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ABSTRAK 

Kajian ini dijalankan adalah untuk mengekstrak dan menulenkan protein yang mengikat 

kepada saxitoxin daripada plasma darah ikan buntal. Kesemua ikan adalah dari sepsis 

yang sarna iaitu Arothron reticularis. Kesemua sarnpel ikan di tangkap di sekitar Pantai 

Tanjung Lipat dan Sungai Likas. Sebanyak 20 ml protein plasma telah dikumpulkan 

menerusi pengemparan 39.6 ml darah yang dikeluarkan daripada kesemua 12 ekor ikan 

buntal yang telah ditangkap. Plasma darah ini mengandungi protein sebanyak 811.2 mg. 

Kemudian, jumlah jumlah protein di dalarn plasma darah telah menurun dengan drastik 

kepada 184.79 mg setelah ditambahkan dengan pepejal ammonium sulfat kepada 50 dan 

70 peratus kepekatan. Setelah itu, penulenan protein dengan menggunakan kolum 

kromatografi penukaran anion Uno QI telah memisahkan protein tersebut kepada lima 

pecahan. Di dalam proses ini, 50 mM Tris-HCI (PH 7.4) teJah digunakan sebagai larutan 

penimbal bergerak dan 0.25 M NaCl sebagai Jarutan penimbal pemisah. Pecahan yang 

menunjukkan penyerapan pada 280 nm tertinggi adalah di pecahan yang kelima iaitu F5, 

dengan penyerapan sebanyak 0.2382 dan pecahan yang ketiga, F3 telah menunjukkan 

penyerapan terendah iaitu pada 0.0093. Kemudiannya, tiga lagi pecahan iaitu FI dengan 

serapan sebanyak 0.0317, F2 dengan serapan 0.0174 dan akhimya F4 dengan serapan 

sebanyak 0.0699. Proses pemisahan ini diulang sehingga kesemua sampel telah habis 

dipisahkan. Kemudian, kesemua pecahan protein yang sarna dari setiap pemisahan telah 

dikumpulkan dan jumlah protein didalam setiap pecahan tersebut ditentukan. Akhirnya, 

F 1 menunjukkan kehadiran protein sebanyak 4.423 mg, F2 dengan 3.907 mg, F3 dengan 

2.268 mg, F4 dengan 9.421mg and F5 dengan kehadiran sebanyak 27.568 mg protein. 
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ABSTRACT 

This study aims to extract and partially purify the saxitoxin-binding protein from the 

plasma protein of Arothron reticu/aris, puffer fish. The fish samples were collected along 

Pantai Tanjung Lipat and Sungai Likas. A total of 20 mt of plasma was collected after 

centrifugation of 39.6 ml of blood withdrawn from 12 fresh fish samples. This plasma 

contained 811.2 mg of protein. The amount of protein decreased drastically to 184.79 mg 

after the addition of solid ammonium sulfate to 50 and 70 percent of saturations. Next, the 

purification using Uno Q 1 anion exchange column chromatography with 50 mM Tris

HCl (PH 7.4) as the running buffer and 0.25 M NaCl as the elution buffer separated the 

proteins into five fractions. The highest fraction peak collected is in the F5 fraction where 

the absorbance was 0.2382 and the lowest peak is in the F3 fraction, with absorbance of 

0.0093. The other three fractions are FI with 0.03] 7, F2 with 0.0174 and finally the F4 

with absorbance of 0.0699. After further separation of the total protein sample left, the 

same fractions from each separation were pooled together and the concentrations of each 

fraction were determined. Finally, FI shows the presence of 4.423 mg of protein, F2 with 

3.907 mg, F3 with 2.268 mg, F4 with 9.421mg and F5 with 27.568 mg. 
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CHAPTERl 

INTRODUCTION 

Over the last few decades, many coastal regions throughout the world have experienced 

incidences of algal blooms, which are harmful because of their potential threat to humans 

as well as marine organisms. In Malaysia, harmful algal blooms or HABs occurs in the 

South China Sea in the coastal waters of west Sabah, Sebatu in Malacca and also Tumpat 

in Kelantan (Lim et 01., 2002). The causative organism is the dinoflagellate, Pyrodinium 

bohomense var. compressum. During algal blooms, the microorganisms which usually are 

not very numerous in the seas undergo a population explosion. The numbers become so 

large and dense that sometimes they impart a brownish-red color to the sea. These blooms 

result in massive fish kills and mortalities to marine mammals, sea birds and also human 

due to the production of the natural neurotoxins whlch are saxitoxin and tetrodotoxin 

(Kirkpatrick et 01., 2005). 

Once the toxin is synthesized, it is accumulated and metabolized by the shellfish. 

This will become a public health problem when people eat these toxic shellfish and suffer 

the Paralytic Shellfish Poisoning, or simply known as PSP. PSP toxins are potent, 

reversible blockers of the voltage-activated sodium channels (Okumura et 01., 2005). As 
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we all know, the conductance and amplification of the electrical impulse in nerve and 

muscle membrane results from the action of the voltage-sensitive ion conductance 

channels. So, when the channel is blocked, the patient suffers neurological distress, which 

typically appears within 15 to 30 minutes after consumption of the contaminated food and 

can result in death (Aversano et ai., 2005). 

Besides the shellfish, saxitoxin also has been isolated from the puffer fish. Puffer 

fish is well known as a very poisonous fish and may cause a characteristic clinical 

poisoning with a high mortality rate. It is known that, the poison of puffers are composed 

of saxitoxin and also another cationic toxin which is known as tetrodotoxin, the 

predominant toxin is depending on the species (Oliveira et ai., 2006). In countries like 

Japan and Australia, the flesh of the puffer fish is well considered as a delicacy (Isbister 

et ai., 2002). It is prepared by specially trained chefs who are certified by the government 

to prepare the flesh free of the toxic liver, gonads, and skin (EI-Sayed et ai., 2003). 

Despite of these precautions, there are still many cases of tetrodotoxin and saxitoxin 

poisoning reported each year in patients ingesting puffer fish. 

In particular, there is an increasing need to monitor the occurrences of these toxins 

in the sea. At present, it is impossible to predict with any degree of accuracy either the 

precise timing and location of red tide blooms or the duration of the contamination of 

shellfish with saxitoxin during and after the blooms. There are also at present, no 

effective strategies to destroy or control red tide blooms. Consequently, both extended 

monitoring, in terms of the number of monitored locations and the frequency of 
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monitoring and the ability to respond rapidly to red tide blooms are of critical importance 

to prevent the loss of human life. 

Through the research done by Krishnan et al. (2001), the saxitoxin actually binds 

to one type of protein named saxiphilin. This protein is contained in the plasma and tissue 

of certain vertebrates and invertebrates that specifically binds the neurotoxin saxitoxin. 

Thus, from a better understanding about the binding of saxitoxin to saxiphilin, we can 

develop a biosensor which can detect, monitor and forecast the development the algal 

blooms in the sea water. 

Thus, the objective of this research is to extract and partially purify the saxitoxin-

binding protein from the pufferfish. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Algal blooms 

Algal bloom also known as red tide is the result of a massive multiplication or blooming 

of the tiny, single celled algae which usually found in warm saltwater. It is a natural 

phenomenon, apparently unrelated to man made pollution. In high concentrations, the 

algae may create a brownish red color on the surface of the water; in other instances, it 

may look yellow green, or may not be visible at all (El-Sayed et ai., 2003). Some red 

tides have covered up to several hundred square miles of water. Most importantly, until 

now, no one can predict when or where the red tides will appear or how long they will 

last since they are affected by many variables such as weather and currents. 

Algae, like the other microscopic single celled organisms, grow by asexual 

reproduction. Then, each of the resulting cells can go on to divide again, and again, and 

so on. Starting with only one cell, if the cell population from each generation increases by 

a factor of2" (where n is the number of generations), it is clear that after a relatively small 

number of generations, the number of cells will be very large. In the oceans a generation 
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can range from hours to a few days. Most noticeable algal blooms in the aquatic 

environment range from 100,000 to 1,000,000 cells per liter (Plumley, 1997). 

It is generally accepted that bloom initiation is caused by the right set of 

environmental conditions, which are the combination of nutrients, sunlight and 

temperature. These conditions can be provided on a local basis by natural basis from land 

or by human inputs, like the treated or untreated sewage, farming or urban gardening 

practices. Those algae give significant impact on ecosystem processes as they synthesized 

potent neurotoxins such as tetrodotoxin and saxitoxin. These toxins affect the viability, 

growth and recruitment of a wide range of organisms. Many researchers view these toxins 

as secondary metabolites of algae (plumley, 1997). 

In Malaysia, the blooms occur periodically every year in the coastal waters of 

west Sabah, Sebatu in Malacca and also Tumpat, Kelantan (Lim et al., 2002). Since 1976, 

these blooms were reported to contribute to too many paralyses and deaths of humans. 

This is because the dinoflagellate actually produces potent neurotoxins that will cause 

Paralytic Shellfish Poisoning (Lim et al., 2005). Besides that, the red tide toxins are also 

deadly to fishes, marine mammals and birds. Filter feeding shellfish, such as oysters, 

clams, mussels and other bivalve mollusks, are unaffected because they were able to 

consume the algae and concentrate the toxin in various organs. Furthermore, it was also 

reported that the puffer fish was tolerant to the neurotoxins (Naguchi et al., 2005). 
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2.2 Puffer fISh 

Puffer fish belongs to the family Tetradontidae, and are also called blowfish. There are 

many different species of puffer fish which live in fresh water, some live best in brackish 

water and some puffers live best in marine or sea water. Because they live in this kind of 

water, they have various colors and sizes. They are called puffer fish because of their 

ability to inflate themselves with water or air when they feel threatened. It is a defensive 

mechanism (Mohsin & Ambak, 1996). 

Puffer fish are well known as poisonous and may cause a characteristic clinical 

poisoning with a high mortality rate. The poison of puffer fish may be compose of both 

tetrodotoxin and saxitoxin (Oleveira et aZ., 2006). Both toxins are cationic neurotoxins. 

These toxins in puffer fish come from external sources like the dinoflagellates and 

accumulate in tissues such as liver and eggs (Tanner et aZ., ] 996). Although that, puffer 

fish is not poisoned by the toxin that accumulates insides its bodies. This is because the 

puffer fish has a mutation in the protein sequence of the sodium channel pump. This point 

mutation in the amino acid sequence compared to the sequence in human shows that these 

fish is highly resistant to those toxin poisoning (Naguchi eJ aI., 2005). As a result, the 

toxin does not recognize the channel in puffer fish and therefore does not bind to it and 

block it. The puffer fish store high concentrations of tetrotodoxin and saxitoxin in various 

organs. 
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2.2.1 Type of puffer f"lSh 

In this research, the saxiphilin protein is isolated from Arothron reticularis puffer fish 

found in the coastal region around Kota Kinabalu. Photo 2.1 shows the picture of the fish. 

Photo 2.1 The picture of Arothron reticularis. 

This type of puffer fish is nearly cylindrical in a cross-section of it body, with a 

broad head and back. The entire head and body is covered with small prickles, except for 

the lips, posterior end of caudal peduncle and fins. It has moderate eyes that are situated 

below the head dorsal profile. More over, this Arothron reticularis does not breathe like a 

normal fish, because it lacks of the gills. This means that this type of fish breathe air 

using the lungs. Besides that, it has a moderate terminal mouth, where the teeth fused into 

a beak with a median suture. The lateral line of the fish is inconspicuous but single and 

strongly arched in its anterior part. 
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The habitat of this fish covers the region from India to Indo-west Pacific including 

Japan. Thus, this means that this type of fish also can be found in the Malaysian waters. It 

feeds mainly on planktonic items such as copepods, amphipods, cumaceans and fish eggs. 

The fish can grow up to 11 to 38 cm and feed mainly on crabs. The maximum size of this 

fish can achieved is up to 42 cm (Mohsin & Ambak, 1996). 

2.3 Neurotoxin 

A neurotoxin is a toxin that acts specifically on the nerve cells, neurons, usually by 

interacting with membrane proteins and ion channels. The toxin actually affects the 

nervous system by causing depolarization of nerve and muscle fibers due to increased 

sodium ion permeability of the excitable cell membrane. Ion channels cataJyze the 

diffusion of inorganic ions down their electrochemical gradients across cell membranes. 

Because the ionic movements are passive, ion channels would seem to be extraordinarily 

simple physicaJ systems, and yet they are responsible for electrical signaling in living 

cells. Among their many functions, ion channels control the pace of the heart, regulate the 

secretion of hormones into the bloodstream, and generate the electrical impulses 

underlying information transfer in the nervous system. So, once the neurotoxin interferes 

with the ions channels, it will cause paralyzing and death. [n this research, there are two 

types of neurotoxin that is important in the study of saxiphilin, tetrodotoxin and saxitoxin. 

Both of these neurotoxin shares the same binding site at the saxiphilin protein and affect 

the sodium ion channels by causing depolarization (Freitas et ai., 1996). 
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2.3.1 Saxitoxin 

Saxitoxin is a cationic neurotoxin that possess guanidinium group in it chemical structure. 

It is a product of marine dinoflagellates belonging to AJexandrium, Pyrodinium and 

Gymnodinium genera and freshwater cyanobacteria such as Aphanizomenonjlos-aquae, 

Anabaena circinalis and Lyngbya wollei (Arvesano et aJ., 2005). This toxin has a 

molecular mass of 299.29 gmorl. The chemical structure of saxitoxin is shown in the 

Figure 2.1. 

H 
." N r NH2 
'~/N 

OH 
OH 

Figure 2.1 The chemical structure of saxitoxin (Yamashita et aZ., 2001). 

Although it is a natural product of the dinoflagellates, but once synthesized, the 

toxin is accumulated and metabolized by the shellfish. Besides that, it is found that puffer 

fish also accumulated the toxin at an extremely high concentration in their tissues. This 

will contribute to the public health problem as the peoples eat the contaminated shellfish 

and puffer fish and suffer the Paralytic Shellfish Poisoning as the toxin blocks the 

voltage-activated sodium channels. 
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However, the toxin accumulation and metabolism systems in shellfish and puffer 

fish have not been well characterized. Although that, it is known that there is a soluble 

proteins that have the ability to binds with the toxin. This protein is found in body fluid of 

many mammals and vertebrates and known as saxiphilin. 

a. Saxitoxin modes of action 

As stated before, saxitoxin is a type of cationic neurotoxin. Therefore, it affects 

the neurological system of the victims. More specifically, saxitoxin inhibits the 

conductance of action potentials within excitable membranes by binding to it and 

blocking the sodium ion channels (yamashita et aI., 2001). Saxitoxin binds to what is 

known as site 1 of the sodium channel. Site 1 is located at the extracellular pore opening 

of the ion channel. The binding of any molecules to this site will temporarily disable the 

function of the ion channel. 

The sodium ion channel is an important transmembrane glycoprotein composed 

of three subunits: alpha, beta-I, and beta-2. An alpha subunit forms the core of the 

channel. When the alpha subunit protein is expressed by a cell, it is able to form channels 

which conduct Na+ in a voltage-gated way, even if beta subunits are not expressed. When 

beta subunits assemble with alpha subunits, the resulting complex can display altered 

voltage dependence and cellular localization. The alpha and beta-2 subunits are connected 

by one or several disulfide bonds (Cooper, 2000). In vitro removal of the beta-2 subunit 
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