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ABSTRACT 


ABCG gene is one of the subfamily of A TP-binding cassette (ABC) transporter superfamily. 
Loss of function mutation of ABCG gene can lead to various human inheritance disorders such 
as sitosterolemia. The aims of this research are to isolate the ABCG1 partial fragment from 
Rasbora sarawakensis and subsequently clone by transforming the isolated fragment of interest 
ligated with vector into the competent cell. Degenerate primer pair was designed by aligning 
five different species of freshwater fish. Various optimization such as primer concentration and 
DNA polymerase concentration was carried out in order to detennine the optimum annealing 
temperature of the primers. After transformation, the bacteria colony was picked and colony 
PCR was carried to verify the presence of inserts which was about 800bp. Besides, the plasmid 
that obtained after mini-preparation was cut with Not1 restriction enzyme to double confirm the 
presence of fragment of interest, which gave two bands during gel electrophoresis. The plasmid 
was sent for sequencing and the result was verified by using BLASTn. BLASTn analysis 
registered an E-value of 1 e-96 with highest similarity to Danio rerio zgc: 195173, an 
uncharacterized protein coding gene of zebrafish, but not the ABCG1 gene. Further steps need 
to be carried out in order to isolate the ABCG1 gene from Rasbora sarawakensis especially in 
the increment of the primers specificity. The identification ofABCG1 partial fragment can help 
in the development studies of targeted cell and tissue and the effects on the development due to 
mutation ofABCG1 gene. 

Key words: ABC transporter, ABCG1 gene, Rasbora sarawakensis 

ABSTRAK 

ABCG gen adalah salah satu subfamili keluarga pengakut ATP mengikat kaset (ABC). ABCG 
yang menjalani kehilangan fungsi mutasi boleh menyebabkan banyak penyakit genetik seperti 
sitosterolemia. Tujuan kajian ini adalah untuk mengasingkan serpihan ABCG1 gen dari Rasbora 
sarawakensis dan klonkannya ke dalam sel berwibawa selepas ligate dengan vektor. Pasangan 
primer direka dengan menjajarkan lima spesis ikan air tawar. Pelbagai pengoptimuman seperti 
kepekatan primer dan DNA polymerase telah dijalankan untuk menentukan suhu 
epnyepuhlindapan optimum pasangan primer. Selepas menjalani transformasi, koloni bakteria 
yang telah dipilih dan colony PCR telah dijalankan untuk mengesahkan kehadiran band yang 
kira-kira 800bp. Selain itu, plasmid yang diperoleh selepas mini-preparation dipotong dengan 
enzim Notl untuk mengesah lagi kehadiran serpihan gen yang dikehendaki dengan 
menghasilkan dua band semasa gel elektroforesis. Plasmid itu dihantar untuk penjujuk dan 
keputusannya telah disahkan dengan menggunakan BLASTn. Analisis yang dibuat daripada 
BLASTn tidak memberi result tentang ABCG1 gene tetapi mencatatkan E-nilai bernilai 1 e-96 
dan mencapai persamaan tertinggi semasa berbanding dengan Danio rerio zgc: 195173 . Danio 
rerio zgc: 195173 adalah gen zebra fish yang belum dicirikan untuk pengekodan protein. 
Langkah yang lebih efisien perlu dilaksanakan untuk mengasingkn gen ABCG daripada Rasbora 
sarawakensis terutamanya dalam peningkatan espesifikan pasangan primer. Pengenalpastian 
serpihan gen ABCG1 boleh membantu dalam kajian pembangunan tisu dan sel yang disasarkan 
serta kesan akibat mutasi gen ABCG1. 

Kata kunci: Pengangkut ABC, Oen ABCG1, Rasbora sarawakensis 
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1.0 INTRODUCTION 

Every cell has a cytoplasmic membrane which is selectively penneable, separating the 

interior part of the cell from the external environment (Cooper, 2000). The cytoplasmic 

membranes prevent the unrestricted exchange of elements between the internal and external 

environment of the cells (Karp, 2009). The substances that go in and out of the cells are 

highly controlled by the cell membrane that built up by lipids associated with proteins. ABC 

(ATP binding cassette) transporters consist ofone of the biggest of all protein super families 

and they can be found in all kingdom oflife (Higgins, 2001). Typically the ABC transporters 

are adenosine triphosphate (ATP) dependent transporters which transport substances across 

the plasma membrane. They can be divided into families and subfamilies based on their 

domains and motifs. 

The vertebrate ABCG consist of six 'reverse' half transporters that have a nucleotide 

binding domain (NBD) at the N tenninus and a transmembrane domain (TMD) at the C 

terminus (Dean, 2002). The white locus of Drosophila is the first and the most intensive 

studied for ABCG gene (Dean, 2002). The white protein along with other ABCG-related 

protein, either brown or scarlet, fonn a heterodimer to transport precursors of the eye 

pigment (tryptophan and guanine) in the eye cells of the fly (Dean et al., 2001). Therefore, 

ABCG gene is also known as white subfamily. 

The ABCG genes are mainly involved in lipid or sterol metabolism except ABCG2 

gene (Lorkowski & Cullen, 2002). The ABCG1 protein participate in cholesterol transport 

regulation. Others subfamilies such as ABCG2 protein as a multi drug transporter. However, 

there are evidence suggesting that ABCG2 also involved in transportation of non-drug 

substrate such as steroids (Velamakanni et al., 2007). ABCG5 and ABCG8, fonn a 

heterodimer with each other, involved in the transportation of sterols in the intestine and 

liver. Until today, the functions of ABCG3 and ABCG4 are still unknown. To date, the 
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ABCG3 protein only found in rodents and ABCG4 gene expressed effectively in the liver 

(Moitra, 2012). 

To date, fourteen ABC genes have been related to human inheritance disorders and 

all ofthe disorders are recessive or X-linked recessive. Loss of function mutations inABCG5 

and ABCG8 can result in sitosterolemia, a disease that can cause defective in transportation 

of sterol into bile (Annilo et al., 2006), leading to a fifty to two hundred fold increase in 

plasma plant sterol concentration. The ABCG2 protein transporter are important for urate 

excretion in the human kidney. The defected ABCG2 gene causes increase in serum urate 

levels and leading to gout, a common form of arthritis. However, the multidrug resistance 

mechanism ofABCG2 is the main reason in causing failure of several chemotherapeutics in 

the treatment ofcancer (Chang, 2003). Until today, functional mutation in both ABCG1 and 

ABCG4 are not linked to any monogenic human disease. However, ABCG1 gene has been 

related to cardiovascular disease, diabetes and obesity (Woodward et al., 2011). 

According to Lorkowski and Cullen (2002), the inherited lipid disorder known as 

Tangier disease, which has been linked to ABCA1 gene, also involves the members ofABCG 

subfamily where the expression ofABCG1 gene is upregulated in macrophage cells from the 

patients suffering Tangier disease (Velamakanni et al., 2007). However, further research 

need to be done in order to understand more about how the products of this half transporter 

being regulated and how they function which included gene regulation, structural analysis 

and substrate specificity. The ABCG subfamily particular theABCGl, ABCG4, ABCG5 and 

ABCG8 may be the potential targets for anti-atherosclerotic therapies. The phylogenetic 

analysis to identify the orthologous or paralogous genes may help to figure out the 

phenotypes that linked to mutation in these genes. Furthermore, the using of Rasbora 

sarawakensis in the detection ofpollutants such as agrochemicals in domestic water sources 

are waiting to be explored due to it endemic status (Wijeyaratne & Pathiratne, 2006). 
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Therefore, the objectives of this project are: 

1. To isolate the ABCG1 gene from Rasbora sarawakensis. 

2. To clone the partial fragment ofABCG1 gene from Rasbora sarawakensis. 
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2.0 LITERATURE REVIEW 


2.1 Gene Cluster, chromosomal location and gene product characteristic of ABCG 

Subfamily 

ABC proteins are made up by nucleotide-binding domain (NBD) associated with a 

hydrophobic transmembrane domain (TMD). Both of the domains are highly conserved and 

well-defined cytoplasmic domains that are responsible for binding and hydrolyzing A TP, an 

energy supplier. The three highly conserved sequences, the Walker A, B, and C motifs, 

encode the 'structural motifs' of the ABC proteins. The Walker C which is the signature 

motif specific to ABC proteins that distinguishes them from other A TP-binding proteins 

(Tarr et al. 2009). On the other hand, TMD of the ABC proteins consists of four to eight 

consecutive membrane-spanning helices. The TMDs form the pathway for the specific 

substrate of the transporter across the lipid bilayer. 

ABC subfamily G is a 'reverse' half transporter compared to other members of ABC family 

where NBD located at the amino terminal and a TMD located at carboxyl end (Velamakanni 

et al., 2007). ABCG consists of six consecutive membrane-spanning helices (Figure 2.1). 

The human ABCG proteins need to be dimerised to form an active membrane transporter 

(Velamakanni et aI., 2007). 

Out 

N c In 

Figure 2.1. Structural model of ABCG protein. IF and Out represent the cytoplasm and extracellular 
environment respectively. (Adapted from Velamakanni et aI., 2007) . 
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ABCG1 gene as the homolog of Drosophila white protein, which was the first locus 

mapped by the founder of modem experimental genetics in 1910, Thomas Hunt Morgan. 

According to Kusuhara and Sugiyama (2007), ABCG1 expressed abundantly in the spleen, 

brain and lung after analyzed by using Northern blot. 

One of the well characterized orthologs for ABCG1 gene is house mouse, Mus 

musculus. The mouse ABCG1 gene showed 87.69% similarity in term of nucleic acid and 

96.85% similarity in term ofamino acid. The ABCG1 gene of mouse located in chromosome 

17 (Sabol et al., 2005), at 18.50cm position, cytoband A2-B (Figure 2.2). This gene consists 

of 58080bp with 15 exon. Based on Lorkowski et al. (2001) study, mouse ABCG1 gene 

encodes protein with approximately 3572 amino acids. 

Chromosome 17 - NC_OOOO83.6 
(3"45785~ [31144282~ 

Q.,41S62 Abc91-----..... TU2~ 
u.,oolU TU3 

Figure 2.2. The red arrow indicates the ABCGI gene of house mouse, Mus musculus in chromosome 17, 
(Adapted from NCBI, http://www.ncbi.nlm.nih.gov/gene/l1307). 

However, compared to human (Homo sapiens) ABCG1 gene, it located on 

chromosome 21q23.3 (Figure 2.3) with 23 exons and spans about 97kb (Chen et al., 1996; 

Lorkowski & Cullen, 2002). Human ABCG1 gene contain 97,556 bases which start from 

42,199689 bp from pter and end at 42,297,244 bp from pter. Alternating splicing ofABCG1 

gene produces seven ABCG1 variants. The cDNA of human ABCG1 gene encodes 674 

amino acid proteins with molecular mass of 75592 Da. 
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Chr 21 
~ ~ ~ ~ 

N 

'S. iii i 

Figure 2.3. The arrow indicates the location of ABCGI gene of human (Homo sapiens) on chromosome 
21q23.3. (Adapted from http://www.genecards.orglcgi-binicarddisp.pl?gene=ABCG 1 #genomic _location). 

Based on the research that done by Lorkowski and Cullen (2002), in all 14 known 

ABCG proteins ofHomo sapiens, Mus musculus and Rattus norvegicus, several amino acid 

residues are highly conserved. They are different from both Walker A, Band C motifs, 

including the NP(AlF)DF motifs located the first TM and the Walker B. Most of these 

residues are located within or near the NBD with only a few located within the TMD. Based 

on Figure 2.4, the protein that form Walker A and B, as well as the signature motif Care 

located at the upper part, which is the N terminal ofthe polypeptide whereas the TM proteins 

located at the lower part, which is the C terminal of the polypeptide. 

0 100 200 300 400 500 600 700 

( I I ) 

~ 

Walker TMl TM5 TM6\ • • 
B TM2Walker 

C 

Figure 2.4. The protein sequence of ABCG protein which derived from the protein sequences alignment of 
currently known human, mouse and rat ABCG proteins. Note that only the core of the TMs is shown. 
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2.2 Pathway involves ABCG gene subfamily with other genes 

ABCGl gene is one of the member ofABCG subfamily in the ABC superfamily. According 

to Schmitz et al. (2001), the genomic organization such as the promoter region oftheABCGl, 

the founding member of ABCG subfamily had been described. ABCG 1 need to undergoes 

either homodimerization or heterodimerization to fonn a functional protein complex 

(Gelissen et al. 2006), which participate in sterol metabolism such as macrophage 

cholesterol efflux together withABCAl (Charvet et al., 2010; Ozasa et al., 2011; Tall, 2008). 

According to Gelissen et al. (2006), atherosclerosis occurs due to the disability or 

low efficiency ofmacrophage to export excess cholesterol to the extracellular receptor such 

as high density lipoprotein (HDL), resulted in over accumulation of cholesterol inside 

macrophage foam cell. Macrophage is the first to accumulate and overload with cholesterol 

in atherosclerosis lesions (Cuchel & Rader, 2006). The cholesterol need to be transported 

back to the liver from macrophage foam cell by HDL through the process known as reverse 

cholesterol transport (RCT) (Ozasa et al., 2011; Wang et al., 2007). ABCGl and ABCAl 

play an important role in macrophage cholesterol efflux and HDL formation. 

The expression of both ABCGl and ABCAl genes is induced by the activation of 

liver X receptor (LXR) transcription factors when there are accumulation of cholesterol in 

the macrophage (Tall, 2008). The activated ABCAl and ABCGl promote the cholesterol 

efflux to apoA-1 and HDL particles respectively which then send to liver. After the 

cholesterol have been taken up by liver, the cholesterol is then convert to bile by ABCG5 

and ABCG8 (Tall, 2008). 

Besides, ABCG members also involved in multi drug resistance pathway with other genes. 

There are three subfamilies in ABC superfamily responsible in multidrug efflux pumping 

mechanism: P-glycoprotein (ABCBl), MRPl (ABCCl) andABCG2 (BCRP) (Chang, 2003). 

These transporters protect tissue from toxic xenobiotic and endogenous metabolites in 
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normal physiology. The interaction between hydrophobic amphipathic compounds and 

substrate-bineting pocket of these protein through flexible hydrophobic and H-bonding 

interactions (Chang, 2003). 

Generally, drug binds to the transporters before being actively pump out of the cell. 

The nature and location of the drug binding sites ofPgp and MRP 1 has been studied widely 

but less is known for ABCG2 (Chang, 2003). The binding of the drug to the binding pocket 

ofABCG via Van der Waal's forces, hydrogen bonding and hydrophobic interactions. Drug 

transport through the ABC drug-efflux pumps involves two interconnected cycles. The first 

cycle is the catalytic cycle where the hydrolysis of ATP supply energy to drive transport. 

The second cycle is the substrate transport cycle where the drug molecule is moved from the 

intracellular environment to the extracellular side of the cell (Chang, 2003). 

2.3 Cyprinidae family 

The largest freshwater fish family, Cyprinidae family, is the largest family of vertebrates 

which consists of about 220 genera and about 2420 species (Nelson, 2006). They can be 

found from Canada to southern Mexico, in Europe, Africa and Asia. According to Rohde 

(2009), the species grouped under this family by using morphological or anatomical 

characteristics (Wang et al., 2012), are not easily defined due to their extreme range ofshapes, 

sizes, colours, behaviors, and habitats. Based on Berra (2001) studies, Cyprinids are found 

in freshwater located in Broneo but do not cross the Makassar Strait to the Celebes. Due to 

th distribution range and limited capability of these species to migrate across the seawater, 

Cyprinidae family has risen interests in biogeographical studies (Durand et aI., 2002). 

Based on Thai et at. (2007) research, besides using morphological characteristics, 

cyprinid classification and evolution is also being studied at a variety of taxonomic levels by 

using molecular phylogenetic techniques such as mitochondria nucleotide sequences as well 
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as nuclear DNA in order to validate the various families and their inter-relationships. 

Cyprinidae has been normally divided into two major lineages include cyprinine (barbine) 

and the leuciscine groups (Wang et aI., 2012). Cyprinine also known as barbine because it 

contain barbel whereas leuciscine lacks of processing barbels. The barbine can subdivide 

into three subfamily which are Cyprininae, Gobioninae and Rasborinae whereas four 

subfamilies, Acheilognathinae, Leuciscinae, Cultrinae and Alburninae, can be found under 

family leuciscines (Wang et aI., 2012). Zebrafish as the most commonly used model 

organism for vertebrate development biology, is one of the examples ofCyprininae family. 

2.4 Rasbora sarawakensis 

Rasbora sarawakensis, which is also known as Sarawak rasbora, is a species of ray-finned 

fish placed in rasborins group within Danioninae subfamily under Cyprinidae family (Liao 

et aI., 2009). The genus Rasbora was first described by Bleeker in the year 1859 (Kottelat, 

1999). Rasbora is an indian word for a fish and it also used in Malay peninsula. Sarawak 

rasbora has transparent fins which included pectoral, pelvic, dorsal, anal and caudal fins. It 

has blue metallic stripes lining parallel to the spinal cord from the opening of the operculum 

till the section before the caudal fin (Figure 2.6). According to Grinang (2013), the 

geographical distribution of Sarawak rasbora is from southwestern of Borneo, stretching 

from the Batang Rajang basin to Batang Kapuas and Sarawak River (Figure 2.7). Most of 

the habitat of Sarawak rasbora is in slow-moving forest streams with thick marginal 

vegetation. A dense canopy usually can be found above their habitat which create a shaded 

area. There are present of some substrate consist of a thick layer of silt littered with leaflitter 

aud fallen tree branches. The water is quite clear but weakly brown in colour due to tannins, 

substance which releases from organic matter (Rasbora sarawakiensis, n.d.). 
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Figure 2.5. R. sarawakensi from Sungai Sebat, western Sarawak, Broneo. (Adapted from 
http://www.seriouslyfish.comlspecies/rasbora-sarawakensis/). 

Figure 2.6. Habitat of R. sarawakensis at Headwater of Sungai Sarawak. (Adapted from 
http://www.seriouslyfish.comlspecies/rasbora-sarawakensis/). 

According to Luckenbach et al (2014), the expression of ABC transporter gene in 

fish can be influence by the environmental pollutants. Zebrafish which is a native fish in 

Himalayan region, has been selected to be a suitable model for toxicity assessment (Hill et 

al., 2005) such as ecotoxicology studies (Scholz et al., 2008). Sarawak rasbora has been 

chosen as model organism over zebrafish for the ecotoxicology studies in Borneo area 

because Sarawak rasbora is consider as a native fish Borneo. Fedorenkova et al. (2013) stated 

that there is a huge difference in ecotoxicity tolerance between native and non-native fish. It 
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is more accurate to use native fish for the toxicity assessment due to the greater similarities 

in term of biochemical processes compared to non-native fish. Therefore, Sarawak rasbora 

is more suitable to be used to evaluate the toxic chemical contamination in Borneo's river 

and producing more accurate results. The using of Sarawak rasbora for the ecotoxicology 

assessment in Broneo' s river are similar to what had been done in Sri Lanka where the 

Rasbora caverii might consider as a species in ecotoxicology risk evaluation of 

agrochemicals in the region (Wijeyaratne & Pathiratne, 2006). 
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