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Screening ofGrblO Interacting GYF Domain Protein Ib (GIGYF Ib) Gene in 

Zebrafisb (Danio rerio) Development 


Pang Shek Li 

Resource Biotechnology • 
Faculty of Resource Science and Technology 

University Malaysia Sarawak 

Abstract 

GrblO Interacting GYF domain (GIGYF 1) and Grb 10 interacting GYF domain 2 
belong to GIGYF family genes. These two genes interact with Grb I 0, an adapter protein 
activate Insulin-like Growth Factor-I (lGF-I) through two-hybrid screening. Function of 
these two genes is regulating tyrosine kinase receptor signaling including IGF-I and insulin 
signaling. Recently, GIGYF 2 has been nominated as candidate gene involved in 
Parkinson's disease (PO) as it fallen within PARK II locus, thus, GIGYF 1 was believed it 
is related in PO since GIGYF 1 is homologous with GIGYF 2. However, functions of 
GIGYF 1 are remain largely unknown, thus this study might give a hint of function of 
GIGYF 1. Zebrafish is the organism that suitable for human disease study because 
zebrafish will often have two GIGYF 1 genes that are GIGYF la and GIGYF I b which are 
both orthologs of a single mammalian gene. The GIGYF I has an extra tetraploidization 
with the occurrence of genome duplication. Duplication-Degenerative-Complementation 
event enable further study of GIGYF I gene, including its functional role in PD. GIGYF 
I b gene was cloned into pGEM®-T Easy vector and the plasmid with the inserted gene was 
extracted and stored and ready for probe synthesis for in situ hybridization. 

Keywords: GIGYF gene, Grb I 0, IGF-I, zebrajish, Ouplication-Oegenerative
Complementation 

Abstrak 

Grb 10 lnteracting GYF domain I(GIGYF 1) dan Grb 10 Interacting GYF domain 2 
(GIGYF 2) adalah gen di bawah kategori keluarga GIGYF gen: Kedua-dua gen tersebut 
berinteraksi dengan Grb 10. Grb 10 adalah protein adaptor yank mengakifkan Insulin-like 
Growth Factor-I (IGF-I) melalui dua hibrid saringan. Fungsi kedua-dua gen ini adalah 
mengawal selia isyarat reseptor tyrosine kinase termasuk IGF-I dan isyarat insulin. 
GIGYF 2 telah dicalonkan sebagai gen yang melibatkan penyakit Parkinson (PD) kerana 
kedudukan gen ini berada di lokus PARK 11 dan GIGYF 1 dipercayai terlibat dalam PD 
kerana GIGYF 1 homolog dengan GIGYF 2. Namun, /ungsi GIGYF 1 masih belum 
diketahui, oleh itu, penyelidikan ini dapat memberi petunjuk fungsi GIGYF 1. Zebra/ish 
sesuai digunakan untuk mengajian penyakit manusia kerana zebrajish mempunyai dua 
salinan gen GIGYF 1 iaitu GIGYF 1a dan GIGYF lb. Kedua-dua gen tersebut adalah 
ortholog pada gen tunggal di mamalia. GIGYF 1 mempunyai lebih tetraploidization 
kerana kehadiran duplikasi genom. Duplication-Degenerative-Complementation yang 
berlaku pada zebrajish membolehkan kajian tentang GIGYF 1 gene dilakukan termasuk 
peranannya pada PD. Gen GIGYF 1b telah dimasukkan dalam vektor pGE~-T dan 
vektor telah diekstrak. Vektor terse but sedia digunakan untuk in situ hibridization 
kemudian. 

Kata kunci: Gen GIGYF, Grb 10, IGF-I, zebrq{ish, Duplication-Degenerative
Complementation 
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1.0 Introduction 

GrblO Interacting GYF domain (GIGYF) family genes are GYF domain containing 

proteins which recognize proline-rich sequence (Kofler et al., 2005). GIGYF I and GIGYF 

2 are the only two members of the family found in multiple species. Both of these proteins 

are present in aU tissues that express Grb' 0 except skeletal muscle which abundant of 

mRNA of GrblO but very low levels ofGIGYF 1 and GIGYF 2. According to Kofler et al. 

(2005), mouse has most abundant of GIGYF I mRNA in brains, lung, spleen and kidney 

while GIGYF 2 has highest level in heart and liver. However, function of GIGYF remains 

largely unknown. The C-tenninus of Grb 1 0 bound to phosphorylated receptor and the N

tenninal region bound to one or more proteins. GYGYF I and GIGYF 2 have been 

identified that bind to Grb I 0 by using N-tenninal portion Grb I 0 as bait via two-hybrid 

screening system (Giovannone et al., 2003). GIGYF 1 has been shown by linking to 

activate IGF-l receptors and plays a key role in stimulate IGF-I signaling (Giovannone et 

al., 2003, cited in Dufresne et al., 2005). Stimulation of insulin growth factor I (IGF-I) 

results in increasing the binding of GYF to Grb I 0 and it is transiently linked to IGF-l by 
. .. 

GrblO adapter protein for the following IGF-I stimulation (Gicrvannone et al., 2003). - . 

According to Kofler et al. (2005), GIGYF I shows high degree of sequence 

homology with GIGYF2. GIGYFI might relate to familial Parkinson's disease (PO) since 

GIGYF2 is a potential genetic linkage with PD. The study reported that mutational 

GIGYF2 gene in PARK II locus on chromosome 2q36-37 in human might cause PD. PO is 

a neurodegenerative disorder affecting population which age above 60 which caused by 

loss of dopamine-producing brain cells. This disease will cause bradykinesia, resting 

tremor, muscular rigidity and postural instability (Lautier et al., 2008). According to 

Giovannone et al. (2009), there are mUltiple of papers on additional population with mix of 

sporadic and familial Parkinson's have not found the association of GIGYF2 mutations 

2 



with PO (Nichols et al., 2009). Scientists are still trying to figure out the relationship 

between GIGYF 2 and PD. Thus, there is uncertainty about the role of GIGYF I in PD. 

Zebrafish will often have two genes that are both orthologs of single mammalian gene. 

Two genes resulting from tetraploidization event in zebrafish might be preserved during 

evolution by the degenerative loss of complementary gene subfunctions from duplicate 

copies. This is called duplication, degeneration, complementation model (DOC) (Detrich et 

al., 2009). The second copy of GIGYFI designated as GIGYF I b might provide a clue of 

its function and its role in PO as stated in Force et al. (1999), duplicated gene would 

accumulates loss-of-function through degeneration mutation and subsequently complement 

each other to stay viable. Hence, the function of mammalian gene will frequently be shared 

complementarily between two zebrafish duplicates (Detrich et al., 2009). 
I 

The purpose of this study is to characterize the expression pattern of GIGYF I b that 

have been cloned in different stages of zebrafish embryos by using whole mount in situ 

hybridization analysis. Whole mount in situ hybridization detection mRNAs in embryos is 

commonly hybridized by using an antisense RNA probe. The RNA probes are transcribed 

from a cDNA copy of the target mRNA (Darnell et al., 20 I O).~lt provides a level of spatial 

information at different embryonic stages (Bell et al., 2004). Digoxygenin (DIG)-labeled 

nucleotides will incorporate into antisense RNA every 10-15 nucleotides provides an 

immunological substrate for probe detection (Darnell et al., 2010). Due to limited data 

found on expression of GIGYF I, hence this study might provide some clues about the 

function of GIGYF I b through the observation of spatial expression pattern of zebrafish. 
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Objectives of this study: 

• To transform GIGYF I b gene into pGEM®-T vector. 

• To extract plasmid DNA of GIGYF I b gene from competent cells. 

Problem Statements: 

• There is small data available for the orthologous GIGYF I genes (GIGYF I a and 

GIGYF 1 b) for zebrafish, thus, the actual function and relationship between 

GIGYF la and GIGYF 1 bin zebrafish are unclear. 

• Limited data of GIGYF I related to PD. GIGYF 2 has been nominated as candidate 

gene that cause PD and GIGYF 1 gene might relate to PD too since it is paralog to 

GIGYF 2. 
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2.0 Literature Review 

2.1 Grbl0 Interacting GYF (GIGYF) Family Gene 

There are two members of GIGYF family namely GIGYF I and GIGYF 2. The 

homologous proteins have common structural elements encoded by distinct genes by 

nucleotides and amino acid sequences analysis (Giovannone et al., 2003). Previously, 

GIGYF I known as PERQ I (PERQ amino acid-rich with GYF domain-containing protein 

I) while GIGYF 2 known as PERQ 2 (PERQ amino acid-rich with GYF domain-

containing protein 2). According to Giovannone et al. (2003), some structural motif 

include three potential tyrosine phosphorylation sites and candidate binding sites for 

protein phosphate-I (RVPF), 14-3-3 proteins (RSpSXP), and phospholipase Cy present in 

both GIGYF I and GIGYF2. In addition, there is a proline-rich region, a unanimity 

bipartite nuclear localization motif and a region of clathrin light chain homology present in 

both proteins. These two proteins have been reported that to be paralogous to each other 

(Higashi et al., 2010). 

GIGYF I mRNA is highly expressed in brains, lung, spleen and kidney while .. . . 
GIGYF 2 mRNA highly expressed in pancreas, testis and express moderately in brain, lung, 

liver, kidney and spleen (Kofler et aI., 2005; Higashi et al., 20 I 0). Besides, GIGYF 2 play 

an important role in normal brain development, maturation and regulate tyrosine kinase 

receptor signaling, including IGF-I and insulin receptor, as for GIGYF I, it plays a key role 

in stimulate IGF-I signaling (Higashi et al., 2010; Giovannone et al., 2003). 

According Giovannone et al. (2003), GIGYF I is encoded by distinct genes but 

share a 17 amino acid GYF motif that mediates their binding to a proline-rich region in 

GrblO. GIGYF I has been shown that it associate with IGF-I receptors and result in 

increase of IGF-I signaling when overexpressed (Dufresne et al., 2005). IGF -I is 
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stimulated when Grb I 0 binds with GYF domain protein and it is transient linked 

(Giovannone et ai., 2003). IGF-I receptor-stimulated tyrosine autophosphorylation IS 

enhanced when Grb I 0 binding region of GIGYF I is overexpressed (Lim et ai., 2004). 

2.2 Glysine-tyrosine-phenylalanine (GYF) Domain Protein 

GYF domains are small, versatile adaptor domains that recognize proline-rich sequences 

(PRS) which present in most eukaryotic cells (Kofler & Freund, 2006). It was first 

identified in human intracelIular protein termed C02 binding protein 2 (C02BP2) which 

binds to tandem repeat of PRS (Freund et ai., 1999). The C02BP2-type and SMY2-type 

are subfamilies of GYF protein, which SMY2-type is distinguished by its shorter 13 1-~2 

loop and its recognition of a PPGX motif (Freund et ai., 2003). C02BP2-type plays role in 

mRNA splicing and T-cell signaling (Bialkowska & Kurlandzka, 2002; Kofler et ai., 2004, 

cited in Georgiev et ai., 2004), while the function of SMY2 type GYF domain has not been 

demonstrated yet (Georgiev et ai., 2004). Recent study has demonstrated the importance of 

GYF tripeptide in ligand binding and allowed identification of novel interaction partners. 

There is only little known about the recognition co<4e of GYF domain, and 

biological-role of GYF domain-containing proteins remain largely unknown even though 

the sequence requirements have been investigated for most of the PRS-binding domains 

(Kofler et ai., 2005). 
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Figure 2.2.1 G YF domain of CD2BP2 in 
complex with a proline-rich peptide CD2. 
(picture adapted from Cell Signaling 
http://www.cellsignal.comlreference/doma 
in/gyf.html) 

2.3 Insulin-like Growth Factor (IGF) Signaling 

IGF-I and IGF-2 are peptides that evolutionarily conserved; they regulate growth, 

development, metabolism, and longevity in a wide variety of animals by act through a 

conserved signaling pathway (Zou et al., 2009). IGF- 1 plays an important role in skeletal 

growth while the endocrine role IGF-2 in human is unclear (Sachdev & Vee, 2001). In 

mammals, Type-I IGF receptor is activated by IGF-I and IGF-2 ligands. Type 1 IGF 

function as trigger variety of cellular responses like cell proliferation, migration, and cell 

survival (Butler et aJ., 1998; Yano et aI., 1999, cited in Schlue~; eet aJ., 2007). There is a 

single IGF-I and a single IGF-II gene in mammals and birds, while recent studies revealed 

that the zebrafish genome contains more than two IGF genes (Zou et aI., 2009). 

Zou et al. (2009), state that there are 4 distinct IGF genes termed as igf-Ia, igf-Ib, 

igf-2a and igf-2b in zebrafish. In multiple tissue adult fish, IGF-Ia and IGF-2a mRNA 

were detected where as mRNA IGF-lb only in gonad and IGF-2b mRNA only detected in 

liver. Although they have similar development defects but they have different potencies. 

Tidball (2005) suggested that "there may be mechanisms within muscle cells 

through which mechanism signals can be convert to chemical signals that generate 
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numerous, specific downstream events that determine muscle's form and function" 

(Wilson, 2005). This postulation has been supported by an observation that IGF-I content 

messenger RNA (mRNA) increase response to various form of mechanical stimuli 

(Perrone et al., 1995; lennishe & Hanson, 1987; Jennishe, 1989; Edwall et al., 1989, cited 

in Wilson, 2005). Afterward, scientists investigated the effect of IGF-I on protein, tissue 

and muscle and the result is positive, IGF-l plays critical role in muscular formation and 

function . A recent study stated that interaction IGF-l and insulin signaling with GIGYF 2 

is involved in neurodegenerative disorder. IGF-l 'Stimulate brain growth, neuronal 

proliferation and differentiation, furthermore, it also inhibits neuronal apoptosis. Thus, it 

would be interesting that how GIGYF I and GIGYF 2 interacting and affecting IGF-I 

signaling and cause PD. 

2.4 Gene Duplication and Duplication-Degeneration-Complementation (DOC) model 

Gene duplication is important in evolution of biological novelty (Roth et aI., 2007). 

Duplication usuatly occurred through unequal crossing over, retrotransposition or 

chromosomal duplication (Zhang, 2003). Tandem duplication of a genomic segment is one 

possible outcomes of unequal crossing over, which result from ~omologous recombination 

between paralogous sequences. While retrotransposition occurs when mRNA is 

retrotranscribed to complementary DNA (cDNA) and inserted in a new genome position 

(Zhang, 2003). 

A newly duplicated gene will has three different fates once fixed. The first one is 

nonfunctionalization, the degenerative mutations result in the creation of pseudogene due 

to slackened selective constraints. An advantageous allele may arise and gaining a new 

function (neofunctionalization) during the relatively brief period of relaxed selection 

following gene duplication (Hurles, 2004). 
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----
----
----

Last, subfunctionalization or Duplication-Degenerative-Complementation proposed 

by Force et al. (1999) has suggested that the two copies of genes may preserve during 

evolution by degenerative loss-of-complementary gene subfunctions from duplicate copies. 

According to Lynch and Force (1999), subfunctionalization means fixation of 

complementary loss-of-function alleles that result in the joint preservation of duplicate Iloci. 

Both duplicate genes can each take part of the original functions of the ancestral gene, so 

that the two copies gene complement to each other by jointly performing the subfunction 

of ancestral gene. The loss of duplicated genes when exposed to natural selection is 
• 

prevented and hence increases the opportunity for the beneficial mutation to evolve new 

functions. 

---- 1 Duplication 
···· ······· ···········f················.. ········.. ·····.................................. ..... ...... 


- Full function 

= Dead function 
 ....~.~~.~ ..*............ .. ....... ......................................................... 

... New function 

Phase I----=-
+
~ 

--, ·········......·..·..·t.......... .. ..·..·..·..·· ···,:·..···········..·...,.......... ...... ... ........ 
, Phase II , 

--==-=-- ...... __0_ 

---
Figure 2.4.1 Three potential fates of duplication gene pairs with multiple regulatory regions. The 
small boxes denote regulatory elements with unique functions while large boxes denote transcribed 
regions. Figure adapted from Force el al., 1998. 
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2.S Zebrafish 

Zebrafish or Danio rerio, and belongs to Cyprinidae. It is a small tropical fresh-water fish 

found in northern Indian, northern Pakistan, Nepal, and Bhutan in South Asia (Bopp et at., 

2006). The adult size of zebrafish is approximately 3-5cm long and female can usually lay 

up 200 eggs per week (Kishi et aI., 2003; Stern & Zon, 2003, cited in Bopp et aI., 2006). 

Zebrafish have short generation time around 3 to 5 months. 

Zebrafish were established as a tool for developmental research in 1970s and 1980s 

due to their rapid organogenesis and transparent embryos (Hsu et at., 2007). The embryos 

are transparent and all cells remain visible up to larvae stage. Furthermore, the small size 

of eggs and juvenile permits the tests in high-throughput screenings, hence, statistical 

evaluation and validation of result are allowed to get from a sufficient database (Bopp et 

aI. , 2006). Their organs, cells are ready to be visualized in vivo and investigated in real

time (Eisen, 1996; Fishman, 1999, cited in Hsu et at., 2007). 

Through rapid determination of temporal and spatial gene expression, examination 

of specific gene function by transgenic development, antisense gene knockdown and 

through large-scale mutagenesis, the zebrafish is amenab'le to molecular and genetic 

analysis (Driever et aI., 1996; Knapik et at., 1998, cited in Hsu et at., 2007). Another 

advantage of this species is their embryonic development has been well characterized 

(Kimmel et at., 1995, cited in Bopp et at., 2006). The changes of morphology within their 

early-stage development can be easily observed under microscope (Hill et at., 2005, cited 

in Bopp et at., 2006). 
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In addition, zebrafish will often have two genes that are both orthologs (GIGYF la 

and GIGYF I b) of a single mammalian gene and two genes in zebrafish may often sharing 

the role of single gene in mammals thus it is suitable as a model to study human disease 

compare to other vertebrates like Drosophila (Detrich et al., 2009). 

There are many studies of human disease done by using zebrafish. Waardenburg 

syndrome type IV, neural degeneration mutants in zebrafish, mutations affecting the 

cardiovascular system and other internal organs in zebrafish are the examples for human 

disease studies. In addition, human development and signaling can be studied by using 

zebrafish too. For examples, induction and early development of midbrain-hindbrain in 

embryonic zebrafish, patterning the zebrafish central nervous system, delta-notch signaling 

and lateral inhibition in zebrafish spinal cord development. In physiologically and 

genetically, zebrafish is a very good model to study human disease and development. 

.. 
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3.0 Materials and Methods 

3.1 Ligation of Purified PCR Product into pGEM® -T by using pGEM® -T Easy Vector 

System 

The purified PCR product was used as DNA fragment for gene cloning by using pGEM®-T 

cloning kit (Promega) according to manufacturer instruction. One ligation reaction per 

sample, plus one background, and one positive control were set up. The ligation reactions 

were set up as Table 3.1. 

Table 3.1 Preparation of ligation mixture using pGE~-T Easy Vector 

Reaction component Standard Reaction 
(JlI) 

Positive Control !Negative Control I, 
~I) I (~I) . 

2X rapid ligation 
buffer, T4 DNA 
Ligase 

S 

I 

S S 

-
pGEMIIY-T Easy 
Vector (SOng) 

1 I 1 

PCR product 3 - -
Control insert DNA - 2 -
T4 DNA Ligase 1 I 1 I 
Deionized water - 1 3 

The reactions were mixed by pipetting and incubate for 1 hour .at room temperature after 

that stored for overnight for 4°C for the maximum. 

3.2 Transformation of JMl 09 High Efficiency Competent Cells by Heatshock 

Plates which contain SO ~g/ml ampicillin, 0.2 mM isopropyl ~-D-l-thiogalactopyranoside 

(lPTG) and 20 ~g/ml S-bromo-4-chloro-3-indoyl-~-D-galactopyranoside (X-Gal) were 

prepared. 2 ~I of each ligation reaction was pipetted into a I.S ml eppendorf tube on ice. 

Escherichia coli JM 109 High Efficiency Competent Cells were thawed in ice bath until 

just thawed. The tubes were gently flicked to mix the cells. SO ~I of cells were carefully 

transferred into ligation reactions. The tubes were gently flicked and incubated on ice for 

12 



20 minutes. The cells were heat-shocked in hot block for 45 seconds and placed on ice for 

2 minutes immediately. 950 III of LB was added to the ligation and incubated for 90 

minutes at 37°C on incubator shaker. 100 III of each transformation culture was plated on 

LB/ampiciliinJIPTGIX-Gal plates. The plates were incubated for overnight at 37°C and the 

blue-white screening selection was done on the next day. A single, well defined white 

colony was picked to run colony PCR. 

3.3 Colony PCR 

Colony PCR was carried out in 25 III reaction per tube by preparing master mix (Table 3.3). 

All components were added except LB broth with colony. A single colony was picked 

from LB/ampicillinlIPTG/X-Gal plates by using a clean fine tip. The colony was 

inoculated in 10 III LB broth in eppendorf tube, then, I III of LB broth was transferred into 

0.2 ml PCR tube. 24 .111 PCR mastermix was added into PCR tubes and pipetted up and 

down to mix. 

PCR was carried under the following condition: an initial cycle of template 

denaturation at 95°C for 2 minutes, followed by 35 cycles of amplification at 94°C for 30 ....- . 
seconds, a primer annealing step at 62°C for primers for I minute, an extension step at 

nOc for I minutes and a final extension step at nOc for 5 minutes. 5 III of each sample 

was run on I % (w/v) agarose gel at 100V for I hour with ethidium bromide (EtBr) 

staining to visualize the PCR result. Table 3.3 shows the reaction components and volume 

ofmaster mix. 
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Table 3.3 Colony PCR reaction condition and volume of master mix 

Components Xl (Jtl) X5 (Jll) 
lOX PCR Buffer minus Mg (final concentration I x) 2.50 12.5 
10 mM dNTP mixture (final concentration 0.2 mM) 0.50 2.5 I 

50 mM MgCh (final concentration 1.5 mM) 0.75 3.75 
10 ~M Forward Primer of GIGYF lb (final 
concentration 0.4 11M) 

1.00 5.0 

10 ~M Reverse Primer of GIGYF Ib (final 
concentration 0.4 IlM) I 

1.00 

I 

5.0 

Luria Broth with single colony 1.00 5.0 
Taq DNA Polymerase 0.50 2.5 
Double distilled water 17.75 88.75 
Final Volume 25.00 125.0 

3.4 Agarose Gel Electrophoresis 

A 1% agarose gel was made using I g of agarose powder mixed with 100 ml of I X T AE 

buffer. The mixture was heated up in microwave for 2 minutes until all the agarose powder 

was dissolved. The solution was left cooling on the container containing water. After it was 

cooled down to about 55°C, 2 ~l of EtBr was added and the mixture was poured slowly 

into the moulding tray with the comb in position. It was aHowed to cool until the gel was 

hardened. After the gel was solidified, it was submerged in the 1 X T AE buffer to 2 to 5 .. 
mm in depth and it was ready to use. 5 ~I of PCR product was .mixed with I ~l of loading 

dye prior load into gel. The gel was run at 100V for I hour and it was examined by using 

UV Transilluminator. 
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3.5 PureYield™ Plasmid Midiprep System 

The cultures from colony PCR were incubated and sub-cultured until 50 ml. The cultures 

were pellet at 7500 rpm for 10 minutes at 25°C. After that the pellet was suspended by 

adding 3 ml resuspension solution. The mixture was sucked up and down until the pellet 

was fully suspended in resuspension solution. 3 ml of cell Ilysis solution was added into 

mixture subsequently inverted 5 times to mix. The mixture was incubated for 3 minutes at 

room temperature. Then, 5 ml neutralization solution was added into mixture and inverted 

10 times to mix. Next, the lysate was centrifuged at 17,000 rpm at room temperature. 

A column stack was assembled by placing a blue PureYield™ Clearing Column on 

top ofwhite PureYield™ Binding Column and subsequently the column was placed onto a 

vacuum manifold. The supernatant was carefully poured into column stack. The vacuum 

was applied continuing until liquid was passed through both clearing and binding columns. 

Then, the vacuum was slowly released from filtration device and the blue clearing column 

was removed, leaving the binding column on the manifold. 

5 ml of Endotoxin Removal Wash was added to .. the binding column, and the 
.. . 

vacuum was allowed to pull the solution through the binding column. Next, 20 ml of 

Column Wash Solution was added to binding column, and the vacuum was allowed to pull 

the solution through the binding column. The membrane was dried by applying vacuum for 

30-60 seconds. Then, the binding column was removed from vacuum manifold and placed 

into a new 50 ml Falcon tube. 600 ml of Nuclease-Free Water was added to the DNA 

binding membrane in the binding column and incubated for 1 minute. Last, the binding 

column was centrifuged at 3,000 rpm for 5 minutes at 4°C. The product at the bottom of 

Falcon tube was pipette and stored at -20°C and run agarose gel electrophoresis later. 
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3.6 Quantification of DNA 

For spectrophotometric measurement, 5 ~l of DNA aliquots was diluted with 495 ~l of 

nucleus free water in the cuvette and quantified using spectrophotometer. The absorbance 

values of 230 nm, 260 nm, 280 nm and 320 nm were recorded. The purity of the samples 

was determined by calculating the ratio of A26o/A28o and the concentration of RNA was 

calculated as show below: 

DNA (Ilg/lll) = [A2601A32o x dilute factor x 50 ,..,g/ml]/lOOO 

3.7 Direct DNA Sequencing 

The plasmid products with bands were sent to First BASE Laboratories Sdn Bhd. in 

Selangor, Malaysia for direct DNA sequencing. The specific sequence was verified and 

checked for their homology using BLASTn (Altschul et a/., 1990) through BLAST Search 

Engines (http://blast.ncbLnlm.nih.gov/). Products that produced significant alignment with 

high sequence identity were then used for probe synthesis. 

. ., 
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