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Introduction
Despite the remarkable breakthroughs and successes achieved by 

modern medicine, the ancestral threat of infectious diseases caused 
by bacteria and viruses remains a serious threat. It is estimated 
that the current annual death rate attributed to severe infection, 13 
to 15 million, will remain until 2030.1 Under the pressure of drug-
resistance and emergence of new pathogens, discovering novel 
leading compounds from natural products with antibacterial and 
antiviral properties are highly desirable.2 Marine molluscs seem to be 
a promising source for discovery of new drugs for infectious diseases. 
As the second-most-diverse phylum,3,4 marine molluscs successfully 
live in an environment containing 1 million bacteria and 10 million 
viruses per millilitre,3,5 which demonstrate robust immunities to 
combat the infectious pathogens of the ocean.6,7

Among various marine molluscs, investigating the antibacterial 
and antiviral activities of abalone has recently attracted attention. 
As the commercially important species for aquaculture with the 
projected value of up to $ 3.1 billion in 2022 in Australia,8, 9 their 
innate immunity against abalone infectious pathogens is a crucial 
factor that significantly impacts the aquaculture market. Apart from 
being a delicious seafood, abalones are believed by many cultures 
to bring pronounced health benefits.10 This belief has recently been 
verified by some of the latest studies with abalones, which revealed 
the profound potential of this marine mollusc for the discovery of 
novel antibacterial and antiviral drugs.11‒13 

Compounds with antibacterial activity 
isolated from abalone

As a marine mollusc without adaptive immunity, abalone is 
believed to depend exclusively on the innate immunity, to combat 

bacterial infection.14 The innate immunity of invertebrates is 
facilitated by cellular and humoral systems.14 The cellular immunity 
predominantly involves the phagocytic activity of hemocyte cells 
while humoral immunity requires the release of antimicrobial factors 
that kill pathogenic bacteria. The latter involves hemocyanin, the 
respiratory protein of the mollusc,15 which has been found to possess 
the promising antibacterial activity in the host immunity when 
infection occurs.16,17 

The antibacterial activity of hemocyanin has been widely 
identified in numerous studies on invertebrates, including 
molluscs18‒21 and arthropods.22‒26 Hemocyanin is structurally related 
to Phenoloxidase27,28 and acquires stronger antibacterial activity 
when treated with sodium dodecyl sulphate28 or after activation by 
microbial proteases.29 Phenoloxidase is important in invertebrates as 
the initial step in melanin production cascade, which also produces 
reactive oxygen species (ROS). ROS-mediated antimicrobial activity 
is a powerful strategy to counter bacterial infection in invertebrates.28 
On the other hand, several studies demonstrated the role of abalone 
hemocyanin as a precursor for antimicrobial peptides (AMP).19,30

The AMPs identified from abalone hemocyanin, such as 
Abhisin, Defensins, and Haliotisin, demonstrated a broad-spectrum 
of antibacterial properties against both Gram-positive and Gram-
negative bacteria.30‒32 The proposed mechanism of antibacterial 
activity of these AMPs includes but is not limited to: damaging the 
bacterial cell wall, binding to the DNA and RNA, and direct inhibition 
of bacterial cell growth.30‒32 The strong bacteriostatic activity observed 
with these AMPs suggest that one AMP could possess more than one 
antibacterial mechanism.30-32 These findings explain the identified 
broad-spectrum antibacterial ability of AMPs derived from abalone 
hemocyanin, which may prove useful in combating antibiotic resistant 
bacteria.
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Abstract

Infectious diseases caused by bacteria and viruses are the most common cause of death 
in developing countries. The acquisition of antibiotic resistance and emergence of new 
pathogens require the development of new antibacterial and antiviral compounds with 
different mechanism of action. Abalone, a commercially important marine mollusc, 
has recently been found to possess arrange of compounds with potent antibacterial 
and antiviral activity. Some of the active compounds identified in abalones, such as 
antimicrobial peptides (AMP) and hemocyanin, demonstrated diverse mechanisms of 
action against a wide variety of human pathogens. These promising lead compounds 
may provide a development platform for novel antibacterial and antiviral drugs in the 
near future.  
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Compounds with antiviral activity isolated 
from abalones

The antiviral activity of abalone sera has been observed and 
confirmed mainly for Haliotis laevigate, H rubra and their hybrid 
species.11‒13,33,34 This was first observed during the outbreak of 
abalone herpesvirus causing abalone ganglioneuritis in Australia.35 
Even though about 95% of abalones died within 14 days after the 
appearance of clinical signs, the occurrence of naturally surviving 
abalone implies that these marine gastropods possibly possess the 
ability to resist viral infection.11 Due to the lack of a cell culture model 
for propagating abalone herpesvirus34, Herpes Simplex Virus type 1 
(HSV-1), the well-characterised human herpesvirus that shares 80% 
genomic similarity with the abalone herpesvirus, was initially used to 
investigate the innate antiviral activity of abalone.11 Interestingly, at 
least two fractions with potent antiviral activity against HSV-1 were 
confirmed in vitro.11,34 One was the lipophilic extract of the abalone 
digestive gland, which acts at the intracellular stage of infection, and 
another one was the hemocyanin present in the abalone hemolymph 
that prevents infection by blocking viral entry.12,13,34 

Compared with the lipophilic extract, the unique mechanism of 
action demonstrated by hemocyanin attracted more attention, since 
it could be a promising candidate for the discovery of a novel anti-
herpetic drugs. Current antivirals against HSV such as the DNA 
polymerase inhibitor acyclovir, which was modelled upon anti-viral 
nucleosides isolated from sea sponges, do not decrease the frequency 
or recurrence and are not effective in immunocompromised patients. 
Therefore, compounds with alternative mechanism of activity are 
needed and could potentially increase the effectiveness of current 
antivirals in concomitant application. 

Systematic studies about abalone hemocyanin have been conducted 
to elucidate its antiviral activity thoroughly. It has been confirmed that 
the abalone hemocyanin possesses the ability to block HSV-1 entering 
host cells by selectively binding to essential viral glycoproteins 
responsible for viral attachment and entry.12,13 After dissociating the 
higher order structure of abalone hemocyanin, the antiherpetic activity 
was found to be retained.12 These findings indicated the feasibility of 
discovering novel antiviral drugs based on the interaction of abalone 
hemocyanin with viral glycoproteins. Following these promising 
findings, more studies on abalone hemocyanin have been conducted to 
elucidate its structure,36 thermal stability37 and optimised formulation 
to maintain its antiviral activity.12

Conclusion
Natural products continue to be a major source of pharmaceuticals 

due to the fact that their diversity surpasses any combinatorial library 
available today Identified antibacterial and antiviral compounds 
from abalone are prime example that highlights the potential of this 
commercially important marine mollusc to fulfil medicinal proposes. 
Even though more comprehensive investigations are required to move 
these leading compounds from bench to bedside, it is evident that 
compounds isolated from abalones could be used as platform for the 
discovery of novel antibacterial and antiviral drugs.
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