteins of this class from crustaceans were isolated
and characterized until 2021), only one crystal structure of them has been established to date. The X-ray structure
of recombinant ALF-L consists of three a-helices (one at the N-terminus and two at the C-terminus) packed against
a four-stranded B-sheet, giving rise to a wedge-shaped molecule B8, The potential LPS-binding domain includes
an amphipathic B-hairpin formed by the longest B-strands S2 and S3 of the B-sheet and stabilized by the single
disulfide bond (Cys31-Cys52). The positively charged residues within the B-hairpin of ALF-L are supposed to
interact with the negatively charged phosphate groups of lipid A. However, the lipid A binding site on ALF remains
poorly understood to date. Later, the spatial ALF structure from the shrimp P. monodon, expressed in yeast cells,
rALFPm3, was determined using NMR (Figure 2) 29, The structure of rALF-Pm3, like ALF-L, is composed of three

o-helices, a four-stranded [-sheet, and contains a [3-hairpin formed by S2 and S3 B-strands closely linked via a
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Cys34-Cys55 disulfide bond. A Comparison of the 3D structures of these proteins revealed highly similar clusters of
positively charged and hydrophobic residues on the B-sheet surface. This suggests that ALF-L and ALFPm3 have a
similar LPS binding site, which is located on the 3-sheet and mainly consists of 5-6 positively charged and several
hydrophobic residues capable of binding lipid A through electrostatic and hydrophobic interactions.

Figure 2. Structure of the anti-lipopolysaccharide factor from Penaeus monodon (pdb, 2job).

A series of peptides of various lengths, including cyclic ones, derived from the ALF-L sequence, were synthesized
4l These peptides demonstrated high endotoxin-binding and neutralizing activities, comparable with those of the

parent recombinant protein, and were non-toxic for erythrocytes or cultured human monocytes. A new class of
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peptides based on the LPS-binding domain of ALF-L or part of it with significant changes in length and primary

sequence calculated for optimal lipid A binding was also designed “2. A preclinical study revealed that these

peptides have high selectivity for LPS, as well as high LPS-neutralizing activity in vitro and the ability to protect

against sepsis in vivo. An analysis of the obtained data showed that the endotoxin-neutralizing activity of the

peptides is closely related to their affinity for LPS and the ability to incorporate into LPS aggregates with changes in

their structure. The authors highly appreciate the potential of synthetic peptides as drugs for the treatment of

endotoxemia and sepsis.

References

1.

10.

Alexander, C.; Rietschel, E.T. Bacterial lipopolysaccharides and innate immunity. J. Endotoxin
Res. 2001, 7, 167-202.

. Lynn, M.; Rossignol, D.P.; Wheeler, J.L.; Kao, R.J.; Perdomo, C.A.; Noveck, R.; Vargas, R.;

D’Angelo, T.; Gotzkowsky, S.; McMahon, F.G. Blocking of responses to endotoxin by E5564 in
healthy volunteers with experimental endotoxemia. J. Infect. Dis. 2003, 187, 631-639.

. Solov’eva, T.; Davydova, V.; Krasikova, I.; Yermak, I. Marine compounds with therapeutic potential

in Gram-negative sepsis. Mar. Drugs 2013, 11, 2216-2229.

. Jerala, R.; Porro, M. Endotoxin neutralizing peptides. Curr. Top. Med. Chem. 2004, 4, 1173-1184.

. lwanaga, S.; Lee, B.L. Recent advances in the innate immunity of invertebrate animals. J.

Biochem. Mol. Biol. 2005, 38, 128—-150.

. Medzhitov, R.; Janeway, C., Jr. Innate immune recognition: Mechanisms and pathways. Immunol.

Rev. 2000, 173, 89-97.

. Tanaka, S.; Nakamura, T.; Morita, T.; lIwanaga, S. Limulus anti-LPS factor: An anticoagulant which

inhibits the endotoxin-mediated activation of Limulus coagulation system. Biochem. Biophys. Res.
Commun. 1982, 105, 717-723.

. Morita, T.; Ohtsubo, S.; Nakamura, T.; Tanaka, S.; lwanaga, S.; Ohashi, K.; Niwa, M. Isolation and

biological activities of limulus anticoagulant (anti-LPS factor) which interacts with
lipopolysaccharide (LPS). J. Biochem. 1985, 97, 1611-1620.

. Muta, T.; Miyata, T.; Tokunaga, F.; Nakamura, T.; lwanaga, S. Primary structure of anti-

lipopolysaccharide factor from American horseshoe crab, Limulus polyphemus. J. Biochem. 1987,
101, 1321-1330.

Roth, R.I.; Su, D.; Child, A.H.; Wainwright, N.R.; Levin, J. Limulus anti-lipopolysaccharide factor
prevents mortality late in the course of endotoxemia. J. Infect. Dis. 1998, 177, 388—-394.

https://encyclopedia.pub/entry/51880 6/9



Anti-Lipopolysaccharide Factor | Encyclopedia.pub

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Warren, H.S.; Glennon, M.L.; Wainwright, N.; Amato, S.F.; Black, K.M.; Kirsch, S.J.; Riveau, G.R.;
Whyte, R.1.; Zapol, W.M.; Novitsky, T.J. Binding and neutralization of endotoxin by limulus anti-
lipopolysaccharide factor. Infect. Immun. 1992, 60, 2506-2513.

Desch, C.; O’Hara, P.; Harlan, J. Anti-lipopolysaccharide factor from horseshoe crab, Tachypleus
tridentatus, inhibits lipopolysaccharide activation of cultured human endothelial cells. Infect.
Immun. 1989, 57, 1612-1614.

Alpert, G.; Baldwin, G.; Thompson, C.; Wainwright, N.; Novitsky, T.J.; Gillis, Z.; Parsonnet, J.;
Fleisher, G.R.; Siber, G.R. Limulus antilipopolysaccharide factor protects rabbits from
meningococcal endotoxin shock. J. Infect. Dis. 1992, 165, 494-500.

Saladino, C.T.; Garcia, C.M.; Thompson, B.K.; Hammer, J.; Parsonnet, T.J.; Novitsky, G.R.; Siber,
G.R.; Fleisher, G. Efficacy of a recombinant endotoxin neutralizing protein in rabbits with
Escherichia coli sepsis. Circ. Shock 1994, 42, 104-110.

Supungul, P.; Klinbunga, S.; Pichyangkura, R.; Hirono, I.; Aoki, T.; Tassanakajon, A. Antimicrobial
peptides discovered in the black tiger shrimp Penaeus monodon using the EST approach. Dis.
Aquat. Organ. 2004, 61, 123-135.

Liu, F.; Liu, Y.; Li, F.; Dong, B.; Xiang, J. Molecular cloning and expression profile of putative
antilipopolysaccharide factor in chinese shrimp (Fenneropenaeus chinensis). Mar. Biotechnol.
2005, 7, 600-608.

de la Vega, E.; O'Leary, N.A.; Shockey, J.E.; Robalino, J.; Payne, C.; Browdy, C.L.; Warr, G.W.;
Gross, P.S. Anti-lipopolysaccharide factor in Litopenaeus vannamei (LVALF): A broad spectrum
antimicrobial peptide essential for shrimp immunity against bacterial and fungal infection. Mol.
Immunol. 2008, 45, 1916-1925.

Beale, K.M.; Towle, D.W.; Jayasundara, N.; Smith, C.M.; Shields, J.D.; Small, H.J.; Greenwood,
S.J. Anti-lipopolysaccharide factors in the american lobster Homarus americanus: Molecular
characterization and transcriptional response to Vibrio fluvialis challenge. Comp. Biochem.
Physiol. Part D Genom. Proteom. 2008, 3, 263—269.

Zhang, Y.; Wang, L.; Wang, L.; Yang, J.; Gali, Y.; Qiu, L.; Song, L. The second anti-
lipopolysaccharide factor (ESALF-2) with antimicrobial activity from Eriocheir sinensis. Dev. Comp.
Immunol. 2010, 34, 945-952.

Imjongjirak, C.; Amparyup, P.; Tassanakajon, A.; Sittipraneed, S. Antilipopolysaccharide factor
(ALF) of mud crab Scylla paramamosain: Molecular cloning, genomic organization and the
antimicrobial activity of its synthetic LPS binding domain. Mol. Immunol. 2007, 44, 3195-3203.

Afsal, V.V.; Antony, S.P.; Sathyan, N.; Philip, R. Molecular characterization and phylogenetic
analysis of two antimicrobial peptides: Anti-lipopolysaccharide factor and crustin from the brown
mud crab, Scylla serrata. Results Immunol. 2011, 1, 6-10.

https://encyclopedia.pub/entry/51880 7/9



Anti-Lipopolysaccharide Factor | Encyclopedia.pub

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Afsal, V.V.; Antony, S.P.; Sanjeevan, V.N.; Kumar, P.A.; Singh, I.B.; Philip, R. A new isoform of
anti-lipopolysaccharide factor identified from the blue swimmer crab, Portunus pelagicus:
Molecular characteristics and phylogeny. Aquaculture 2012, 356, 119-122.

Tassanakajon, A.; Amparyup, P.; Somboonwiwat, K.; Supungul, P. Cationic antimicrobial peptides
in Penaeid shrimp. Mar. Biotechnol. 2011, 13, 639-657.

Somboonwiwat, K.; Marcos, M.; Tassanakajon, A.; Klinbunga, S.; Aumelas, A.; Romestand, B.;
Gueguen, Y.; Boze, H.; Moulin, G.; Bachere, E. Recombinant expression and anti-microbial
activity of anti-lipopolysaccharide factor (ALF) from the black tiger shrimp Penaeus monodon.
Dev. Comp. Immunol. 2005, 29, 841-851.

Yedery, R.D.; Reddy, K.V. Identification, cloning, characterization and recombinant expression of
an anti-lipopolysaccharide factor from the hemocytes of indian mud crab, Scylla serrata. Fish
Shellfish Immunol. 2009, 27, 275-284.

Yang, H.; Li, S.; Li, F; Lv, X.; Xiang, J. Recombinant expression and functional analysis of an
isoform of anti-lipopolysaccharide factors (FCALF5) from Chinese shrimp Fenneropenaeus
chinensis. Dev. Comp. Immunol. 2015, 53, 47-54.

Tharntada, S.; Somboonwiwat, K.; Rimphanitchayakit, V.; Tassanakajon, A. Anti-
lipopolysaccharide factors from the black tiger shrimp, Penaeus monodon, are encoded by two
genomic loci. Fish Shellfish Immunol. 2008, 24, 46-54.

Ponprateep, S.; Tharntada, S.; Somboonwiwat, K.; Tassanakajon, A. Gene silencing reveals a
crucial role for anti-lipopolysaccharide factors from Penaeus monodon in the protection against
microbial infections. Fish Shellfish Immunol. 2012, 32, 26-34.

Li, S.H.; Zhang, X.J.; Sun, Z,; Li, F.H.; Xiang, J.H. Transcriptome analysis on Chinese shrimp
Fenneropenaeus chinensis during WSSV acute infection. PLoS ONE 2013, 8, e58627.

Liu, Y.; Cui, Z.X.; Song, C.W.; Wang, S.Y.; Li, Q. Multiple isoforms of immune-related genes from
hemocytes and eyestalk cDNA libraries of swimming crab Portunus trituberculatus. Fish Shellfish
Immunol. 2011, 31, 29-42.

Li, S.; Li, F. The anti-lipopolysaccharide factors in crustaceans. Subcell Biochem. 2020, 94, 63—
80.

Li, S.; Guo, S.; Li, F; Xiang, J. Functional diversity of anti-lipopolysaccharide factor isoforms in
shrimp and their characters related to antiviral activity. Mar. Drugs 2015, 13, 2602—-2616.

Matos, G.M.; Schmitt, P.; Barreto, C.; Farias, N.D.; Toledo-Silva, G.; Guzman, F.; Destoumieux-
Garzén, D.; Perazzolo, L.M.; Rosa, R.D. Massive gene expansion and sequence diversification is
associated with diverse tissue distribution, regulation and antimicrobial properties of anti-
lipopolysaccharide factors in shrimp. Mar. Drugs 2018, 16, 381.

https://encyclopedia.pub/entry/51880 8/9



Anti-Lipopolysaccharide Factor | Encyclopedia.pub

34.

35.

36.

37.

38.

39.

40.

41.

42.

Zhou, L.; Li, G.; Jiao, Y.; Huang, D.; Li, A.; Chen, H.; Liu, Y.; Li, S.; Li, H.; Wang, C. Molecular and
antimicrobial characterization of a group G anti-lipopolysaccharide factor (ALF) from Penaeus
monodon. Fish Shellfish Immunol. 2019, 94, 149-156.

Hou, Z.G.; Wang, Y.; Hui, K.; Fang, W.H.; Zhao, S.; Zhang, J.X.; Ma, H.; Li, X.C. A novel anti-
lipopolysaccharide factor SpALF6 in mud crab Scylla paramamosain exhibiting different
antimicrobial activity from its single amino acid mutant. Dev. Comp. Immunol. 2017, 72, 44-56.

Hoess, A.; Watson, S.; Siber, G.R.; Liddington, R. Crystal structure of an endotoxin-neutralizing
protein from the horseshoe crab, Limulus antiLPS factor, at 1.5 A resolution. EMBO J. 1993, 12,
3351-3356.

Tharntada, S.; Ponprateep, S.; Somboonwiwat, K.; Liu, H.; Soderhall, I.; Séderhall, K.;
Tassanakajon, A. Role of antilipopolysaccharide factor from the black tiger shrimp, Penaeus
monodon, in protection from white spot syndrome virus infection. J. Gen. Virol. 2009, 90, 1491—
1498.

Pan, C.Y.; Chao, T.T.; Chen, J.C.; Chen, J.Y.; Liu, W.C.; Lin, C.H.; Kuo, C.M. Shrimp (Penaeus
monodon) antilipopolysaccharide factor reduces the lethality of Pseudomonas aeruginosa sepsis
in mice. Int. Immunopharmacol. 2007, 7, 687—700.

Guo, S.Y,; Li, S.H.; Li, FH.; Zhang, X.J.; Xiang, J.H. Modification of a synthetic LPS-binding
domain of anti-lipopolysaccharide factor from shrimp reveals strong structure-activity relationship
in their antimicrobial characteristics. Dev. Comp. Immunol. 2014, 45, 227-232.

Yang, Y.; Boze, H.; Chemardin, P.; Padilla, A.; Moulin, G.; Tassanakajon, A.; Pugniere, M.;
Roquet, F.; Destoumieux-Garzon, D.; Gueguen, Y.; et al. NMR structure of rALF-Pm3, an anti-
lipopolysaccharide factor from shrimp: Model of the possible lipid A-binding site. Biopolymers
2009, 91, 207-220.

Andrg, J.; Howe, J.; Garidel, P.; Rdssle, M.; Richter, W.; Leiva-Leon, J.; Moriyon, |.; Bartels, R.;
Gutsmann, T.; Brandenburg, K. Mechanism of interaction of optimized Limulus-derived cyclic
peptides with endotoxins: Thermodynamic, biophysical and microbiological analysis. Biochem. J.
2007, 406, 297-307.

Gutsmann, T.; Razquin-Olazaran, |.; Kowalski, I.; Kaconis, Y.; Howe, J.; Bartels, R.; Hornef, M.;
Schirholz, T.; Rossle, M.; Sanchez-Gomez, S.; et al. New antiseptic peptides to protect against
endotoxin mediated shock. Antimicrob. Agents Chemother. 2010, 54, 3817-3824.

Retrieved from https://www.encyclopedia.pub/entry/history/show/117252

https://encyclopedia.pub/entry/51880 9/9



