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ABSTRACT

Zebrafish abch4 gene (ortholog to human ABCB1 gene) serves primarily in multidrug resistance (MDR)
mechanism by effluxing chemotherapeutic agents, chemicals, xenobiotics, and numerous anti-cancer drugs out of
the cells. This study aims to identify the specific transcription factor binding sites (TFBS) within the promoter
region of zebrafish abcb4 gene and determine the functional roles of these factors in abch4 gene expression
regulation via mutagenesis analysis. First, primers were designed to target and amplify the promoter region of
zebrafish abch4 gene through gradient PCR. The zebrafish abch4 gene promoter was then cloned into pGL3.0
vector and sent for sequencing. The sequencing results revealed high similarity to zebrafish DNA sequence from
clone DKEY-24124 in linkage group 16, indicating a successful cloning of targeted gene. Thereafter, consensus
sequence of zebrafish abch4 gene promoter was generated with the length of 1,392 bp which was close to its
expected size during primer design (1,500 bp). Using MATCH tool, 155 TFBSs were found within zebrafish
abcb4 gene promoter region. Activator protein 1 (AP-1) TFBS at 1,255 bp was chosen to be mutated through site-
directed mutagenesis. Mutagenic primers (forward primer: 5° GGG CAA GGC AGT ATA AAC GTG 3’ and
reverse primer: 5° TTA TGT TTC TAG GGA TTA CGT CAC 3’) were designed to substitute AGT with GGG to
remove the AP-1 TFBS. By mutating the zebrafish abch4 gene promoter, the MDR phenomenon driven by
zebrafish abcb4 gene can be elucidated and this might provide clues to the development of tumor and malignancy
in human. The results from this study may enrich the knowledge in chemotherapy and cancer treatments.
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INTRODUCTION

Tumor occurs very commonly in humans, some mammals and even in plants. Generally, tumor can be classified
into three main types, namely benign, premalignant and malignant tumors. Azizah et al. (2019) reported that the
mortality rate among the cancer (malignancy) patients is relatively high in Malaysia despite the vast availability
of modern health facilities and medical chemotherapy treatments. This is probably due to the resistance of cancer
cells to the chemotherapeutic agents over time.

The resistance to chemotherapeutic agents and some other anti-cancer drugs is driven by the ATP-
binding cassette (ABC) transporters in multidrug resistance mechanism. Ferreira, Costa, and Reis-Henriques
(2014) discovered the role of ABC proteins in multidrug resistance (MDR) for chemotherapeutic treatments.
According to Annilo et al. (2006), all the ABC protein subfamilies (except for ABCH subfamily) found in
zebrafish correspond to their respective human counterparts. For instance, the zebrafish abch4 gene is orthologous
to that of the human ABCB1 gene. Ergo, zebrafish abcb4 gene is functionally similar to human ABCB1 gene and
they are important in cellular resistance to chemicals (Fischer et al., 2013).

Previously, the abch4 gene of zebrafish and Sarawak rasbora (a close family member to zebrafish) has
been functionally characterized by Fisher et al. (2013) as well as Lim et al. (2018a), respectively, and they had
come to the same consensus that this gene has significant expressions in the intestinal tract of both species. In
addition, the transcriptional analysis performed by Hamli (2019) as well as Lim and Chung (in press) on abch4
promoter of zebrafish showed that the zebrafish abch4 regulatory region is mainly controlled by SORY, HOMF,
BRNF and HOXF. However, available knowledge and findings about zebrafish abch4 gene regulation is still
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limited at current stage despite the fact that gene regulatory elements like the promoter and enhancer have been
proven imperative in orchestrating the activation and deactivation of genes (Hernandez-Garcia & Finer, 2014;
Lim, Chung, Chong, & Lee, 2018b; 2019a; 2019b; Liu & States, 2002; Mishra, Dhanda, Siwach, Aggarwal, &
Jayaram, 2020; Wang, Cheng, Li, Wu, & Zhao, 2018). Therefore, this study is carried out with the aims to
determine the specific transcription factor binding site (TFBS) within the promoter region of zebrafish abch4 gene
and to conduct mutagenesis analysis on the promoter. Thus, it is hypothesized that zebrafish abch4 gene
expression and regulation will be affected after mutagenesis.

MATERIAL & METHOD

Total DNA extraction

Fish maintenance, fish harvesting and total DNA extraction (using CTAB method as described by Chung (2018))
were conducted with acquiescence to the permission and guidelines drawn out by the Universiti Malaysia Sarawak
Animal Ethics Committee (UNIMAS/TNC(PI)-04.01/06-09(17)). A healthy zebrafish was first euthanized by
immersing it in ice-cold water and then the zebrafish was sliced finely on ice. Afterwards, the sliced zebrafish in
conical tube was added with 9.5 ml of CTAB lysis buffer before incubation at 65°C water bath for about 30 min.
Next, 10 pl of proteinase K was added and the tube was incubated at 65°C water bath for another 30 min.
Throughout the incubation, the tube was shaken and vortexed intermittently to ensure all the minced zebrafish
tissues dissolved completely. Upon the completion of incubation, the lysate was equally aliquoted into several 2
ml microcentrifuge tubes before the addition of an equal volume of Phenol:Chloroform:Isoamyl Alcohol (25:24:1)
in fume hood. The tubes were then inverted gently to mix the PCI and lysate, followed by incubation at room
temperature for 10 min to allow precipitation of proteins and nucleic acids.

After that, the lysate was centrifuged at 13,000 rpm for 10 min. The supernatant was equally transferred
to several new microcentrifuge tubes and equal volume of isopropanol was added to each tube, respectively. The
tubes were incubated at room temperature for 30 min to allow DNA precipitation, followed by centrifugation at
13,500 rpm for 10 min. Upon centrifugation, the supernatant was discharged gently, and the DNA pellet was
washed with 1 ml of pre-chilled 70% ethanol and centrifuged at 12,500 rpm for 5 min. Then, the DNA pellet was
air-dried for 30 min in fume hood. Lastly, the DNA pellet was dissolved in 20 pl of ultrapure water and kept in -
20°C until use.

Gradient polymerase chain reaction (PCR)

Gradient PCR was carried out, emulating that of Lim, Chung, and Hasnain (2020) with several modifications, to
determine the optimum annealing temperature for the designed primer pair (forward primer: 5> ATG GTA CCT
TTA TTT GAG TGA GTG GCC C 3’ and reverse primer: 5> ATG AGC TCT GAA TGA AAG ATA CCT ACC
GC 3, designed based on GenBank entry: NC_007127.7) via TI00™ Thermal Cycler (BIO-RAD, USA). To
perform gradient PCR, PCR master mixture was first prepared as indicated in Table 1.

Table 1. Components of PCR master mixture for zebrafish abch4 gene promoter.

Components Final concentration Volume (1X) Volume (4.5X)
Nuclease-free water (ddH,O) N/A 14.4 pl 64.8 ul
10X EasyTaq buffer (with Mg?") 1X 2.0 ul 9.0 ul
2.5 mM of dNTPs 0.2 mM 1.6 pl 7.2 ul
10 uM of abcb4 forward primer 0.2 uM 0.4 ul 1.8 ul
10 uM of abcb4 reverse primer 0.2 uM 0.4 ul 1.8 ul
EasyTaq DNA polymerase 2.5 units 0.2 ul 0.9 ul
Genomic DNA of zebrafish (DNA template) As required 1.0 pul 4.5 ul
Final volume - 20.0 nl 90.0 nl
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The prepared PCR master mixture was kept on ice to prevent the enzymes and dNTPs from degrading.
Next, the PCR master mixture was aliquoted into four pre-labeled PCR tubes (20 ul each) before subjected to
thermal cycling for 35 cycles. The thermal cycling conditions were initial denaturation at 95°C for 3 min, followed
by 35 cycles of denaturation at 95°C for 30 sec, primers annealing between 59°C and 65°C for 30 sec as well as
extension at 72°C for 1 min 30 sec. The PCR products were then quality checked through agarose gel
electrophoresis (AGE).

Cloning into pGL3.0 Vector

Cloning process (as performed by Jee et al. (2017)) was started with double RE digestion. Wherewith, KpnI and
Sacl restriction enzymes were used to cut both the zebrafish abcb4 gene promoter and the pGL3.0 vector
(Promega, USA). The restriction digestion mixtures were prepared and then incubated at 37°C water bath for 16
hr. Upon incubation, the restriction enzymes were inactivated through the incubation at 80°C water bath for 20
min. Followed by, the inactivated digestion mixtures were analyzed through AGE. Depending on the number of
band yields, both the cut zebrafish abch4 gene promoter and pGL3.0 vector were subjected to either gel extraction
or purification process.

The purified zebrafish abch4 gene promoter was then ligated into cut pGL3.0 vector by using 2X Rapid
Ligation Buffer. The ligation reaction mixture was prepared by mixing 10 pl of 2X Rapid Ligation Buffer, 2 pl
of pGL3.0 vector, 6 pul of purified zebrafish abch4 gene promoter and 2 pl of T4 DNA Ligase. Then, the ligation
reaction mixture was incubated overnight at 4°C to ensure maximum number of transformants. On the next day,
the ligated pGL3.0 vector with zebrafish abcb4 gene promoter was transformed into E. coli XLI-Blue strain. The
transformants were then plated and transformation efficiency was calculated by using the formula shown below.
The colonies grown were then screened and verified through colony PCR.

colonies per plate
ng of plasmid DNA plated

Transformation efficiency (transformants per pg) = x 1000 ng/pg

Analysis of DNA sequencing result

Upon dsDNA quantification, 15 pl of isolated plasmid DNA (pGL3.0 vector with zebrafish abcb4 gene promoter)
was sent for forward and reverse sequencing. The sequencing results were then confirmed by performing NCBI
nucleotide BLAST (BLASTn). The outcomes (gaps, identities, score and coverage) were studied and recorded for
data analysis. Subsequently, the sequencing results were compared and pairwise alignment was carried out. Then,
the incorrect base calls were edited. Eventually, the consensus sequence of zebrafish abch4 gene promoter was
generated and subjected to downstream analysis.

Transcription factor binding site analysis

Transcription factor binding site (TFBS) analysis was performed using MATCH tool. Firstly, the consensus
sequence of zebrafish abch4 gene promoter was inputted into MATCH tool. Then, specific matrix and profile
were selected. Wherewith, vertebrate was selected as the group of matrices and liver specific profile was set. From
the MATCH outcomes, a specific TFBS was then chosen to be mutated. In this study, the TFBS for activator
protein 1 (AP-1) was selected and subjected to the downstream mutagenesis analysis.

Mutagenic primer design

Mutagenic primers were designed based on the consensus sequence of zebrafish abcb4 gene promoter. Since
TFBS of AP-1 was chosen to be mutated in this study, thus the AP-1 TFBS located nearest to TATA-box was
selected. Then, the mutagenic primers were designed by substituting three bases in the AP-1 TFBS sequence to
another bases, thus creating mutation. Consequently, this mutation was expected to lead to the deletion of AP-1
TFBS in the specific region of zebrafish abch4 gene promoter. The mutagenic primers (forward and reverse
primers) were then sent to Apical Scientific Sdn. Bhd. for primer synthesis.
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Site-directed mutagenesis
Firstly, the plasmid template DNA (pGL3.0 vector with zebrafish abch4 gene promoter) was subjected to inverse
PCR. Wherewith, the master mixture was prepared as depicted in Table 2.

Table 2. Components of inverse PCR master mixture for zebrafish abch4 gene promoter.

Components Volume (1X)  Volume (3.5X)
ddH,O 14.4 ul 50.4 ul
10X buffer for iPCR 2.0 pl 7.0 ul
2 mM dNTPs 2.0 ul 7.0 ul
Mutagenic forward primer for abch4 (10 pmol/pl) 0.4 pl 1.4 ul
Mutagenic reverse primer for abch4 (10 umol/pl) 0.4 ul 1.4 ul
Plasmid template DNA (50 ng/pl) 0.4 nl 1.4 pl
KOD-Plus-DNA Polymerase 0.4 pl 1.4 pl

Total volume 20.0 ul 70.0 pul

The prepared master mixture was then aliquoted into three pre-labeled PCR tubes (20 pl each).
Afterwards, the PCR tubes were subjected to thermal cycling for 7 cycles. The thermal cycling conditions were
initial denaturation at 94°C for 2 min, followed by 7 cycles of denaturation at 98°C for 10 sec, primers annealing
between 47.3°C and 56.2°C for 30 sec as well as extension at 68°C for 7 min. Next, the PCR products were checked
through AGE before subjected to Dpnl digestion.

For Dpnl digestion, 1 pl of Dpnl restriction enzyme (10 U/ul) was added to 20 pl of the PCR product.
Then, the reaction mixture was mixed gently, spun down and incubated at 37°C water bath for 1 hr. Then, the
Dpnl-treated PCR product was subjected to self-ligation process. Wherewith, the ligation reaction mixture was
prepared by mixing 2 pl of Dpnl-treated PCR product, 7 pl of ddH,O, 5 pl of ligation high and 1 ul of T4
Polynucleotide Kinase. Then, the ligation reaction mixture was incubated at 16°C for 1 hr. Next, the self-ligated
PCR product was then transformed into E. coli XLI-Blue strains and the transformants were then plated. Lastly,
the transformants (mutants) were analyzed through DNA sequencing and further verified through TFBS analysis.

RESULTS

Analysis of DNA Sequencing Results

The forward sequencing result showed 94% homology to the zebrafish DNA sequence from clone DKEY-24124
in linkage group 16 (GenBank accession number: CR388365.10) (Supplementary Figure 1). The E-value obtained
is 0.0, which indicates that the amount of alignments with the query sequence that would be expected to occur by
chance in the database is zero (Supplementary Table 1). The identities obtained is 717/762 with 1% of gaps
(14/762) found. On the other hand, the reverse sequencing result revealed 95% homology to zebrafish DNA
sequence from clone DKEY-24124 in linkage group 16 (Accession number: CR388365.10) (Supplementary
Figure 2). The E-value obtained is 0.0 which indicates that the amount of alignments with the query sequence that
would be expected to occur by chance in the database is zero. The identities obtained is 561/590 with
approximately 0% of gaps (2/590) found (Supplementary Table 2).

TFBS Analysis

The MATCH outcomes revealed 155 transcription factor binding sites within zebrafish abch4 gene promoter
sequence based on liver-specific profile. In addition, the frequency of sites per nucleotide in liver-specific profile
depicted the value of 0.111351. Besides, there were 11 types of TFBS detected within the zebrafish abcb4 gene
promoter sequence under the liver-specific profile, namely HNF-3beta, C/EBPbeta, HNF-1, AP-1, TATA, CHOP-
C/EBPalpha, GATA-3, NF-1, USF, CREB and GR (Figure 1). The distribution pattern of TFBS detected within
zebrafish abcb4 gene promoter region using liver-specific profile is shown in Figure 2.
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TFBS composition detected within zebrafish abch{ gene
promoter sequence by using liver-specific profile
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Figure 1. The amount of TFBS and TFBS composition detected within zebrafish abch4 gene
promoter sequence by using liver-specific profile.
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Figure 2. The TFBS distribution pattern per 100 bp interval. Stacking TFBS represents overlapping TFBS
sites. Mutated AP-1 site was located at 1,255 bp.

Mutagenic primer designing

The mutagenic primers were designed by substituting three bases (AGT) in the AP-1 TFBS with another three
bases (GGG), to remove the AP-1 TFBS, creating a mutation within the promoter. The parameters of the
mutagenic primers designed for zebrafish abch4 gene promoter are shown below (Table 3).

Site-Directed Mutagenesis

Mutants were successfully generated via site-directed mutagenesis approach. The reverse sequencing result of
mutated zebrafish abcb4 gene promoter showed 98% homology to zebrafish DNA sequence from clone DKEY-
24124 in linkage group 16 (Accession number: CR388365.10) (Supplementary Figure 3 & Supplementary Table
3). Besides, the mutation site was created successfully and can be found in the correct region within zebrafish
abcb4 gene promoter (Figure 3).
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Table 3. Parameters of the mutagenic primers designed for zebrafish abcb4 gene promoter. The mutation
induced site is indicated in red fond color.

Primer Forward primer Reverse primer
Sequence (5’-3’) GGG CAA GGC AGT ATA AACGTG  TTA TGT TTC TAG GGA TTA CGT CAC
Length 21 mer 24 mer
Melti
cring 56.3°C 52.3°C

temperature (Tm)
GC content 52.4% 37.5%
Oligo amount 23.9 nmoles 25.3 nmoles

Query 982 TCCTAAGCGCC TGTCATAAAAGTGTCCAAATGATTTCGGAAGGAGATCTATAAA  1@41

. [LLEETTTTL |||l|||||||||||||IIIII|||I|||||||||l|||||||l
Sbjct 129400 TCCTAAGCGCC TCATAARAGTGTCCAAATGATTTCGGAAGGAGATC 129459

Query 1042 GCATGCAGGCTGTGACGTAATCCCTAGARACA

GGGEAA
[LLEEELEELLEn T |IIIII||III|||I||[
Sbjct 129468 GCATGCAGGCTGTGATGTAATCCCTAGAAACATAAAGT)

TTTN\AC GTGCGC 1181

|IIII| [ |IIlI||IIIIl
AAGGCTGTATAAACGTGCGCG 129519

Query 1102 CGACCGCGATCTGTCAGATAGTCCTCCAGTCCCGCGCCTCGCTGAGCTC 1150

CERCLELLELEEE R e e e e e i L
Sbjct 129520 CGACCGCGATCTGTCAGATAGTCCTCCAGTCCCGCGCCTCGCTGAGCTC 129568

Figure 3. BLASTn analysis of the reverse sequencing result (partial sequence).
Wherewith, the query sequence is the reverse-complement sequence of mutated zebrafish
abch4 gene promoter that obtained from Apical Scientifc Sdn. Bhd. The sequence that
framed in red colored box indicates the mutation site, at which the bases AGT had been
substituted into bases GGG, thus creating mutation in the AP-1 TFBS.

In addition, the MATCH outcomes showed that AP-1 TFBS presents at 1,255 bp position within the
consensus sequence of zebrafish abch4 gene promoter before mutagenesis (Figure 4). When the bases AGT within
targeted AP-1 TFBS were substituted with bases GGG, the targeted AP-1 TFBS at 1,255 bp position was deleted
(Figure 5), indicating the mutation was successful.

VIGATA3 03 1211 (+) 1.08@ ©.873 ggaGATCTat GATA-3
VEGATA3 @3 1211 (-) 1.980 ©.885 ggAGATCtat GATA-3
VECEBPE_02 1233 (-) ©.888 ©.844 ctgtgaCGTAAtcc C/EBPbeta
VECREB_Q4 1234 (+) 1.000 ©.999 tgTGACGtaatc CREB
VEAPL Q4 1234 (4) ©.935 0,989 +{cTGACGtaat AP-1
VEAP1 Q4 |1255 (-) 1.800 @.879 ataaAGTCAag ap-1|
VENF1_0Q6 1278 (-) ©.911 ©.879 tgcgcgegtccGCCATEC NF-1
VEAPL Q4 1291 (-) ©.935 ©.897 catgCGTCAga AP-1
VEAP1 Q4 1361 (-) ©.935 ©.858 acgcCGTCAga AP-1
VEHNF3B_a1 1377 (+) ©.938 ©.848 aggtaTCTTTcattc HNF-3beta

Figure 4. Part of TFBS list before mutation. The AP-1 TFBS presents at 1,255 bp within the
consensus sequence of zebrafish abch4 gene promoter.

VEGATAZ 83 1211 (+) 1.8@@ 6.873 ggaGATCTat GATA-3
VEGATA3 @3 1211 (-) 1.0@@ 0.885 ggAGATCtat GATA-3
VECEEPB_8&2 1233 (-) ©.888 0.844 ctgtgaCGTAAtcc C/EBPbeta
VSCREE 04 1234 (+) 1.880 ©.999 tgTGACGtaatc CREE
VEAP] Q4 234 (+) @.935 ©0.989 tgTGACGtaat AP-1
VENF1 06 278 (-) ©.911 ©.879 tgcgcgcgtccGCCATgC NF-1
VSAP1 Q4 1291 (-) ©.935 ©.897 catg(GTCAga AP-1
VSAP1 04 1361 (-) ©.935 ©0.858 acgc(GTCAga AP-1
VEHNF3B_81 1377 (+) ©.93@0 ©@.848 aggtaTCTTTcattc HNF -3beta

Figure 5. Part of TFBS list after mutation. The targeted AP-1 TFBS at 1,255 bp was deleted
successfully and mutation was induced.
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DISCUSSION

In this study, the potential TFBS within zebrafish abcb4 gene promoter sequence was identified via MATCH tool.
The human ABCB1 gene is expressed on the apical surface of hepatocytes in liver. Both the zebrafish abch4 and
human ABCB1 genes are associated with liver disease, thus the search was specified to liver-specific profile
(Abanda, Riches, & Collier, 2017; Zebrafish Information Network, 2019). According to Kel et al. (2003), liver-
specific profile is designed to search for the potential binding sites within regulatory regions of liver-enriched
genes. In addition, the most abundant TFBS found within the zebrafish abch4 gene promoter in the present study
is the hepatocyte nuclear factor 3 beta (HNF-3beta) TFBS with a total of 43 binding sites found. This echoed the
study by Yu, Guo, Jing, Dong, and Wei (2015) on HNF predominate expression in the liver and their role in
regulating the hepatocytes differentiation and liver development.

Among the TFBS detected within zebrafish abch4 gene promoter region under liver-specific profile, only
AP-1 TFBS located at 1,255 bp position was chosen to be mutated via site-directed mutagenesis approach.
According to Gustems et al. (2014), AP-1 is a family of transcription factors that involved primarily in cell
survival, proliferation and transformation, apoptosis as well as oncogenesis. Generally, AP-1 consists of a
heterodimer between c-Fos and c-Jun that play a major role in transcriptional regulation of viral oncogene
expression (Foppoli, Coccia, & Perluigi, 2014). Therefore, AP-1 TFBS was chosen to be mutated because AP-1
is closely linked to the proliferation and transformation of tumor cells (Foppoli et al., 2014). In order to proliferate
and transform, tumor cell population uses a protective mechanism known as the multidrug resistance (MDR)
mechanism, to fight against numerous drugs (Stavrovskaya, 2000). The MDR mechanism is regulated by zebrafish
abch4 gene and human ABCBL1 gene respectively via the efflux of the xenobiotic components, chemotherapeutic
agents, chemicals and some other anti-cancer drugs out of the cells (Dermauw & Van Leeuwen, 2014; Fischer et
al., 2013; Liu et al., 2016). Therefore, AP-1 TFBS mutation may provide insights on the elucidation of tumor
development from benign to malignant stage.

Additionally, the study by Daschner, Ciolino, Plouzek, and Yeh (1999) had unearthed the close
relationship between AP-1 and MDR mechanism in human cancer cells. The study revealed that when there is an
elevation in the amount of c-Fos and c-Jun mRNA (AP-1 heterodimer) in cells, the cells are found to possess 12-
fold, 65-fold or even 200-fold higher resistance towards the Adriamycin as compared to drug-sensitive MCF-7
(human breast cancer cells) wild type cells (Daschner et al., 1999). This statement had been supported by Foppoli
et al. (2014) as their studies showed that there was absence or very low level of AP-1 binding in normal cell as
well as the premalignant lesions, but the AP-1 binding and transcriptional activity were found to be skyrocketed
in malignant tissues. Ergo, by mutating AP-1 TFBS within the promoter and transfecting the mutant into cancer
cell lines, the comprehension on the MDR phenomenon can be improved.

Mutation in TFBS can alter the conformation of binding site and disrupt the binding affinity of the TF,
causing downstream transcriptional process to be hampered. Hence, the function and post-translational
modification of proteins and DNA elements such as promoter region can be verified via this method (Chauhan,
2019; Hsieh & Vaisvila, 2013). The AP-1 TFBS mutation in the present study is the first imperative step in
elucidating the transcriptional roles of the cis elements like AP-1 in orchestrating zebrafish abcb4 gene promoter
expression. This is relatively important because the transcriptional activation of zebrafish abcb4 gene is closely
associated with the MDR mechanism and cancer progression.

CONCLUSION

In conclusion, the objectives of this study had been achieved with the successful identification of specific TFBSs
within zebrafish abcb4 gene promoter as well as mutagenesis analysis. Using liver-specific profile in MATCH
tool, 155 binding sites were found within the consensus sequence of zebrafish abch4 gene promoter and the TFBSs
detected are HNF-3beta, C/EBPbeta, HNF-1, AP-1, TATA, CHOP-C/EBPalpha, GATA-3, NF-1, USF, CREB
and GR. Mutation in AP-1 TFBS can therefore provide insights to tumor development up till malignant stage,
which can be linked to the MDR mechanism that driven by zebrafish abcb4 gene. It is recommended to do
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functional characterization on the mutant via cancer cell line transfection and zebrafish embryo microinjection to
further reveal the spatiotemporal expression patterns. Furthermore, mutation can be introduced to other TFBSs or
a specific cluster of TFBS to unearth the functional cooperation of these TFs in the zebrafish abcb4 gene promoter
expression regulation.

ACKNOWLEDGEMENT

This work is entirely supported by the Resource Biotechnology teaching allocation fund from the Faculty of
Resource Science and Technology, Universiti Malaysia Sarawak as well as the research grant from The Ministry
of Higher Education, Malaysia through Fundamental Research Grant Scheme with grant number
F07/FRGS/1872/2019 awarded to H. H. Chung.

REFERENCES

Abanda, N. N., Riches, Z., & Collier, A. C. (2017). Lobular distribution and variability in hepatic ATP binding
cassette protein B1 (ABCBI1, P-gp): Ontogenetic differences and potential for toxicity. Pharmaceutics, 9(1),
8.

Annilo, T., Chen, Z., Shulenin, S., Costantino, J., Thomas, L., Lou, H., Stefanov, S., & Dean, M. (2006). Evolution
of the vertebrate ABC gene family: Analysis of gene birth and death. Genomics, 88(1), 1-11.

Azizah, A. M., Hashimah, B., Nirmal, K., Siti Zubaidah, A. R., Puteri, N. A., Nabihah, A., Sukumaran, R., Balqis,
B., Nadia, S. M. R., Sharifah, S. S. S., Rahayu, O., Nur Alham, O., & Azlina, A. A. (2019). Malaysia
National Cancer Registry Report 2012-2016. Putrajaya, Malaysia: National Cancer Registry.

Chauhan, T. (2019). Site-directed mutagenesis: Role and applications. Retrieved from https://geneticeducation.
co.in/ site-directed-mutagenesis -methods-and- applications/

Chung, H. H. (2018). Real-time polymerase chain reaction (RT-PCR) for the authentication of raw meats.
International Food Research Journal, 25(2), 632-638.

Daschner, P. J., Ciolino, H. P., Plouzek, C. A., & Yeh, G. C. (1999). Increased AP-1 activity in drug resistant
human breast cancer MCF-7 cells. Breast Cancer Research and Treatment, 53(3), 229-240.

Dermauw, W., & Van Leeuwen, T. (2014). The ABC gene family in arthropods: Comparative genomics and role
in insecticide transport and resistance. Insect Biochemistry and Molecular Biology, 45, 89-110.

Ferreira, M., Costa, J., & Reis-Henriques, M. A. (2014). ABC transporters in fish species: A review. Frontiers in
Physiology, 5, 266.

Fischer, S., Kliver, N., Burkhardt-Medicke, K., Pietsch, M., Schmidt, A., Wellner, P., Schirmer, K., &
Luckenback, T. (2013). Abcb4 acts as multixenobiotic transporter and active barrier against chemical uptake
in zebrafish (Danio rerio) embryos. BMC Biology, 11(69).

Foppoli, C., Coccia, R., & Perluigi, M. (2014). Role of oxidative stress in human papillomavirus-driven cervical
carcinogenesis. In Cancer 51-61. Academic Press.

Gustems, M., Woellmer, A., Rothbauer, U., Eck, S. H., Wieland, T., Lutter, D., & Hammerschmidt, W. (2014).
c-Jun/c-Fos heterodimers regulate cellular genes via a newly identified class of methylated DNA sequence
motifs. Nucleic Acids Research, 42(5), 3059-3072.

Hamli, A. (2019). Functional characterization of plasmid harbouring ABCB4 gene promoter in zebrafish
embryos. (Unpublished degree’s thesis). University of Malaysia Sarawak, Kuching, Malaysia.

Hernandez-Garcia, C. M., & Finer, J. J. (2014). Identification and validation of promoters and cis-acting
regulatory elements. Plant Science, 217, 109-119.

Hsieh, P. C., & Vaisvila, R. (2013). Protein engineering: Single or multiple site-directed mutagenesis. Methods in
Molecular Biology, 173-186.

Jee, M. S., Lim, L. W. K., Dirum, M. A., Hashim, S. 1., Masri, M. S., Tan, H. Y., Lai, L. S., Yeo, F. K. S., &
Chung, H. H. (2017). Isolation and characterization of avirulence genes in Magnaporthe oryzae. Borneo
Journal of Resource Science and Technology, 7(1), 31-42.

Kel, A. E., Gossling, E., Reuter, 1., Cheremushkin, E., Kel-Margoulis, O. V., & Wingender, E. (2003). MATCH:
A tool for searching transcription factor binding sites in DNA sequences. Nucleic Acids Research, 31(13),
3576-3579.

Lim, L. W. K., & Chung, H. H. (in press). Functional characterization of ABCB4, ABCC1 and ACBG2 gene
promoters in zebrafish (Danio rerio) embryos via microinjection reveal spatiotemporal xenobiotic multidrug
resistance evidences. Pertanika Journal of Tropical Agricultural Science.

Lim, L. W. K., Chung, H. H., & Hussain, H. (2020). Organellar genome copy number variations and integrity
across different organs, growth stages, phenotypes and main localities of sago palm (Metroxylon sagu
Rottboll) in Sarawak. Gene Reports, 21, 100808. https://doi.org/10.1016/j.genrep.2020.100808.

51/52



Trends in Undergraduate Research (2020) 3(2): a44-52
https://doi.org/10.33736/tur.2499.2020

Lim, L. W. K., Tan, H. Y., Aminan, A. W., Jumaan, A. Q., Moktar, M. Z., Tan, S. Y., Balinu, C. P., Robert, A.
V., Chung, H. H. and Sulaiman, B. (2018a). Phylogenetic and expression of ATP-binding cassette transporter
genes in Rashora sarawakenesis. Pertanika Journal of Tropical Agricultural Science, 41(3), 1341-1354.

Lim, L. W. K., Chung, H. H., Chong, Y. L., & Lee, N. K. (2018b). A survey of recently emerged genome-wide
computational enhancer predictor tools. Computational Biology and Chemistry, 74(1), 132-141.

Lim, L. W. K., Chung, H. H., Chong, Y. L., & Lee, N. K. (2019a). Enhancers in proboscis monkey: A primer.
Pertanika Journal of Tropical Agricultural Science, 42(1), 261-276.

Lim, L. W. K., Chung, H. H., Chong, Y. L., & Lee, N. K. (2019b). Isolation and characterization of putative liver-
specific enhancers in proboscis monkey (Nasalis larvatus). Pertanika Journal of Tropical Agricultural
Science, 42(2), 627-647.

Liu, R., & States, D. J. (2002). Consensus promoter identification in the human genome utilizing expressed gene
markers and gene modeling. Genome Research, 12(3), 462-469.

Liu, X., Li, S., Peng, W., Feng, S., Feng, J., Mahboob, S., Al-Ghanim, K. A., & Xu, P. (2016). Genome-wide
identification, characterization and phylogenetic analysis of ATP-binding cassette (ABC) transporter genes
in common carp (Cyprinus carpio). PLoS One, 11(4).

Mishra, A., Dhanda, S., Siwach, P., Aggarwal, S., & Jayaram, B. (2020). A novel method SEProm for prokaryotic
promoter prediction method based on DNA structure and energetics. Bioinformatics, 36(8), 2375-2384.

Stavrovskaya, A. A. (2000). Cellular mechanisms of multidrug resistance of tumor cells. Biochemistry (Moscow),
65(1), 95-106.

Wang, S., Cheng, X., Li, Y., Wu, M., & Zhao, Y. (2018). Image-based promoter prediction: A promoter prediction
method based on evolutionarily generated patterns. Scientific Reports, 8, 17695.

Yu, D, Guo, S., Jing, Y., Dong, Y., & Wei, L. (2015). A review on hepatocyte nuclear factor-1beta and tumor.
Cell & Bioscience, 5(1), 58.

Zebrafish Information Network. (2019). Retrieved from https://zfin.org/ZDB-GENE-080204-52#

52/52



