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FROM CLINICAL TOXINOLOGY TO PROTEOMIC DISCOVERY: DECODING THE
VENOM PROTEIN COMPOSITION OF CHIRONEX YAMAGUCHII FROM SABAH
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INTRODUCTION

Multi-tentacled box jellyfish endemic to Sabah, Malaysia, have been implicated in at least six pediatric fatalities between 2006 and 2022.! An unpublished
local investigation confirmed the species responsible as Chironex yamaguchii, one of the most venomous jellyfish globally. Clinically, stings can lead to
rapid cardiorespiratory collapse and death within minutes?, highlighting the urgency of understanding its venom composition. Currently, only one available
box jellyfish antivenom targets Chironex fleckeri, with unproven efficacy against C. yamaguchii. Despite its clinical importance, no proteomic profiling has
been conducted to identify the specific toxins and underlying mechanisms responsible for its lethality

METHODOLOGY

Specimens of C. yamaguchii were collected from Lahad Datu’s coastal waters, where prior severe envenomation was reported. Identification followed
established morphological criteria.2 Venom was extracted via nematocyst autolysis, sonication, and centrifugation. Protein concentrations were measured
using a Nanodrop spectrophotometer. Proteomic analysis included sodium dodecyl sulphate—polyacrylamide gel electrophoresis (SDS-PAGE) and reverse-
phase high-performance liquid chromatography (rpHPLC). Tandem mass spectrometry (LC-MS/MS) was used for protein identification and toxin profiling.

LC-MS/MS analysis identified 25 unique protein groups in the venom of C. yamaguchii. Among these, six toxins—CqTX-A, CfTX-1, CfTX-2, CfTX-A,
CfTX-B, and a TX-like toxin fragment—were detected. These are associated with membrane pore formation, hemolysis, and cardiovascular toxicity, aligning
with clinical features of rapid systemic collapse.

Table 1
Toxins Abbreviation
Pore forming toxin PFT 38.55% 74.87%
M3 metallopeptidase MPP 6.76% 13.13%
Gelsolin GS 472% 9.17%
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release crude venom for further analysis.

DISCUSSION

This is the first venom proteomic profile of C. yamaguchii in Malaysia. The identification of cardiotoxic and hemolytic proteins reinforces clinical
observations of sudden cardiac arrest. These findings contribute critical insights for translational research, with implications for species-specific antivenom
development, diagnostic innovation, and emergency response protocols.

The detection of CfTX family toxins, which have previously been characterized in Chironex fleckeri®, suggests a conserved venom architecture across
Chirodropid species. This supports the hypothesis of functional homology in cardiotoxic and cytolytic components, potentially explaining the overlapping
clinical manifestations observed in different geographic regions. Such molecular parallels also highlight the feasibility of developing cross-reactive
antivenoms, while emphasizing the need for localized venom profiling to capture interspecies variations that may affect therapeutic efficacy.

Proteomic analysis offers vital understanding of C. yamaguchii envenomation. Future studies should explore the functional and lethal properties of these
toxins to guide evidence-based clinical management and improve survival outcomes in jellyfish sting cases.
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