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RESEARCH SUMMARY  

Chondroitin sulphate proterglycans (CSPGS) are classed as the chemical barrier 
surrounding the glial scar and provide an environment that is repulsive to axonal regrowth 
following injury to the central nervous system (CNS). The enzyme Chonroitinase ABC 
(ChABC) has been reported to neutralise this repulsive environment by degrading the 
glycosaminoglycans (GAG) side chains of CSPGs. This use of ChABC enzyme has shown 
successful promotion of neurite growth in animal models. However, since ChABC enzyme is 
short half-life and the cost to buy this enzyme is very extremely costy,  we tend to generate 
lentiviral encoding ChABC to degrade glycoaminoglyan (GAG) side chains of CSPGs. In 
this short attachment,  I created cloning simulation project to clone ChABC gene into 
lentiviral vector before the real cloning work started in the lab. The use of lentiviral vectors is 
an attractive treatment option for CNS diseases and injuries due to their unique capacity to 
transduce both dividing and non-dividing cells. The aim of this work is to investigate the 
possible ways to clone ChABC gene into the lntiviral vector. So,  the main method that I used 
to do cloning is by choosing the right vector. I am using lentivirul which is pCR 4-TOPO  as 
a ChABC’s vector because of many reasons. One of the reason is this lentivirul is stable and 
more cheaper than using enzyme ChABC in liquid. Approximately,  ChABC gene can 
combine with lentiviral and infected to the cell to removed the GAG chains. In conclusion,  
we need to use lentiviral as a vector because it can expessing the ChABC towards 
degradation of GAG side chains after spinal cord injury.  

 

INTRODUCTION 

          First of all, I want to tell you about the definition of spinal cord injury. A spinal cord 
injury (SCI) is a damage to the spinal cord that causes temporary or permanent changes in its 
function. Injury can occur at any level of the spinal cord and can be complete injury,  with a 
total loss of sensation and muscle function,  or incomplete,  meaning some nervous signals 
are able to travel past the injured area of the cord. SCI can be classified into incomplete and 
complete SCIs. Incomplete injuries are common types of injuries that have better treatment 
options and outcome (O'Connor 2005). In incomplete injuries,  the spinal cord is partially 
damaged and the patients may retain some function depending on the extent of the injury 
(O'Connor and Murray,  2006). The severity of an injury depends on the part of the spinal 
cord that is affected. The higher the SCI on the vertebral column,  or the closer it is to the 
brain,  the more effect it has on how the body moves and what one can feel. More movement,  
feeling and voluntary control are generally present with injuries at lower levels. Tetraplegia 
(a. k. a. quadriplegia) results from injuries to the spinal cord in the cervical (neck) region,  
with associated loss of muscle strength in all four extremities. Paraplegia results from injuries 



to the spinal cord in the thoracic or lumbar areas,  resulting in paralysis of the legs and lower 
part of the body.  

          A complete SCI produces total loss of all motor and sensory function below the level 
of injury. Nearly 50 percent of all SCIs are complete. Both sides of the body are equally 
affected. Even with a complete SCI,  the spinal cord is rarely cut or transected. More 
commonly,  loss of function is caused by a contusion or bruise to the spinal cord or by 
compromise of blood flow to the injured part of the spinal cord. In an incomplete SCI,  some 
function remains below the primary level of the injury. A person with an incomplete injury 
may be able to move one arm or leg more than the other or may have more functioning on 
one side of the body than the other. An incomplete SCI often falls into one of several 
patterns. Anterior cord syndrome results from injury to the motor and sensory pathways in 
the anterior parts of the spinal cord. These patients can feel some types of crude sensation via 
the intact pathways in the posterior part of the spinal cord,  but movement and more detailed 
sensation are lost. Central cord syndrome usually results from trauma and is associated with 
damage to the large nerve fibers that carry information directly from the cerebral cortex to the 
spinal cord. Symptoms may include paralysis and/or loss of fine control of movements in the 
arms and hands,  with far less impairment of leg movements. Sensory loss below the site of 
the SCI and loss of bladder control may also occur,  with the overall amount and type of 
functional loss related to the severity of damage to the nerves of the spinal cord. Brown-
Sequard syndrome is a rare spinal disorder that results from an injury to one side of the spinal 
cord. It is usually caused by an injury to the spine in the region of the neck or back. In many 
cases,  some type of puncture wound in the neck or in the back that damages the spine may be 
the cause. Movement and some types of sensation are lost below the level of injury on the 
injured side. Pain and temperature sensation are lost on the side of the body opposite the 
injury because these pathways cross to the opposite side shortly after they enter the spinal 
cord. Injuries to a specific nerve root may occur either by themselves or together with a SCI. 
Because each nerve root supplies motor and sensory function to a different part of the body,  
the symptoms produced by this injury depend upon the pattern of distribution of the specific 
nerve root involved. "Spinal concussions" can also occur. These can be complete or 
incomplete,  but spinal cord dysfunction is transient,  generally resolving within one or two 
days. Football players are especially susceptible to spinal concussions and spinal cord 
contusions. The latter may produce neurological symptoms including numbness,  tingling,  
electric shock-like sensations and burning in the extremities. Fracture-dislocations with 
ligamentous tears may be present in this syndrome.  

          The main cause of spinal injuries in Western Europe is blunt trauma due to motor 
vehicle accidents (48%) followed by falls (35%) and work related incidents (14%). Violence 
and sports injuries contribute to 10% of these cases (Lee et al. ,  2014). Vehicle-related spinal 
cord injury is prevented with measures including societal and individual efforts to reduce 
driving under the influence of drugs or alcohol. Besides, falls can be prevented by making 
changes to the environment,  such as nonslip materials and grab bars in bathtubs. Sports 
injuries also can be prevented with changes to sports rules and equipment to increase safety. 
When someone had a spinal cord injury, the  GAG chais become increase. So, I am using the 
Chondroitinase ABC enzyme to degrade the GAG chains. Nowadays, the enzyme 



Chondroitinase ABC has been reported to neutralise this repulsive environment by degrading 
the glycosaminoglycan (GAG) side chains of CSPGs. This use of ChABC enzyme has shown 
successful promotion of neurite growth in animal models. However, since ChABC enzyme 
has short half-life and the cost to buy this enzyme is very extremely costy, we tend to 
generate lentiviral encoding ChABC to degrade glycoaminoglycan(GAG) side chains of 
CSPGs. This enzyme acts on chondroitin 4-sulfate,  chondroitin 6-sulfate and dermatan 
sulfate and can be used to erode scar tissue that can interfere with regeneration. ChABC also  
use in vivo and in vitro models of CNS damage/repair , Glycoanalysis and Disc degeneration 
and discogenic low back pain (LBP) models. In addition what is GAG chains actually?	
Glycosaminoglycans(GAG) is long unbranched polysaccharides consisting of a repeating of 
disaccharides unit. GAG chains is also a family of CSPG. Chondroitin Sulfate Proteoglycans 
(CSPGs) are involved in the inhibition of axon regeneration after various forms of damage to 
the Central Nervous System,  including stroke and spinal cord injury. GAG side chains is 
upregulated after spinal cord injury. After the injury happen, GAG  chains and glial cells 
increase. There are three types of glial cells which is Astrocyctes, Oligodendrocytes and 
Microglia. Here I also want to tell you that there are two very different types of cloning 
which is reproductive cloning and molecular cloning. Based on what I am learning, 
reproductive cloning is use to make two identical individuals, very difficult to do and illegal 
to do on humans. Meanwhile, the molecular cloning is use to study what a gene does and for 
routine in the biology labs. So what I am doing is molecular cloning. Next,  I want to tell 
about the different condition between normal and injured. In a normal condition, there are 
GAG chains surrounding the glial cells and neuron, But when injury happen, many GAG 
chains will attach the glial cells and neurons. That's why I need to use ChABC enzyme to 
remove them.         

METHODOLOGY AND FINDINGS                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

         To do the cloning, there are 13 steps you need to do. But I only be able to do 6 steps 
only for last 7 weeks,  so the rest I am not done yet because I do not have enough time. So let 
me proceed on step 1. First,  I am doing the gene hunting. Gene hunting means I have to find 
the DNA sequence to know how big is the gene. So I visit the website pubmed,  click on 
Nucleotide and choose Chondroitinase ABC. After that,  check the accession number given 
which is KR 708541. 1. Based on the website,  ChABC is obtained from bacteria (Proteus 
vulgaris) and the result I got from there is very amazing. The result shows the size of the 
gene is 3012 base pair DNA linear. As we now the size of the gene we need to the second 
step. Basically,  I am looking for Open Reading Frame (ORF). ORF is DNA sequence that 
containing series of codons,  which can be translatable to protein. A long reading  frame is 
more likely part of a gene that translatable. ORF starts with start codon (ATG) and stop 
codon (TGA, TAG or TAA). So,  I went to the website bioinformatics and key in ChABC 
sequence then ORF Finder will do the rest. What the ORF Finder do is measures the length of 
ChABC gene. So the ORF Finder result shows that length to use for cloning is 2997 base 
pair. Other than that, I also can know how big is the ChABC protein by using a calculator. 
So, the size of predicted protein is 2997 divided 3 and multiple 110 Da, the total is 109kDa. 
Next,  after I know the total of ChABC protein, I move to the third step which is Blast 
analysis is the Basic Local Alignment search Tool(BLAST) finds regions of ocal similarity 



between sequences. This program able to compare neuclotide or protein sequences to 
sequence databases and calculates the statistical significance of matches. BLAST can be used 
to infer functional and evolutionary relationships between sequences as well as help identify 
members of gene families. Paste ChABC gene sequence into the query window via FASTA 
format. The RUN BLAST button is clicked. Within several minutes, the BLAST result is 
readily available. Means, the more red colour the more similarity to other species. Forth, I 
will do the test called ‘Antigenecity test’. The test is predicting antigenic peptides. This 
programme predicts those segments from within a protein sequences that are likely to be 
antigenic by eliciting an antibody response. To test the antigenicity, we utilised the website 
imed to obtain the result. From the result there are 38 antigenic determinants or epitopes in 
the sequence. It also shows the antigenic properties and their sequences in the table. So, in a 
simple word, only 38 antigenic determinants in ChABC.  

          The next step that I did is choosing a cloning. This is a very important step when I do 
the cloning project. It is because I have to choose the right vector to fit the ChABC gene . So, 
I am using lentiviral as a vector which is pCR-4-TOPO because of the few reasons. First. it 
have 4 priming sites:M13 reverse, M13 forward, T3. Why?, because it easy to recognise. 
Second, this vector can intergrateninto E-coli. Third, the  selection of cells based on 
Kanamycin and Ampicilin. Forth,  EcoR1 overhangs. Here, I want to tell the details about 
expression vector. A DNA molecule that carries a specific gene into a host cell and uses the 
cell’s protein synthesis machinery to produce the protei encoded by the gene. It Must contain 
elements essential for gene expression : strong normal promoter,  a correct translation 
initiation sequence (ribosomal binding site,  initiation codon,  termination codon and 
transcription termination sequence). Must have purification tag which added to the protein of 
interest. Must have specific elements crucial for transformation to transfection. More 
complex than cloning vector.  

Content both element of self-replication and control protein expression. Different 
expression vector system (Eg: for expression vector E. coli,  yeast, insect cells and 
mammalian cells. Common: plasmids and viruses. After choosing the correct vector, the last 
step that I did is looking for Restriction Enzyme. So, what I did was I utilised NEB cutter  by 
visit the website labtools. us. Then find FASTA sequence and paste in the query box. Fill in 
the name of sequence. Since our gene of interest is linear sequence, all the gene sequences are 
needed to be cloned. Hence, all the possible restriction sites also should not be disturbed. The 
picture shows there are one cutter,  means it only use one type of enzyme. Two cutters means 
it use two types of enzyme and three cutter use three types of enzyme. But we only choose 
the best which is two cutter. So that’s all from me. As I said the other steps I not be able to 
finish it but I will tell you those steps. After I did the Restriction enzyme, I will design a 
primer, Polymerase Chain Reaction, Ligation, Transformation to E-coli, Screening method, 
Expression and the last is Lentiviral production.  

CONCLUSIONS 

          In conclusion,  spinal cord injuries also can be categorized into different categories 
complete and incomplete and further be divided into subtypes such as tetraplegia,  paraplegia 
and triplegia depending on the sensory and motor effects the injury causes and on which 



location (thoracic,  cervical,  lumbar and sacral spine) and its severity from very severe which 
involves drastic motor and sensory dysfunction (paralysis from neck down) to less severe 
where there are few notable dysfunction such as loss of sensation in a part of a body,  or lack 
of bladder and bowel control as it is the case of X whilst other parts of the body function 
normally or close to normal. Because of little information about less severe spinal cord 
injuries such as one to the sacral spine,  further research on it is encouraged. I also will learn 
the basic of cloning strategy in molecular biology and cultivate interests in techniques 
involve in molecular biology and biotechnology. I will be able to describe the basic of 
cloning strategy with my own words and I want to share the research output through 
presentation. However, the lessin I learnt from this project is better understanding of 
molecular cloning. I also will learn new thing about current strategies in spinal cord injury 
and ChABC enzymes. Other than that, this project make me expose myself to genetic 
engineering. So far this project help me lot in future. I want to design new chemical to treat 
spinal cord injury. I also want to do chemistry to further my studies.  
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INTRODUCTION 

          Vacation Research Programme is a new programme that offered to the SPM students 
who are keen to go through career as a scientist. The students involved will be given the 
opportunity to explore,  learn and do hands-on activities in conducting research projects. But 
students nowadays  who are take science flows are less interested in continue their studies in 
science because they are not there exposure at school level on the breadth of science and 
technology such as Neurobiology,  Electrofisiology,  Medical Science and so on. This is 
because, the work that is often played in the minds of the science stream students is just being 
a doctor . While the fields of science and technology are very broad and there are various 
fields of employment related to it. Therefore, most students do not see their direction clearly 
after Sijil Pelajaran Malaysia (SPM) examination because not all science students qualified 
and interested in becoming a doctor. There is no doubt that there are a handful of science 
students who are interested in the other field such as statistical cost and so on.  

This is the action who are less fortunate because they have squandered the knowledge 
that they have related to science since elementary school education. The statement show that 
75% of science stream students have the potential to connect their lessons in science-related 
fields but they do notknow what areas are appropriate for themselves because of no exposure 
given. Because of that, students are encouraged to participate several programs offered for 
science stream students to open their minds about science field. Therefore,  I have taken this 
golden opportunity by participating in the Research Vacation Program to fill in my free time 
before continuing to study and can improve some knowledge about the field of science.  



I also want to participate in the VRP because I am very interested in science and 
technology. However every time I questioned the science field,  I just pointed out to be a 
doctor either a dentist,  a medical doctor,  a specialist physician,  and etc so my goal is to get 
the program wider knowledge as well as explore and understand areas Science,  Technology,  
Engineering and Mahematics (STEM) in particular fields neuroscience. Other than that, the 
students also have been given some project with their supervisor to complete it within 7 
weeks at USM.  

 
ACTIVITY: 

       During 7 weeks at USM I did many activities here. I also visit many places such as 
Neuro Gym Rehab, Scanning Electron Microscope(SEM), Tisuue Bank and many more. The 
most interesting visit is Anatomy Museum. Anatomy Museum is situated in the Department 
of Anatomy of the Universiti Sains Malaysia. The museum is open to all students in the 
Health Campus during office hours. The items displayed in the museum include plastinated 
specimens,  specimen in jars,  plastic models and posters/diagrams. The items displayed are 
also used for student learning activities. There are also two computers and two microscopes 
placed in the museum for teaching and learning activities. I love to visit the museum because 
I found many rare specimens such as a real fetus, real brain human and many more. 
Futhermore this museum is lovely maintained and well clean. I also do not miss the 
opportunity to capture some pictures in the museum. Here I share some interesting pictures.  

                               

 On 3 march 2019, we got the chances to visit the DNA/HID lab. So the HID/DNA 
unit provides DNA-Based testing using high throghout and validated platform. They are 
public, hospitals, universities, research institutes, government agencies as well as the private 
sectors. Services that they offered is paternity testing, DNA sequencing, Microbial and 
Fungal Identification. Many equipment/facilities that available at DNA lab which is ABI 
3130xl Genetic Analyzer, Ion torrent PGM system, Agilent Tapestation, 7500 ABI Real Time 
PCR and many more. The equipment is very powerful and sophisticated. I am really lucky 
Because visit such amazing lab in USM. Here are the photos of equipment 

 

 

 

 

ION TORRENT PGM SYSTEM 

 

GENETIC ANALYZER 



Lecture: 

          I have join many lectures with different great doctors. On 31 January I still remember 
that Dr Azim which is my own supervisor has give a talk about stem cells. He told me that we 
can find stem cells in brain, breast, bone marrow, surface of the eye and etc. He also give us 
some knowledge about cloning. My own research project also about cloning. In addition, I 
also interested in Dr Muthu’s talk. It is about animal behaviour. Basically, he is using the 
mice to test the animal behaviour. Some example of behaviour that I learn from him is 
learning and memory, fear, pain, locomotors, depression and anxiety. To test that kind of 
behaviour many experiment have been done using T-Maze, Morris Water Maze, Hot Plate 
Test, Elevated Plus Maze and Open Field Test towards the mice. The most interesting talk is 
about the power of music by Dr Garry. So,  why music?Because music can reminds us about 
our long-term memories. It also can reduce stress and give us a calmness. Based on his talk, I 
think that music is a universal medium used to regulate body, rythym and emotions. The right 
music can give give us someone a good impact especially to the athletes. I also has the 
opportunity to play some musical instrument which is triangle. That was so wonderful.  

          On 19 February, Dr Tengku has give a talk about breast cancer awareness. He told that 
breast cancer is the top cancer in Malaysia  which often occurs in woman. The youngest 
patient in USM is 18 years old. So far, most patient that come to hospital are suffer from 
stage three or four. So that he advices to all woman to do the early treatment if have any sign 
to get the breast cancer or do some preventation which is prevent from eating too much 
fastfood. Fastfood is one of the reason that can  causes breast cancer and other diseases. 
However, we also have some motivation talk by Dr. Wan Amir Nizam. He said that we have 
3 C’s in our life which is choices, chances and changes. Based on 3 C’s that he told me, I 
think all the impossible things will be possible if we have the  intensity in our life, choose the 
right pathways and you will get what you want. Also the motivation talk from DrZulkifli. His 
journey of life makes me realize that how important the connection  and dependence  to 
Allah. He is not a really brilliant guy but he become a successful doctor until now. As he 
said, ’the moment we know Allah, we will success’. So, know the purpose and fight for it.  

Here are some pictures with great doctors: 

   
With Dr. Zulkifli With Dr. Garry With Dr. Muthu 

 

Lab Demo: 

         On 23&24January, I am doing basic lab demo for 2 days. I learn how to use pipet 
properly. I also get some knowledge in using a autoclave to strerilize  solids,  liquids,  
hollows,  and instruments of various shapes and sizes. Below are some pictures of pipet.  



                                          

            On 12 & 13February, I do a DNA extraction with Kak Muslihah. DNA extraction is 
important procedure I molecular biology that aims to isolate DNA from its cellular source 
and protect it from degradation by cellular enzymes. I have also done DNA extraction from 
brain tumor. Below are my pictures during the DNA extraction and also quality  of the result 
that have been checked using computer.  
 

                                         

            On 18 &19 February we do a ERP lab. Event Related Potential (ERP)is related to 
electrical signals between neutron. It can detect human diseases and emotions. Unfortunately, 
Hakimi is volunteer himself to become the subject of ERP  demonstration. He have to 
shampoo his hair before wearing the cap. No conditioner and drinking coffee if you want to 
do this to make sure that the wave from brain is stable.  

          On 24, 25 & 26 February,  me and my friends are doing the cell culture with Miss 
Nazihah. Based on what I am learning, cell culture refers to the removal of cells from an 
animal or plant and their subsequent growth in a favourable artificial environment. The cells 
may be removed from the tissue directly and dissagregated by enzymatic or mechanical 
means before cultivation, or they may be derived from a cell line or cell strain that has 
already been established	 . So basically. i do the cell culture of brain tumor stage 4. Miss 
Nazihah told me to do tore cells and I did it without doing any mess , the others will do the 
next steps. Looking at the structure of the cell  under the microscope makes me feel really 
excited. This was an amazing moment for me because this is my first time doing the cell 
culture. Miss Nazihah also give us some advices that we have to be patient all the time to do 
the cell culture if we want to get the good result because doing the cell culture is a pretty hard 
than you thought! 

 



                                  

What did you gained from the programme: 

1) I got some knowledges about the field of sciences.  
2) I got many sweet experience during this programme and really satisfied because I can 

visit to the DNA lab, anatomy museum, Bank tissue which is not everyone can visit 
that kind of places.  

3) Dream of doing the lab work is achieved.  
4) The better improvement in talking English in front of people during the presentation.  
5) I got some motivation from doctors to keep me going further and do not ever easy to 

give up.  

 

Suggestions for improvement: 

1) Need a longer time to do research activities  to give the deep understanding for 
students.  
 

2) Need more lab work activities to bring a successful scientists and researchers.  

 

Conclusion: 

          Overall, I am so blessed and lucky because i can join this amazing programme in USM. 
Finally, I did it to the end!I grab this golden opportunity and learn a lot during this 
programme. VRP programme is an experience that I will never forget because this 
programme have gives me many benefit such as prevent me from wasting my time at home. I 
also learn something from my supervisor, Dr Azim that helped me a lot to finish my project. 
A special thanks to director of this programme, Profesor Dato’ Dr. Jafri Malin Abdullah and 
our coordinator, Ms Adibah. I hope this program will takes place every year to benefit the 
future generations to become the scientist.  
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