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Abstract: Horseshoe crabs have been identified as one of the marine species that contribute greatly to
scientific advances especially in haematological studies. Besides the haemocytes of these creatures, they are
also well known for their protein contents in the perivitelline fluid (PVF). Due to this, over the years, there has
been increasing interests in the scientific community to explore the function of proteins in the PVF of horseshoe
crab for applications in various biomedical areas such as immunology, embryology and tissue or cell
engineering. This article will review the two main protein components found in the PVF of the horseshoe crab
namely, lectins, and hemocyanins with regards to its applications in medical research.
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I. Introduction

Marine bioresources which include marine cyanobacteria, algae, invertebrate animals and fishes
provide a great variety of specific and potent bioactive molecules such as natural organic compounds which
include fatty acids, polysaccharides, polyether, peptides, proteins and enzymes. Many researchers have reviewed
and described the potent therapeutic agents derived from marine resources and their medicinal applications
(Burja et al., 2001; Smith et al., 2010; Vo and Kim, 2010).

A very versatile marine species which provide valuable sources to some of the most vital biomedical
testing is horseshoe crabs. These pre-historic creatures first appeared 475 million years ago in the Ordovician
period and can be classified into four distinct species. Three of its species, Tachypleus tridentatus, Tachypleus
gigas and Carcinoscorpius rotundicauda are distributed in Southeast Asia, while the fourth, Limulus
polyphemus, can be found along the Atlantic coast of North America (IUCN, 2013). These anthropods not only
have been studied extensively particularly in elements in its haemocytes that have contributed to many
haematological related research but also with regards to the constituents in its perivitelline fluid.

The perivitelline fluid (PVF) refers to the fluid that fills the space formed between the blastula
(embryo) and the egg shell (Punzo, 2000). There is still dearth of information on the individual components in
the PVF due to the variability in the different species of horseshoe crab which could contribute to the variation
in the detected constituents.

II.  Protein Components In The Pvf Of Horseshoe Crabs

Among the desirable components in PVF which are extracted for the purpose of medical research are
the proteins. The proteins that are present in PVF include hemaglutinins and hemocyanins, which may have an
important role during embryogenesis (Sugita and Sekiguchi, 1979; Shishikura and Sekiguchi, 1984a). The
protein components in the PVF of a Japanese horseshoe crab, T. tridentatus were classified into two proteins and
two protein groups; a group known as hemocyanin (H proteins) and the unidentified proteins represented as B-1
protein, B-2 protein and the “rest proteins”. The concentrations of these proteins differ at different stages of
embryo development (Sugita and Sekiguchi, 1979). Additionally, Shishikura and Sekiguchi (1984b) have
reported the isolation of glycoproteins (known as ABS-I, -1I, and —III) with potent agglutinin-binding activity
from the PVF of T. gigas embryo. These proteins were found to have high contents of aspartic acid, glutamic
acid and glycine in common. Similar to the Japanese horseshoe crabs, the peptides in the PVF of Indian
horseshoe crabs are also likely to be present in small quantities. However, these peptides may be represented as
different kinds of proteins, in addition to the four major proteins stated earlier in the Japanese horseshoe crabs
(Ghaskadbi et al., 2006).

III.  Lectins
One of the bioresources, lectins are considered as the promising candidates for useful therapeutic
agents because of the carbohydrate structures (proteoglycans, glycoproteins and glycolipids) that have been
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implicated in certain cell types and also due to their physiological and pathological functions including host-
pathogen interactions and cell-cell communications (Ogawa et al., 2011). Lectins refer to groups of sugar-
binding proteins with the exception of antibodies and enzymes that recognize specific carbohydrate structures,
resulting in the regulation of various cells via glycoconjugates. Thus, they are able to identify the types of cell
and stages of cell development including embryonic stem (ES) and induced pluripotent stem (iPS) cells through
histochemical applications, flow cytometry and lectin microarrays (Toyoda et al., 2011). This is because cells
often show altered surface glycoproteins and glycolipids depending on the physiological and pathological
conditions.

Lectins can be found in all taxa from microbial organisms, plants and animals and they are involved in
various cellular processes depending on their specific recognition of complex carbohydrates. Animal lectins can
be classified into several categories based on the structural similarity of carbohydrate recognition domain (CRD)
and their characteristics: C-type lectins (CTLs), galectins, I-type lectins, pentraxins, P-type lectins, tachylectins
and so forth (Gabius, 1997).

Even though various lectins can be found in the haemocytes of the horseshoe, these components also
can be extracted from PVF. Isolation and characterization of lectin proteins from the PVF of horse shoe crabs
including; T. tridentatus (Nagai et al., 1999) and T. gigas (Ghaskbadi et al., 2008) has been reported over the
years. These lectins were proposed to have essential role in the completion of early stage of embryogenesis by
interacting with endogenous glycoproteins or N-acetylhexosamines. Sub-types of lectins can be identified from
different species of horseshoe crabs.

An example of lectins is tachylectins-related proteins. Tachylectins or known as non-self-recognizing
lectins have been identified in the Japanese horseshoe crabs (T. tridentatus) from haemocyte (tachylectins-1 to
4) and plasma (tachylectins-5A to 5B) (Beck et al., 2001). The tachylectins can also be found in the PVF of the
horseshoe crabs, namely tachylectins-P (TL-P) presented as 27-kDa lectin. The sequence of amino acid of TL-P
is 99% identical to that of haemocyte-derived TL-1 but both these lectins are significantly different in biological
and biochemical characteristics (Nagai et al., 1999).

IV. Hemocyanins

In body fluid of many anthropods, hemocyanins, a copper-containing proteins act as an agent for
oxygen transport. These proteins evolved early in the arthropod stem lineage from the phenoloxidases, which
are the oxygen-consuming enzymes involved in the melanin pathway (Burmester, 2002). Other members of the
arthropod hemocyanin superfamily have lost the ability to bind copper and thus oxygen leading to the
production of the non-respiratory pseudo-hemocyanins (cryptocyanins) which serve as storage proteins in
decapod crustaceans and the hexamerins in hexapods (Markl et al., 1992; Burmester, 2002; Pick and Burmester,
2009).

Hemocyanins refer to large proteins that may consist of complexes up to several million Daltons.
Within all arthropod hemocyanins, the main structure of a hexamer of six similar/ identical subunits in the 75-
kDa range is conserved, although in a lot of cases, the hexamers associate to produce quaternary structures with
up to 8 x 6 subunits (Markl and Decker, 1992; van Holde and Miller, 1995). Every subunit of anthropod
hemocyanins comprises of three domains namely, domain I (5 to 6 a-helices), domain II (a 4 a-helix bundle
encompassing the di-copper centre) and domain III (7 stranded anti-parallel B-barrel) (van Holde at al., 2001;
Jaenicke et al., 2012; Rehm et al., 2012).

V.  Medical Applications Of Lectins And Hemocyanins In The Horseshoe Crab

Many researchers have shown the function of lectins as recognition molecules in cell-molecule and
cell—cell interactions in a variety of biological systems (Axford and Kieda, 1998; Wigglesworth-Cooksey and
Cooksey, 2005; Singh et al., 2011). In a greater sense, the foregoing discussion suggested the ability of lectins to
act as recognition molecules inside cells, on cell surfaces and in physiological fluids. Lectins such as galectins
have been reported to be capable of inducing cell proliferation among other functions like cell arrest and
apoptosis. These lectins have been implicated in organ morphogenesis, tumor cell metastasis, leukocyte
trafficking, response of the immune system, inflammation and recognition of extracellular matrix (Sharon and
Lis, 2004).

Pertaining to its function in immunology, the lectins’ pathway is identified as one of the activation
pathways for the mammalian complement system, besides two other pathways namely, classical and alternative.
These pathways merge at the essential event which is the proteolytic activation of the central component C3 to
C3b that covalently tags foreign microorganisms for engulfiment by phagocytes. The deposit of C3b also acts as
catalyst for lytic pathway where the membrane attack complex (MAC) is formed leading to the lysis of the
pathogen (Fujita et al., 2004: Nonaka and Yoshizaki, 2004). Zhu et al. (2005) reported that a functional homolog
of vertebrate complement 3, CrC3, which was isolated from C. rotundicauda together with several plasma
lectins (tachylectin 5a and 5b, represented as TL5a and TL5b and known as carcinolectins — CL5s) binds to a
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wide range of microbes which resulted in the formation of the frontline innate immune defense system.
Moreover, TPL (Tachypleus plasma lectin)-1 and TPL-2 which have different ligand specificities can be applied
in the detection and discrimination of bacteria and endotoxins removal (Kuo et al., 2006).

It is hypothesized that these proteins extracted from the PVF of horseshoe crab produce proliferation-
enhancer activity (Ghaskadbi et al., 2008; Srijaya et al., 2013). Srijaya et al. (2013) have reported the
enhancement in the gonadal maturity in red tilapia upon the treatment with PVF from C. rotundicauda. The
lectins from horseshoe crabs also potentially produce positive effect in the other type of cell’s development and
proliferation. For example, the lectin isolated from, T. gigas with a relative molecular mass of 2.7 x 10* which
consists of 221 amino acid residues, were found to support the cardiac development activity in the chick embryo
(Ghaskbadi et al., 2008). This indicated that the isolated lectin is capable of stimulating various aspects of chick
embryo’s embryonic development and specific organ enhancement (brain and heart), thus suggesting the
presence of molecules (peptides) that stimulate growth and differentiation of specific organs. It was postulated
that the peptides may be present in small concentration as a specific protein (Nagai et al., 1999). The presence of
stimulant in PVF also could be derived as explained by Yatskievich et al. (1997) whereby, the stimulation of
cardiac myogenesis in posterior region of chick pregastrula epiblast requires a sufficient activin or an activin-
like molecule. A more recent discovery has shown that a 27 kDa lectin from Indian horseshoe crab embryos
promoted increase in the number and diameter of blood vessels in chick embryos after treatment with PVF
which indicates their pro-angiogenic effect through upregulation of VEGF and VEGFR-2/kinase domain
receptor genes expression (Surekha et al., 2013).

Another component of proteins in horseshoe crabs, hemocyanin also serves as valuable source for
medical research. For example, hemocyanin which binds at the scaffold consists of the chitin coated with
antimicrobial peptides resulting in phenoloxidase activity which appears to function as a trigger for the wound
healing of exoskeleton (Nagai et al., 2001). The conversion of hemocyanin into a phenoloxidase-like enzyme
occurs through two major activation modes 1) proteolytic treatment with proteases (e.g. trypsin or microbe-
derived) or 2) physical disruption of protein conformation (using agents such as detergents, solvents, salts and/or
phospholipids). Hemocyanins also have also been suggested to act as a precursor of antibacterial and antifungal
peptides (Coates and Nairn, 2014). Based on these studies, it is imperative to assume the essential role of
hemocyanins as integral component in invertebrate’s innate immunity.

VI.  Conclusion And Future Directions For Research On PVF

Substantial evidences have been published on the proliferative effect of the PVF of horseshoe crabs.
This might serve as a solid foundation for the production of growth factors or supplements which contained the
elements in the PVF to be used in the areas of embryology and cell/ tissue culture. Taking into consideration the
proliferation enhancing activity of PVF, it can be potentially exploited in combination with biomaterials as
scaffolds for many different types of cells. This can be particularly very useful in the dentistry and medical
fields (eg. for bone cancer treatment). Together with the advancement in stem cell research, PVF also may be
studied as a valuable source to support organogenesis.

It is also important that the researchers acknowledge the fact that horseshoe crabs are considered to be
one of the endangered species. The conservation of these marine creatures must be promoted so that the positive
outcomes of the research related to the PVF of horseshoe crabs could be reaped. This should lead to better
breeding programs thus maintaining a sustainable population of these priceless anthropods.

Acknowledgement
The authors would like to acknowledge the Research University grant (no. 1001/ PPSG/813077) of
Universiti Sains Malaysia, Malaysia.

References
[1] M. Burja, B. Banaigs, E. Abou-Mansour, J. Grant Burgess and P. C. Wright, Marine cyanobacteria - a prolific source of natural
products, Tetrahedron, 57 (46), 2001, 9347-9377.
2] V. J. Smith, A. P. Desbois and E. A. Dyrynda, Conventional and unconventional antimicrobials from fish, marine invertebrates and

micro-algae, Marine Drugs, 8 (4), 2010, 1213-1262
[3] T. Vo and S. Kim, Potential Anti-HIV Agents from Marine Resources: An Overview, Marine Drugs, 8 (12),2010, 2871-2892
[4] TUCN, Bleeding, bait and birdfood: Challenges for the world’s horseshoe crabs, [Online] [Accessed 25 June, 2014], Available from

World Wide Web:
http://www.iucn.org/about/union/commissions/sustainable use and_livelihoods_specialist group/sulinews/issue_4/sn4_horseshoec
rabs/.

[5] F. Punzo, Desert Arthropods: Life History Variations (New York: Springer Science & Business Media, 2000).

[6] H. Sugita and K. Sekiguchi, Protein components in the perivitelline fluid of the embryo of the horseshoe crab, Tachypleus

tridentatus, Developmental Biology, 73 (2), 1979, 183-192.
[7] F. Shishikura and K. Sekiguchi, Studies on perivitelline fluid of horseshoe crab embryo. I. Purification of agglutinin-binding
substance from the perivitelline fluid of Tachypleus gigas embryo, Journal of Biochemistry, 96 (3), 1984a, 621-628.

www.iosrjournals.org 41 | Page



Mini Review: Protein Components of Perivitelline Fluid (PVF) of Horseshoe Crabs & Its

F. Shishikura and K. Sekiguchi, Studies on perivitelline fluid of horseshoe crab embryo. II. Purification of agglutinin-binding
substance from the perivitelline fluid of Tachypleus gigas embryo, Journal of Biochemistry, 96 (3), 1984b, 629-636.

S. Ghaskadbi, V. Patwardhan, P. B. Parab, P. Subrayan, D. P. Parameswaran and D. P. Chatterji, Cardiac development promoting
activity of perivitelline fluid of embryos of Indian horseshoe crab, Tachypleus gigas (muller), (United States Patent Publication,
India: Council of Scientific & Industrial Research, 2006).

T. Ogawa, M. Watanabe, T. Naganuma and K. Muramoto, Diversified carbohydrate-binding lectins from marine resources, Journal
of Amino Acids, 2011, 2011.

M. Toyoda, M. Yamazaki-Inoue, Y. Itakura, A. Kuno, T. Ogawa, M. Yamada, H. Akutsu, Y. Takahashi, S. Kanzaki, H. Narimatsu,
J. Hirabayashi and A. Umezawa, Lectin microarray analysis of pluripotent and multipotent stem cells, Genes to Cells, 16 (1), 2011,
1-11.

H. Gabius, Animal lectins, European Journal of Biochemistry, 243 (3), 1997, 543-576.

T. Nagai, S. Kawabata, F. Shishikura and H. Sugita, Purification, characterization, and amino acid sequence of an embryonic lectin
in perivitelline fluid of the horseshoe crab, Journal of Biological Chemistry, 274 (53), 1999, 37673-37678.

S. Ghaskadbi, V. Patwardhan, M. Chakraborthy, S. Agrawal, M. K. Verma, A. Chatterjee, N. Lenka and P. B. Parab, Enhancement
of vertebrate cardiogenesis by a lectin from perivitelline fluid of horseshoe crab embryo, Cellular and Molecular Life Sciences, 65
(20), 2008, 3312-3324.

G. Beck, M. Sugumaran, E. Cooper, S. Kawabata, H. G. Beisel, R. Huber, W. Bode, S. Gokudan, T. Muta, R. Tsuda, K. Koori, T.
Kawahara, N. Seki, Y. Mizunoe, S. N. Wai and S. Iwanaga, Role of Tachylectins in host defense of the Japanese horseshoe crab
Tachypleus tridentatus, in Phylogenetic Perspectives on the Vertebrate Immune System, (New York: Springer, 2001) 195-202.

T. Burmester, Origin and evolution of arthropod hemocyanins and related proteins, Journal of Comparative Physiology. B,
Biochemical, Systemic, And Environmental Physiology, 172 (2), 2002, 95-107.

J. Markl, T. Burmester, H. Decker, A. Savel-Niemann, J. R. Harris, M. Siiling, U. Naumann and K. Scheller, Quaternary and
subunit structure of Calliphora arylphorin as deduced from electron microscopy, electrophoresis, and sequence similarities with
arthropod hemocyanin, Journal of Comparative Physiology B, 162 (8), 1992, 665-680.

C. Pick and T. Burmester, A putative hexamerin from a Campodea sp. suggests an independent origin of haemocyanin-related
storage proteins in Hexapoda, Insect Molecular Biology, 18 (5), 2009, 673-679.

J. Markl and H. Decker, Molecular structure of the arthropod hemocyanins, Advances in Comparative Environmental and
Biochemistry, 13 (2), 1992, 325-376.

K. E. van Holde and K. I. Miller, Hemocyanins, Advances in Protein Chemistry, 47, 1995, 1-81.

K. E. van Holde, K. I. Miller and H. Decker, Hemocyanins and invertebrate evolution, Journal of Biological Chemistry, 276 (19),
2001, 15563-15566.

E. Jaenicke, B. Pairet, H. Hartmann and H. Decker, Crystallization and preliminary analysis of crystals of the 24-meric hemocyanin
of the emperor scorpion (Pandinus imperator), PLoS One, 7, 2012, €32548.

P. Rehm, C. Pick, J. Borner, J. and T. Burmester, The diversity and evolution of chelicerate hemocyanins, BMC Evolutionary
Biology C7 - 19, 12 (1), 2012, 1-13.

J. Axford and C. Kieda, Role of lectin-glycoconjugate recognitions in cell-cell interactions leading to tissue invasion, in
Glycoimmunology 2, 435 (New York: Springer, 1998) 75-82.

B. Wigglesworth-Cooksey and K. E. Cooksey, Use of fluorophore-conjugated lectins to study cell-cell interactions in model marine
biofilms, Applied and Environmental Microbiology, 71 (1), 2005, 428-435.

R. S. Singh, R. Bhari and H. P. Kaur, Characteristics of yeast lectins and their role in cell-cell interactions, Biotechnology
Advances, 29 (6), 2011, 726-731.

N. Sharon and H. Lis, History of lectins: from hemagglutinins to biological recognition molecules, Glycobiology, 14 (11), 2004,
53R-62R.

T. Fujita, M. Matsushita and Y. Endo, The lectin-complement pathway — its role in innate immunity and evolution, Immunological
Reviews, 198 (1), 2004, 185-202.

M. Nonaka and F. Yoshizaki, Primitive complement system of invertebrates, Immunological Reviews, 198 (1), 2004, 203-215.

Y. Zhu, S. Thangamani, B. Ho and J. L. Ding, The ancient origin of the complement system, The EMBO Journal, 24 (2), 2005,
382-394.

T. Kuo, S. Chuang, S. Chang and P. Liang, Ligand specificities and structural requirements of two Tachypleus plasma lectins for
bacterial trapping, Biochem Journal, 393 (3), 2006, 757-766.

T. C. Srijaya, P. J. Pradeep, A. Hassan, A. Chatterji and F. Shaharom, Effect of peri-vitelline fluid from horseshoe crab embryo in
enhancing the early gonadal development in red tilapia, Biological Forum — An International Journal, 5 (2), 2013, 1-7.

T. A. Yatskievych, A. N. Ladd and P. B. Antin, Induction of cardiac myogenesis in avian pregastrula epiblast: the role of the
hypoblast and activin, Development, 124 (13), 1997, 2561-2570.

K. L. Surekha, M. Waghchoude and S. Ghaskadbi, Enhancement of angiogenesis by a 27 kDa lectin from perivitelline fluid of
horseshoe crab embryos through upregulation of VEGF and its receptor, Journal of Natural Products, 76 (1), 2013, 117-120..

T. Nagai, T. Osaki and S. Kawabata, Functional conversion of hemocyanin to phenoloxidase by horseshoe crab antimicrobial
peptides, Journal of Biological Chemistry, 276 (29), 2001, 27166-27170.

C. J. Coates and J. Nairn, Diverse immune functions of hemocyanins, Developmental & Comparative Immunology, 45 (1), 2014,
43-55.

www.iosrjournals.org 42 | Page



