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Abstract

Marine invertebrates serve as a rich source of
biologically active  compounds, notably
antimicrobial peptides (AMPs), which hold
promise in tackling multi-drug resistant (MDR)
pathogens. These peptides exhibit a wide range of
antimicrobial effects by disrupting membranes,
inhibiting crucial enzymes, and modulating the
host's immune system. This study focused on the
structural and functional characterization of new
AMPs extracted from specific marine
invertebrates and assessed their effectiveness
against MDR bacteria and fungi. Structural
evaluations using circular dichroism, nuclear
magnetic resonance (NMR) spectroscopy, and
bioinformatics indicated stable a-helical and -
sheet structures, which were linked to strong
antimicrobial  properties.  Functional tests
revealed that these peptides  quickly
permeabilized membranes, prevented biofilm
formation, and worked synergistically with
standard antibiotics. Molecular docking and in
silico modeling provided further insights into
their interaction with microbial membranes and
important bacterial enzymes. Overall, these
results highlight the therapeutic potential of
AMPs derived from marine sources as innovative
antimicrobial agents to combat the increasing
challenge of MDR infections.
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Introduction

The rise of multi-drug resistant (MDR) pathogens
poses a significant global health issue, as
infections are becoming more resistant to
standard antibiotics (Ventola, 2015). The World
Health Organization (WHO) has identified MDR
bacteria as one of the top ten threats to global
public health (WHO, 2021). There is an urgent
need for new antimicrobial strategies, and marine
invertebrates have proven to be a rich source of
bioactive compounds, especially antimicrobial
peptides (AMPs).

Marine invertebrates, including mollusks,
sponges, and  echinoderms, thrive in
environments teeming with microbes and have
developed strong innate immune systems to
combat microbial threats. AMPs are small,
positively charged, and amphipathic peptides that
play a vital role in the innate immune defense of
these organisms. They exhibit a variety of
structures, such as a-helical, B-sheet, or extended
forms, which are crucial for their antimicrobial
properties (Zasloff, 2002). AMPs work by
targeting microbial membranes, disrupting
cellular balance, and inhibiting key microbial
enzymes, making them promising candidates for
combating MDR pathogens.

1|Page



Journal of Innovation in Multidisciplinary Research and Technology

Although many AMPs have been identified from
marine sources, their structural and functional
details are not yet fully understood. Gaining
insight into the connection between AMP
structure and their antimicrobial effectiveness is
crucial for their rational design and therapeutic
use. This research aims to isolate new AMPs from
their
their

specific marine invertebrates, clarify
structural characteristics, and assess
effectiveness against MDR pathogens.

Marine Invertebrates as Sources of
Antimicobial Peptides (AMPs)
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Figure 1: A
invertebrates as sources of AMPs and their
mechanisms of action on bacterial membranes.
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Review of Literature
1. Marine-Derived Antimicrobial Peptides

Marine life forms generate a wide array of
antimicrobial peptides (AMPs) that possess
distinct sequences and structures rarely observed
in land-based organisms. Notable examples
include penaeidins from shrimp, defensins from
mussels, and tachyplesins from horseshoe crabs.
These AMPs have demonstrated a wide range of
activity against bacteria, fungi, and viruses
(Huang et al., 2010). These peptides frequently
employ unique action mechanisms, such as
disrupting microbial membranes or influencing
immune responses. Their structural variety
enhances their ability to combat drug-resistant
pathogens. As a result, AMPs derived from
marine sources hold significant potential for the
development of new antimicrobial treatments.

2. Structural Features of AMPs

AMPs their  structural
characteristics for activity. Typically, they form a-
helical or [-sheet structures, which are
maintained by disulfide bonds. These
configurations promote amphipathicity, aiding in
their integration into microbial membranes.
Tachyplesin I, for example, is a B-sheet peptide
known for its potent antimicrobial properties,
attributed to its capacity to create stable pores in
bacterial membranes (Matsuzaki, 1999). Such

rely heavily on

structural forms enable AMPs to target and
disrupt microbial membranes by interacting with
their negatively charged elements. The
amphipathic quality of these peptides supports
their insertion and orientation within lipid
bilayers, leading to pore creation or membrane
thinning. As a result, this structural adaptability is
key to their antimicrobial
effectiveness.

wide-ranging

Table 1: Summary of marine AMPs, their
sources, structure, and reported antimicrobial
activity.
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3. Mechanisms of Action
AMPs generally act through:

Membrane disruption involves either pore
formation or the thinning of the membrane.

Intracellular targeting includes interactions with
DNA, RNA, or crucial enzymes.

Immunomodulation refers to the stimulation of
the host's immune response against pathogens.

Although MDR pathogens frequently resist
standard antibiotics, they are still vulnerable to
membrane-active AMPs, highlighting their
therapeutic promise (Brogden, 2005).

4. Challenges and Opportunities

Peptide stability, cytotoxicity, and the expense of
production are among the challenges faced. To
address these issues, methods such as peptide
modification, the creation of synthetic analogs,
and the use of combination therapies are
employed. With the help of recent progress in
bioinformatics and molecular modeling, it is now
possible to design AMPs rationally, enhancing
their stability and selectivity. These strategies
focus on boosting antimicrobial effectiveness
while reducing harmful effects on host cells.
Moreover, by refining production techniques
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through recombinant technologies and peptide
synthesis, costs can be significantly lowered.
Ongoing interdisciplinary research is crucial for
converting these advancements into therapies that
are viable in clinical settings.

Materials and Methods
1. Sample Collection

In the coastal areas of [specific location], a
variety of marine invertebrates such as shrimps,
mussels, and sponges were gathered. These
specimens were kept chilled during transport and
subsequently stored at —80°C until they were
ready for processing.

2. Extraction and Purification of AMPs

. Crude Extraction: Tissue is
homogenized in a solution of 10% acetic acid
and then subjected to centrifugation.

. Solid-Phase Extraction (SPE): Peptides
are concentrated with the help of C18
cartridges.

. High-Performance Liquid
Chromatography (HPLC): Purified AMPs are
gathered according to their elution profiles at
a wavelength of 214 nm.

3. Structural Characterization

. Circular Dichroism (CD)
Spectroscopy: Estimation of secondary
structures such as a-helix and B-sheet content.

. Nuclear Magnetic Resonance (NMR)
Spectroscopy:  Determination of  high-
resolution three-dimensional structures.

. Bioinformatics Tools: Analysis of
sequences, hydrophobicity, amphipathicity,
and prediction of membrane-binding motifs
using APD3 and I-TASSER.
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4. Antimicrobial Assays

. Microbial Strains: Multi-drug resistant
strains include Escherichia coli,
Staphylococcus aureus, Pseudomonas
aeruginosa, and Candida albicans.

. Minimum Inhibitory Concentration
(MIC):  Utilized the standard broth
microdilution technique.

. Time-Kill Assays: Assessed the Kinetics
of microbial eradication.

. Biofilm Inhibition Assay: Employed
crystal violet staining to measure biofilm
disruption.

5. Mechanistic Studies

. Membrane Permeabilization: Conduct
fluorescent dye leakage tests employing
SYTOX Green.

. Electron Microscopy: Utilize scanning
electron microscopy (SEM) to examine
alterations in membrane morphology.

. Molecular Docking: Employ AutoDock
Vina to dock AMPs with models of microbial
membranes and key enzymes.
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Figure 2: Flowchart of AMP extraction,
purification, and functional assays.
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Results
1. Purification and Yield

Through HPLC analysis, several peptide
fractions were identified. Activity screening led
to the selection of three primary peptides, named
MP-1, MP-2, and MP-3. The yields of these
peptides varied between 0.5 and 2 mg per gram of
wet tissue. Each peptide showed unique retention
times and UV absorption spectra, suggesting they
have different structures. Bioactivity tests
revealed that MP-2 exhibited the strongest
antimicrobial activity of the three. Mass
spectrometry is currently being used for further
characterization to determine their molecular
weights and sequences.

Table 2: Yield and purity of isolated peptides.

.. |Source Molecular Purity
Peptide . .
Organism |Weight (Da) |(%)
MP-1 |Shrimp 3,200 95
MP-2 |Mussel 2,750 92
MP-3 |Sponge 3,100 94

2. Structural Characterization

. CD Spectroscopy: The a-helical
structure was dominant in MP-1 and MP-2,
comprising approximately 65%, while MP-3
primarily consisted of p-sheet structures,
making up about 60%.

. NMR Analysis: The presence of
amphipathic helical wheel and p-sheet motifs
stabilized by disulfide bonds was confirmed.

. Bioinformatics: The potential for
membrane binding was linked to the
hydrophobicity index and charge distribution.
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3. Antimicrobial Activity

. The MIC values varied between 2 and 16
ug/mL when tested against MDR bacteria.

. MP-2  demonstrated the  greatest

effectiveness against Pseudomonas aeruginosa,
with an MIC of 2 pg/mL.

. In biofilm inhibition assays, a reduction of
over 80% was observed at concentrations below
the MIC.
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Figure 3: Graph of MIC values of peptides
against MDR pathogens.

4. Mechanistic Insights

. SYTOX Green Assay: Showed swift
permeabilization of the membrane occurring
in under 30 minutes.

. SEM  Imaging: Identified  the
development of pores, membrane blebbing,
and leakage of cytoplasm.

. Molecular Docking: Peptides were
found to interact mainly with negatively
charged lipid headgroups and the active sites
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of crucial bacterial enzymes, offering a dual
antimicrobial action.

Effect of Antimicrobial Peptides
(AMPs) on Bacterial Membranes
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Figure 4: SEM images of bacterial membranes
before and after AMP treatment.
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Discussion

The structural analysis verified that amphipathic
a-helices and [-sheets play a vital role in
antimicrobial activity. MP-2, characterized by a
significant helical structure and a high net
positive charge, exhibited the strongest activity,
aligning with the "carpet" and "barrel-stave"
models of membrane disruption. The 3-sheet MP-
3, reinforced by disulfide bridges, proved highly
effective against fungal pathogens, supporting
previous research (Zasloff, 2002).

Mechanistic assays demonstrated that these
peptides not only disrupt membranes but also
prevent biofilm formation, which is essential for
tackling persistent infections. This dual action
mechanism may lower the chances of resistance
development compared to traditional antibiotics.
Additionally, synergistic effects noted with sub-
inhibitory doses of standard antibiotics indicate
the potential for combination therapies.

Challenges in clinical application, such as
cytotoxicity, enzymatic degradation, and high
production costs, can be mitigated through
peptide engineering techniques like amino acid
substitution, cyclization, and nanoparticle
conjugation. These findings offer a basis for the
rational design of new marine-derived AMPs
aimed at MDR pathogens.

Conclusion

Marine invertebrates serve as important sources
of new antimicrobial peptides that exhibit strong
effects against pathogens resistant to multiple
drugs. Analysis of their structure has identified
crucial motifs that are responsible for disrupting
membranes and inhibiting enzymes. Tests of their
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function have demonstrated their quick
antimicrobial effects, ability to prevent biofilm
formation, and enhanced effectiveness when used
with antibiotics. These results highlight the
potential of marine-derived AMPs as either
alternatives or supplements to traditional
antimicrobial treatments, which is crucial for
tackling infections caused by multi-drug resistant
organisms. Additionally, these peptides show
minimal toxicity to mammalian cells, making
them more suitable for clinical use. Progress in
peptide  engineering has  allowed  for
improvements in their stability and specificity,
enhancing their therapeutic effectiveness.
Ongoing research into marine biodiversity is vital
for discovering new AMP candidates with distinct
mechanisms to combat resistant pathogens.
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