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Abstract  

 

In this study, the synthesis of TTX by three species of TTX-producing bacteria 

(Vibrio alginolyticus, Microbacterium arabinogalactanolyticum and Serratia 

marcescens) was conducted in a 10-L fermentor under the same controlled 

fermentation conditions for each of a period of 60 hours. The bacterial growth 

curves were monitored and the TTX synthesized in the culture medium was 

determined by HPLC. The TTX biosynthesis was found limited at the 

microgram level per L of culture medium with toxicities 14.7 MU (mouse unit) 

and 13.0 MU per mL in the partially purified culture medium of V. alginolyticus 

and M. arabinogalactanolyticum respectively by mouse bioassay. In the studies 

on SW480 and SW620 colorectal carcinoma cell lines, the expression, 

distribution, invasion and proliferation of voltage-gated sodium channels 

(VGSCs) were investigated by MTT assay (24-48 hours) and wound healing 

assay (0-120 hours). The different subtypes of VGSCs were expressed by 

semiquantitative RT-PCR and the locations of Nav1.5 and Nav 1.7 were 

detected by immunofluorescence microscopy. In the MTT assay, 40μmol/L of 

TTX showed significant inhibitory effect on both cell lines, with maximum 

inhibition rate, 33% and 40%, in SW480 and SW620 respectively. In the 

wound-healing assay, the inhibitory rate of 80μmol/L of TTX on SW480 

reached 22% after 120 hours, compared with 30% in the control group. 

Moreover, VGSCs were highly expressed in both SW480 and SW620, with the 

main subtypes of Nav1.5 and Nav1.7 located on the cell surface, which might 

increase the metastatic rate of the cell lines. 
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CHAPTER I 

INTRODUCTION 

In the 2500 BC of China and Egypt, people already knew some fish were toxic. 

These fish all had something in common: they had a body length ranging from 

2.6cm to 59cm. They also had scaleless surface and rough spiky skin. The four teeth 

fused together into a beak-like form (see Figure 1), so people often call them Puffer 

fish. 

 

                  Figure 1.1 Picture of (Takifugu obscurus) 

 

Puffer fish toxin was also called Tetrodoxtoin (TTX), discovered by Japanese in 

1909. TTX is one of the most toxic neurotoxin found in nature.  It can block 

sodium ion channel. Its toxicity is mainly sodium cyanide, which is poisonous more 

than 1250 times than ordinary one. TTX is stable, salty and cannot be decomposed 

of under sunshine. It can only be decomposed of when being heated in high 

temperature for 30 minutes or being in the alkaline condition (1). 
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1.1 Distribution and source of Tetrodotoxin 

Tetrodotoxin (TTX) is a highly potent neurotoxin, which was firstly found in puffer 

fish. Puffer fish (Takifugu) (See Figure 1.1) is belonging to Tetraodontidae. Most of 

wild puffer fish are poisonous. TTX disperses in tissues of puffer fish including liver, 

skin, intestine, ovary, testis, muscle, blood, gall bladder and kidney. Researchers 

extracted TTX from different tissues of puffer fish, and the toxicity (MU/g) 

decreases in the following order: Ovary > Liver > intestine > gallbladder. 

Changing of Seasons is a key factor affecting the TTX concentration in puffer fish. 

In spring, puffer fish are the most toxic because it is the puffer fish‘ spawning season. 

However, not all species of puffer fish are highly toxic, and the toxic of some kinds 

of puffer fish are a little toxic (2). 

Besides puffer fish, TTX is widely existed among various kinds of animals 

(Table1.1). For example, the California newt Tarichi torosa (3), the goby Gobius 

criniger (4), the xanthid crab Atergatis floridus (5), the blue-ringed octopus Octopus 

maculosus (6), Astropecten starfishes (7,8,9), the frog shell Tutufa lissostoma (10), small 

gastropod mollusks Zeuxis siquijorensis, the Niotha clathrata (11) and various species 

of ribbon worms (Nemertea) also have TTX. 
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Table 1.1 Distribution of organisms reported to be sources of TTX (excluding bacteria) 

   Phylum     Class   Order    Family   Binomial name 

Chordata(includes 

frogs, puffer fish, 

 Amphibia    Anura Brachycephalidae Brachycephalus 

pernix (12) 

gobies and newts) Dendrobatidae Colostethus 

inguinalis(13) 

    Chordata Bufonidae Atelopus 

oxyrhynchus(14) 

Salamandridae Notophthalmus 

viridescens(15) 

 Actinopterygii Tetraodontiformes Tetraodontidae Takifugu 

xanthopterus(5) 

Fugu 

rubripesa (16) 

Fugu 

vermicularis (17) 

Fugu  

pardalis (18) 

Fugu 

poecilonotusa (18) 

  Perciformes Gobiidae Gobius 

criniger(4) 

Nemertea  Anopla Paleonemertea Cephalothricidae Cephalothrix 

rufifronsa (19) 

Heteronemertea Lineidae Lineus 

longissimusa (20) 

 Cephalopoda Octopoda Octopodidae Hapalochlaena 

maculosaa (21) 

 Mollusca 

(gastropods) 

Gastropoda Neogastropoda Nassariidae  Niotha  

clathrata (22) 

 Merostomata Xiphosura Cleroidea Carcinoscorpius 

rotundicauda (23) 

Arthropoda   

(crabs) 

Malacostraca Decapoda Xanthoidea Atergatis  

Floridus(5) 

Dinoflagellata Dinophyceae Gonyaulacales Goniodomataceae  Alexandrium 

tamarense(24) 
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1.1.1 Tetrodotoxin-producing bacteria 

Vibrio was the first microorganism reported producing TTX and it was isolated from 

the intestine of xanthid crab (25). Later, many bacteria that can produce TTX were 

found out (26).  

Symbiotic bacteria mean ones that lived together with other organisms with positive 

life to sustain interaction. It is generally found in marine animals. Most symbiotic 

bacteria live in some special organs in their hosts and some of them are beneficial to 

their hosts through producing secondary metabolites, which can provide chemical 

defense. The situations in these special organs are under stringent supervision, so 

that the circumstances are the best for the growth of symbionts and the production of 

metabolites. For instance, host organisms may generate small signaling molecules 

that can increase secondary metabolite production (27). The absence or shortage of 

inducers in the hosts may be the reason for the lower levels of secondary metabolite 

production in laboratories. According to the various known examples, some natural 

products treated as macro-organisms have been identified from cultivated microbial 

symbionts, especially from marine animals. Sponge is a hugesource of bioactive 

compounds. In the recent years, it has been proved that many of these bioactive 

compounds could be generated by bacteria having a symbiotic relationship with 

sponges (28). For instance, it has been found that theopalauamide and swinholide A, 

two kinds of bioactive compounds that were separated from the Philippines sponges 

originally, were related to one that iscalled filamentous symbiotic bacteria.(29) 

Moreover, the symbiotic relation between nematodes and Xenorhabdus proved it 
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further. Generally, Xenorhabdus spp living in special vesicles of young nematodes 

can produce insecticidal ―Tc toxins‖(30). When young nematodes are taken by insects, 

the host will secrete the bacterium and then release the Tc toxin to kill the insect. 

Dead animals are often used as a rich source of nutrients and a habitat for 

propagating nematodes. (30) 

It is plainly implied by the widespread existence of TTX in phylogenetically 

different organisms (Table 1.1) that symbiotic bacteria play an important role in the 

biosynthesis of TTX. However, whether Horizontal Gene Transfer (HGT) exists in 

higher animals is not proved. It is impossible for TTX biosynthesis genes to have 

convergent evolution in such a large number of organisms. Moreover, based on the 

direct evidence that many TTX-producing bacterial species are isolated from animals 

(Table 1.2), the bacterial origin can be proved. 

TTX can be extracted from many kinds of puffer fish (Table 1.2). To determine the 

origin of TTX, deep research has been done on puffer fish. It is interesting to find out 

that these puffer fish lose the capability to generate TTX when they are raised in 

mass (31). They are feeding by different source of food might be the reason. It proves 

that bioaccumulation through food chain is a possibility. Compared with the high 

levels of TTX found in hosts, the quantity of TTX in laboratory is very low, which 

provide a further support for the bioaccumulation hypothesis (32). However, the 

opposite view describing that in some situations special inducers are required to 

promote TTX production is also valid (33). Moreover, the possibility that unculturable 

microorganism may influence the biosynthesis of TTX can be neglected. It is 
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estimated that in a certain community, there is only less than 1% of bacteria can be 

cultivated. Therefore, when unculturable bacteria synthesize TTX precursor cells and 

generate chemical inducers for TTX biosynthesis, the quantity of toxin cultivated 

will be decreased.  

TTX-producing bacteria have been extracted from most but not all of the animals 

that contain TTX. Therefore, the argument of TTX biosynthesis by bacterial is still in 

dispute, especially in new species without proof of TTX-producing bacterial (34). A 

bacterial source of TTX can be finally proven by understanding the biosynthetic 

pathways relating to its assembly or the genes controlling the biosynthesis of TTX. 

1.1.2 Food chain theory  

TTX-producing bacteria can be extracted from both marine animals and freshwater 

sediments. The bacteria can be taken in by lower organisms, which are further eaten 

by larger predators. As a result, the TTX can be biomagnified in the food chain (53). 

As we all know, puffer fish can produce TTX. However, according to various 

research results, different living environment may affect toxicity of puffer fish, when 

putting wild puffer fish in the artificial rearing environment. The toxicity of puffer 

fish would fade over time. TTX toxicity assessment in mouse showed that the fish 

contained no TTX toxin finally (54). These results suggest that the TTX in puffer fish 

is generated form an exogenous source instead of a symbiotic or commensal 

microorganism, and the different source of food might be the key factor that affects 

toxicity of puffer fish. 
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Table1.2 Distribution of TTX producing bacteria. 

            TTX producing bacteria          Source of bacterial isolate 

           Atergatis floridus (reef crab)(35) 

 Fugu vermicularis vermicularis (common puffer)(36) 

             Vibrio spp Four species of Chaetognaths (arrowworms)(37) 

 Astropecten polyacanthus (comb seastar)(38) 

 Hapalochlaena maculosa (blue-ringed octopus)(39) 

 Deep sea sediment(40) 

 Fugu vermicularis radialis (common puffer)(41) 

 Seven species of nemertean worms(42) 

 Puffer fish species(43) 

 Nassarius semiplicatus (sea snail)(44) 

 Niotha clathrata (marine gastropod)(45) 

            Bacillus spp. Hapalochlaena maculosa(39) 

Deep sea sediment(40) 

Freshwater sediment(40) 

Fugu rubripes (common puffer)(16) 

         Pseudomonas spp. Jania spp. (red alga)(46) 

Fugu poecilonotus (common puffer)(47) 

Hapalochlaena maculosa(39) 

Niotha clathrata(45) 

               Alteromonas spp. Hapalochlaena maculosa(39) 

Deep sea sediment(40) 

           Aeromonas spp. Deep sea sediment(40) 

Niotha clathrata(45) 

                 Micrococcus spp. Deep sea sediment(40) 

Freshwater sediment(40) 

                Serratia marcescens Puffer fish species(48) 

                Pseudoalteromonas spp Meoma ventricosa(49) 

           Shewanella putrefaciens Takifugu niphobles(50) 

            Acinetobacter spp. Deep sea sediment(40) 

            Streptomyces spp. Marine sediment(51) 

            Caulobacter spp. Freshwater sediment(40) 

          Flavobacterium spp. Freshwater sediment(40) 

            Plesiomonas spp. Niotha clathrata(45) 

  Microbacterium arabinogalactanolyticum Marine Puffer fish(52) 

         Nocardiopsis dassonvillei Fugu rubripes(16) 

            Actinomycete spp. Fugu rubripes(16) 

           Marinomonas spp. Nassarius semiplicatus(44) 

          Tenacibaculum spp. Nassarius semiplicatus(44) 
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1.2 Structure of Tetrodotoxin 

Tetrodotoxin was identified a crystal, until early 1950s (55), and also 

chromatographically in the 1960s (56). Its molar mass is 319 and molecular formula is 

C11H17N3O8. The molecule consists of a positively charged guanidine group made of 

three nitrogen atoms and a pyrimidine ring. TTX and its analogues are displayed in 

Figure1.2 (57) 

 

 

                 Fig1.2 Tetrodotoxin and its analogues 
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1.3 Application of Tetrodotoxin 

Tetrodotoxin (TTX) is a potent neurotoxin that blocks voltage-gated sodium 

channels (VGSCs), so it has therapeutic effects on some diseases. 

TTX has inhibitory effect on the invasion of metastatic prostate cancer, so it has the 

potential to be considered as an anticancer drug(58). It was also found that as an 

potential drug of anaesthesia(59), acesodyne is to cure chronic cancer pain and 

neuroprotective drug(60). TTX can selectively block VGSCs action in the nerve and it 

can stop transmission of action potential of block conduction of nerve impulse, so it 

has been developed as a local analgesic or anesthetic. 

In addition, TTX has been used by WEX Technologies Company (Canada) to 

research and develop drugs to relieve the pain of cancer and eliminate the 

dependence on heroin. The drug extracted from TTX has an effect similar to 

morphine, but will not be abused.  

 

1.4 Comparison of Tetrodotoxin production methods  

 

Because of these potential usages of TTX, it is popular in the market. But it is not 

easy to produce it. Currently, TTX is mainly extracted and purified from puffer fish 

and ovary (61). Normally, 100kg ovary can averagely produce 1g TTX, which is a 

very low productivity. There is an urgent need to develop a new method to 

effectively produce TTX.  

Chemical synthesis of TTX is a new way. Kishi group successfully synthesized TTX 
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with chemicals (62) and then many groups followed (Table 1.3). Unfortunately, this 

method is highly expensive and has low yield rate. 

 

Table 1.3 Synthesis step and yield rate of TTX 

    Authors    Year reported    Synthetic steps    Yield (%) 

Y. Kishi et al（63）. 1972 23 1.82 

M. Isobe et al(64). 2003 67 0.64 

J. Du Bois et al.(65) 2003 34 0.97 

K. Sato et al.(66) 2008 34 0.34 

 

Biosynthesis is a multi-step, enzyme-catalyzed process in which substrates are 

converted into targete products. This process often consists of multiple metabolic 

pathways. Microbial biosynthesis is a novel way to produce TTX.  Some TTX 

producing bacteria have been identified, such as Bacillus, Microbacterium 

arabinogalactanolyticum and Serratia marcescens, etc. This method mainly uses 

bacteria ferment to produce TTX, which can significantly reduce the production cost 

and effectively protect environment.  

Among the three methods, microbial biosynthesis of TTX is the most cost effective 

way. 

 

 

 

http://en.wikipedia.org/wiki/Catalyst
http://en.wikipedia.org/wiki/Substrate_(chemistry)
http://en.wikipedia.org/wiki/Product_(chemistry)
http://en.wikipedia.org/wiki/Metabolic_pathway
http://en.wikipedia.org/wiki/Metabolic_pathway
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CHAPTER II  

HYPOTHESIS AND OBJECTIVES  

2.1 Whether TTX production by bacterial fermentation is        

possible? 

The origin of TTX has long been controversial. The viewpoint that TTX is generated 

from bacteria has been endorsed by many researchers. This is because many bacteria 

that can produce TTX have been extracted from animals successfully. Based on this 

theory, using TTX-producing bacteria to produce TTX is feasible. At present, 

producing TTX by bacteria still remains at the stage of laboratory study and there are 

rare reports for the production of TTX through fermenter. This experiment 

hypothesis means that TTX could be produced by fermenter with toxin-producing 

bacteria. Thus this study will find out relevant factors that affect the production of 

TTX through bacteria (such as temperature, medium ingredient, etc.)  

 

2.2 Objectives 

This project was undertaken with the following objectives:  

a) To investigate TTX producing methods with fermentation.  

b) To optimize the fermentation condition to increase the production of TTX by       

TTX-producing bacterial.  
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CHAPTER III 

MATERIALS AND EQUIPMENTS 

3.1 Culture medium for bacteria 

Luria Bernati Medium was prepared with 10g/L Casein Tryptone, 10g/L NaCl, 5g/L 

Yeast extract, pH 7.0. LB Agar was prepared with LB Broth with 10g/L Agar powder. 

Mix-type Medium was prepared with 20g/L NaCl, 5g/L Yeast extract, 5g/L Glucose, 

10g/L Casein Tryptone, pH 7.0.  

 

3.2 Fermentation with Bacteria 

a) Bacterial strain 

Three bacterial strains including Microbacterium arabinogalactanolyticum, Serratia 

marcescens and Vibrio alginolyticus (Provide by Dr. C.F. YU isolated in Japan) were 

used in this study. 

b) Fermentation 

In the initial cultivation of bacteria study, Orbital shaker (Model HY-5A from 

Shanghai) in Electro-heating standing-temperature cultivator (Model DHP-9902 

from Shanghai) was used and absorbance of bacterial was measured by 

Spectrophotometer (Model 721G from Shanghai). 

A 5L fermenter (Model SY3000, Shiyuan Company from Shanghai) was used for the 

fermentation study. 
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c) Extraction and purification 

Concentrate the ferment liquid by Evaporator rotary (Model RE-5298 from Shanghai) 

and used Centrifuge (Model 3-18ks from Sigma) to remove fragments. Use  

Macroporous resin (AB-8 from Hangzhou) and Ion exchange resin (D301,from 

Hebei). Please refer to the extraction and purification study. 

 

3.3 Detection of Tetrodotoxin 

a) High performance liquid chromatography (HPLC) with diode      

array detection 

There are two types of HPLC system used in this study, including Agilent 1100, 

Waters E2695, USA and chromatographic column selects supeLCOSILtmLC-18 

HPLC 25cm*4.6cm 5um products. 

For the HPLC-DAD, measurement of TTX is used by a post column derivation with 

fluorescent detector (Agilent, Waters, USA).  

The mobile phase used NaH2PO4 and HPLC methanol (10%), then adjust pH of 

mobile phase to 3.0 by phosphate (Concentration 85%).  

 

b) Mouse bioassay 

Kunming mouse, with weight between 20-33g, was used for the toxicity assessment. 
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CHAPTER IV 

METHODS 

4.1 Fermenter cultivation of tetrodotoxin 

4.1.1 Fermentation procedures 

We evaluated the different optimum culture conditions for these bacteria using a 

fermenter. The main procedure of fermentation is as follows:  

 

 

 

 

 

 

 

4.1.2 Cultivation of bacteria 

LB Bacterial culture medium and agar plates 

1. Dissolve 10g tryptone, 5g yeast extract, and 10g NaCl in 950mL deionized               

water. 

2. Adjust the pH of the medium to 7.0 using 1N NaOH and bring volume up to 1      

liter. 

3. Store at room temperature or +4°C. 

Initial cultivation of bacteria 

Fermenter cultivation 

Extraction and Purification  

Detection 
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LB agar-plates: 

1. Prepare LB medium as above, but add 15g/L agar before autoclaving. 

2. After autoclaving cool to approx 55°C, add antibiotic (if needed), and pour into            

petridishes. 

3. Let it harden, then invert and store at +4°C in the dark. 

 

In our laboratory, we have three species of TTX-producing bacteria: Microbacterium 

arabinogalactanolyticum, Serratia marcescens and Vibrio alginolyticus. Bacterial 

species used in fermentation were kept in frozen stock at -80
o
C. Pick a single colony 

on agar plate in a 250ml flask with 90ml LB medium. Flask should be cultivated on 

the shaker with 200rpm at room temperature for 24 hours. The agar plate should be 

subcultured every week to ensure the stability of the culture. (Figure 4.1) 

 

 
          Figure 4.1 Cultivation of bacteria on LB plates and flasks 
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4.1.3 Fermenter cultivation 

Put LB medium pour into the fermenter, then heat it to 120 degree30mins 

(Sterilization). Cool it at 30 degree and inject seed bacteria (in flask) into the 

fermenter.Adjust speed of 300rpm, pH range 6.5~7.0 and Keep oxygen demand(OD) 

at 50%. Fermentation time is 72~96 hours, and then heat temperature up to 120 

degree 30mins (Sterilization). (Figure4.2) 

 

                  Figure 4.2 Fermenter cultivation 

 

4.1.4 Extraction and purification  

Extraction parts: Adjust the pH of fermentation liquid to 3.5 by acetic acid, then 

heat it to 90 degree 10mins. Remove mycelium by centrifuge (Spreed 8000rpm, 

30mins), and then adjust the pH of fermentation liquid to 5.0 by ammonia. Lastly, 

concentrate the fermentation liquid into a 10 ml evaporator rotary (Figure 4.3). The 

concentrated liquid is ready for mouse bioassay. 

Purification parts: mouse bioassay can guaranteedetecting fermentation liquid 
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weather contained TTX.  The next step is to purify the fermentation liquid. Inject 

fermentation liquid with 5% acetic acid into Macroporous resin column (Figure 4.4) 

and continuous use the acetic acid elution. Then wait until the color of eluant change 

into transparent and start collecting the liquid by 1L wash bottle. The second time of 

purification needs to use ion exchange resin column and wait about 30mins and start 

collecting the purified liquid by auto rotating collector. 

     

Figure (4.3,4.4) Rotary evaporator used for medium concentration & Gel-filtration 

column used for TTX-purification   

 

4.1.5 Collection 

After the resin purification step, an auto-collector is used to recover the purified 

liquid, and the collector contains 100 10ml glass bottles. Then wait until 100 bottles 

of liquids are collected, and a rotary evaporator should be used to concentrate and 

purify the liquid from 1 L to 10 ml. 
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4.1.6 Detection of Tetrodotoxin 

a) High performance liquid chromatography (HPLC) with diode array 

detection 

HPLC-DAD is a HPLC system with a post column deriviterizer followed by 

fluorescent detector. Wavelength range of fluorescent is adjust to 381~505nm. The 

mobile phase uses NaH2PO4 (6.52g) and adds HPLC methanol (10%), then adjusts 

pH of mobile phase to 3.0 by phosphate (Concentration 85%). The flow rate is 

0.6ml/min. The column used is a reverse phase in supeLCOSILtmLC-18 HPLC 

25cm*4.6cm 5um products. The post column system is connected to NaOH 

(2M~3M) with a pumping rate of 0.4ml/min. Standard curve of TTX was used for 

measuring the fluorescent signal of standard TTX in concentration from 0.5ug/ml to 

20ug/ml. Compared with the standard curve, the concentration of TTX in sample 

could be determined. 

 

b) Mouse bioassay 

Kunming mice weighed between 20-33g were used in the mouse bioassay. Toxin 

samples need to use 0.2um syringe filter to remove the impurities before the 

injection. A group of 3 mice were chosen randomly and inject 1ml sample 

intraperitoneally into the mice. Noted the death time and weight of mice, the average 

death time of the mice should not be shorter than 4 minutes. If sample with average 

death time were shorter than 4minutes, itneed required subsequent dilution factor to 

meet the requirement of the toxicity conversion table.  
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4.2 Optimization parameter in fermentation condition 

Pick a single colony on agar plate in a 250ml flask with 90ml LB medium. The pH 

and optical density are detected by pH meter and spectrophotometer at 600nm, using 

the corresponding culture medium as blank.  

a) Effect of temperature in LB medium on bacterial growth 

There are many factors that can affect the growth of bacterial, among which the 

temperature is the key. This study investigated the effect of temperature on the 

growth of the bacterial species. Two groups of temperature were tested (23
o
C-33

o
C) 

in the same medium and used spectrophotometer to detect the optical density.  

b) Effect of NaCl in mix-type medium on bacterial growth 

The component of mix-type medium is more different than LB medium. The glucose 

was added but the concentration is lower, and the concentration of NaCl (20g/L) is 

higher than LB medium (10g/L). The aim is to test the effect of NaCl on the growth 

of bacterial. 
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CHAPTER V 

RESULTS 

5.1 NaCl and temperature in the culture condition of bacteria 

The results showed that the temperature and medium composition are the key factors 

affecting the growth of bacteria. There are three different bacteria (Microbacterium 

arabinogalactanolyticum, Serratia marcescens and Vibrio alginolyticus) 

participating in the test, and these bacteria were isolated from ovary, skin and gut 

(Provided by Dr C.F. YU isolated in Japan). In this experiment, we mainly tested the 

difference of growth situation of bacteria under different temperature conditions as 

well as whether the different ingredients of culture medium influence the growth of 

bacteria.  

The experimental result showed that the temperature difference influences growth 

quantity and growth velocity of bacteria under the condition of using the same kind 

of culture medium. Through comparison (as shown in Figure 5.1-5.3), it is found that 

the bacteria has an ideal growth status and short cultivation time under the condition 

of high temperature. However, under the condition of low temperature, the growth 

time of bacteria is extended, and Microbacteriumhas grows he best compared to 

other two kinds of bacteria. Comparing the influence of different nutritional 

ingredients on bacterial growth, increasing the concentration of NaCl is good for the 

growth of intestinal bacteria (Figure 5.1 and 5.4), because increasing salinity is good 

for improving the growth efficiency of Vibrio alginolyticus.  
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Figure5.1 Growth curve of bacteria strain(Microbacterium arabinogalactanolyticum, 

Serratia marcescens and Vibrio alginolyticus) used LB medium in 33 degrees. 

 

 

 

 

Figure5.2 Growth curve of bacteria strain(Microbacterium arabinogalactanolyticum, 

Serratia marcescens and Vibrio alginolyticus) used LB medium in 28 degrees. 
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Figure5.3 Growth curve of bacteria strain(Microbacterium arabinogalactanolyticum, 

Serratia marcescens and Vibrio alginolyticus)used LB medium in 23 degrees. 

 

 

 

 

Figure5.4 Growth curve of bacteria strain(Microbacterium arabinogalactanolyticum, 

Serratia marcescens and Vibrio alginolyticus)used mix medium in 33 degrees. 
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5.2 Detection of Tetrodotoxin 

5.2.1 HPCL-DAD 

TTX standard concentration from 0.5ug to 20ug/ml was used to determine the 

sensitivity of the HPLC-DAD. Standard curve of TTX using the HPLC-DAD was 

shown in Figure 5.4. Figure 5.5 showed the HPLC-DAD chromatogram of standard 

TTX and the TTX standard peak was shown at retention time =4.7 minutes ( Agilent 

HPLC). Figure 5.6 is curve of TTX standard detected by Waters HPLC, the retention 

time=7.7 minutes.  

 

Figure 5.5 The calibration curve of standard TTX at 210nm. (y=11.3x+6.05) 
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 Figure 5.6 The peak of TTX standard product(Agilent HPLC)  

 

Figure 5.7 The peak of TTX standard product (Waters HPLC) 
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5.3. Obtained product containing TTX via bacterial culture         

fermentation technology 

In this experiment, three different kinds of bacteria are utilized to carry out culture 

and fermentation, and we obtain final fermentation products through concentration, 

isolation, purification, and other technologies. In the product cultivated using 

fermentation of three kinds of bacteria, we find existence of peak value of TTX 

under detection of Agilent HPLC (Figure 5.8-5.10).  

Figure 5.11 and 5.12 was detected by Waters HPLC, the peak was wrong, which 

might be the mistake of mobile phase. According to Figure 5.7, the right peak is at 

7.7minutes. 

 

 

Figure 5.8 The peak of purified liquid extracted from  

         Microbacterium arabinogalactanolyticum (Agilent HPLC) 
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Figure 5.9 The peak of purified liquid extracted from  

         Serratia marcescens(Agilent HPLC) 

 

 

 

Figure 5.10 The peak of purified liquid extracted from  

          Vibrio alginolyticus(Agilent HPLC) 
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 Figure 5.11 The peak of purified liquid extracted from  

           Vibrio alginolyticus(Waters HPLC) 

   

 

 

 

 

Figure 5.12 The peak of purified liquid extracted from  

          Serratia marcescens(Waters HPLC) 
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5.4 Calculation of mouse bioassay 

Two kinds of bacteria (Microbacterium arabinogalactanolyticu，Vibrio alginolyticus) 

are used for fermentation to produce TTX. The purified liquid is collected after 

purification, and then concentrated. 1ml concentrated and purified liquid is taken 

injected to the mice, and then the death time of the mice is calculated and the dead 

mice are weighted. According to the toxicity of liquid in MU/ml=MU x DF x CF, the 

TTX content in the purified liquid can be calculated, in which MU is mouse unit, DF 

dilution factor and C conversion factor (correct weight). The MU size can be found 

according to the death time of mouse in Appendix 1(67), and the corresponding CF 

size can be found according to the weight of mouse in Appendix 2(67). DF is 

generally 2X.  

According to the formula, it can be calculated that the toxicity amount of TTX 

generated by bacteria Microbacterium arabinogalactanolyticum is 13.04 MU/ml 

(Table 5.1), equivalent to 2.6ug TTX in every ml (1mgTTX=5000MU). The amount 

of the toxicity of TTX generated by bacteria Vibrio alginolyticusx is 

14.65MU/ml(Table 5.1), equivalent to 2.93ug TTX in every ml. Using 

Microbacterium arabinogalactanolyticum bacterial fermentation can produce 78ug 

(2.6ug*30ml) TTX at average each time, and Vibrio alginolyticusx bacterial 

fermentation can generate 87.9ug TTX at one time. 
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Table 5.1 The results of Mouse bioassay  

 The name of used bacterial 
 Microbacterium 

arabinogalactanolyticum 
  Vibrio alginolyticusx 

Injection volume of sample       1ml         1ml 

 Average weight of mice       33.5g         33.5g 

Average death time of mice        4:55s         4:35s 

   Conversion factor       1.68         1.68 

  The toxicity of sample       13.04MU/ml         14.65MU/ml  

 

 

CHAPTER VI 

GENERNAL DISCUSSION AND CONCULSION 

6.1 Whether TTX production by bacterial fermentation is          

possible? 

At present, TTX is mainly produced by extracting from the organs (liver and ovary) 

of puffer fish, and the domestic puffer fish contain quite low toxicity.  Only the 

wild ones are highly toxic. Currently, it will cost 70 kg puffer fish ovary to produce 

1mg TTX at average, so some people worry that this production method might break 

the marine animals‘ ecological balance. The fermentation method to cultivate 

bacteria can provide a new idea to produce the puffer fish toxicity. The bacteria 

capable of producing TTX are put in the fermentation culture and then purified to 

extract TTX. Such production method will not consume puffer fish, and also has the 
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advantages of simplifying production cycle, lowering production cost and being 

environmental friendly.  

As the fermentation method of bacterial culture has been progressed for several 

years, the technology evolves mature. The production of TTX is lower earlier (See 

table 6.1). In the whole production process, there are several key steps thataffect the 

TTX production: Bacterial cultivation, extraction, purification and collection. In the 

purification step, different material can be used. Yu (2007) chose activated carbon to 

purify the TTX, This method may lose much TTX in fermentation liquid. In this 

study, we chose resin column to purify the fermentation liquid, the effect of which is 

better than activated carbon.  

 

Table 6.1 Comparison of two mouse bioassay results 

The name of used bacterial The toxicity (MU) reported    

by Yu.C.H. (2007)
(68)

  

The toxicity (MU) in     

present study 

   Microbacterium 

arabinogalactanolyticum 

      120MU/L     13000MU/L 

 

Still some problems are needed to be solved in the bacterial fermentation method. 

Respect to the recovery of purified liquid. Since it is unable to accurately master the 

time when TTX appears, it cannot be guaranteed that the same TTX is recovered 

each time. The reduction of bacterial productivity is also an important problem, since 

the continuous bacterial passage will weaken the TTX‘s capacity so as to reduce the 

efficiency. 

 



 32 

6.2 Methods that may improve production efficiency of TTX by     

bacteria in the future 

As introduced below, TTX mainly derives from microorganism. According to the 

fact (1.1.2) that wild puffer fish is virulent and the toxicity of farm-raised puffer fish 

is much less, it can be inferred that food is the key factor that affects the amount of 

toxicity in puffer fish. Food had by wild puffer fish may improve the production 

efficiency of microorganisms in intestinal canal to produce TTX. If we can find out 

appropriate food and put it into fermentation tank with bacteria that produce TTX to 

cultivate and ferment to stimulate an extrinsic intestinal canal of wild puffer fish, we 

may improve the output of TTX produced by bacteria. Tissues extracted also may 

improve the production of TTX, for example, adding puffer fish ovary extraction 

may enhance bacteria product of TTX.  
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CONCLUSION 

There are three bacteria in the process of cultivating and fermenting bacteria 

(Microbacterium arabinogalactanolyticum, Serratia marcescens and Vibrio 

alginolyticus). When evaluating their growing states at different situations like 

different temperature and different concentration of NaCl, we can find that they 

grow fast under 33 degrees and sodium chloride is helpful to the growth of bacteria 

and LB medium can satisfy the growing conditions of bacteria. According to the 

literature review, it is accepted that TTX derives from microorganism. Wild puffer 

fish eat the microorganism which can produce TTX, then absorbs by gut and 

produces TTX itself. The domestic puffer fish cannot digest wild microorganism so 

they are almost nontoxic. The TTX produced by bacteria through fermenter is still at 

a ug level. The situation of fermenter is a little different from that of puffer fish‘s 

intestine. If the situation of puffer fish‘s intestine could be simulated, it would   

improve the production of TTX. In the future experiments, the research can be done 

by dissecting wild puffer fish and taking out the residuum in intestine to find out the 

key factor increasing the bacteria production, and do the cultivating and fermenting 

test. 
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             SECTION 2  

  

    Tetrodotoxin Anticancer Activities              

Assessment in Vitro 
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CHAPTER VII 

INTRODUCTION 

7.1 Voltage-gated sodium channels and Tetrodotoxin function  

Voltage-gated sodium channels (NaV), expressed in nerve and muscle tissues, refer 

to a type of transmembrane proteins that regulates the flow of sodium ions crossing 

cell membrane. The NaV, a large and membrane-bound protein complex, consists of 

a α-subunit and one or more smaller accessory β-subunits. So far, nine mammalian 

NaV isoforms and one relevant isoform have been identified. (69). 

7.1.1 Structure of NaV 

NaV consists of a highly processed α-subunit and one or multiple smaller accessory 

β-subunits (70). α-subunit is made up with four homologous domains (I~IV),each of 

which includes six α-helical transmembrane segments(S1~S6)（71). Small intracellular 

and extracellular loops connect transmembrane segments, and large intracellular 

ones connect homologous domains(as shown in Figure 7.1)（72). α-subunit plays a 

critical role in channel functions such as voltage sensitivity and ion selectivity. 
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Figure 7.1 α sumbunit is a polypeptide across the cell membrane, composed of 1800~2000 

amino acids. It contains four function areas (I~IV), and each area has 300 amino acids. It has six 

α helical segments (S1~S6). Only the S4 is hydrophilic, while others are hydrophobic. There are 

pore region between S5 and S6, and a center of symmetry around the four areas. S4 has some 

amino acid residues of positive charge. When the membrane depolarizate, every S4 peptide 

would happen in the helical movement and make positive charges come out.  When the S4 

peptides happened this situation, the channel would open. S4 is also called activation gate or m 

gate. When the channel opened, the area III S6 and IV S1 would become the inactivation gate, h 

gate.（72) 

 

7.1.2 Isoforms of voltage-gated sodium channel 

Up to now, there are nine NaV isoforms being identified and functionally expressed 

(NaV1.1, NaV1.2, NaV1.3, NaV1.4, NaV1.5, NaV1.6, NaV1.7, NaV1.8 and 

NaV1.9), and the tenth isoform (NaX) has been identified to be a type of relevant 

protein which makes the voltage-gated sodium channel decoded (69). 
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Table 7.1 Human voltage-gated sodium channel isoforms and their TTX sensitivity 

Channel               Gene             TTX sensitivity        Distribution 

NaV1.1            SCN1A          EC50 = 6 nM(75)
  

         CNS 

NaV1.2            SCN2A          EC50 = 18 nM(71,73)        CNS 

NaV1.3            SCN3A          EC50 = 4 nM(76)           CNS 

NaV1.4            SCN4A         EC50 = 25 nM(78)
 
      skeletal muscle 

NaV1.5            SCN5A          EC50 = 5.7μ M(84)         heart 

NaV1.6            SCN8A          EC50 = 6 nM(79)          CNS 

NaV1.7            SCN9A         EC50 = 24.5 nM(77)       PNS(DRG) 

NaV1.8            SCN10A        EC50 = 60μ M(82)       PNS(DRG) 

NaV1.9            SCN11A        EC50 = 40μ M（81）       PNS(DRG) 

EC50, median effective concentration; CNS, central nerve system; PNS, peripheral 

nerve system; DRG, 

 

TTX has a significant effect on NaV, and effects on different subtypes of NaV are 

shown in Table 1.4. Genes of encoding TTX-sensitive NaV1.1, NaV1.2, NaV1.3 and 

NaV1.7 are localized on human chromosome 2q23-24 (73, 74, 75-77). In the central and 

peripheral neurons, genes that encode NaV are localized on human chromosome 2, 

as well as the genes encoding NaV1.4 in chromosome 17 and genes encoding 

NaV1.6 in chromosome 12. Genes of encoding TTX-resistant NaV1.5, NaV1.8 and 

NaV1.9 are located in human chromosome 3p21-24 (78,79). The gene encoding 

NaV1.5, NaV1.8 and NaV1.9 are mostly discovered in the heart and dorsal root 

ganglion (DRG) neurons respectively. TTX-sensitivity is reduced by this substitution 

(80,81, 82,83). T TTX sensitivity is determined by NaV isoforms, which are expressed in 

a particular excitable tissue (Table 7. 1). 
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7.2 Anti-tumor activity of Tetrodotoxin 

Cancer is spreading in the whole world and it take away more than 6 million lives 

each year (85). At present, chemoprevention is the most promising treatment for 

cancer, which is defined as the application of synthetic or natural medicines 

(separately or together) to keep the cancer away from human beings (86). In the past 

decade, various kinds of methods have been applied to develop new drugs. With the 

new information related to the action mode of anti-cancer medicine and the kinetics 

of cancer cells, researchers have provided chemotherapeutic agents, which can be 

adopted more comprehensively (87). The fundamental goal of using these agents is to 

suppress the proliferation of cancer cells or even kill them without hurting the 

normal cells. According to various cases, the most effective approach of treatment 

for cancers is the application of natural products, because they generally have less 

side effects than the chemotherapy or radioactive treatments. There are about 30 

effective cancer treatment drugs available, which make the treatment with natural 

products possible (88).  

Although TTX is one of the most dangerous marine natural products, its distinctive 

action mode draws great attention from researches. In the past decades, TTX has 

been used as an effective tool in identifying, isolating and characterizing NaV. In 

1992, Tosteson proved that TTX could block the trans-membrane glycoprotein from 

sodium channels. During the past 5 to 10 years, several papers relating to the 

influences of TTX on cells with various sizes, types and shapes have been published. 

Currently, a group of researchers are carring out a clinical trial in Canada and China 
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by using TTX as paregoric to reduce the intense pains of the cancer patients in an 

advanced stage. 

Low dose of TTX can significantly relieve the pain for 2 to 3 weeks. These clinical 

tests reflected that purified TTX was safe when it was administrated at very small 

dose. It acts fast and lasts long. Compared with morphine, TTX was more powerful 

(3000 times) with less side-effect and not be abuse (89).  

The involvement of ion channels in cancer cell proliferation and tumor invasiveness 

was proved in several cancers. (90) Previous study results showed that there were 

some huge changes in the electrophysiological characteristics of 3 breast cancer cell 

lines exposed to TTX with different concentrations. The research results showed that 

30 μM TTX could completely block sodium ions, and the cell proliferation as well as 

the migration and invasiveness of the cell lines could be reduced by about 30%.  

Tumor metastasis is one of the biological characteristics of malignant tumors. 

Although in recent years, the clinical detection and treatment of malignant tumors 

has made great progress, the treatment of advanced metastatic tumors, is still very 

difficult for clinicians. Currently, some researchers have found out the relationship 

between ion channels and malignant tumor metastasis and studied the relationship 

between voltage-gated sodium channel (voltage-gated sodium channels, VGSC) and 

cancer metastasis. A large number of studies have shown the expression of VGSC in 

cells of metastatic prostate cancer, breast cancer, non-small cell lung cancer, ovarian 

cancer, cervical cancer and so on.  VGSC plays an important role in tumor 

metastasis. Currently, the mechanism of VGSC prompting invasion and metastasis of 
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cancer cells is still not clear. 

TTX is a kind of sodium channel blocker. According to sodium channel‘ sensitivity 

to TTX, VGSCs can be divided into TTX-sensitive (TTX-S) and TTX-resistant 

(TTX-R). NaV1.1, 1.2, 1.3,1.4 and 1.6, 1.7 belongs to TTX-S, while Nav1.5, 1.8 and 

1.9 belongs to TTX-R. Based on these characteristics of TTX and VGSCs, TTX is 

possible to use TTX to treat cancer.  
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CHAPTER VIII  

HYPOTHESIS AND OBJECTIVES 

8.1 Whether TTX has anti-caner effects on tumor cells  

VGSCs play an important role in cancer metastasis, we hypothesize that TTX may 

have inhibitory effect on the metastasis of tumor cells. The purpose of this 

experiment is to evaluate whether the TTX is effective to the proliferation and 

metastasis of SW620 and SW480 tumor cells. If it were, we would go on identifying 

which subtype of VGSCs led to this function. 

 

8.2 Objectives  

To evaluate the in-vitro anticancer effect of TTX on cancer cell lines. 
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CHAPTER IX 

MATERIALS AND EQUIPMENTS 

9.1 Cell lines and culture medium 

SW480 and SW620 cell lines are colorectal adenocarcinoma to ATCC Company. 

Dulbecco's Modified Eagle Medium (DMEM) added 10% Fetal Bovine Serum (FBS) 

was used to cultivate cell lines. Phosphate buffered saline PBS (Life technologie) 

and Trypsin (Life technologie) continuously passed the cells. 

 

9.2 MTT related materials 

The aim of experiment is to test the TTX effects on the cell proliferation. SW480 and 

SW620 were cultivated on 96-well plate (Life technology) for preparation. When the 

drug being reacted with cells are finished, we need to add MTT because amber acid 

dehydrogenase in mitochondria of live cell can make MTT reduction of blue violet 

crystal armour (Formazan) and deposit in the cell. Using DMSO to dissolve the 

formazan and ELISA meter to detect absorbance of the formazan is the last step.   

9.3 Semi-quantitative PCR-related reagents and equipment 

The aim of PCR experiment is to find out difference of Nav subunits express in 

SW480 and SW620. SW480 and SW620 cells are cultured on 10cm dishes. In RNA 

extraction, trizol (Life technologie) is used to extract RNA from cells. Chloroform 

can effectively shorten the time for the organic and inorganic phases to separate. 

Isopropyl alcohol was used to precipitate nucleic acid. Remove supernatant and 

wash the RNA pellet with ethanol. DEPC treated water (Life technologie) was used 
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to dissolve the RNA. In polymerase chain reaction (PCR), the reaction system 

contains 5X POWER SYBR GREEN PCR (Life technologie), MgCl2, DNTP (Life 

technology), Primers (Life technology) and Taq enzyme (Life technology) in a 

volume of 18 uL. RNA is transferred to CDNA and PCR reaction procedures are 

used by PCR Instrument (ABI Veriti, USA). All reaction products were analyzed on 

2% agarose gels (Life technology).  

9.4 Immunofluorescence-related reagents and equipment 

SW480 cells are prepared as the target.
 
Nav1.5 antibody (ab62388) and Nav1.7 

antibody (ab65167) (Abcam, UK) are used to determine the position of VGSCs in 

cells. The using dilution ratio of Nav1.5 is 1:200 and the ratio of Nav1.7 is 1:1000. 

Store it at -20°C or -80°C. Avoid repeated freeze or thaw cycles. In addition, PBS 

(Life technologie) is used to wash cells. 1-3% BSA can be used to neutralize the 

non-specific antibody, and reduce the false positive role. 2%-4% paraformaldehyde 

(PFA) is a fixer and is used to protect the antibody. Microscope (Leica FS4000 LED) 

is used to detect the change of cells. 

9.5 Cell wound test-related reagents and materials  

The aim of experiment is to test the TTX effects on cell invasion. SW480 cells are 

cultured on the 6-well plate (Life technology). The culture medium is DMEM (Life 

technology) adding 10% FBS (ATCC). Shave the wound by Rainin pipet tips, with 

the amount of 1mm ((Health Care & Co). Microscope (Leica FS4000 LED) is used 

to detect the wound healing condition.  
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CHAPTER X  

METHODS 

10.1 Cell culture 

SW480 and SW620 are human colon adenocarcinoma (ATCC company), Cells are 

incubated at 37℃ and in 5% CO2, and the incubator is in a saturated humidity and  

DMEM (Life technology) culture solution with 10% fetal calf serum, and then used 

to passage after being digested by 0.25% trypsin.  

 

10.2 MTT method 

In the cell proliferation test in MTT method, SW480 and SW620 in the logarithmic 

phase are inoculated on the 96-well plates (Life technology) with the density as 5000 

pieces/ml for each well, adding 10,20,40,80,160umol/L TTX respectively for culture 

and MTT 5mg/mL reagent to each well after 24-48 hours. Continue to incubate them 

for 4 hours at 37℃，adding 100ul DMSO solution to each well, measuring with 

ELISA meter, reading the absorbance of each well at 492nm wave length. The rate of 

reproduction of various cells equals to (the value of absorbance of the experimental 

group/ the value of absorbance of the control group) × 100%. 

10.3 Semi-quantitative PCR 

a) Extraction of RNA 

SW480 and SW620 Cells are cultured on the 10cm dishes, washed two times with 

PBS, then we can start to extract the RNA. Add 1ml trizol (Life technology) on the 
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10cm culture dish and incubate them at room temperature for 5minutes. Then 

transfer suspension to the 1.5ml tube, add 200ul chloroform and shake vigorously for 

15 seconds. The sample should be incubated on ice for 3 minutes and then 

centrifuged at 12,000rpm for 15 minutes at 4 degrees. Transfer the top aqueous 

phase into a new tube and add 500ul isopropyl, then incubate it at room temperature 

for 10 minutes. After centrifuging it at 12,000rpm for 10 minutes at 4 degree, the 

RNA should be visible on the side of the tube. Remove supernatant and wash the 

RNA pellet with 75% ethanol (500ul) and ix them by votexing. Centrifuge them at 

7500rpm for 5minutes at 4 degree. Air-dry the pellet anddissolve in DEPC treated 

water, then incubate it for 10 minutes at 60 degree. 

b) RNA transfer CDNA: 

Equipment: PCR instrument (ABI Veriti, USA) 

Reaction condition: 

1. 37 degree 15minutes (Reverse-transcription) 

2. 85 degree 5sec (For heat inactivation of reverse transcription) 

3. 4 degree for keeps. 

c) PCR reaction condition: 

PCR reactions additionally contain the final concentration of 5X FG, POWER SYBR 

GREEN PCR (Life technology), 2 ul MgCl2, 2 ul primers in a volume of 20 ul and 

are amplified under the following conditions: 94 degree for 5 min, 30 cycles of 94 

degree or 15 s, 61 degree for 30 s, 68 degree for 1 min and a final extension at 68 for 

10 min. Human Nav primers are designed using Primer BLAST(see Table 11.1), All 

the reaction products are analyzed on 2% agarose gels. 
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Table 10.1 Primer pairs used for PCR of Nav subtypes Human Nav primers were 

designed using Primer BLAST (100). For each Nav subtype, reverse primer sequences, 

PCR product size and locations are listed. 

Target         Primer pair sequence PCR 

product 

(bp) 

Location 

(bp) 

Nav1.1 5`-TTCATGGCTTCCAATCCTTC-3` 178 5662–5839 

5`-TAGCCCCACCTTTGATTTTG-3` 5662–5839 

Nav1.2 5`-CCAGAGGGCTTACAGACGCTACCTCTTG-3` 97 6092–6188 

5`-GGGTGTTCCATCACATTCTTTGCC-3` 6026–6122 

Nav1.3 5`-GGTCATGGTCATTGGAAACC-3` 560 3390–3949 

5`-CACCTTCTCGGGGTAGAACA-3` 3243–3802 

Nav1.4 5`-TAGAGCTAGGCCTGGCCAACGTAC-3` 414 2041–2454 

5`-CCACAAGATTGCCGATGACCATGAC-3` 

Nav1.5 5`-AGCCGGAAGTCTGTTCTCAA-3` 500 6521–6540 

5`-GTTCCAGGAGCAAGGACAAG-3` 7020–7001 

Nav1.6 5`-CCGCCGGGACTCCCTCTTCA-3` 296 1966–1985 

 5`-CCTTCCGCCCGTAGGAGGCT-3`  2261–2242 

Nav1.7 5`-GACCCGTGGAACTGGCTGGA-3` 748 897–1644 

5`-CTTGCTCTTTTTTAAGACGGTC-3` 

Nav1.8 5`-GAACGCCTCTACCAGCAGAC-3` 640 1075–1714 

5`-GCGGTTGGTGTTCATCTTCT-3` 

Nav1.9 5`-AGGAGGAAAAGGAGGCTCTG-3` 501 1485–1985 

5`-TGGCCAAGAAGACAGTGTTG-3` 
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10.4 Immunofluorescence   

Antibody: Nav1.5 and 1.7(from Abcam) 

SW480 cells are placed on PDL-coated glass coverslips at a density of 

5*10
5
cells/well and 6-well plate (SPL) and put for 48–72 hours. Wash them twice 

with PBS and fix the cells either in cold methanol, acetone (1-10 minutes) at -20 

degree or in 2-4% paraformaldehyde (PFA) (10-20 minutes) in PBS (freshly 

prepared) at RT. Wash the samples with PBS again (3 times). Then incubate the cells 

for 30-60 minutes with 1-3% BSA in PBS to block unspecific binding of the 

antibodies. Remove the blocking buffer by holding each coverslip on its edge with 

forceps and drain it onto a sheet of Kimwipes. Incubate cells and dilute the primary 

antibody in 3% BSA/PBS (keep cells dark in a humidified chamber). Next day, take 

out the sample and wash the samples with PBS 10min on shaker (3 times). Incubate 

cells with the secondary antibody in 3% BSA/PBS for 30-60min at RT (keep cells 

dark in a humidified chamber). Most secondary antibodies can be used after 

1:200-1:500 dilution. Then wash the samples with PBS 10min on shaker (3 times). 

The next step is to stain the nuclear with DPAI or Hoechst for 5-10 minutes and 

wash the samples again. The final step is to mount cover slip upside down on slide 

with a drop of mounting.  
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10.5 Cell wound test 

Cells were seed into 6-well culture plate and 5*10
5 

per well, after growing for 24 

hours; they would reach 70-80% confluence as a monolayer. Slowly scratch the 

monolayer with a new 1 ml pipette tip across the center of the well. Scratch another 

straight line perpendicular to the first would line to create a cross in each well. After 

scratching, gently wash the well twice with medium to remove the detached cells. 

Lastly, replenish the well with fresh medium. 
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CHAPTER XI 

RESULTS 

11.1 Tetrodotoxin has inhibiting effect against proliferation of                

SW480, SW620 

The result obtained by the use of MTT method shows that TTX has inhibiting effect 

on SW480 and 620 through comparison of light absorption value between 

concentration group and control group after 24 hours and 48 hours after we use TTX 

with a concentration of 10, 20, 40, 80, and 160umol/L to incubate the cells (Figure 

11.1 and 11.2). Figure 11.1 shows that the maximum inhibiting ratio of TTX on 

SW480 is almost 35%, and the concentration is independent.  Figure 11.2 shows 

that the inhibition of TTX on SW620 has certain concentration dependency, and the 

maximum inhibiting ratio is almost 40%.  

 

               Figure 11.1 SW480 MTT results (24-48h) 
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                Figure 11.2 SW620 MTT results (24-48h) 

 

 

11.2 Tetrodotoxin has certain inhibiting effect against invasion       

of SW480  

The result of wound test method shows that the cells in medicated cell saucer have a 

slower wound healing speed than those in control group when we use TTX with a 

concentration of 10, 20, 40, and 80 umol/L to continuously incubate SW480 cells 

from 0 to120 hours, Comparing with the control group, there is no concentration 

dependency in drug concentration test. (Figure 11.3 and 11.4) 
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Figure 11.3 SW480 wound test (0~120h Control and experimental groups). The time 

of firs row means 0 hour, the second row means 48 hour, the third row means 96 

hour and the last row means 120 hour. A group is control, B, C, D are drug groups. 

The concentrations of TTX are 10umol/L, 20umol/L, 40umol/L and 80umol/L. 

 

 

Figure 11.4 TTX inhibits rate of wound healing for SW480 
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11.3 Tetrodotoxin sensitive subunits of NAV in SW620 and         

SW480 

According to PCR experiment, α subunit of VGSCs is found in SW480, 620. Nav1.3, 

Nav1.4, Nav1.5 and Nav1.7 are found in SW480 (Figure 11.5). Nav1.1, Nav1.3, 

Nav1.4, Nav1.5 and Nav1.7 are found in SW620 (Figure 11.6). In 2 kinds of cell 

strains, α subunits, Nav1.5 and Nav1.7, have the strongest expression. Due to the 

different sensitivity of VGSC specific inhibitor and TTX, VGSCs are divided into 

TTX-S and TTX-R. Also it has been confirmed that Nav1.5, Nav1.8, and Nav1.9 are 

TTX-R, and other subtypes are TTX-S.  

 

           1   2   3   4  5   6   7   8  9      10  11 

 

Figure 11.5 SW480 PCR results exist α subunits of Nav1.4, Nav1.5 and Nav1.7. 

Number 4,5 and 7 means Nav1.4, Nav1.5 and Nav1.7 exist expression, number 10 is 

control and number 11 is marker.  
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       1   2   3   4   5   6  7   8   9      10  11  

 

Figure 11.6 SW620 PCR results exist α subunits of Nav1.1, Nav1.3, Nav1.4, Nav1.5 

and Nav1.7. Number 1,3,4,5 and 7 means Nav1.1, Nav1.3, Nav1.4, Nav1.5 and 

Nav1.7 exist expression, Nav1.5, Nav1.7 expression are stronger, number 10 is 

control and number 11 is marker.  

11.4 Nav1.5 and Nav1.7 expression in SW480 

Through PCR experiment, it is found that Nav1.5 and Nav1.7 are the main 

expression subtypes in SW480 and 620. In immunofluorescent experiment, we make 

use of Nav1.5 and 1.7 antibodies to find that the position of Nav1.5 and 1.7 is on 

plasma of SW480 cells through fluorescence labeling (Figure11.7 and 11.8). It is 

also found that through comparison between medicated group and control group that 

Nav1.5 group has a weak fluorescence expression, because TTX is not sensitive to 

Nav1.5 expression. In Nav1.7 group, it is found that the medicated cells have a 

stronger expression of fluorescence reaction compared to control group. When the 

concentration of TTX is up to 80 umol/L, it is found that there is a obvious change in 
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cellular morphology.  

 

       A                B               C                D 

 

Figure11.7 The TTX expression of Nav1.5 by immunofluorescent in SW480 

(overlay). Photo A is control that means not add drug, photo B, C and D are drug 

groups. The concentrations of TTX are 10umol/L, 20umol/L, 40umol/L and 

80umol/L in sequence. Accord the four groups of photo we can see Nav1.5 were 

found in cell‘s membrane. The expression of antibody Nav1.5 not obvious because 

of Nav1.5 is belongs to TTX-R type.   

 

 

 A                      B                   C               D 

 

Figure11.8 The TTX expression of Nav1.7 by immunofluorescent in SW480 

(overlay). Accord the four groups of photo we can see Nav1.7 were found in cell‘s 

membrane. The drug groups (photo B, C and D) expression of antibody Nav1.7 is 

very strong because of Nav1.7 is belong to TTX-S type. Photo D(add TTX 80umol/L) 

is obvious change in cellular morphology.  
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CHAPTER XII 

GENERAL DISCUSSION AND CONCULSION 

According to MTT experiment, the result of wound test could show that TTX has 

certain inhibition effect on the amplification and invasion of intestinal cancer, but the 

action mechanism is still unclear. During the 120 hours wound test, TTX 

demonstrates the ability to inhibit tumor invasion continually, and the effect is 

obvious. Cells lack the ability to stay visible under the microscope, which may affect 

the drug effect. According to the PCR experiment result, we can see that the subtype 

of VGSCs is found in SW480 and SW620, in which Nav1.5 and Nav1.7 have a 

strong expression. According to different sensitivities of TTX to VGSCs blocking, 

Nav1.7 belongs to TTX-S. From immunofluorescence assay, we can see that after 

adding 80umol/L TTX, the cell morphology is changed a little. Further research is 

needed to explain this phenomenon..  

In recent years, many articles noted that the metastasis of tumor cell might be related 

with the abnormal expression of VGSCs. And sodium ion current is detected in the 

strong metastasis capacity prostatic cancer Mat-Lylu of rats with patch clamp 

technique (91). With the experiment of ‗Wound healing‘ (92), TTX inhibits the 

movement of Mat-Lylu up to 47% and the activator of the channel increases the cell 

movement by about 15%. The research of channel subtype shows that the gene types 

of Mat-Lylu and PC-3 cell code are mainly Nav1.7 subunit. Northern Blotting 

experiment shows that Nav1.7 subtype presents a strong staining in Mat-Lylu and 
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PC-3 cell in an extremely low horizontal uniform staining in AT-2 cells. The 

semi-quantitative PCR research shows that the cells in high metastasis capacity 

mainly expressing Nav1.7 (α subunit). Nav1.1, Nav1.2, Nav1.4 subunits can also be 

detected, indicating that Nav1.7a subunit might be a functional VGSC in the cell 

membrane, and the existence of other subtypes might be the non-functional protein 

expression in the cells. 
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CONCLUSION 

Testing the proliferative effect of tetrodotoxin on SW480 and SW620 in  MTT 

method, it is found that tetrodotoxin help to restrain the proliferation of cancer cells. 

According to the experimental result in 24 to 48 hours, the largest inhibition ratio of 

SW480 is 35% (Figure 11.1), and the largest inhibition ratio of SW620 is close to 40%

（Figure 11.2). According to the wound test result in 120 hours, tetrodotoxin has an 

inhibiting effect on the transfer of SW480. It has reported in literature review that the 

transfer of cancer cells is related to VGSCs. It shows a weak type by PCR method 

testing VGSCs in SW48 and SW620. It shows a strong type to Nav1.5 and Nav1.7, 

in which Nav1.7 is a sensitivity subunit of tetrodotoxin (TTX-S), which means the 

tetrodotoxin restraining the transfer of SW480 is caused by Nav1.7. It shows in the 

immunofluorescence assay that Nav1.5 and Nav1.7 focus on the membrane of cell 

(Figure11.7,11.8). When adding tetrodotoxin in different concentrations, it is found 

that Nav1.7 has a stronger fluorescence reaction, which verifies that Nav1.7 is the 

sensitivity pattern of tetrodotoxin. It is found that the cellular morphology changing 

obviously in a 80umol/L concentration of TTX observing by microscope 

(Figure12.8). The reason of this is not clear, further experiments will be done. 
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APPENDIX 1 

 

Conversion table for death time to mouse unit relations in mouse bioassay* take 

from the Japanese standard methods of Analysis in food safety regulation (67) 
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APPENDIX 2 

 

Correction table for weight of mice*take from the Japanese standard methods of 

Analysis in food safety regulation (67) 
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