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Pterois miles, the common lionfish, is one of the most abundant venomous fishes 

that inhabit the Egyptian Red Sea. To date all the published biotechnology 

research is done on a sister species, Pterois volitans, and none is done on the 

native Red Sea lionfish, Pterois miles. The aim of this study is to address this gap 

in the lionfish research through investigating the identity of the venom protein of 

the Red Sea lionfish, Pterois miles, and to assess its anti-cancer efficacy using the 

HepG2 cancer cell line. The venom identity was scrutinized by comparing the 

specific protein composition of the venomous spines of the Pterois miles to that 

of the non-venomous caudal fin rays (the tail). A 75 kDa protein band, present 

only in the venomous spine, and absent in the caudal fin rays, revealed strong 

molecular weight similarity to the venom protein of the sister lionfish species, 

Pterois volitans. The crude venomous spine protein homogenate showed an anti-

cancer effect on the HepG2 cancer cell lines up to very low concentrations 

reaching 7.5 µg /ml. On the contrary, the tail crude protein homogenate did not 

have any activity. Using size exclusion chromatography fractionation, only those 

fractions containing the purported venom protein band in the spine homogenate 

demonstrated cytotoxic effects on HepG2 cancer cell lines. These promising 

results suggest that the venom protein of the Red Sea lionfish Pterois miles  could 

have a potent cytotoxic effect that worth more investigation. 
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Introduction 

Marine environments are rich sources of both chemical 

and biological diversity. The diversity of fauna and flora 

in the marine environment is enormous which makes it 

one of the most promising resources for unique 

compounds with great potential for commercial 

development 
[1,2]

. In the field of natural anti-cancer 

compounds, discoveries from marine biodiversity are 

producing unique anti-cancer therapies 
[3-5]

. Recently, 

bioprospecting of marine natural products has yielded a 

number of drug candidates 
[6]

. Most of these molecules 

are still in the preclinical or the early clinical phases; 

however, some have already been clinically approved 

such as the Ara-C
5
. Ara-C (cytrabine), derived from the 

marine sponge Cryptotethya crypta, is the first marine 

derived anti-cancer agent to be commercially available. 

It is currently used in the treatment of leukemia and 

lymphoma 
[7]

. 

Venomous fishes, comprised of over 1200 species, 

represent one of the most important untapped resources 

 
of natural pharmacological and anti-cancer compounds 
[8]

. Toxicity of these venomous fishes indicates potent 

physiological activity. Therefore, it is quite possible that 

toxic substances in piscine venom could yield valuable 

biomedical compounds 
[9]

. Catfishes, Stingrays, 

Toadfishes, Stone fishes and Lionfishes are among the 

well documented venomous fishes 
[8,10]

. Lionfishes of the 

Family Scorpaenidae are one of the most well-known 

venomous fishes that inhabit the coral reefs of the 

unexplored Red Sea, which represents one of the most 

diverse marine environments in the world 
[11]

. At least 

six species of lionfishes of the subfamily Pteroinae have 

been identified in the Red Sea. These include the 

relatively abundant Pterois miles, Pterois radiata and 

Pterois antennata 
[12]

. 

Pterois miles of the Red Sea and its venom is the focus 

of this study. Pterois miles  and its sister species Pterois 
volitans 

[13]
 were found to be two genetically distinct 

species using mitochondrial DNA analyses 
[14,15]

. Spines 

are the only anatomical structure of the lionfish that 

secretes venom, unlike fin rays which form the caudal fin 

(tail).  The  venom  is  secreted  in  the  glandular  tissue  
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located in eighteen long venomous spines; thirteen 

dorsal, three anal, and two pelvic 
[16]

. 

The physiological effects of venom homogenates of the 

lionfish species Pterois volitans have been the subject of 

several studies since the 1950’s 
[16-18]

. An antitumor 

activity was attributed to the lionfish species Pterois 

volitans. The venom homogenate was shown to have 

hepatoprotective and antimetastatic effects on Ehrlich’s 

ascites carcinoma xenografted mice 
[18]

. In this study, 

some light has been shed for the first time on the protein 

profile of the crude venom of Pterois miles. Inspired by 

the venom homogenate’s anti-tumor activity of the sister 

species, Pterois volitans, the cytotoxicity of the Pterois 
miles’ venom protein suggested to be at the 75 kDa 

range was tested on HepG2 cells. 

Materials and Methods 

Preparation and quantification of the protein 

homogenates 
Live specimens of Pterois miles collected from the Red 

Sea, Egypt were purchased, from a local aquarium store. 

The venomous dorsal spines, as well as, the non-

venomous caudal fin rays (tail) were cut off, using 

sterilized clippers, and were kept in 10% glycerol 

solution at -80°C.Venomous dorsal spines only are used 

in this study. Throughout the text, the venomous dorsal 

spines are referred to as spines, while the caudal fin rays 

are referred to as tails. Both the crude protein 

homogenates from the venomous spines and the non-

venomous tail were prepared according to 
[17]

. Briefly, 

the frozen samples were thawed and ground in 10% 

glycerol using a chilled mortar and pestle. The resultant 

suspension was then centrifuged at 7000 xg for 10 min 

where the supernatant containing the proteins was 

collected and the pellet was re-suspended in 10% 

glycerol and re-centrifuged. The supernatants were 

pooled and quantified using the Bio-Rad DC protein 

assay (Cat No. 500-0112). 

SDS-PAGE   

The crude protein homogenates of the venomous spine, 

the non-venomous tail and the size exclusion 

chromatography protein fractions obtained from both 

crude protein homogenates were separated on 12% SDS 

gels. SDS-PAGE was performed for the spine and tail 

protein homogenates obtained from at least 20 different 

specimens. Electrophoresis was done using a Bio-Rad 

Mini-PROTEAN® Tetra Cell. SDS gels were stained 

using Coomassie Brilliant R-250. Preparation of the 

SDS gels, protein samples and buffers as well as the 

electrophoresis procedure were done as described by 
[19]

. 

Molecular weight ladder was used as a reference; Page 

Ruler TM Plus Prestained Protein Ladder (Fermentas 

Cat. No. SM1811). 

Mass spectrometry 

Mass spectrometry was performed to the ~ 75 kDa 

excised gel band from the SDS gel of one of the spine 

protein homogenates. The excised gel band was stored 

in a 1:1 diluted de-stain solution. The de-stain solution 

used is formed of 70% distilled water, 25% methanol 

and 5% acetic acid. The Mass Spectrometric analysis of 

 this protein band was done at the core facility of the 

Protein and Science, Biotechnology Carver Center, 

University of Illinois, USA. The methodology followed 

by the facility is detailed in the following paragraph. The 

in gel digestion was carried out as follows; Gel slices 

were destained, digested in 25 μl of sequencing grade 

Trypsin (12.5 ng/μl in 25 mM ammonium bicarbonate, 

G-Biosciences St. Louis, MO) using a CEM Discover 

Microwave Digestor (Mathews, NC) for 15 minutes at 

55°C (50W) and the peptides were then extracted using 

50% acetonitrile with 5% formic acid, dried using a 

Savant SpeedVac and suspended in 13 μl of 5% 

acetonitrile containing 0.1% formic acid.  Afterwards, a 

volume of 10 μl of sample was used for mass 

spectrometry analysis. The mass spectrometer used was a 

Waters quadrupole time-of-flight mass spectrometer (Q-

ToF) connected to a Waters nano Acquity UPLC.  The 

column used was Waters Atlantis C-18 (0.03 mm 

particle, 0.075 mm x 150 mm).  Flow rate was at 250 nl 

per minute.  Peptides were eluted using a linear gradient 

of water/acetonitrile (0-60%) containing 0.1% formic 

acid in 60 minutes.  The mass spectrometer was set for 

data dependent acquisition, ms/ms was performed on the 

most abundant four peaks at any given time.  Data 

analysis was done using Waters Protein Lynx Global 

Server 2.2.5, Mascot (Matrix Sciences) and Blasted 

against NCBI NR database. 

Size exclusion chromatography (SEC)  

Protein contents of both the crude protein homogenates 

from the venomous spines and the non-venomous tail 

were separated using the Akta Purifier (GE HealthCare, 

USA). Samples injected in the Akta Purifier were 

constantly having the concentration of 1mg/ ml. One ml 

of each of the samples (homogenates) was applied to 

Superdex
TM 

75 prep grade column (GE HealthCare Cat. 

No. 17-1044-01). The column was equilibrated using 50 

mM sodium phosphate buffer at a flow rate of 0.05 

ml/min overnight. Upon elution, the same buffer was 

used but at a flow rate of 0.25 ml/min. The elution 

process resulted in 48 fractions for each of the two 

protein homogenate types; each of the fractions is 0.5 ml. 

Fraction names in order are as follows: A1-A12, B1-

B12, C1-C12 and D1-D12. The SEC was done for one 

representative venomous spine protein homogenate and 

for one representative tail protein homogenate from a 

single lionfish specimen. 

Cell culture  
A human hepatocellular liver carcinoma (HepG2) cell 

line was used for the in vitro testing of the protein crude 

homogenates, and fractions, cytotoxicities. HepG2 cells 

were used for its advantages in testing the cytotoxicity of 

compounds 
1
 as well as proving useful before in testing a 

marine jellyfish venom cytotoxicity 
[20]

. HepG2 cancer 

cells were incubated at 5% CO2 at 37°C and were kept in 

a complete medium formed of RPMI 1640 (Lonza, 

USA), 10% Fetal Bovine Serum (FBS- inactivated at 

37°C) and 5% Penicillin-Streptomycin (Lonza, USA). 
For testing the crude protein homogenates, spine or tail, 

cells were seeded at a fixed count of 4 X 10
4
 cells/well 
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in a 96-well plate. Both crude homogenates, the spine 

and the tail, were incubated with the HepG2 cells, using 

different concentrations. Control: HepG2 cells incubated 

in 10% glycerol in complete media. For testing the 

protein fractions, produced from SEC of both protein 

homogenates, cells were also seeded at a fixed count of 

3 X 10
4
cells/well. Control: HepG2 cells incubated in 

10% glycerol with 50mM sodium phosphate buffer in 

complete media. After seeding and before testing the 

cytotoxic effects of any of the samples, the cells were 

cultured at 5% CO2 at 37°C for 24 hrs to rule out the 

effects of any stress on the cells’ viability and allow for 

the cells’ attachment. Twenty four hour incubation with 

the protein homogenates, and fractions, were also 

achieved before assessing its effect on the cells. Viable 

cell count was determined by a haemocytometer, using 

trypan blue staining (Hausser Scientific, USA). 

Morphological changes and signs of cell death after the 

addition of any of the protein crude homogenates, or 

protein fractions, were observed using an inverted 

microscope (Olympus 1X70, USA). The cells were 

observed microscopically to detect any deviation from 

the normal state of the HepG2 cells as they are known 

for their epithelial nature 
[21]

. 

The fractions tested for cytotoxicity were the result of 

fractionating only one representative homogenate for 

each of the spine or tail. The same volume was used on 

testing any of the fractions, the spine or tail fractions. 

Each fraction being tested is incubated with the cells for 

48 hours before assessing the cell viability, which 

reflects the level of activity of the protein fractions. 

MTT Cytotoxicity Assay 

The cytotoxic effects of the crude protein homogenates 

as well as the effect of the protein fractions on the 

HepG2 cells viability were determined using the MTT 

colorimetric assay. MTT (Serva, Germany) is the 3-(4, 

5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide 

which originally has a yellow color. The assay depends 

on the capability of the viable cells to capture the water-

soluble tetrazolium yellow colored compound and 

reduce it in a mitochondrial-dependant manner into a 

water-insoluble purple formazan product 
[22]

. After 

incubation with the protein homogenates or the protein 

fractions, the old media containing the sample were 

removed from the wells and the cells were replenished 

with 120 μl complete media. MTT, 5 mg/ml, (Serva, 

Germany) of volume 24 μl is added to each well. After 

incubation for 3 hours at 37°C and 5% CO2, the media 

containing the MTT were removed and 100 μl of DMSO 

(Sigma-Aldrich, USA) were added to solubilize the 

purple formazan product if formed. The absorbance was 

measured using the FLUOstar OPTIMA microplate 

reader (BMG LabTech, Germany) at 590 nm. The 

absorbance reading is the mean of at least three 

independent readings 

 

  % Cell Viability =  

 Statistical Analysis 

Raw data, the absorbance of each fraction, was corrected 

by subtraction of the blank readings (media without any 

sample). The corrected raw data were analyzed using the 

statistical software program, R© version 2.14.1 (2011-

12-22). P values were computed using ANOVA to detect 

for significance differences between the sample means 

(spine and tail fractions) and the control. P < 0.05 was 

considered to be statistically significant. 

Results 

Protein profile of the venomous spines versus the 

non-venomous tail 

SDS PAGE was used to compare the differential protein 

expression patterns of both of the crude protein 

homogenates isolated from the venomous dorsal spines 

and the non-venomous caudal fin (tail) of the Red Sea 

lionfish species Pterois miles. As shown in Figure 1, the 

protein patterns for both homogenates showed in general 

some degree of similarity. In the crude spine protein 

homogenate, two obvious distinct bands are found at the 

molecular weights of ~35 kDa and ~75 kDa (Fig. 1). 
These two bands are specifically and solely present in all 

the spine crude protein homogenates tested but absent in 

all the tail crude protein homogenates tested. Based on 

the fact that the spines are venomous and that the tail is 

not, then the venom protein is probably one of the two 

proteins that are exclusively found in the spine protein 

homogenate. The ~ 75 kDa band was chosen for further 

mass spectrometric analysis based on previous reports of 

identified venom protein of the same size from sister 

species Pterois volitans and Pterois antennata 
[10]

. 
 

 

Fig (1): Protein analysis of Pterois mile crude 

homogenates. 12% SDS-PAGE analysis for Pterois miles. 

Lanes (1) Crude venom protein homogenate showing the 

purported venom band at ~75 kDa (960 μg/ml); (2) BioRad 

pre-stained ladder SM1811; (3) tail protein homogenate 

(960 μg/ml). (*): Indicate two distinct bands are found at the 

molecular weights of ~35 kDa and ~75 kDa at the crude 

venom protein homogenate. 
 

Venomous spines and non-venomous tail; A Proof of 

Concept 

Mass spectrometry (MS) was used to identify the excised 

75 kDa band of the Pterois miles specimen, 

characteristic to the spine crude protein homogenate. 

 

Absorbance of sample 

                                     

Absorbance of control 

 

X 100 
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On performing MALDI-TOF MS, a peptide mass 

fingerprint spectrum (PMF) was produced for this band 

(Fig. 2). Mascot search tool of Matrix Sciences was used 

to search the NCBI database for a protein with matching 

PMF. The Mascot search gave three hits for the protein 

band under study: Pterois antennata toxin subunit 

alpha, Pterois volitans toxin subunit alpha and Pterois 

antennata toxin subunit beta. The protein summary 

report showed that two of these hits, Pterois 

antennata toxin subunit alpha and Pterois volitans toxin 

subunit alpha, were identified with a protein score of 

111, while the third, Pterois antennata toxin subunit 

beta, was identified with a score of 80. According to 

Mascot, protein scores greater than 84 are significant 

(p<0.05). It is worth mentioning that two unique 

peptides of Pterois miles sample in the PMF were 

matched to both the Pterois antennata toxin subunit 

alpha and the Pterois volitans toxin subunit alpha with 

sequence coverage of 4%. Subsequently, these two 

Pterois miles peptides were chosen for fragmentation 

and MALDI-TOF/TOF (MS/MS) was performed. 

According to Mascot score, individual ion scores greater 

than 57 indicates identity or extensive homology. In the 

Pterois miles sample peptide summary report, one 

peptide was shown to be significant with an ion score of 

72, while the other was not significant having ion score 

of 20. Protein hits to Pterois antennata toxin subunit 

alpha and P. volitans toxin subunit alpha also revealed a 

similar high score, 90. These two peptide sequences 

were also blasted using blastp against the non-redundant  

 (nr) protein database (14, 206, 148 sequences; 4, 868, 

102, 627 residues). Interestingly, both peptides of the 

Pterois miles sample were shown to be unique to 

the Pterois fish toxins. In general, mass spectrometry 

analysis of the Pterois miles sample showed strong 

homology to the Pterois volitans and Pterois 

antennata toxins as consistent with the phylogenetic 

relationships. 

Cytotoxic effect of the Pterois miles crude spine 

protein homogenate on HepG2 cells 
Cell cultures of HepG2 followed by MTT assay were 

used to assess the cytotoxicity of the crude protein 

homogenates. Spine crude protein homogenate 

concentrations of 1000 μg/ ml and 500 μg/ ml caused the 

death of 78% (p< 0.001) and 59% (p<0.001) of the cells, 

respectively. Interestingly, concentrations as low as 7.8 

g/ml and 3.9 g/ml of the crude spine homogenate 

continued to cause a significant percentage of cell death. 

The above mentioned relatively low concentrations 

caused the death of approximately 50% (p<0.001) and 

42% (p<0.001) of the cells, respectively (Fig. 3). HepG2 

cell death was also morphologically apparent when the 

cells were treated with the same protein concentrations. 

The dying HepG2 cells lost attachment and had round- 

shaped morphology unlike the control cells with 

apparently normal epithelial shapes (Fig. 4).However, no 

cytotoxic effects were shown on the HepG2 cells upon 

investigating the cytotoxicity of the crude tail protein 

homogenates (Fig. 4). 

 

 

 

Fig (2): Peptide Mass fingerprint of the approximately 75-kDa excised spine protein band. X-axis showing the m/z ratio 

(mass/charge ratio) while the y-axis showing the abundance of different fragments. 
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Fig (3): MTT assay showing the cytotoxicity of the crude 

spine protein homogenate of the same individual sample. 

The graph represents cell survival of the HepG2 cells after 

exposure to different concentrations of the crude venom 

protein homogenate, 1000 μg/ml and 500 μg/ml, 7.8 μg/ml 

and 3.9 μg/ml. M; cell survival percentage in the presence 

of media only, CT; cell survival percentage of the control 

(50mM sodium phosphate buffer and 10% glycerol). Cell 

survival percentages among the venom homogenate 

concentrations were significantly different from M and CT 

in one-way ANOVA (p<0.001). Values are the means ± SD. 
 

Fractionation of the Pterois miles’ crude homogenates 

of the spine and tail revealing different protein 

composition in the fractions 

Proteins of different sizes appeared in different fractions  

 upon performing size exclusion chromatography for 

each of the crude homogenates, the spine and the tail. 

Both homogenates yielded 48 fractions after the elution 

was completed. For both the spine and the tail 

homogenates, the different proteins were observed 

starting from fraction A10. On comparing the resulting 

chromatogram of the spine protein homogenate (Fig. 

5A) to that of the tail protein homogenate (Fig. 5B), 

difference in their protein patterns was obvious which 

was consistent with the early SDS PAGE gels (Fig. 1). 

On observing the chromatograms, two distinct regions 

were different. The first region is the high molecular 

weight region consisting of the fractions B1-B9. The 

second region is the lower molecular weight region 

which consists of the fractions C3-D3 (Figs. 5A & B). 

Based on the findings illustrated in section 3.2 that 

proposed the Pterois miles’ venom protein to be at the 

~75 kDa range, the higher molecular weight region 

consisting of fractions B1-B9 was given more attention. 

SDS PAGE was done to confirm the protein content of 

the fractions B1-B9 in the spine homogenate and the tail 

homogenate (Figs. 6A, B & C).Only fractions B1-B6 

produced from the spine protein homogenate showed an 

obvious protein band at ~75 kDa with the strongest 

appearance at the middle fractions then faded reaching a 

very faint band in fraction B6 (Fig. 6 A & B). On the 

contrary, fractions B1-B6 produced from the tail protein 

homogenate did not show any bands at the ~75 kDa 

range (Fig. 6C). 

 

 

      
Fig (4): Cell Morphology of HepG2 cells after incubation with crude spine protein homogenate at 100X magnification 

power. (A) Normal HepG2 cells in the presence of media only. (B) HepG2 cells after incubation with the control; 10% glycerol. 

(C) HepG2 cells after incubation with 1000 μg/ ml crude venom protein homogenate showing cells lost attachment and had round- 

shaped morphology. (D) HepG2 cells after incubation with 500 μg/ ml crude spine protein homogenate showing cells lost 

attachment and had round- shaped morphology. (E) HepG2 cells after incubation with 500 μg/ ml crude tail protein homogenate 

showing normal cell morphology. 
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Fig (5): Size Exclusion chromatograms of the spine and tail crude protein homogenates. Fractionation of the protein 

homogenates was done to get different fractions having proteins of different sizes for the protein homogenate. Fractionation of 

spine homogenate (A) yielded 48 fractions from A1 through A12, B1 through B12, C1 through C12 and D1 through D12. 

Fractions B1- B6, encircled, contain the venom band and have cytotoxic effects on HepG2 cells. Fractionation of tail homogenate 

(B) yielded 48 fractions from A1 through A12, B1 through B12, C1 through C12 and D1 through D12. Fractions B1, B2, B3, B4, 

B5 and B6, encircled, show no peaks in comparison to spine homogenate and have no cytotoxic effects on HepG2 cells. 

 

 

Fig (6): Banding pattern of the spine and tail crude protein homogenate fractions. (A) SDS-PAGE displaying the protein 

pattern of fractions B1, B2, B3, B4 and B5 as well as the protein ladder in the first lane. The venom band is shown very clearly in 

this SDS at ~ 75 kDa range. (B) SDS-PAGE displaying the protein pattern of fractions B6, B7 and B8 where there is a very faint 

venom band appearing in B6 and in fractions B7 and B8 a complete disappearance of the venom band. (C) SDS-PAGE displaying 

the protein pattern of fractions B1, B2, B3, B4, B5 and B6, the SDS showed the absence of the venom protein band at ~75 kDa. 
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Cytotoxic effects of the Pterois miles spine protein 

fractions on HepG2 cells 

Cytotoxicity testing was done for all the 48 fractions of 

the spine protein homogenate using the HepG2 cells. 

Only six fractions, B1, B2, B3, B4, B5 and B6, 

produced from the spine homogenate showed cytotoxic 

effects resulting in a significant percentage of HepG2 

cell death (Fig. 7A). The cell death caused by these six 

spine fractions ranged from 70% (p<0.001) to 40% 

(p<0.05).  

Pterois miles’venom protein proposed to be a 

potential anti-cancer agent  

Cytotoxicity of the six spine fractions, B1 through B6, 

was compared to the corresponding tail fractions. Under 

the same conditions, the corresponding fractions, B1 

through B6, of the tail crude homogenate did not show 

any cytotoxicity and instead they boosted the survival of 

the cells (Fig. 7B). The same spine fractions, B1-B6, 

were shown previously to exclusively contain the 

proposed venom protein band at ~75 kDa (Fig. 6). As  

 illustrated in Fig. 7A, fraction B6 has the lowest 

cytotoxic capability among the six fractions; also this 

same fraction B6 has shown earlier to have the least 

concentration of the proposed venom protein band at ~75 

kDa (Fig. 6). HepG2 cell death was also morphologically 

very clear when the cells were treated with the six spine 

fractions, B1-B6, if compared to the cells treated with 

the same corresponding tail fractions (Fig 8). 

Discussion 

Animal venoms are widely acknowledged to be an 

outstanding resource for discovering new bioactive 

compounds and biotechnological products for medical 

use. Despite being considered as one of the promising 

untapped resources of bioactive compounds, fish venom 

research is inadequately represented in the literature 
[23]

. 

By giving an insight on the identity of the Red Sea 

lionfish, Pterois miles, venom and its cytotoxic effects 

on HepG2 cancer cells, this study tried to make further 

insights to the fish venom research. 
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Fig (7): Cytotoxicity of the eluted protein fractions after size exclusion chromatography. (A) Cell survival of the HepG2 cells 

after exposure to all the fractions of the crude spine protein homogenate, showing the cytotoxicity of only six fractions: B1, B2, 

B3, B4, B5 and B6.  Fraction names are A1 through A12, B1 through B12, C1 through C12 and D1 through D12. (B) Differential 

cytotoxicity of six effective fractions of the eluted venom protein in comparison to the same fractions from the eluted tail fractions. 

CT; Control HepG2 cells with the control (50mM sodium phosphate buffer and 10% glycerol). Values are the means of three trials 

± SD. 
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Fig (8): Cell Morphology of HepG2 cells after incubation with the six effective spine fractions in comparison to the six tail 

fractions at 100X magnification power. (A) Normal HepG2 cells in the presence of media only. (B) HepG2 cells after incubation 

with the control; 10% glycerol and 1mM NaHPO4. (C) (E) (G) (I) (K) (M) HepG2 cells after incubation with crude spine protein 

homogenate fractions; B1, B2, B3, B4, B5 and B6 respectively. They show obvious change in the cell morphology. (D) (F) (H) (J) 

(L) (N) HepG2 cells after incubation with crude tail protein homogenate fractions; B1, B2, B3, B4, B5 and B6 respectively. No 

morphological changes on the cells were observed. 

 

 

The approach followed in this study intended to unravel 

the identity of the venom protein composition of the 

spine with venomous structure, to that of the caudal fin 

rays (the tail), a non venomous structure. SDS-PAGE 

was used to compare the protein profile of the spine 

crude homogenate to that of the tail crude homogenate. 

The bony matrix of the spines and tail share the same 

evolutionary developmental origin therefore, using the 

crude homogenate of the tail provides an appropriate 

baseline from the venomous proteins that are exclusively 

found in the spine can be detected 
[24]

. The results of 

SDS PAGE showed two exclusive protein bands in the 

spine homogenate; a ~75 kDa and a ~35 kDa bands 

(Fig. 1). The 75 kDa band is very intense and obvious 

that stands very specific to the spine suggesting a high 

concentration of this protein in the dorsal spine tissues. 

Moreover, it was documented that the protein venom of 

Pterois volitans (the Pterois miles sister species) and 

Pterois antennata has the molecular weight of ~75 kDa 
[10]

. Based on those two factors, it was reasonable to 

suspect that the 75 kDa band is in fact the venom 

protein; accordingly, the 75 kDa band was chosen to 

undergo a mass spectrometric analysis.   

 

 As expected, the mass spectrometry of this band showed 

a high degree of homology to the venom of Pterois 
volitans and Pterois antennata providing strong evidence 

of its venomous nature. The fact that this band was only 

present in the spine homogenate and was distinctly 

absent in the tail homogenate confirmed that the tail is 

non-venomous and that venom proteins are only 

expressed in integument surrounding the anti-predatory 

spines. Thus, through this set of experiments, it is 

reasonable to suggest with strong confidence that this 75 

kDa band is the venom protein of Pterois miles. To the 

best of our knowledge, this is the first study to 

investigate and identify the venom protein of the Red 

Sea lionfish, Pterois miles. 

It is very well known that the tumor derived cell lines are 

considered one of the most well-known and effective 

systems for the evaluation of new anti-cancer candidates 

for use in humans 
[25]

. Specifically, the HepG2 cell lines 

have been frequently used in cytotoxicity assays testing 

venoms and venom components of various natures 
[20,26]

. 

Therefore, the MTT assay was used in this study to 

evaluate the cytotoxicity of the spine crude protein 

homogenates and fractions on HepG2 cancer cell lines. 
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As detailed in Figure 3, treating the HepG2 cells with 

various concentrations of the spine samples resulted in 

cell death that reached  78% (p<0.001) at a high 

concentration of 1000 μg/ml. Even at very low 

concentration (3.9 μg/ml), the spine crude homogenate 

caused a remarkable amount of cell death of about 42% 

(p-value < 0.001), which suggested a great potency for 

the crude spine homogenate (Fig. 3). On observing the 

HepG2 cells incubated with the spine homogenates 

under the inverted microscope, various morphological 

changes proved the cell death. The HepG2 normally 

appeared under the inverted microscope as a one 

continuous attached sheet of epithelial cells, as it is the 

case with the untreated and the control treated cells. 

However, after incubation with the crude spine 

homogenate, the cells became more rounded and 

detached from each other (Fig. 4). To confirm that the 

anti-cancer activity resulted from a bioactive compound 

that is found exclusively in the spine homogenate, equal 

concentrations of the tail homogenates were tested for 

their cytotoxic effect under the same conditions and 

showed no cytotoxic effects. 

In an attempt to identify the cytotoxic component(s) 

from the spine crude homogenate, fractionation of the 

spine crude homogenate was done and the fractions 

were tested individually for possible cytotoxicity. Size 

exclusion chromatography was done to the spine crude 

homogenate which resulted in protein fractions of 

different sizes. This fractionation was also done to the 

tail crude homogenate which didn't show any 

cytotoxicity on HepG2 cells, hence it was after that 

considered as a negative control. The resulting 

chromatograms for both homogenates revealed some 

general similarities, which were consistent with the 

previous SDS PAGE results (Fig. 1). However, two 

distinct regions stand very clear as the showed 

differences between the spine and tail homogenates. The 

first region included fractions B1 through B9 (a high 

molecular weight region) and the second region included 

fractions C3 through D3 (a low molecular weight 

region). Since the HepG2 cytotoxicity was only induced 

by the spine homogenate, it was hypothesized that the 

cytotoxicity of the spine crude homogenate would be 

generated by one or more components of the two regions 

mentioned above in the spine homogenate. 

To look into this hypothesis, all fractions of the spine 

homogenate were tested for cytotoxicity on HepG2 

cells. Only six fractions from B1 through B6 in the spine 

homogenate caused cell death (Fig. 7A), which was not 

the case for the similar tail fractions (Fig. 7B). 

Morphological changes of the HepG2 cells also 

confirmed cell death in case of the spine homogenate 

fractions. It was also observed that the rest of the spine 

fractions, other than fractions B1-B6, actually caused a 

boost in cell survival. As one would imagine, this boost 

in cell survival could have happened as a result of the 

presence of extra protein contents in these fractions that 

act as extra nutrients to favor cell survival and 

proliferation. Although the region that showed different 

 chromatogram peaks between the spine and the tail 

homogenates extended from fractions B1 to B9, only 

fractions B1 through B6 showed significant cytotoxicity. 

Spine fractions B1 through B5 has actually shown to 

contain the purported venom protein, the 75 kDa band, 

and a very faint band was observed in fraction B6 as was 

confirmed via SDS-PAGE, unlike the same tail fractions. 

Once the 75 kDa band started to disappear and the 35 

kDa band started to appear the cytotoxic effect was 

tremendously decreased then lost as was clear in Figure 

9. In addition to that, the HepG2 cells treated with the B6 

fraction showed the least cell death in comparison to the 

other five spine fractions, their morphology has more in 

common with the normal cells (Fig. 8). It is worth noting 

here that the region including fractions C3 through D3 of 

the spine homogenate, a low molecular weight region, 

did not show any cytotoxic effect on HepG2 cells. Based 

on these data, it is reasonable to theorize that the venom 

protein of the Red Sea lion fish Pterois miles, purported 

to be at the 75 kDa range, could be the bioactive 

component that resulted in the cytotoxicity of the HepG2 

cancer cell lines. 

In conclusion, this study proposes the venom protein of 

the Red Sea lionfish species, Pterois miles, to have the 

molecular weight of 75 kDa. A combination of different 

experiments also showed the potent cytotoxic effects of 

the spine homogenates on the HepG2 cells suggesting 

the venom protein to be a potential anti-cancer 

compound. These results certainly deserve further 

investigations to confirm the identity of the venom 

protein and to unravel its cytotoxic mechanism. Having a 

real functioning protein that exerts an in-vitro anti-cancer 

effect increases the probability that it could have an in-

vivo effect as well. 
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