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Abstract

CONSTRUCTION OF Npt1-"sfGFP FUSION GENE CONSTRUCT BY

OVERLAP EXTENSION PCR

CHENG YANG YAN

In plant transformation, the Agrobacterium-mediated system (AMT) is widely
used due to deliver transgenes into multi-layered plant cells without causing
damage. Previously, the Gateway'™-compatible binary vectors, pG103 and
pG104 were built to enable convenient transgene insertion. For the selection of
transformed cells, plasmid vectors pG103 and pG104 harbor the selectable
markers neomycin phosphotransferase 11 (Nptll) and mitochondrial recoded
neomycin phosphotransferase 11 (™Nptll) genes, respectively, which confer
resistance to aminoglycoside antibiotics for nuclear and mitochondrial
transformation. To facilitate visualization of the protein expression of the gene
of interest (GOI), a reporter gene is often translationally fused it. The green
fluorescent protein (GFP) gene is widely used as a reporter gene. This project
used mitochondrial recoded superfolder GFP ("sfGFP) gene, which encode the
same superfolder GFP protein, is designed for expression in either the host’s
nucleus and mitochondria. This project aimed to fuse the NpzIl and "' NptIl with
"sfGFP using overlap extension PCR (OE-PCR). A 3-step OE-PCR approach
using megaprimers was employed. However, due to the formation of secondary

structures of the megaprimer during the PCR reaction, non-specific amplicons



were generated. To eliminate these non-specific amplicons and obtain the
desired amplicons, parameters such as primer and template DNA
concentrations, number of thermal cycles, and annealing temperature, were
performed for each step of the OE-PCR. Consequently, amplicons carrying the
Nptll- "'sfGFP and ™Nptll- "'sfGFP fusion genes were successfully generated.
In the future, these amplicons will be cloned into the Agrobacterium binary
vectors for host transformation. They will facilitate qualitative and quantitative

analysis of transgenes in the host’s nucleus and mitochondria.
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CHAPTER 1

INTRODUCTION

1.1 Plant transformation

In the field of plant biotechnology, plant transformation is a fundamental tool,
allowing the introduction of foreign genes into plant genomes. This technique
contributes to the agricultural field by improving plant traits, such as
productivity, resistance to trash environments, and increasing nutritional value.
To generate the transformed plant, the foreign gene is delivered, integrated, and
expressed into the plant cells through different methods, such as
Agrobacterium-mediated transformation, biolistics, electroporation, and
microinjection. (Kumar and Ling, 2021; Law, Miyamoto and Numata, 2023).
Agrobacterium-mediated transformation is the most common method for plant
genetic engineering because it efficiently delivers DNA through the
multilayered plant cell wall without causing significant damage. However, the
efficiency of forming transformed cells is low, even in the most successful
transfer system (Hwang, Yu and Lai, 2017). Therefore, the selective methods
are vital to identify and select the transformed cell in the plant transformation
process. One of the most significant selective methods to distinguish
transformed from non-transformed cells under selective conditions is the

selectable marker.



1.2 Neomycin phosphotransferase 11 (NpfIl) and mitochondrial neomycin

phosphotransferase 11 (" Nptll): Selectable markers

Selectable marker genes are essential tools for plant transformation and are
typically involved in the same DNA construct as the gene of interest. Most
commonly, these genes make transformed cells resistant to antibiotics and
survive when exposed to a selective medium. The NpfIl gene serves as an
antibiotic selectable marker, and is usually inserted into plasmid vectors used
for genetic transformation. Neomycin phosphotransferase 11 (Nptll), also
known as aminoglycoside 3'-phosphotransferase 11, is a type of transferase
isolated from transposon Tn5 found in Escherichia coli (E. coli), which
encodes Npfll (E.C. 2.7.1.95). NpdAl can phosphorylate aminoglycoside
antibiotics to inactivate their function. Under the selection medium, the
transformed colonies can survive and grow due to resistance to antibiotics (Das

et al., 2020).

The ™Nptll gene is a modified version of the NptIl gene, recoded according to
the yeast mitochondrial genetic code. When expressed from the yeast
mitochondrial genome, it produces the same protein as the ordinary NpfIl gene
and confers resistance to aminoglycoside antibiotics, just like the nuclear-

encoded version (Yap, 2025).



1.3 Mitochondrial superfolder green fluorescent protein ("'sfGFP): A

reliable reporter gene

In plant transformation, the reporter gene is co-introduced with the gene of
interest to provide a measurable or visual signal that proves the successful gene
transfer and expression in the plant cell. The green fluorescent protein (GFP) is
a widely used reporter gene. GFP was originally derived from the jellyfish
(Aequorea victoria). Subsequently, a similar green fluorescent protein (GFP)
was discovered in the sea pansies, Renilla reniformis (Soboleski, Oaks and
Halford, 2005). Unlike most fluorescent proteins, which require an external
cofactor for visualization, GFP can be detected directly by fluorescence
microscopy without an exogenous substrate. It consists of 238 amino acids; and
cyclization of three residues (positions 65-67) forms a unique chromophore.
When exposed to blue or ultraviolet light, the chromophore will be triggered

and emit green fluorescence (Pedelacq and Cabantous, 2019).

However, there are some limitations to traditional GFP, such as poor folding
efficiency or weaker fluorescence in challenging cellular environments, which
affect fluorescence intensity. Hence, superfolder green fluorescent protein
(sfGFP) was used in this project because of its folding kinetics and stability.
sfGFP is an engineered variant of GFP that contains multiple mutations, has a
higher folding yield, and causes brighter and more stable fluorescence. The
fluorescence capability of sfGFP was stable even after fusion with other

proteins or misfolding. These features allow sfGFP to function in different

3



biological applications, such as a reporter for protein localization or protein-
protein interaction detection. Mitochondrial superfolder green fluorescent
protein ("sfGFP) is an engineered variant of sfGFP expressed in the nucleus
and mitochondria. A few nucleotide sequences in sfGFP were modified to
remove the stop codon and enable protein synthesis when integrated with the

mitochondrial genome (Andrews et al., 2007; Kumar and Pal, 2016).

1.4 Overlap extension PCR: An effective fusion method

In the late 20" century, fusion protein technology enabled the formation of
chimeric proteins that combined functional domains from different sources. By
joining two or more genes, the modified protein can be constructed with the
desired traits, such as improving protein stability, valuability, or adding
detection tags. Overlap extension PCR (OE-PCR) is a widely used fusion gene
method that does not rely on restriction enzymes and ligation. It condenses the
fusion process into three RCR reactions, allowing seamless junctions compared
with the traditional restriction enzyme technique. First, each gene fragment was
amplified separately by PCR using primers that added complementary
overlapping sequences to the ends of the fragments. The PCR products were
purified and added to the same reaction mixture as the calculated ratio. This
fusion step forms the fusion DNA molecule through DNA fragments fused with
other fragments in the correct orientation by annealing the overlapping regions.

After fusion, the end-to-end primers were added to the PCR mixture to amplify



the full-length fusion product. Finally, a single continuous DNA sequence is

formed that can encode the fusion protein.

OE-PCR involves the gene of interest at any desired junction, adding linker
sequences, or inserting specific mutations or tags using well-designed primers.
The high flexibility, cost efficiency, and simplicity of the fusion gene
construction make it suitable for this project (Bryksin and Matsumura, 2010;

Hashemabadi et al., 2025).

1.5 Dual-function plasmid: The fusion of the selectable marker and

reporter gene

By fusing the selectable marker and reporter gene, we constructed a dual-
function plasmid that combines antibiotic resistance with fluorescent reporting.
Dual-function plasmids are useful for genetic engineering and functional
studies in a variety of organisms, such as bacteria and plants (Strathdee,
McLeod and Underhill, 2000). The main purpose of fusing NptIl and "™'sfGFP
genes is for simultaneous selection and real-time monitoring of the gene
expression in the transformation process. Under the selective medium, only the
cells that take up and express the fusion gene will survive antibiotic selection
and emit fluorescence. The NptIl gene allows resistance to aminoglycoside
antibiotics by phosphorylating them, whereas ™'sfGFP can directly visualize
living transformed cells by emitting strong green fluorescence under UV or

blue light (Das et al., 2020; Andrews et al., 2007).



By linking two genes, the occurrence of false-positive results is reduced and
the reliability of transformation studies is increased. The researchers allow
rapid identification of the true transformation, increasing the screening
efficiency and saving time and resources. In addition, the dual-function
plasmid achieved simultaneous qualitative and quantitative processes through
survival in the selectable medium and the gene expression levels were assessed
by measuring the intensity of sfGFP fluorescence. Based on this criterion, a
comparison of the expression efficiency, transformation rates, or promoter
strength across samples can be performed (Strathdee, McLeod and Underhill,

2000).

1.6 Objectives of this study

The main objective of this project was to construct a NptII-"'sfGFP fusion gene

using overlap extension PCR.

The specific objectives of this project are as follows:

1. To fuse the target gene mtNptll in the pENTR-Pcoxi:: NpfII-TTTER
plasmid and "sfGFP in the pENTR-Pcox>-"'sfGFP plasmid.
2. To fuse the target gene Npfll in the pENTR-Prer-Npfl plasmid and

"sfGFP in the pPENTR-Pcox>-"'sfGFP plasmid.



CHAPTER 2

LITERATURE REVIEW

2.1 Agrobacterium-mediated transformation (AMT)

Agrobacterium-mediated transformation (AMT) is a fundamental technique in
plant genetic engineering that utilizes the natural ability of the Gram-negative
soil-borne phytopathogen Agrobacterium tumefaciens (A. tumefaciens),
allowing the stable or transient insertion of a gene of interest (GOI) into
various species. The transferred DNA (T-DNA) is a tumor-inducing (T1)
plasmid that is integrated into the host genome. It is the predominant tool for
generating transgenic plants and contributes to the development of functional
genomic studies in genetic engineering (Hwang, Yu, and Lai, 2017; De Saeger
et al., 2021). A significant breakthrough in genetic engineering occurred with
the first successful AMT for plant transformation. However, a major challenge
was the transfer of native T-DNA, which contains oncogenes, triggered crown
gall disease in transformed plants through the formation of tumors. This
problem was solved by subsequent research, in which disarmed vectors were
engineered by removing these oncogenic genes while retaining the ability to

transfer T-DNA. This crucial modification prevented tumorigenesis and

-



established AMT as an essential and practical tool for plant genetic engineering

(Bourras, Rouxel and Meyer, 2015).

Compared with other plant transformation methods, it overcomes this obstacle
and is able to pass through the impenetrable multi-layered plant cell, solving
the most challenging barrier in plant transformation (Hwang, Yu, and Lai,
2017). Other methods, such as biolistic methods, electroporation, and
microinjection, rely on mechanical forces to deliver DNA into plant cells. This
method often causes irreparable cell damage and reduces transformation

efficiency compared with AMT (Kumar and Ling, 2021).

AMT allows the delivery of large DNA fragments with low transgene copy
numbers and minimal rearrangements, resulting in greater genetic stability. It is
an artificially prepared Ti plasmid in the transfer DNA, or T-DNA region. Then,
the helper plasmid carrying the virulence (vir) genes can transfer T-DNA into

plant cells (De Saeger et al., 2021).

2.1.1 Advances in AMT Methodology

In the beginning stage, native sequences from the T-DNA region, such as
oncogenes and opine biosynthetic genes, were removed. The removal process
eliminates its pathogenicity, but the ability of transgene delivery remains,

forming the “disarmed”A4. tumefaciens (Barton et al., 1983).



In the past, researchers integrated a GOI into the disarmed Ti plasmid of A.
tumefaciens through a modified E. coli plasmid, which serves as a shuttle
vector via homologous recombination (HR) in the cointegration vector system.
However, this system was shifted to a binary vector system because of its labor
and complexity. This requires two cointegrating plasmids in A. tumefaciens

(Barton et al., 1983).

Over the years, researchers have discovered that the process of transferring T-
DNA from A. tumefaciens will not be affected after separating the T-DNA
region from the Ti plasmid, as long as the T-DNA and the Ti plasmid exist in
the same Agrobacterium cell. Binary vector systems arose with the
development of these studies. Based on the ability of GOI to be cloned into a
smaller binary vector with a wide host range, this simplified molecular cloning
system has become the standard method for AMT. Various A. tumefaciens
strains and plasmid vectors have been developed to meet different research

requirements (Tzfira and Citovsky, 2008).

2.1.2 Binary vector system

In AMT, the binary vector system acts as a modular plasmid system and is
widely used because of its efficiency in delivering transgenes into the target
host genomes. It includes two plasmids: a disarmed Ti plasmid containing the

virulence (vir) genes that are essential for T-DNA transfer, and a separate small



binary vector containing the T-DNA region with the GOI flanked by left and

right border sequences (Becker et al., 1992).

The engineered binary vector can easily transfer foreign DNA into a variety of
hosts, including plant or fungal cells, and is stably maintained by
Agrobacterium. Selectable markers and multiple cloning sites exist for GOI
insertions. The utility of this system was increased by constructing a Gateway-
compatible binary vector with integrated Gateway cloning cassettes, such as att
recombination sites and ccdB negative-selectable markers (Munaweera et al.,

2022).

Traditionally, the insertion of a GOI into a binary vector relies on conventional
cloning methods, such as restriction enzymes and ligation, which are time-
consuming and laborious. Gateway cloning is a site-specific recombination
technology that enables seamless transfer of DNA fragments by recombination
at att sites between vectors without requiring restriction sites, allowing
bypassing of restriction-based cloning methods. The plasmid was introduced
into A. tumefaciens after the recombinant binary vector was constructed in
E. coli. Subsequently, A. tumefaciens mediates the transfer of the assembled T-
DNA region into the host genome and undergoes stable integration and

expression (Hwang, Yu and Lai, 2017)

In summary, binary vectors serve as the core T-DNA delivery and expression
platform, and at the same time, Gateway cloning serves as an efficient cloning

method that simplifies complex gene construction within the system. This

10



method reduces the cost, time, effort, and errors in cloning for ATM. Therefore,
the binary vector system combined with Gateway cloning enhances the speed
and flexibility of assembling and delivering transgenes into various hosts
through Agrobacterium transformation (Karimi, Inz¢é and Depicker, 2002). This
combination provides a powerful platform for research on genetic functions,
expression, and subcellular localization to enhance genetic and molecular

research in biological systems.

2.1.3 Engineered Agrobacterium-mediated transformation

In the AMT study, the destination vector carrying the GOI was expressed in the
nucleus of the host cell. Based on my previous studies, an engineered AMT
system was constructed that was able to transfer the GOI into the host’s cell
mitochondria. For transformation, a suitable entry vector capable of carrying
the GOI and transforming it into mitochondria was built. Based on previous
studies, the promoter of the plasmid was modified to initiate and express GOI,
similar to the selectable marker. " Np/I is the modified version of Npfll, which
is only able to express inside the mitochondria, not inside the nucleus. This
action efficiency eliminates the possibility that the GOI is accidentally
expressed inside the nucleus, proving that the desired products are generated
from the host’s cell mitochondria. The fusion of ™Nptll with the sfGFP gene
allows the false positive result to be removed through observation of gene
expression via growth on the selectable marker and visualization of the desired

protein synthesis by fluorescent microscopy (Yap, 2025).
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2.2 Gateway cloning

In recent years, the study of plant biological systems has relied on transgenic
research by analyzing recombinant genes to a large extent using DNA cloning
technologies. Unlike classical restriction-enzyme-based cloning methods,
recombination cloning is an efficient and common cloning technology based on
site-specific recombination. Without the requirement of a restriction site to
insert the DNA sequence of interest, it allows rapid and efficient parallel
transfer of the DNA of interest into diverse expression systems. One of the
most popular recombination cloning technologies, Gateway cloning, allows the
assembly of DNA fragments regardless of their sequence (Curtis and

Grossniklaus, 2003).

Gateway cloning systems allow the joining of DNA fragments into a desired
orientation and order and maintain their reading frame. This protocol relies on
two main steps: a BP clonase reaction to insert the gene of interest (GOI) into
an entry vector with an attL site. Lastly, the recombination of a#R sites in the
destination vector and attL sites in pENTR transfers the GOI into the
expression vector via the LR reaction. For gene functional assay studies, a

suitable destination vector can be recombined with a compatible entry clone

12



with an inserted GOI. The resulting expression clones were used for gene
function testing, such as transformation into plants (Karimi, Depicker and

Hilson, 2007).

2.2.1 Principle of Gateway cloning

First, the GOI, for instance, a PCR product flanked by two a#/B sites, is
transferred into a donor vector (pDONR) by the BP Clonase Il enzyme. It
includes the integration host factor and phage integrase, which catalyze the BP
reaction. The pDONR that carries two atfP sites will recombine with a#B sites
on the GOI, allowing the GOI gene to be inserted into the donor backbone and
form an entry plasmid (pENTR). pENTR is flanked by atfL sites and is a key
substrate in LR reactions. LR reaction is catalyzed by LR Clonase Il enzymes,
including phage excision, integration host factor, and integrase. It can transfer a
GOI into an expression vector (pEXPR), which is flanked by a#B sites, by
recombination of atfL sites on the entry vector and the destination vector
(pDEST) carrying two atfR sites. The researchers used pDONR, pENTR,
pDEST, and pEXPR to differentiate the input and output plasmids in the

cloning process (Curtis and Grossniklaus, 2003; Depicker and Hilson, 2007).

To maintain the open reading frame of the GOI, the engineered Gateway

system alters the original a#B, attP, atfL, and atfR sites to ensure specificity in
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site-specific recombination. For example, a#/B1 reacts only with a#P1, not
attP2, to ensure directional cloning in this method. The entry vector is the key
substrate in Gateway cloning and is generated by inserting the GOI into the
pDONR flanked by atfL sites. However, attL sites are relatively long (96 bp)
and can interfere with applications that require minimal sequence addition,
such as protein fusion or regulatory element spacing. In contrast, shorter at/B
sites (21-25 bp), specifically designed to lack translation initiation or stop
codons, are more suitable for seamless cloning and expression constructs with
minimal extra sequences. These sites function in the LR recombination step to
generate an expression vector with a#/B sites in order to maintain the open

reading frame of the GOI (Depicker and Hilson, 2007).

A B
BP site-specific recombination | LR site-specific recombination
atB ":l PCR product | @l _“ PEMNTR
X X X [
attP = pOONR | attR | pREST
4 + L
et [ [N pENTR | arm  [JIIIN PEXPR
4+ + +
a:r-R I! byproduct arP _IE byproduct
BP Clonase reaction LR Clonase reaction
= B2 L1 L2
| [ T—]
attB fragment PENTR L1-L2
P1 P2 L LA
= | | == |
pDONRZ221 pDESTR1-R2
L1 ‘1‘ L2 IB1 'L‘ BIZ
I | s | [
I pPENTR L1-L2 [ - EXFPRESSION CLONE

Figure 2.1: Schematic showing the flowchart of the Gateway cloning
reaction. In part A, the BP clonase reaction, attB sites recombine with
adaption atfP sites of the donor vector (pDONR). Then, a novel entry vector
(pENTR) was generated and flanked by a#fL sites and the attR sides in the
byproducts. In part B, the LR Clonase reaction, atR sites in the destination
vector (pDEST) recombine with matching a#fL sites in the pENTR, generating
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a novel expression vector (pEXTR) and at#fP as a byproduct (Depicker and
Hilson, 2007).

Typically, ideal plasmids are constructed by in vitro recombination and
transformed into E. coli strains. Through antibiotic selection and ccdB gene
counterselection, the plasmid that successfully takes up the GOI can be
segregated from the input vector and the reaction byproducts. Importantly, to
avoid false-positive results in selection, different types of bacterial antibiotic
resistance markers must be included in the plant binary T-DNA destination
vector from the donor and entry vectors. Because of the kanamycin resistance
that exists in most donor vectors used in the BP reaction, expression clones
generated from the LR reaction should carry other selectable markers (Reece-

Hoyes and Walhout, 2018).

In fact, ccdB is the toxic byproduct generated by Gateway cloning. It encodes a
toxin that affects DNA replication by interfering with the bacterial DNA gyrase.
DNA replication is inhibited and causes cell death when ccdB is expressed in E.
coli. In the cloning process, the ccdB cassette will be replaced by a GOI
through site-specific recombination. Only bacteria that successfully take up the
replacement are able to survive and grow under selection conditions. Because
ccdB kills the host cells without removing it, the background colonies
containing non-recombinant or empty plasmids will be unable to survive (Lund
et,al, 2014). Through negative selection, the screening burden was reduced and
the recovery rate containing the desired recombinant construct increased.

However, ccdB is toxic to ordinary E. coli strains. Hence, the engineered E.
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coli strains that have mutated DNA gyrase are immune to the toxin,
maintaining the stability of the vector containing ccdB before recombination.
After recombination, plasmids are transformed into standard E. coli strains that
are sensitive to ccdB toxicity (Reece-Hoyes and Walhout, 2018). Hence, this
property is utilized in Gateway cloning of the cloning cassette in both donor

and destination vectors within the ccdB gene.

2.2.2 Entry vector (pENTR)

Entry vectors (pENTR) are specially designed to serve as initial entrance for
GOI in the Gateway cloning workflow. The GOI fragment flanked by a#B sites
recombines with the donor vector flanked by a#fP sites to form the pENTR
vector with GOI and the toxic ccdB byproduct. The inserted DNA, flanked by
the atfLL1 and atfL.2 recombination sites, can undergo further recombination
into different destination vectors through the LR reaction. pENTR is a key
component of gateway cloning because it is highly efficient and adaptable for
high-throughput applications. Without requiring traditional restriction enzymes
and ligation, GOI can easily shuttle between vectors for different downstream

applications (Depicker and Hilson, 2007).

2.3 Neomycin phosphotransferase 11 (Nptll): A Reliable Selectable Marker
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Neomycin phosphotransferase 11 (Nptll), which is isolated from the Tn5
transposon of E. coli, encodes an aminoglycoside phosphotransferase that
resists aminoglycoside antibiotics such as kanamycin, G418, and neomycin. By
phosphorylating aminoglycoside antibiotics, these antibiotics become inactive
and lose the function that causes cell death (Das ef al., 2020). Thus, during the
transformation process, the NpfIl selectable marker is transferred along with
the GOI into the target host cell, thereby conferring antibiotic resistance to the

transformants under selection (Numata et al., 2016; Das et al., 2020).

The presence of Nptll in the aminoglycoside antibiotic G418 selectable
medium affected the elongation step of translation to inhibit protein synthesis.
In the transformed cells, the expression of the NpfIl gene inhibited the
cytotoxic effect of G418; only the transformed cells survived. When NpAl
combines with G418, it specifically binds to the 30S ribosomal subunit in

prokaryotes and organelles in eukaryotic cells (Miki and McHugh, 2004).

As a selectable marker, NptIl is highly effective in screening transformed cells
from non-transformed cells, thereby increasing the transformation selection
speed. Even at low antibiotic concentrations, the NpfIl/G418 system undergoes
effective selection, making this antibiotic resistance system highly reproducible
and dependable. As the dominant selection system, Npfll /G418 provides
another option when auxotrophic selection is not available for wild-type and
non-model organisms. It is widely used as a selectable marker gene in various

organisms involved in prokaryotic and eukaryotic systems, from bacteria and
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yeasts to plants and mammalian cells, with functions independent of the host

metabolic background (Miki and McHugh, 2004; Mosey ef al., 2021).

2.3.1 Mitochondrial NpflI ("'Nptl) : A modified version from NprlI

Two distinct genomes exist in eukaryotic cells: the nuclear genome (nDNA)
and mitochondrial genome (mtDNA). The nuclear genome contains thousands
of genes, encodes most cellular proteins, and stores the genetic information of
the organism. In contrast, mitochondrial DNA is a smaller circular DNA found
within the mitochondria. It encodes essential proteins, tRNAs, and rRNAs.
Most mitochondrially required proteins are imported after being encoded by
the nucleus (Wiese and Bannister, 2020). Due to the difference in nuclear and
mitochondrial genomes, Nptll that expresses inside the nucleus after it
integrates into the host’s genome will not integrate into mitochondria and
express. To overcome this problem, a modified "Nptll gene was successfully
constructed from NpfIl. Based on previous studies, ™Nptll was reliably

integrated into the host mitochondrial genome and successfully expressed (Yap,

2025).

2.4 Green fluorescent protein (GFP)

Ormo et al. (1996) discovered a green fluorescent protein (GFP) in jellyfish

(Aequorea victoria). He found that jellyfish emit green fluorescence but not
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blue fluorescence. Theoretically, aequorin emits blue light when interacting
with calcium ions. Based on this observation, he realized that another protein
was involved. Through protein isolation, he obtained a second protein that
emitted green fluorescence under UV light, which was named Green
Fluorescent Protein (GFP). They also found that GFP can emit green
fluorescence in the absence of a substrate or in the jellyfish cellular
environment. Due to its non-invasive nature, GFP can be used as a reporter

gene to visualize molecular activities within living cells.

2.4.1 GFP’s three-dimensional structure

The GFP structure was characterized by Ormo et al. (1996) using X-ray
crystallography; it is composed of 238 amino acids and has an approximate
molecular weight of 27 kDNA. GFP has a distinctive beta-barrel fold in its
tertiary structure, consisting of 11 beta strands and only one alpha strand. The
B-strands are mostly arranged in an antiparallel orientation; each strand
contains 9 to 13 amino acid residues and is stabilized by an extensive network
of hydrogen bonds. The B-strands surround a central alpha helix, forming a
cylindrical barrel conformation in the presence of hydrogen bonds. The barrel

enclosed a highly protected internal environment for the GFP chromophore.

The alpha helix in the center of the barrel consists of only three amino acids:

Ser65, Tyr66, and Gly67. These three residues produce a p-
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hydroxybenzylideneimidazolidone chromophore through a series of post-
translational autocatalytic modifications, including cyclization, dehydration,
and oxidation. GFP’s fluorescence is determined by folding the barrel structure.
Almost all the sequences in the primary structure take part in the formation of
the beta and alpha strands; therefore, it is difficult to remove them (Andrews et

al., 2007).

2.4.2 Mechanism of the chromophore

In GFP, green fluorescence occurs only when the protein folds into a tertiary
beta-barrel structure. The primary amino acid sequences alone without folding
do not emit any fluorescence. During folding, the alpha-strand amino acid
residues Ser65, Tyr66, and Gly67 are incorporated into the barrel structure.
Initially, the Ser65°’s carbonyl group undergoes nucleophilic attack by the
amide nitrogen of Gly67. This process proceeds via cyclization to form a five-
membered imidazolidone ring structure. Then, the water molecules were
removed by dehydration. Lastly, the alpha-beta bond of Tyr66 is an oxidase
that couples the aromatic group of Tyr66 with the imidazolidone ring to create
a conjugated system. After post-translational chemical reactions, a mature
chromophore for fluorescence was formed. Moreover, the unique environment
of the beta-barrel structure protects the chromophore from solvent exposure
and facilitates the correct conformational changes necessary through oxidation

to confirm the maturation of the chromophore (Ormo et al., 1996).
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The mature chromophore can absorb two excitation peaks and emit visible
light radiation. The major peak was at approximately 395 nm (UV light), and a
minor peak was observed near 475 nm (blue light). Both excitation peaks,
which are absorbed by the chromophore, cause an emission peak at
approximately 508 nm, which corresponds to green fluorescence. This dual
excitation feature allows GFP to be visualized under both blue and UV light,

making it a convenient reporter gene (Barondeau et al., 2003).

2.5 Mitochondrial superfolder green fluorescent protein (sfGFP)

The folding of GFP is an essential step for chromophore maturation and
fluorescent emission. If the folding process is lacking, cyclization and
oxidation reactions will not proceed and the chromophore will not be formed.
The folding efficiency affects the fluorescence intensity of GFP. To address the
limitations of wild-type GFP, superfolder GFP (sfGFP) was engineered to
enhance folding robustness and fluorescence intensity. The mutated sfGFP was
generated through Cycle3 mutations F99S, M153T, and V163A; the enhanced
GFP mutations F64L and S65T; and six additional substitutions: S30R, Y39N,
N105T, Y145F, 1171V, and A206V. These mutations improve the performance
of GFP by increasing its folding kinetics, solubility, and stability. The rate of

protein misfolding and aggregation was reduced by Cycle3 mutations (Hsu,
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Blaser and Jackson, 2009). However, the refolding efficiency of denatured
protein reached a maximum of approximately 80%. However, based on the
enhanced mutation and six additional mutations with Cycle3 mutations, sftGFP
surpassed this limitation by achieving nearly 100% refolding efficiency,
showing exceptional kinetic refolding and chemical resilience in various
experiments. The excitation peak of sfGFP is at 450 nm, giving an emission
peak at 508 nm, allowing bright green fluorescence to emit under blue light
illumination. Importantly, sfGFP emits two-fold greater fluorescence intensity
than wild-type GFP, enhancing the sensitivity for visualization and imaging

applications (Pédelacq et al., 2006).

Figure 2.2: sfGFP’s spatial structure. The green stick union is the location of
the chromophore, and the red stick union shows the single tryptophan residue
Trp57. Six mutation sites (S30R, Y39N, N105T, Y145F, [171V, and A206V) in
cycle-3 are shown as blue stick unions. The mutations F99S, M153T, and
V163A are shown in yellow stick unions (Pédelacq et al., 2006).
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CHAPTER 3

MATERIALS AND METHODS

3.1 Experimental workflow of the project

This section describes a method for constructing two sets of fusion genes. Both
sets included the same core gene (mtsfGFP) and different partner genes (Nptll
or mtNptIl). This study used overlap-extension PCR to join the target gene
form into a single, continuous reading frame. The experimental workflow is
shown as part A and part B for constructing the NpfII-"'sfGFP and ™Nptll-

"sfGFP fusion genes, respectively.
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Part A: Construct NpfII-"'sfGFP fusion gene

PCR  amplification PCR  awmplification
of  ANptl  gene [ of "™SIGFP  gene
Firn nianoint Firninna FV‘/)al/V\PJAt FVY)I/V\

Construction of

<

DNA sequencing Nptll-"'sfGFP  fusion

Figure 3.1: Experimental workflow of construct Np#II-"'sfGFP fusion gene

Part B: Construct " NptIl-"'sfGFP fusion gene

PCR  amplification PCR  amplification
of "Mphl  gene of "S/GFP  gene
frnamaont frrninn frnamaont frrnin

Construction of

<

DNA sequencing "NpI-"'sfGFP  fusion

Figure 3.2: Experimental workflow of construct " NptII-"'sfGFP fusion gene

3.2 Preparation of buffer, reagents and apparatus
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In this final year project, all the chemical reagents and equipment were
provided by Department of Biological Science, Faculty of Science of
Universiti Tunku Abdul Rahman (UTAR) and my supervisor Prof. Dr. Wong

Hann Ling, as listed in Appendices A.

3.2.1 Preparation of 5X Tris/Borate/EDTA (TBE) buffer

0.5 M of EDTA was prepared in a 5X TBE buffer. An amount of 18.61 g EDTA
disodium salt (FW: 372.2 g/mol) was dissolved in 80 mL of dH,O. The
solution was colorless when adjusted to pH8 using 5M NaOH. For the
preparation of the 1 L 5X TBE buffer, 5.4 g of tris base (MW: 121.14 g/mol)
and 27.5 g of boric acid (FW: 61.83 g/mol.) was dissolved in 800 mL dH>O.

The solution was topped up to 1 L after adding 20 mL of 0.5 M EDTA solution.

3.2.2 Preparation of 3 M sodium acetate (NaOAc) solution

Fifty mL of 3M NaOAc solution was used as the essential solution for ethanol
precipitation. 12.30 g of sodium acetate (MW: 82.03 g/mol) was dissolved in a
beaker containing 30 mL of dH>O. Then, the pH of the solution was adjusted to
pH 5.2 with glacial acetic acid. Finally, the volume of the solution was

increased to fifty mL using dH>O.

3.3 Agarose gel electrophoresis
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The PCR products were verified by agarose gel electrophoresis. The 5X TBE
was diluted to 0.5 x TBE buffer with dH>O, which served as the running buffer,
and the agarose gel was cast. The percentage of agarose gel electrophoresis was
determined based on the desired size of the DNA fragment. A larger DNA
fragment size required a lower percentage of agarose gel. To verify the PCR
product from single primer amplification and target gene amplification below
1500 bp, a 1.2% agarose gel was cast. Agarose gel powder (0.48 g) was added
to 40 mL of 0.5 x TBE and completely dissolved in the solution after being
heated in a microwave. Then, gel stain (Dye All™) was added to the solution
when it slightly cooled. After that, the mixed solution was poured into the gel
casting set and left to settle and solidify. This took approximately 40 min. Next,
the gel was run in 0.5 x TBE buffer at 100 V for 35 min and viewed under a

UV transilluminator.

To verify the larger amplicon (> 1500 bp) from overlap extension PCR, a 0.8%
agarose gel was cast. The agarose gel electrophoresis process was the same as
that used for 1.2% agarose gel electrophoresis, except that the amount of

agarose powder was decreased to 0.32 g.

3.4 Purification of PCR fragment using EZ-10 Spin Column DNA Gel
Extraction Kit

The PCR product was purified using the EZ-10 spin column DNA gel
extraction kit. After the target band location was confirmed by comparison with

the DNA ladder under a UV transilluminator, gel excision was performed. The
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target band was cut from the agarose gel by using a sterile scalpel. The weight
of the gel slide was then placed into a 1.5 mL microcentrifuge tube and
measured using an electronic weighting scale. Next, the binding buffer was
added to the same 1.5 mL microcentrifuge tube. The volume of binding buffer
added followed the rules, in which 200 pL of binding buffer was added to each
100 mg of agarose gel. The sample was then incubated in a preheated heat
block at 50 °C until the gel slide completely melted. The sample was vortexed
every 3 min to evenly mix the binding buffer and gel slide, and the gel slide
melting process was accelerated. The EZ-10 column was placed in a 2.0 mL
collection tube first when cooling down the mixture at room temperature. A
volume of 700 pL of the mixture was transferred to the column and centrifuged
at 11,000 x g for 30 s. The flow-through was discarded, and 700 pL of washing
buffer was added to the column. Then, the flow-through was discarded after
centrifugation at 11,000 x g for 30 s. The washing steps were repeated to
minimize the chaotropic salt and improve the Aze/A230 values. The column
containing the collection tube was centrifuged at 11,000 x g for 1 min to
completely remove the washing buffer. The column was transferred to a new
1.5 mL microcentrifuge tube. Subsequently, 30 pL of preheated elution buffer
was pipetted directly onto the center of the membrane and fully covered the
membrane surface to improve the elution efficiency of the bound DNA. The
column was incubated at room temperature for 1 min before centrifugation at
11,000 x g for 1 min. The bound DNA was eluted and the concentration was
measured using a NanoDrop. Finally, the extracted DNA was stored at -20°C

freezer until further use.
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3.5 Construction of NpfIl/"'Npf1-"'sfGFP fusion gene

3.5.1 Graphical overview of fusion gene construction

Step 1: Amplification of primary fragments

PCR reaction for NptIl/™Nptll PCR reaction for GFP
Primer 1 (P1) Primer 1-P2  Primer 2-P1 Primer 2 (P2)
I | I |
Nptll/™Nptll DNA template GFP DNA template
I [ ] L1
Nptl1/™Nptll GFP

Step 2: Overlap PCR reaction
I [ |
Nptll/™Nptll &=
L]

GFP
I 15 cycles PCR without primers 28

I |
Nptll/™NpAl-GFP




Step 3: Final fusion gene PCR amplification

Primer 1 Primer 2
_> ‘_

!

Final amplified fusion product

Figure 3.1: Graphical overview of constructing the NpAl/'Npt1-"'sfGFP
fusion gene by overlap extension PCR. In step 1 (top panel), target gene
fragments containing overlapping regions were amplified by PCR. Step 2
(middle panel) uses the NpfAl/™Nptll and ™sfGFP gene fragments to generate
the full-length NpfAl/™Nptll-"'sfGFP fusion gene by overlap extension PCR.
Step 3: Final PCR amplification of the full-length NptIl/"Np1-"'sfGFP fusion
gene as the final product with the outermost primer.

3.5.2 Megaprimer Design

Megaprimers were designed to generate the Npl/"'Nptll-"'sfGFP fusion gene.
The target fusion gene that contains the overlap region was integrated into a
single, continuous reading frame through overlap PCR. For successful fusion,
the stop codon at the end of NpfIl/"Npfll was removed and only located at the
end of "™sfGFP. Both megaprimers shown in the overlap region contained
fused sequences that were complementary to each other, ensuring precise
amplification and incorporation of the overlapping segment necessary for
efficient gene fusion. To construct the NpdAl/™Nptll-"'sfGFP fusion gene, the
reverse megaprimer (R-OPCR-NptI-"'sfGFP/R-OPCR-"Npdl-"'sfGFP) for
amplifying the NptIl/™Nptll gene contains the "™.sfGFP gene sequence. The

forward primer (F-OPCR-NptI-"'sfGFP /F-OPCR-"Nptll-"'sfGFP) contains
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the end of NptIl/Nptll gene sequence before starting to amplify the "'sfGFP

gene sequence. The primer sequences are listed in Tables 3.1, 3.2, and 3.3.

Primer 1 Primer 2-P1  Primer 1-P2 Primer 2

1000 e 2000 =

NpAl/™NpAl I g fGFP
*

overlavn reaion =

Figure 3.2: Schematic diagram showing megaprimer design to construct
the Nptl/™'Npfll-"'sfGFP fusion gene. The designed megaprimer introduces
an overlap region that contain a 55 bp sequence, labeled as a purple region, for
seamless fusion by overlap extension PCR. Both primers shown in the figure
were positioned to flank their respective target sequences. The reverse primer
was designated as primer 1-P2 and the forward primer was labeled as primer 2-
PI.

Table 3.1: Nucleotide sequence of primers used to amplify the NpfIl gene
fragment from the pENTR-P7zr1-Npfll plasmid.

Primer Sequences (5°...3°)

F-attL-Notl CAACTTTGTACAAAAAAGCAGGCT

GAATAATTCTTCACCTTTAGACATGGTCTCG

R-OPCR-NpAI-"'sfGFP
GATCCGAAAAACTCATCGAGCATC

* Underlined sequences indicate overhanging regions.

Table 3.2: Nucleotide sequences of primers used to amplify ™Npfll gene
fragments from the pENTR-Pcox1- "NpfIl plasmid.

Primer Sequences (5°...3%)

F-attL-Notl CAACTTTGTACAAAAAAGCAGGCT

R-OPCR-""NptlI-"'sfGFP ~ GAATAATTCTTCACCTTTAGACATGGTCTC
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GGATCCGAAGAACTCGTCCAACATC

* Underlined sequences indicate overhanging regions.

Table 3.3: Nucleotide sequences of primers used to amplify the "sfGFP gene
fragment from pENTR-Pcox- "sfGFP plasmid.

Primer Sequences (5°...3%)

GATGCTCGATGAGTTTTTCGGATCCGAGA

F-OPCR-NpAl-"'sfGFP
CCATGTCTAAAGGTGAAGAATTATTC

GATGTTGGACGAGTTCTTCGGATCCGAGA

F-OPCR-"Nptll-"'sfGFP
CCATGTCTAAAGGTGAAGAATTATTC

R-T7-Ter-Ascl GGCGCGCCCACCCTTCAAAAAAC

* Underlined sequences indicate overhanging regions.

3.5.3 Single-Primer Amplification Test with DNA Template

To eliminate false positive results, a single primer was tested by PCR with the
related DNA template. Due to the "sfGFP gene fragment fuses with different
gene fragments, it was tested with different pairs of primers. The data from this
section will contribute to further modifications of the PCR conditions. The
PCR reagent components and thermocycling parameters are listed in Tables 3.3,

3.4, and 3.5, respectively.

Table 3.4: PCR master mix and reaction components with their corresponding
volumes.

Stock Final
Component Volume (pL)
concentration concentration
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Vayzme 2X Taq
master mix
Forward primer/
Reverse primer
DNA template
Sterile distilled
water

Total volume

2X

10 uM

50 ng/ uL

1X

0.3 uM

1 ng/ pLL

0.3

0.2

4.2

10

Table 3.5: PCR thermocycling parameters for "Nptl and ™sfGFP single
primer testing with the extracted pENTR-Pco-"'Nptll and pENTR-Pco-
"sfGFP plasmids, respectively.

Reaction Temperature (°C) Time Numbers of cycles
Initial denaturation 95 3 min 1
Denaturation 95 15 sec
56
* Annealing 15 sec 25
53
Extension 72 1 min
Final extension 72 5 min 1
Hold 4 0 -

* For ™Nptll and ™sfGFP(™Npfll) single-primer testing, the annealing
temperature was set at 56°C. For "sfGFP(Nptll) single-primer testing, the

annealing temperature was set to 53°C.
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Table 3.6: PCR thermocycling parameters for Nptll single-primer
amplification with the extracted pENTR-pzeri-NpfIl plasmid.

Reaction Temperature (°C) Time Numbers of cycles
Initial denaturation 95 3 min 1
Denaturation 95 15 sec
Annealing 56 15 sec 20
Extension 72 1:30 min
Final extension 72 5 min 1
Hold 4 o0 -

3.5.4 PCR amplification of Nprll, " Nptll and "'sfGFP gene fragment

The first PCR amplification generates amplicons that contain overlapping
sequences for further overlap extension PCR, as described in Section 3.5.5. To
increase the efficiency of PCR, the thermocycling parameters for fragment
amplification were modified based on the results of the single-primer
amplification test. The primer sets, PCR components, and thermocycling
parameters are summarized in Tables 3.1, 3.2, 3.3, 3.6, 3.7, and 3.8,

respectively.

Table 3.7: PCR master mix and reaction components with their corresponding
volumes.

Component Stock Final Volume (pL)
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concentration concentration

Vayzme 2X Taq

2X 1X 25
master mix
Forward primer 10 uM 0.3 uM 1.5
Reverse primer 10 uM 0.3 uM 1.5
DNA template 50 ng/ ulL 1 ng/ uLL 1

Sterile distilled

- - 21
water

Total volume - - 50

Table 3.8: PCR thermocycling parameters for amplifying Npfll with the
extracted pENTR-Prer1-Nptl plasmid.

Reaction Temperature (°C) Time Numbers of cycles
Initial denaturation 95 3 min 1
Denaturation 95 15 sec
Annealing 56 15 sec 20
Extension 72 1:30 min
Final extension 72 5 min 1
Hold 4 0 -
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Table 3.9: PCR thermocycling parameters for amplifying " Npfl/"'sfGFP
with the extracted pENTR-P cox1-""NptIl/pENTR-Pcox2-"'sfGFP plasmid.

Reaction Temperature (°C) Time Numbers of cycles
Initial denaturation 95 3 min 1
Denaturation 95 15sec )
53 15 sec
* Annealing 56 > 25
60
Extension 72 lmin |
Final extension 72 5 min 1
Hold 4 0 -

* For the amplified "'sfGFP(Nptll) the annealing temperature was set to 53°C.
* For the amplified " Nptll, the annealing temperature was set to 56°C.

* For the amplified ™sfGFP(™Nptll), the annealing temperature was set to
60°C.

3.5.5 Overlap extension PCR for NpAl/™Nptl1-"'sfGFP fusion gene
construction

The purpose of the overlap extension PCR was to obtain the full-length
Nptll/"Nptll-"'sfGFP fusion gene. In this PCR reaction, no primer was used,
and it relied on the purified PCR product generated in Section 3.5.4. First, the
PCR products were verified by agarose gel electrophoresis (Section 3.3) and
then purified as described in Section 3.4. The purified NpdAl/™Npdl and
"sfGFP genes were diluted and the molar ratio of the DNA template was
calculated using the Vayzme calculator, followed by each fragment bp size. The

larger the fragment size, the larger the amount of input DNA. The PCR
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components and thermocycling parameters are presented in Tables 3.9, 3.10,

and 3.11, respectively.

Table 3.10: PCR master mix and reaction components with their corresponding
volumes for the NptlI-"'sfGFP fusion gene.

Stock Final
Component Volume (pL)
concentration concentration
Vayzme 2X Taq
2X 1X 25
master mix
DNA template -
1 ng/ uL 0.15 ng/ uL. 7.5
Nptl
DNA template -
1 ng/ pL 0.1 ng/ pL 5
"sfGFP
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Sterile distilled

water

Total volume - - 47

Table 3.11: PCR master mix and reaction components with their corresponding
volumes for "Nptl1-"'sfGFP fusion gene.

Stock Final
Component Volume (pL)
concentration concentration
Vayzme 2X Taq
2X 1X 25
master mix
DNA template -
1 ng/ pL 0.15 ng/ uLL 7.5
" Nptl
DNA template -
1 ng/ pL 0.135 ng/ uL 6.75
"sfGFP
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Sterile distilled
- - 7.75
water

Total volume - - 47

Table 3.12: PCR thermocycling parameters for constructing the Np#Il/"'NptII-
"sfGFP fusion gene.

Reaction Temperature (°C) Time Numbers of cycles
Initial denaturation 95 3 min 1
Denaturation 95 15 sec
Annealing 60 15 sec 15
Extension 72 30 sec
Final extension 72 5 min 1
Hold 4 0 -

3.5.6 Final Npl/™NptlI-"'sfGFP fusion gene PCR amplification

Full-length NptIl/"Nptll-"'sfGFP fusion gene was amplified for further DNA
cloning. Due to both amplified fragments have an overlap region, they fuse
together in section 3.5.5. Subsequently, the primers were added directly to the
same PCR mixture for amplification. The NpAl/"Nptll-"'sfGFP fusion gene
was amplified using the same outer primer set. The primer set, number of
added primers, and thermocycling parameters are listed in Tables 3.12, 3.13,

3.14, and 3.15, respectively.
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Table 3.13: Nucleotide sequences of the outer primers used to amplify the
Nptll/™Nptll-"'sfGFP fusion gene fragment.

Primer Sequences (5°...3°)
F-atfl.-Notl CAACTTTGTACAAAAAAGCAGGCT
R-T7-Ter-Ascl GGCGCGCCCACCCTTCAAAAAAC

Table 3.14: PCR mixtures and primers added with their corresponding
volumes.

Stock Final
Component Volume (pL)
concentration concentration
PCR mixture - - 47
Forward primer 10 uM 0.3 uM 1.5
Reverse primer 10 uM 0.3 uM 1.5
Total volume - - 50

Table 3.15: PCR thermocycling parameters for amplifying the Nptl-"'sfGFP
fusion gene.

Reaction Temperature (°C) Time Numbers of cycles
Initial denaturation 95 3 min 1
Denaturation 95 15 sec
Annealing 59 15 sec 25
Extension 72 2:30 min
Final extension 72 5 min 1
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Hold 4 0 -

Table 3.15: PCR thermocycling parameters for amplifying the " NptIl-"'sfGF'P
fusion gene.

Reaction Temperature (°C) Time Numbers of cycles
Initial denaturation 95 3 min 1
Denaturation 95 15 sec
Annealing 60 15 sec 25
Extension 72 2 min
Final extension 72 5 min 1
Hold 4 0 -

3.6 Purification of NpAI-"'sfGFP fusion gene fragment

For further DNA cloning, purification is required to remove impurities in the
PCR products, such as salt, residual primers, and non-specific amplification
products. DNA purity increases the efficiency of cloning. First, the PCR
product was verified using 0.8% agarose gel electrophoresis, as described in
Section 3.3. The target PCR product was purified following the steps described
in Section 3.4. After purification, the purified DNA was stored at — 20°C for

further use.
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3.7 Purification of "' NpfII-"'sfGF P fusion gene fragment

3.7.1 Low-melting agarose gel electrophoresis

To easily extract the desired DNA fragment from the agarose gel, a low-
melting agarose gel was used. The criteria for this type of agarose gel were
utilized to make it easier to dissolve in dH,O at moderate temperatures (~
60°C). First, 0.2 g of low-melting agarose powder was weighed and dissolved
in 0.5X TBE buffer. The subsequent process preparation of 1.0% low-melting
agarose gel was identical to that of normal agarose gel preparation in section
3.4. The gel was run in 0.5 XTBE buffer at 100 V for 35 min and viewed under

a UV transilluminator.

3.7.2 Ethanol precipitation for gel purification

The amplified ™Npfll-"'sfGFP fusion gene product was purified by ethanol
precipitation. The target band on the gel was cut using a sterile scalpel after the
target band location was confirmed using a UV transilluminator. Next, the gel
slide was collected into a 1.5 mL microcentrifuge tube with 500 pL of dH2O.
The microcentrifuge tube was incubated in a preheated heat block at 50 A °C.

To completely dissolve the gel slide, the microcentrifuge tube was vortexed
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every 2 minutes. The supernatant (500 uL) was transferred into a new 1.5 mL
microcentrifuge tube. 1 mL of phenol-chloroform-isoamyl alcohol (PCI)
mixture was added inside, and the mixture was vortexed for 2 minutes. The
microcentrifuge tube was then centrifuged at 12,500 rpm and 4°C for 10 min in
a pre-cold low-temperature centrifuge. Five hundred microliters of supernatant
were transferred into a new 1.5 mL microcentrifuge tube; the buffy coat was
carefully avoided during collection to improve DNA purity and minimize
contamination. Next, 50 pL of 3 M NaOAc solution and 500 pL of ice-cold
100% EtOH were added. To improve DNA sedimentation, the solution was
gently mixed and placed in a -20°C freezer overnight. The next day, the
solution was centrifuged at 12,500 rpm at 4°C for 30 min in a pre-cooled low-
temperature centrifuge to obtain the DNA pellet. The supernatant was
discarded and 1 mL of ice-cold 100% EtOH was pipetted into a
microcentrifuge tube for pellet washing. Next, the supernatant was discarded
and the remaining supernatant was pipetted. The whitish pellet became
transparent after being fully air-dried. Finally, the pellet was fully dissolved in
30 puL of dH20, and the concentration of extracted DNA was measured using a
NanoDrop spectrophotometer. For long-term storage, the extracted DNA was
stored at -20°C until further use.

3.8 DNA sequencing

The fusion gene product was purified and stored as extracted DNA in a -20°C
freezer. For both fusion gene products, NptIl-"'sfGFP and "' NptlI-"'sfGFP, the
size was over 1500 bp. For 13 BASE company DNA sequencing, the required
concentration of DNA, which was over 1500 bp, was 30 ng/uL. Both fusion

genes reached the concentration requirement, but the purity of the ™Nprll-
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"sfGFP fusion gene did not meet this requirement. Twenty microliters of the
extracted DNA and 10 pL of forward and reverse primers were used for

sequencing.

CHAPTER 4

RESULT
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4.1 Construction of Nptll/" NptlI-"'sfGFP fusion gene

4.1.1 Megaprimer Design

F-OPCR-NptI-mtsfGFP)

gatgctcgatgagtttttcGGATCCBAGACCATGTCTAAAGGTGAAG

tttcaaaaatatggtattgataatcctgatatgaataaattgcagtttc
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tgatgctcgatgagtttttcGGATCCGAGACCATGTCTARAGGTGAAG
f ! ’ ' ’

t T T T + t
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L s L L 250 ' L , 255 L ' . 260 L s L 265
F @ K Y 6 1. D N P D M N X
[

s . 1

. 10 L
- T T T T

G s E T M = K G E
e (S

ctacgagctactcaaaaagCCTAGGCTCTGGTACAGATTTCCACTTC

R-OPCR-NptII-mtsfGFP

AATTATTC

AATTATTCACTGGTGTTGTACCAATTTTAGTTGAATTAGATGGTGATGTTAATGGTCATAAATTTTCTGTAAGAGGTGAAGEGTEAAGGTGATGCTACAAA
s ! s 1 s ! s ! s ! s 1 A 1 s 1 s ! s 1
T T t T t T t T t T t T t T t T t T t 1
TTAATAAGTGACCACAACATGGTTAAAATCAACTTAATCTACCACTACAATTACCAGTATTTAAAAGACATTCTCCACTTCCACTTCCACTACGATGTTT

15 20 25 30 35 40 45

|GATGTTGGACGAGTTCTTCGGATCCGA

CTTCCTTGCAGAAGCGTTTGTTCCAAAAGTATGGTATCBATAACCCTBACATGAATAAATTACAGTTCCACTTGATGTTGGACGAGTTCTTCGGATCCGA
1 ! 1 1 f ! 1 ' 1 1

t T t T t T t T t T t 1 t 1 t 1 + t t t
GAAGGAACGTCTTCGCAAACAAGGTTTTCATACCATAGCTATTGGGACTGTACTTATTTAATGTCAAGGTGAACTACAACCTGCTCAAGAAGCCTAGGET

. 240 L
P 5

L. 245 s L L 250 ' L . 255 L L ., 260 L ' L 265 L L L 1 P
L g K R L F Q K ¥ ‘& 4 D N P P M N ¥ i Q F H L M L I E & F G _ 8§ E

mMENPTIT [ Cnker _ >

CTACAACCTGCTCAAGAAGCCTAGGCT
R-OPCR-mtNptIT-mtsfGFP

F-OPCR-mtMNptIl-mitsfGFP
GACCATGTCTAAAGGTGAAGAATTATTC
GACCATGTCTAAAGGTGAAGAATTATTCACTGGTGTTGTACCAATTTTAGTTGAATTAGATGGTGATGTTAATGGTCATAAATTTTCTGTAAGAGGTGAA

s ! s f f ! s i . f s 1 s ! s f s ! s 1

t 1 t 1 1 t 1 t T t T T t 1 t T T
CTGGTACAGATTTCCACTTCTTAATAAGTGACCACAACATGGTTAAAATCAACTTAATCTACCACTACAATTACCAGTATTTAAAAGACATTCTCCACTT

10 L s . , 15 L s L , 20 s L s L 25 L s . 30 L s L , 35 s L L L 40
s K G E E L F T G Vv v P I ¥ v E ¥ D G DV N G H K F 5 v R G E

e

Linker
GTACAGATTTCCACTTCTTAATAAG

Figure 4.1: Schematic showing the sequence of the NpAl/'Npl-"'sfGFP
fusion gene. Megaprimers were designed to cross the Np#l/™Npfll and
msfGFP gene fragments. The overlapping regions were complementary to each
other. The stop codon in NpfAl/™Npfll was removed. The full length of both
forward and reverse megaprimers was 55 bp, and Tm was 69°C.

A) Potential hairpin formation :
5' GATGCTCGATGAGTTTTTCGGATCCGAGACCATGTCTARAGGTGAAGAATTATTC 3'
3' Complementarity:
None |

All potential self-annealing sites are marked in red (allowing 1 mis-match):

51 GATGCTCGATGAGTTTTTCGGATCCGAGACCATGTCTAAAGGTGARGARTTATTC 3
3' CTTATTAAGRAGTGGARATCTGTACCAGAGCCTAGECTTTTIGAGTAGCTCGTAG E

Potential hairpin formation :

5" GATGTTGGACGAGTTCTITCGGATCCGAGACCATGTCTAARGGTGAAGARTTATTC 3

3' Complementarity:
None |

All potential self-annealing sites are marked in red (allowing 1 mis-match):

ot GATGTTGGACGAGTTCTTCECATCCGAGACCATGTCTAARGCTGRAAGAATTATTC 3"

3' CTTATTAAGAAGTGGAAATCTGTACCAGAGCCTAGGCTTICTTGAGCAGGTITGTAG 5

5' GATGTTGGACGAGTTCTTCGGATCCGAGACCATGTCTARAGGT! GAATTATTC 2

31 CTTATTAAGAAGTGGAAATCTGTACCAGAGCCTAGGCTTCTTGAGCAGGTTIGTAG 51

5' GATGTTGGACGAGTTCTTCGGATCCGAGACCATGTCTAARGGTGRAAGRATTATTC a2

Al CTTATTRAGRAGTGGARATCTGTACCAGAGCCTAGGCTTCTTGAGCAGGTTGTAG 5" F
B) o GATGITGGACGAGTTCTTCGGATCCGAGACCATGTCTAAAGGTGARGRAATTATTC 23

3' CTTATTAAGAAGTGGARATCTGTACCAGAGCCTAGGCTTCTTGAGCAGGTTGTAG 5!

5 GATGTTGGACGAGTTCTTCGGATCCGAGACCATGCTCTAAAGGTGAAGAATTATTC 3

3' CTTATTAAGAAGTGGAAATCTGTACCAGAGCCTAGGCTTCTTGAGCAGGTTGTAG 5"

TCGGATCCGAGACCATGTCTAAAGGTGARGAATTATTC 3
LAGTGGARATCTGTACCAGAGCCTAGGCTTCTTGAGCAGGTTGTAG 51

C) 5' GATGTTGGACGAGT!
30 CTTATTAA



D) Potential hairpin formation :
5' GAATAATTCTTCACCTTTAGACATGGTCTCGGATCCGAAGAACTCGTCCAACATC 3'

S' GRATAARTTCTTCACCTITTAGACATGGTCTCGGATCCGAAGRACTCGTCCRACATC 3'
5" GRATAATTCTTCACCTITTAGACATGGTCTCGGATCCGAAGRACTCGTCCRACATC 3'

3' Complementarity:
None !

All potential self-annealing sites are marked in red (allowing 1 mis-match):

5' GAATAATTCTTCACCTTTAGACATGGTCTCGEATCCGARGAACTCGTCCAACATC 32
3r CTACAACCTGCTCAAGAAGCCTAGECTCTGGTACAGATTTCCACTTCTTAATAAG 5%
5 GAATAATTCTTCACCTTTAGACATGGTCTCGGATCCGARGARCTCGTCCAACATC i
3' CTACARCCTGCTCAAGRAGCCTAGGCTCTGGTACAGATTTCCACTTCTTART: o2
S GAATAATTCTTCACCTTTAGACATGGTCTCGGATCCGAAGAACTCGTCCAACATC 3°
3' CTACAARCCTGCTCAAGARGCCTAGGCTCTGET. GATTTCCACTTCTTARAT. L
b GAATAATTCTTCACCTTTAGACATGGTCTCGGATCCGARGAACTCGTCCAACATC 3
3' CTACAACCTGCTCAAGAAGCCTAGGCTCTGGTACAGATTTCCACTTCTTAAT, 5'

S' GAATAATTCTTCACCTTT?

\CATGGTCTCGGATCCGAAGAACTCGTCCAACATC ki

3’ CTACAA: CCTCAAGAAGCCTAGGCTCTGGTACAGATTTCCACTTCTTAATAAG 24
5' GRATAATTCTTCACCTTTAGACATGGTCTCGGATCCGAAGRACTCGTCCRAACATC B
5 CTACAACCTGCTCAAGAAGCCTAGGCTCTGGTACAGATTTCCACTTCTTAATAAG 1

Figure 4.2: Analysis of megaprimer secondary structure using an
Oligonucleotide Properties Calculator. In the megaprimer design for the
Nptll-"'sfGFP fusion gene: A) Forward megaprimer: F-OPCR-NpA1-"'sfGFP
shows the potential for one hairpin formation and five self-annealing sites; B)
Reverse megaprimer: R-OPCR-NptlI-"'sfGFP shows the potential for two
hairpin formation and five self-annealing sites. In the megaprimer design for
the " NpAl-"'sfGFP fusion gene: C) Forward primer: F-OPCR-""NptII-"'sfGF P
shows the potential for one hairpin formation and six self-annealing sites; D)
Reverse megaprimer: R-OPCR- " NptII-"'sfGFP shows the potential for three
hairpin formations and six self-annealing sites.

4.2

A) Lane ‘1 2 3 4 5 6 7 8 45

1 kb—» <1 kb

3 <500 bp



Single primer amplification test with DNA template

500 bp

100 bp » <100 bp
B) Lane 1 2 3

1 kb

500 bp

100 bp

Figure 4.3: Inverted 1.2% agarose gel image from the single-primer
amplification test with the corresponding DNA template. The gel images
were digitally inverted to enhance band contrast for better visualization and
assessment of product absence. In part A, three sets of single primer testing are
illustrated: lanes 2 and 3 correspond to reactions using primers F-a#fL-Notl and
R-OPCR- "Nptll-"'sfGFP; lanes 4 and 5 show F-OPCR-"'Nptl-"sfGFP and
R-T7-Ter-Ascl; and lanes 6 and 7 display F-OPCR- Np#Al-"sfGFP and R-T7-
Ter-Ascl. Lanes 1 and 8 contain the 100 bp DNA ladder as a molecular weight
marker. In part B, a 1 kb DNA ladder was used in lane 1, suitable for the 1402
bp Nptll gene fragment. The PCR conditions were optimized to ensure no
detectable bands in any of the single primer reactions, confirming the
specificity of the amplification conditions shown in the figure.

4.3. PCR amplification of gene fragment
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4.3.1 Nptll, "' Nptll, and "'sfGFP gene fragments

|TEF1 terminator!

F-attl-Motl R-OPCR-NptII-mtsfGFP
A) |
1000 2000t = |
| 1 TEF1 promoter
B) lF-a{tL-ND-tI R-OPCR-mtMptII-mtsfGFP
1000 1500

> [>| mtNpEL >-|:

C) 3
F-OPCR-MNptIl-mtsfGFP
F-OPCR-mENptII-mtsfGFP R-T7ter-2
1000 1500
B MESTGFP A<
attL2

T7 terminator

Figure 4.4: Schematic showing the sequence of the Nprll, ™ Nptll, and
"sfGFP gene fragments with their primers. In part A, Nptll sequences was
amplified by F-atfl.-Notl and R-OPCR- NptI-"'sfGFP primer set, R-OPCR-
Nptll-"'sfGFP contain the overhanging region complementary with "sfGFP. In
part B, " Nptll sequences was amplified by F-attL-Nofl and R-OPCR-""NptlI-
"sfGFP primer set, R-OPCR-"NpAl-"sfGFP contain the overhanging region
complementary with " sfGFP. In part C, "sfGFP was amplified with difference
forward primer, which were F-OPCR-Nptl-"'sfGFP and F-OPCR-"Npfll-
"sfGFP to create different overhanging region for further fusion step, reverse
primer was R-T7-Ter-Ascl.

4.3.2 Result of agarose gel electrophoresis
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Lane 1 2 3 4 5 6 7 & 9 10

2500 bp
1500 bp -

500 bp

922 bp

1402 bp

Figure 4.5: PCR amplification for Nprl, ™Nptll, and "'sfGFP gene
fragments was electrophoresed on a 1.2% (w/v) agarose gel. Lane 1
contains the 1 kb DNA ladder as a molecular weight marker, followed by lane
2 containing the negative control for the Np#Il gene fragment. Lane 3 shows a
successfully amplified Npll fragment at 1402 bp. Lane 4 contains the negative
control for the "™Npfl gene fragment, whereas lane 5 presents the amplified
"Nptll gene fragment at 922 bp. Lane 6 contains the negative control for the
"sfGFP (Nptll) gene fragment and lane 7 displays its amplified product at 809
bp. Lane 8 contains the negative control for the ™sfGFP (™Nptll) gene
fragment, followed by lane 9, showing its amplified product at 809 bp. Lane 10
contained a 100 bp DNA ladder. The distinct bands shown in the amplified
lanes prove the successful and specific amplification of the targeted gene
fragments under the applied PCR conditions.

4.3.3 Quantification of purified product
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The amplified Npfl, ™Npfl and ™sfGFP gene products were purified using an
EZ-10 Spin Column DNA Gel Extraction Kit. Table 4.1 shows the
concentration and purity of the purified PCR product, measured using a

NanoDrop spectrophotometer.

Table 4.1: Concentrations and purities of purified Npdl, "Nptl and "'sfGFP
fragments.

Purified PCR Concentration Primary purity Secondary purity

product (ng/ pL) (A260/A280) (A260/A230)
Nptl gene
82.3 1.88 2.20
fragment
"Nptll gene
105.9 1.85 2.20
fragment
msfGFP (Nptll)
60.3 1.85 2.19

gene fragment

MsfGFP ("Nptll)
176.3 1.85 2.23
gene fragment
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4.4 Overlap extension PCR for construct Npfll-"'sfGFP and ™'Nptll-

"sfGFP fusion gene

4.4.1 Nptl1-"'sfGFP and "' Nptl11-"'sfGFP fusion gene

F-attl-Notl F-OPCR-NptII-mtsfGFP  R-OPCR-NptIl-mtsfGFP R-T7-ter-Ascl

1000 2000 = 3000

b oo I TGP pu@il

B) F-attl-MNotI F-OPCR-mtNptlI-mtsfGFP  R-OPCR-mtNptII-mtsfGFP R-T7-ter-Ascl
1000 & T 2000 =
P 0 FEPTIL >/ TESTGFP >

Figure 4.6: Schematic showing the sequence of the construction of the
NptI-"'sfGFP and "'NplIl-"'sfGFP fusion genes. In part A, the Npl-
msfGFP was fused by the overhanging regions, whole fusion gene sequences
were amplified by end-to-end primers which is F-attL-Notl and R-T7-Ter-Ascl.
In part B, ™Nptll-"'sfGFP was also fused by the overhanging regions, whole
fusion gene sequences were amplified by end-to-end primers which is F-atfL-
Notl and R-T7-Ter-Ascl.
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4.4.2 Result of agarose gel electrophoresis

Lane 1 2 3 4 5 6 7 8 9 10

1402bp g 2156 6P 922bp o bp 167607

Figure 4.7: Overlap extension PCR for NpfI-"'sfGFP and "' Nptl1-"'sfGFP
fusion genes electrophoresed on 0.8% (w/v) agarose gel. Lane 1 contains the
100 bp DNA ladder as a molecular weight marker, and lane 2 contains the
negative control for the Nptll-"'sfGFP fusion gene. Lanes 3 and 4 show
positive controls for the NpfIl gene fragment (1402 bp) and "'sfGFP(NptIl)
gene fragments (809 bp), respectively. Lane 5 shows the amplified NprIl-
"sfGFP fusion gene product at 2156 bp. Lane 6 contains the negative control
for the " Nptll-"'sfGFP fusion gene; at the same time, lanes 7 and 8 show the
positive controls for the "Nptll gene fragment (922 bp) and ™sfGFP ("™ Nptll)
gene fragment (809 bp) accordingly. Lane 9 shows the successfully amplified
"Nptll-"'sfGFP fusion gene at 1676 bp, while lane 10 contained the 1 kb DNA
ladder. The presence of single, clearly fused gene bands in lanes 5 and 9 proves
the successful and specific fusion under the optimized overlap extension PCR
conditions, with the absence of amplification in negative controls.
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4.4.3 Quantification of purified product

Two PCR fusion gene products were purified using different methodologies for
DNA sequencing. Nptll-"'sfGFP fusion gene product was purified using an
EZ-10 Spin Column DNA Gel Extraction Kit. To reduce DNA loss during gel
electrophoresis, ethanol precipitation was used to purify the ™Npfl-"'sfGFP
fusion gene product. Table 4.2 shows the concentration and purity of the

purified PCR product measured using a NanoDrop spectrophotometer.

Table 4.2: Concentrations and purites of purified NpfI-"'sfGFP and ™Nptll-
msfGFP fusion genes.

Purified PCR Concentration Primary purity Secondary purity

product (ng/ pL) (A260/A280) (A260/A230)
Npdl-"'sfGFP
109.7 1.86 2.16
fusion gene
"Nptl1-"'sfGFP
624.7 1.41 1.82

fusion gene
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4.5 Verification of the fusion gene product by DNA sequencing

The Npdl-"'sfGFP fusion gene product was successfully verified by DNA
sequencing. The results were analyzed with the NpfIl and ™sfGFP gene
fragments, which were already verified by DNA sequencing by BLASTN. The

alignment sequences are displayed in Appendices E and G.
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CHAPTER 5

DISCUSSION

5.1 Justification for using overlap extension PCR in generate the fusion

gene construction

In this project, overlap extension PCR (OE-PCR) was utilized to construct the
Nptll-"'sfGFP and ™ Nptll-"'sfGFP fusion gene constructs. Using custom-made
overlapping primers, OE-PCR enables the precise and seamless fusion of two
or more DNA fragments by creating the complementary overlap regions
between the target genes (Bryksin and Matsumura, 2010). This method
provides a highly specific fusion junction that remains in the open reading
frame of the target fusion gene without adding unwanted sequences such as
restriction enzyme recognition sites or linker residues (Hilgarth and Lanigan,

2020).

Compared with the traditional restriction enzyme-based cloning method, OE-
PCR has significant advantages. Restriction enzyme cloning is highly
dependent on the availability of suitable restriction sites in the vector and the
insertion of DNA. This requires the introduction of an extra sequence that may
affect protein function, without suitable restriction sites (Hashemabadi et al.,

2025). In addition, multiple labor-intensive steps were included in the
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restriction enzyme cloning such as digestion with restriction enzymes,
fragment purification, ligation, and screening with colony PCR. The whole
process requires several days and is costly, especially when rare restriction

enzymes are chosen.

In contrast, OE-PCR is more rapid and cost-effective, without the need for
preexisting or engineered restriction sites. Only three rounds of PCR are
required for OE-PCR, including the individual fragment amplification and
fusion step. Without the requirement of restriction sites, OE-PCR is highly
versatile, allowing seamless joining of any DNA fragment by designing
overlapping primers. Moreover, the linearized fusion product can also be
directly cloned into the plasmid through recombination methods (Nelson and

Fitch, 2012), thereby simplifying further workflow.

Furthermore, the troubleshooting of OE-PCR has focused on optimizing the
PCR conditions and primer design; these issues are often straightforward to
address. In comparison, restriction enzyme cloning method is more challenging
due to multiple problems such as incomplete digestion or inefficient ligation,
which are kore difficult and time-consuming to resolve (Makam et al., 2018).
Therefore, these factors led the selection of OE-PCR as the preferred method

for construct NptIl/™Npfl1-"'sfGFP fusion gene.
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5.2 Megaprimer design

To generate the NpAl/"'Npdl-"'sfGFP fusion gene by OE-PCR, overlapping
regions were designed between the two DNA fragments, allowing them to
serve as primers for each other in subsequent reactions using fragments with
complementary overlapping ends. Megaprimers include overlapping sequences
and target fragment sequences to facilitate gene fusion with specific binding

and extension steps.

One of the most important design features of OE-PCR is that only the second
gene fragment contains a stop codon (Hilgarth and Lanigan, 2020). By
removing the stop codon in the first fusion gene fragment, the polymerase
allowed to fully extend the overlap region without premature dissociation and

incomplete fusion.

In this project, megaprimers with a length of 55 bp were designed to carry
overlapping regions. Longer than the 18-24 bp typical primer. The increased
length of the primer increases the melting temperature (Tm) and enhances
binding specificity, providing sufficient homology to minimize nonspecific
binding and increase the annealing specificity. According to Tyagi, Lai, and
Duggleby (2004), some megaprimers exceeded 300 bp in some OE-PCR
applications; therefore, the primer length is not strictly limiting, but good
hybridization and extension need to be ensured to maximize fusion efficiency.

The basis of the megaprimer is to contain the overlapping region between two
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gene fragments and be long enough to generate a higher-specificity overlap

region for further overlapping steps.

5.3 Challenges in single-primer testing

In figure 4.2, all megaprimers in this project were prone to secondary structure
formation, including hairpin formation and self-annealing from the
Oligonucleotide Properties Calculator analysis. The increased length of the
megaprimer increases the possibility of an intramolecular secondary structure
because of inverted repeats with a higher occurrence rate. These secondary
structures can hinder the proper annealing of the target DNA and cause
premature termination or reduce the efficiency of DNA polymerase extension
(Hilgarth and Lanigan, 2020). Additionally, another potential problem reducing

the amplification specificity is primer-dimer formation.

During single-primer testing with the corresponding DNA template, target-
sized bands were clearly observed on agarose gel. This is the most significant
issue and reveals a risk of false positives because there is a fake band at the
target size. Hence, the main function of single-primer testing is to modify the

PCR conditions until the fake bands disappear for further steps.

To mitigate these issues, the PCR conditions were modified step-by-step. The
annealing temperatures were initially calculated using the Vayzme Tn

calculator and optimized as required because of the high Tw (~69°C) of the
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megaprimers. Annealing temperatures above 60°C yielded cleaner products but
lower overall amplification efficiency. This makes the purification challenging.
Thus, a suitable annealing temperature to compromise between specificity and

yield was determined using PCR (Forloni, Liu and Wajapeyee, 2019).

The number of PCR thermocycles was optimized. Excessive cycles increase
non-specific amplification and mutation rates. For most fragments, cycling was
reduced from 35 to 25 cycles to eliminate false-positive results in single primer
testing. Some cases need to be reduced to 20 cycles. The most challenging
problem in cycling-number optimization is the comparison of the balance

between productivity and specificity in the PCR amplification step.

The addition of DMSO was tested to destabilize the secondary structure by
weakening the hydrogen bonds between complementary base pairs. The
addition of DMSO to the PCR mixture effectively reduced non-specific
amplification (Varadharajan and Parani, 2021) and interfered with target
amplification in the later stages. Although T, was lowered, the target PCR

product could not be formed properly due to the presence of DMSO.

Then, based on the previous adjustment, the concentration of primer in the
PCR mixture was reduced from 0.5 uM to 0.3 uM. Primer-dimer formation and
non-specific amplification were successfully minimized, except for the Npzil
gene fragment, which required further adjustment of the cycling number to

achieve a clean band.
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This part required substantial time and repeated adjustments before moving
forward. Although sometimes the results of single-primer testing yielded clean
agarose gel without any band formation, the modified parameter often caused a
significant drop in PCR product yield. The low concentration of DNA makes
purification challenging. Hence, the PCR product must be reduced because the
concentration of the DNA template is less than a certain level. In addition,
resolving this balance between specificity and yield was challenging with the
modification of the annealing temperature, primer concentration,
thermocycling number, and additives. This iterative process is time-consuming
and laborious, indicating that high specificity does not guarantee smooth

downstream amplification and purification.

5.4 Amplification of the target gene fragments

Based on the PCR conditions modified by single-primer testing, each gene
fragment was amplified with the appropriate primer pairs listed in Tables 3.1,
3.2, and 3.3. Modifications to the thermocycling parameters and PCR mixtures
were necessary for several fragments. except for the ™sfGFP gene fragment

that fused to Nprll, which required only a few adjustments.

For the Nptll gene fragment, the significant differences in T, between the
forward (54.8°C) and reverse primers (66.2°C) resulted in a higher annealing
temperature (58°C). This is the maximum annealing temperature with the target

band size after PCR testing to balance specificity and yield. Thus, annealing
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temperatures of 56°C and 58°C were maintained as a compromise between the
specificity and yield. In this case, both PCR products showed nonspecific
amplicons; thus, a lower annealing temperature was chosen. Based on the data
from single-primer testing and further PCR condition modification, a light
band was observed on the agarose gel. Although the target band was
successfully obtained, the low DNA concentration product required re-

amplification using the PCR product as the template.

"Nptll gene fragment amplification was similar to Nptll optimization with an
annealing temperature of approximately 56°C by a series of gradient PCR tests.
In contrast, the annealing temperature of the "'sfGFP gene fragment containing
the " Nptll gene overlap region was approximately 60°C, without reducing the
amplicon concentration and non-specific appearance. Because the
concentration of the target DNA product was drastically reduced by the gel
purification kit, the "sfGFP gene fragment was reamplified using the purified

product as the DNA template.

The elongation time was set according to the length of the gene fragment and

efficiency of the Vayzme 7aq polymerase. With 1 min per 1 kb DNA synthesis

extension speed recommendation, 1:30 min for the NpzIl gene fragment and

other gene fragments below 1 kb only required 1 min to synthesize.

5.5 Overlap extension PCR
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The final OE-PCR step fused the purified individual gene fragments containing
overlapping regions to construct the full-length Np#I-"'sfGFP and ™Nptll-
"sfGFP fusion genes. Before the fusion step, the PCR products were purified
to remove salts, enzymes, and buffers that may inhibit further reactions, and

the concentration was measured by NanoDrop spectrophotometry.

Although the input DNA ratio for fusion was initially calculated using
bioinformatics tools, such as the Vayzme Input DNA calculator
(https://www.vazymeglobal.com/cetool/restructure.html), empirical
modifications are still required based on product quality. The primary challenge
was non-specific bands, which can be caused by suboptimal PCR conditions,
including lower annealing temperature, excessive cycle number, or primers

with sequence complementarity, leading to self- or cross-annealing problems.

To solve this problem, the PCR conditions and the ratio of the input DNA were
modified. The annealing temperature for the fusion reactions was set to match
the T of the overlap region, Fusion without primers at 60°C showed adequate
annealing but may have reduced the efficiency; therefore, the temperature was
carefully optimized. Although in single primer testing, the primer will not
anneal with the template, in end-to-end PCR amplification, the primer may
anneal with the residual template fragments and cause non-specific
amplification. Based on this hypothesis, the DNA ratio was modified. The
amount of the longer gene fragment in the fusion gene decreased, whereas the
shorter gene fragment remained. The results showed that it efficiently reduced

the non-specific bands, especially the residual template fragments. In end-to-
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end PCR amplification with external primers followed by fusion, the annealing
temperatures were chosen as 59°C for the Np#II-"'sfGFP fusion gene and 60°C
for the " NptlI-"'sfGF'P fusion gene in the balance between yield and specificity

to reduce nonspecific products.

5.6 Purification of NpAI-"'sfGFP and "' Npt1-"'sfGFP fusion genes
products

Two strategies were used to purify the fusion gene products. Ethanol
precipitation was preferred for the ™Nptll-"'sfGFP fusion gene to minimize
DNA loss compared with gel extraction, especially with the faint amplification
band. In the absence of agarose gel electrophoresis, the DNA content of the

PCR products was preserved.

To send the sequencing to 1 BASE, the quality of the DNA concentrations
required exceeded 30 ng/uL for fragments longer than 1500 bp. The Nprll-
"sfGFP fusion gene met this requirement, whereas "Np#I-"'sfGFP did not
result from gel residue contamination. The residual agarose gel in the phenol-
chloroform-isoamyl alcohol supernatant extraction step led to a lower purity of
the " Nptl-"sfGFP fusion gene product. This problem can be eliminated by
repeating this extraction step until the buffy coat between the supernatant and
phenol-chloroform-isoamyl alcohol is clear. This action maximizes DNA

separation from the melting agarose gel.
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5.7 DNA sequencing

Sequencing of the Np#II-"'sfGFP fusion gene product confirmed the successful
fusion gene construction. The alignment results that matched the control
sequence were confirmed by a senior. Owing to insufficient purity, sequencing
of the ™ Nptll-"'sfGFP fusion gene product was not feasible. Instead, it was
cloned into E. coli and sequenced after plasmid extraction for correct fusion.

The sequencing data and alignments are provided in the Appendix C.

5.8 The fusion pf selectable marker and reporter gene

In previous human cell studies, selectable marker and reporter fusion genes
have been constructed. The green fluorescent protein (GFP) was successfully
fused with the neomycin (Neo) resistance gene (Zhang, 2014). This study
successfully overcame the common challenges in maintaining both gene
functions by simple in-frame linking, without causing misfiling or steric
hindrance. The native GFP stop codon was removed, enabling fusion with Neo,
and the fusion genes were initiated by a mutated start codon. Approximately 17
amino acid linkers were inserted between the fusion genes to ensure the proper
folding and activity of both protein domains. Through fusion gene testing, the
researchers found that the fusion gene products exhibited green fluorescence
30% better than wild-type GFP, while the Neo function still retained resistance
to aminoglycoside antibiotics. With a specific targeting sequence, the synthesis
protein generated by the nucleus is transferred and functions in the
mitochondria of the host. In related studies, GFP-Neo proteins, which fuse with

the mitochondrial targeting leader sequence from mouse mitochondrial
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transcription factor A, were able to target and localize inside the mitochondrial
matrix of human cells (HeLa cells) (Yoon and Koob, 2008). This functional
fusion protein proves that the fusion of the selectable marker and reporter gene
is available and the localization can be confirmed by fluorescence microscopy
and biochemical fractionation while maintaining the antibiotic resistance
within mitochondria and showing mitochondrial network co-localization

without cytosolic presence.

In studies of the ™ NpfIl gene, researchers fused it with mitochondrial targeting
sequences (MTS), which are derived from mitochondrial proteins and allow the
import of the fusion protein from the cytosol into the mitochondria. The
synthesis protein can be expressed in mitochondria (Boob et al., 2024). The
specific localization of ™NpfIl was confirmed using fluorescence microscopy

and biochemical fractionation.

Based on both studies, we discovered that the fusion of the selective markers
and reporter genes is possible with proper folding and undergoes the function.
In addition, the modified ™NptIl can be expressed inside the host cell
mitochondria using MTS. Thus, we planned to construct the Nptl/™Nptll-

"sfGFP fusion gene product based on this concept.

5.8.1 Advantages of selectable marker and reporter fusion genes
In this study, ™Nptll genes served as dual-function genes. As an antibiotic

resistance gene, it is possible to select transformed plasmids from non-
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transformed plasmids. In addition, it serves as a transgene. Typically, the GOI
is tagged with GFP to visualize its expression and level. In this project, "NpI
replaced the GOI and fused the "sfGFP gene inside the pENTR cassette. With
the engineered AMT system, which is able to transfer the GOI to integrate and
express the host’s mitochondria, it is able to generate functional genes. When
the GOI is replaced by ™Nptll and expressed inside the host’s mitochondria, it
can be visualized inside the host cell through fluorescence microscopy due to
the criteria of subcellular localization. In addition, the synthesized protein can
be verified using an anti-GFP tag to detect GFP with its fusion gene. Based on
these methods, quantitative and qualitative methods were used. For example,
we can observe that the result in the selectable medium is qualitative, and now
quantitative is used to detect the fluorescent intensity. Through both sets of
obtained data, we can eliminate the false positive result that is caused by the

auxochrome of some host cells.

5.8.2 Disadvantages of selectable marker and reporter fusion genes

Due to the Nptl/™Nptll-"'sfGFP fusion gene, larger proteins require longer
mRNA transcripts, increasing the energetic need and slowing down the
transcriptional process. Similar to the translational process, longer mRNA
require more time and resources to translate into proteins. Thus, larger fusion
genes will decrease expression levels compared to smaller proteins (Lopes et

al.,2021; Lemos, 2005).
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In addition, larger proteins often have complex tertiary structures, creating a
challenge for folding efficiency, and the misfolding or aggregation rate
increases. Improper folding causes misfolded proteins to be degraded by the
cellular quality control mechanism to reduce their net expression level (Lemos,

2005).

5.9 Trouble shooting

Secondary structures such as hairpin formation and primer dimers in PCR
reactions decrease the amplification efficiency and cause non-specific bands to
appear in the results. These structures were observed when the complementary
primer sequences were self-annealing intramolecular or intermolecular. One
effective method to solve this problem is to replace amino acids, which are
encoded by problematic DNA sequences. These secondary structures can be
removed by changing the nucleotide composition of megaprimers while
maintaining protein function. For instance, the codons GAA and GAG encode
the same amino acid glutamic acid. By substituting amino acids without
changing the properties of the protein, the secondary structure can be
destabilized and removed. Moreover, compared to chemical additives, such as
DMSO, conservative amino acid substitutions provide a molecular solution to
the problem beyond chemical mitigation (Bohorquez, Suarez and Patarroyo,

2017).

In addition, without modifying the megaprimers, we could increase the
specificity of the primer in the PCR reaction. Before using the megaprimers to

amplify each gene fragment, the DNA template was amplified using typical
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primers. First, the gene fragments were amplified with normal primers to
increase the specificity of the primer, and the PCR products were used as the
DNA template with megaprimers containing the overhanging regions. Using
the target gene fragments, PCR products as the DNA template instead of the
original DNA fragments, increases the specificity of megaprimers and
decreases the chance of forming secondary structures. This approach increases

the rate of occurrence of specific band formation.

Furthermore, it is easier to construct fusion genes using traditional restriction
enzyme methods. Due to the higher secondary structure formation rate using
OE-PCR, using a restriction enzyme to recombine the target genes is a way to
overcome this problem. In megaprimer design, we can add a linker between the
two fusion genes. This linker includes the desired recognition sites, allowing
the fusion of two genes using the traditional restriction enzyme method if OE-
PCR fails. This method can reduce the time required to modify the optimum

PCR reaction parameters based on these studies to remove secondary structures.

In summary, using synonymous codon changes in megaprimers, using target

gene PCR products as the DNA template in the first amplification with

megaprimers, and changing the fusion methods to restriction enzyme methods

overcomes the secondary structure formation in PCR reactions.

5.10 Further studies
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This project successfully fused two gene fragments using OE-PCR to create a
dual-function fusion gene plasmid. The NpfIl gene serves as a selectable
marker and is able to resist antibiotics, such as kanamycin and neomycin
(Numata et al., 2016). The ™Nptll gene is modified for mitochondrial DNA
expression compatibility. The "™sfGFP gene acts as a reporter gene, emitting
green fluorescence that allows visualization of protein localization and

dynamics inside the mitochondria (Yap,2025).

The fusion gene plasmid enables the selection of host cells and allows direct
observation of the expressed fusion protein, thereby facilitating gene functional
studies (Zhao et al., 2011). This construct can be cloned into an expression
vector and transformed in yeast using a yeast-two-hybrid assay, aiding in
interaction mapping and functional characterization. Finally, it can be
transferred into agrobacteria using the yeast-two hybrid method to infect the
target plant and perform functional gene studies. From this " NpAIl-"'sfGFP
fusion gene construct, the GOI, which is targeted to be expressed in the host’s
mitochondria, can be proven by observing protein synthesis and remaining

inside the mitochondria by green fluorescence under UV or blue light.
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CHAPTER 6

CONCLUSION

The purpose of this project was to fuse two sets of gene fragments to generate
the NpflI-"'sfGFP and ™ Nptl1-"'sfGFP fusion genes. Both fusion products were
successfully verified by DNA sequencing, proving the project’s aim. In this
project, overlap extension PCR (OE-PCR) enabled precise and seamless fusion
of DNA fragments through custom-designed overlapping primers and proper
protocols. Compared to traditional restriction enzyme cloning, which requires
multiple labor-intensive steps, such as digestion, ligation, and screening, OE-
PCR condenses the process into a few PCR reactions. This technique reduces
the time, cost, and simplicity of the workflow, while maintaining high
specificity. However, the length of the megaprimers contributed to challenges,
including secondary structure formation and single-primer amplification.
Hence, single-primer testing was essential to prove critical in eliminating false
positive results and to preliminarily optimize PCR reaction conditions.
Parameters such as annealing temperature, primer concentration, cycle number,
and additives such as DMSO make it difficult for the single primer to anneal to
the template. For gene fragment amplification, PCR conditions were modified
to accommodate differences in primer melting temperatures and template
complexity. This balance was crucial in the specificity and amplification yield;

increasing the specificity tended to complicate the subsequent purification step.
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Nptl (1402 bp), ™Nptll (922 bp), and "'sfGFP (802 bp) gene fragments with
overlapping regions were successfully amplified. Subsequent fusion and final
amplification steps amplified the NpAIl-"'sfGFP (2156 bp) and " Np{1-"'sfGFP
(1676 bp) fusion gene products by modifying the PCR conditions. Different
purification methods were used to maximize DNA recovery, despite the low
yield in different cases. Successful assembly of fusion gene products was
verified by gel electrophoresis and DNA sequencing. The fusion gene product
was cloned into E. coli by a senior lab member, and the selectable marker and
reporter gene functions were combined into a plasmid. This dual-function
plasmid is a valuable tool for future functional genetic studies. Lastly, this
project highlights the essential role of the primer design and PCR condition
optimization in achieving fusion gene construction by OE-PCR with technical

demands.
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Appendix A

Table A: The list of chemicals, reagents, and kits used in this final year project

with their corresponding manufactures.

Chemicals Manufacturers
100 bp DNA ladder Norgen Biotek Corp.
100 % ethanol CIM
2 x Taq master mix Vazyme

Agarose

Boric acid

Low-melting agarose

Sodium chloride

DyeAll™ staining solution

Ethylenediaminetetraacetic (EDTA)

EZ-10 Spin Column DNA Gel

Extraction Kit

Glacial acetic acid

Phenol-chloroform-isoamyl alcohol

Sodium acetate (NaOAc)

Tris base

1 BASE Pte Ltd

Chemos

BM Bio

Chem Soln

Gene All

SIME Scientific

Bio Basic Canada Inc.

Sigma-Aldrich

Nacalai Tesque Inc.

Sigma-Aldrich

Vivantis
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VC 1 kb DNA ladder

Vivantis
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Appendix B

— F-attL-NotI
pENTR’D;:S‘;’S‘f;““SfGFP F-OPCR-mtNpLIL-mtsfGFP
R-T7ter-3
C) rn@ T2 terminator

(22 N [M13 fwd)

JPCR-NptII-mtsfGFP -

Mizrev” /
M13 rev
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Figure B: The plasmid’s map for each DNA template. In part A, this is the

template for amplifying "Nptll, while part B, the plasmid is amplifying
MsfGFP. In part C, the plasmid is used for amplifying the NpzII gene.
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Appendix C

/\ re Expect Identities Gaps Strand
29 bits(1315) 0.0 1315/1315(100%) 0/1315(0%) Plus/Plus
e T U R AT L
Sbjct 1 CGCCCCCTTCACCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGT 66
ettt
Sbjct 61 CACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGG 126
Query 121  TGTTGGCGGGTGTCGGGGCTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGT 180
DULLLLEERELREE LR L e L L R e
Sbjct 121 TETTGGCGGGTGTCGERGLTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGT 188
Query 181  GCACCATACCAAGGCCCAGAATACCCTCCTTGACAGTCTTGACGTGCGCAGCTCAGGGGC 248
ELCCLEEEREEEEEL LR L EL e L e e L e L e Lt
Sbjct 181  GCACCATACCAAGGCCCAGAATACCCTCCTTGACAGTCTTGACGTGCGCAGCTCAGGGGC 248
eEinitintinntianinmhnimnitamintin S
Sbjct 241  ATGATGTGACTGTCGCCCGTACATTTAGCCCATACATCCCCATGTATAATCATTTGCATC 368
Query 301  CATACATTTTGATGGCCGCACGGCGCGAAGCAAAAATTACGGCTCCTCGCTGCAGACCTG 368
IlIIIIIII|I||IllIIII!IIIIIlIIII|II|II|II|II|II|II|II||I||II|
Sbjct 381  CATACATTTTGATGGCCGCACGGCGLG TTACGGCTCCTCGCTGCAGACCTG 360
Query 361  CGAGCAGGGAAACGCTCCCCTCACAGACGCGTTGAATTGTCCCCACGCCGCGCCCCTGTA 4208
ECRELECEEET L EE L e e L e e e e e e
Sbjct 361  CGAGCAGGGAAACGCTCCCCTCACAGACGCGTTGAATTGTCCCCACGCCGCGCCCCTGTA 420
e mmtmtin b
Sbjct 421  GAGAAATATAAAAGGTTAGGATTTGCCACTGAGGTTCTTCTTTCATATACTTCCTTTTAA 488
eEEnitimahntindaninmammiinim .
Sbjct 481  AATCTTGCTAGGATACAGTTCTCACATCACATCCGAACATAAACAACCATGGGTAAGGAA 548
Query 541  AAGACTCACGTTTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTAT 608
I!II!|II||II|IIII!II!|II||!I|!|II|II!|II|I!II!IIIII!IIIIII!I
Sbjct 541  AAGACTCACGTTTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTAT 668
R .
Sbjct 681  AAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAG 660
Query 661  CCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACA 728
IiIIi|II||II|IIIIiIIi|II||i||i|II|IIi|II|IiIIiIIIIIiIIIIIIiI
Sbjct 661 CCCGATGCGCCAGAGTTGTTTCTGAAACA AAAGGTAGCGTTGCCAATGATGTTACA 728
e ninnitinimintinmtahtiinnidmn .
Sbjct 721  GATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCAT 780
Query 781  TTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGCAAMACAGCA 848
IIIIi|II||II|II|IIIIi|Ii||II|i|II|III|II|IIIIiIIIIIIIIIIIIiI
Sbjct 781  TTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGCAAAMACAG 8468
ettt i .
Sbjct 841  TTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTG 908
Query 981  TTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTA 968
CLLLLLCRT L R L L E L L b e e et
Sbjct 981  TTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTA 968
e iitntinnnminmimimninidin o e
Sbjct 961  TTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTT 1020
R b .
Shict 1821 GATGACGAGCGTAATGGCTGGOOTGTTEAACAAGTC TAGRAAAGAAATGCATAAGCTTTTG  1ARA
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Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct

1021
1821
1e81
1@81
1141
1141
121
1201
1261
1261

GATGACGAGCGTAATGGCTGGCCTGT TGAACAAGTCTGGAAAGAAATGCATAAGCTTTTG

GATGACGAGCGTAATGLCTGGCCTGT TGAACAAGTCTGRAAAGRAAATGCATAAGCTTTTG

CCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTT

CELERLEELEEEEE Rt i e e b L e e e et e eyl
CCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTT

GACGAGGGGAAATTAATAGGTTGTATTGATGT TGGACGAGTCGGAATCGCAGACCGATAC

ACGAGGGGAAATTAATAGGTTGTATTGATGT TGGACGAGTCGGAATCGCAGACCGATAC

CAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGG

CAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACG

CTTTTTCAAAAATATGGTATTGATAATCCTGATATGAATAAATTGCAGTTTCATT 1315

CTTTTTCAAAAATATGGTATTGATAATCCTGATATGAATAAATTGCAGTTTCATT 1315

1088
16308
114@
114@
1200
1200
1268
1268
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B)

Score

Expect Identities Gaps Strand

1389 bits(752) 0.0 752/752(100%) 0/752(0%) Plus/Plus

Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct

1

1
61
61
21
121
131
151
241
241
381
381
361
361
421
421
431
431
541
541
681
681
661
661
7N
2

AAGGT GAAGAATTATTCACTGGTGTTGTACCAATTTTAGTTGAATTAGATGGTGATGTTA

LEELLELELLE LR LR R LR LR PR LT LR LET
AAGGTGAAGAATTATTCACTGGTGTTGTACCAATTTTAGTTGAAT TAGATGGTGATGTTA

ATGGTCATAAATTTTCTGTAAGAGGTGAAGGTGAAGGTGATGCTACAAACGGAAAATTAA

|I|||IIII||IIIII|II|IIII1||IIII||I|IIIIIIIIIIIIIIIIIIIIIIIH
ATGGTCATAAATTTTCTGTAAGAGGTGAAGGTGAAGGTGATGCTACAAACGGA

CTTTAAAATTTATTTGTACTACTGGAARATTACCTGTTCCATGACCAACATTAGTAACTA

LELERLEE LR ER e e e e e e e e i e
CTTTAAAATTTATTTGTACTACTGGAAAATTACCTGTTCCATGACCAACATTAGTAACTA

CTTTAACTTATGGTGTTCAATGTTTTTCAAGATATCCAGATCATATGAAAAGACATGATT

|Iil|IIII||IIIIIIII|Il||1||IIII||I||IIIII|IIIII||]||I|II||H
TTTAACTTATGGTGTTCAATGTTTTTCAAGATATCCAGATCATATGAAAAGACATGA

TTTTCAAGAGTGCTATGCCTGAAGGTTATGT TCAAGAAAGAACAATTTCATTCAAAGATG

|I!I|!III||IIII!II!IIIIIJ|I!II!I|I|IIIII!IIlII!IIJII!IIIIIH
TTTCAAGAGTGCTATGCCTGAAGGTTATGTTCAAGAAAGAACAATTTCATTCAAAGA

ATGGTACTTACAAGACTAGAGCTGAAGTAAAGT TTGAAGGTGATACTTTAGT TAATAGAA

LELLLELLLERL LR LR LR L L LR L LT LR LET
ATGGTACTTACAAGACTAGAGCTGAAGTAAAGT TTGAAGGTGATACTTTAGTTAATAGAA

TCGAATTAAAAGGTATTGATTTTAAAGAAGATGGAAACATTTTAGGACATAAATTAGAAT

|Iil|iIII||IIIIi|Ii|IIII1|IiIIiI|I||IIIIi|IIIIi||1||i|II||H
TTAAAAGGTATTGATTTTAAAGAAGATGGAAACATTTTAGGACATAAATTA

ACAACTTTAACTCACATAATGTTTATATTACAGCAGATAAACAAAAGAATGGAATCAAAG

LELLLLEEL L LR Lt e LR EE R LT
ACAACTTTAACTCACATAATGTTTATATTACAGCAGATAAACAAAAGAATGGAATCAAAG

CTAACTTCAAAATTAGACATAACGTAGAAGATGGTTCTGTTCAATTAGCAGATCATTATC

LELLLLLEREEE R LR L e e el
CTAACTTCAAAATTAGACATAACGTAGAAGATGGTTCTGTTCAATTAGCAGATCATTATC

AACAAAATACTCCTATTGGTGATGGTCCTGTATTATTACCAGATAACCATTACTTATCTA

CELLRLLERLEELEEE LR L L L e
AACAAAATACTCCTATTGGTGATGGTCCTGTATTATTACCAGATAACCATTACTTATCTA

CACAATCTGTATTATCTAAAGATCCTAACGAAAAGAGAGATCATATGGTATTATTAGAAT

CELLLLLERLEER LR R e e e e e et e e e
CACAATCTGTATTATCTAAAGATCCTAACGAAAAGAGAGATCATATGGTATTATTAGAAT

TTGTAACTGCTGCTGGTATTACACATGGTATGGATGAATTATACAAATAGTCCTAGCATA

LELLELLREEETEEL L e e e e et e e el
TTGTAACTGCTGCTGGTATTACACATGGTATGGATGAATTATACAAATAGTCCTAGCATA

ACCCCTTGGGGCCTCTAAACGGGTCTTGAGGG 752

LELLLELERLEELLEE LR EEL Lt
ACCCCTTGGGECCTCTAAACGGETCTTGAGGE 752

69
6@
128
12@
18@
188
248
248
3ee
308
368
368
428
428
488
488
548
548
600
600
660
660
720
720

Figure C: Alignment of NptlI-"'sfGFP fusion gene product. Part A was
Nptll gene, part B was ™sfGFP gene.
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Appendix D

_M13 fwd

_ F-attl-NotI

PENTRG-pTEF1-NptII-mtsfGFP
4558 bp

-
R-T7-ter-Ascl

F-OPCR-NptII-mtsfGFP
R-OPCR-NptII-mtsfGFP

Figure D: Genetic map for NpfAI-"'sfGFP fusion gene product. The fusion
gene product had been successful clone inside E. coli.

83



Appendix E

Score Expect Identities Gaps Strand
3989 bits(2160) 0.0 2160/2160(100%) 0/2160(0%) Plus/Plus
Query 1 CAACTTTGTACAAAAAAGCAGGCTCCGCGGCCGCCCCCTTCACCGGTGATGACGGTGAAA 68
CECCLERLLEREEE L R LR E LR LR LT L] ]
Sbjct 1 CAACTTTGTACAAAAAAGCAGGCTCCGLGGCCGCCCCCTTCACCGGTGATGACGGTGAAA
e T AL L LT LT
Sbjct 61 ACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGA 126
Nttt
Sbjct 121  GCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTAACT 186
Query 181  ATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATACCAAGGCCCAGAATACCCTCC 248
II|||||I||II|IIIIIII||II||I|||||I||IlIIIIIIIII||I||I||I||II|
Sbjct 181  ATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATACCAAGGCCCAGAATACCCTCC 248
Query 241  TTGACAGTCTTGACGTGCGCAGCTCAGGGGCATGATGTGACTGTCGCCCGTACATTTAGC 3600
COLELECRLEREEER e L L LR bR L L
Sbjct 241 TTGACAGTCTTGACGTGCGCAGCTCAGGGGCATGATGTGACTGTCGCCCGTACATTTAGC 368
e .
Sbjct 381  CCATACATCCCCATGTATAATCATTTGCATCCATACATTTTGATGGCCGCACGGCGCGAA 368
Query 361  GCAAAAATTACGGCTCCTCGCTGCAGACCTGCGAGCAGGGAAACGCTCCCCTCACAGACG 428
I!I|!||I||II|IIII!II!II!||!||!||I||I!IIIII!II!||!||!||I||II|
Sbjct 361 CAAAAATTACGGCTCCTCGCTGCAGACCTGCGAGCAGGGAAACGCTCCCCTCACAGACG 428
e imitimmmmtit it
Sbjct 421  CGTTGAATTGTCCCCACGCCGCGCCCCTGTAGAGAAATATAAMAGGTTAGGATTTGCCAC 486
Query 481  TGAGGTTCTTCTTTCATATACTTCCTTTTAAAATCTTGCTAGGATACAGTTCTCACATCA 548
ELCLLLRTERRERE e e e e et et e e e e e e e ertnn
Sbjct 481  TGAGGTTCTTCTTTCATATACTTCCTTTTAAAATCTTGCTAGGATACAGTTCTCACATCA 548
Query 541  CATCCGAACATAAACAACCATGGGTAAGGAAAAGACTCACGTTTCGAGGCCGCGATTAAA 608
IlII!IIIIIIIIIIIIIII!II!IIIII!III|IIIIIIIIIII!|I!|II|II|II!|
Sbjct 541 AACATAAACAA ACTCACGTTTCGAGGCCGCGATTAAA 660
Query 681  TTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATC 668
CLCCELEREERE L E LR e et e e e et et
Sbjct 601  TTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATC 668
Query 661  AGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACA 720
ELELLLEREERERE L R L e e L i
Sbjct 661  AGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACA 728
Query 721  TGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGAC 78@
ELLLEEELLE LR L L L e e L e ELLLinl
Sbjct 721  TGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGAC 788
Query 781  GGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTT 848
CLCELLEEEERE e e e e e e e e e et et
Sbjct 781  GGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTT 848
Query 841  ACTCACCACTGCGATCCCCGGCAAMACAGCATTCCAGGTATTAGAAGAATATCCTGATTC 9@
ELOLLLEEERREE LR L e L LE e el
Sbjct 841  ACTCACCACTGCGATCCCCGGCAAMACAGCATTCCAGGTATTAGAAGAATATCCTGATTC 988
Query 901  AGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGT 968
ELLLLEEEEERE e e e e e et e e et ettt
Sbjct 981  AGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGT 968
Query 961  TTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAAT 1820
IlIIIIIIIIIIIIIIIIIIIIIIIIIII!III|II!II!II!III|I!|I!|II|III|
Sbjct 961  TTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAA 1028
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Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct

121
1821
1881
1881
1141
1141
1201
1281
1261
1261
1321
1321
1381
1381
1441
1441
1581
1581
1821
1821
1881
1081
1141
1141
1201
1201
1261
1261
1321
1321
1381
1381
1441
1441
1501
1501

GAATARCGGTTTGGTTGATGCGAGTGATT TTGATGACGAGCGTAATGGCTGGCCTGTTGA

CELLEERELEEL LR e e e e e e e e
GAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGA

ACAAGTCTGGAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCA

(LELLLLELEEEELE L L L et L e e et
ACAAGTCTGGAAAGAAATGCATAAGCTTTTECCATTCTCACCGGATTCAGTCGTCACTCA

TGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAGGTTGTATTGA

LLLELLERLCEL LR DL LR LR L ELET L
TGGTGATTTCTCACTTGATAACCTTATTT TTGACGAGGGGAAATTAATAGGTTGTATTGA

TGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCT

CLLELLLRLLELELL R EL L L L L LT
TGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCT

CGGTGAGTTTTCTCCTTCATTACAGARACGGCTTTTTCAAAAATATGGTATTGATAATCC

COGTGAGTTTTCTCCTTCATTACAGARACGGCTTTTTCAAAAATATGGTATTGATAATCC
TGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCGGATCCGAGACCAT

TGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCGGATCCGAGACCAT

GTCTARAGGTGAAGAATTATTCACTGGTGTTGTACCAATTTTAGTTGAATTAGATGGTGA

CELEEERELEEEELE L et e e et
GTCTAAAGGTGAAGAATTATTCACTGGTGTTGTACCAATTTTAGTTGAATTAGATGGTGA

TGTTAATGGTCATARATTTTCTGTAAGAGGTGAAGGTGAAGGTGATGCTACAAACGGAAA

Il||I||IIIIIIIIIII|III|I||!||II|IIII!III||I||!||l|||||||||l
TTAATGGTCATAAATTTTCTGTAAGAGGTGAAGGTGAAGGTGATGC TACAAACGGAA

ATTAACTTTAAAATTTATTTGTACTACTGGAAAATTACCTGTTCCATGACCAACATTAGT

II||I||IIIIIIIIIIIII||II||I||II|IIIIIIII|Ii||||||||l||IIIII
AACTTTAAAATTTATTTGTACTACTGGAAAATTACCTGTTCCATGACCAACATTAGT

GAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGA

GAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGA
ACAAGTCTGGAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCA

AAGTCTGGAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCA

TGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAGGTTGTATTGA

CELEELLELDLLRLER L e e L e e i |
TGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAAT TAATAGGTTGTATTGA

TGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCT

CELCELLREEELELEELE LR L e e e e e e e i |
TGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCT

CGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCARAAATATGGTATTGATAATCC

CELEELLELEEELE e et e e e e et e i e iyl
CGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCC

TGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGT TTTTCGGATCCGAGACCAT

CELEETLETLLE L L e e e b i |
TGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCGGATCCGAGACCAT

GTCTAAAGGTGAAGAATTATTCACTGGTGTTGTACCAATTTTAGTTGAATTAGATGGTGA

IIIIiI|I||I|III|IIIIIIIIIII|Ii||I||IIIIIIIIIIIIIIHIIIIIIIiI
CTAAAGGTGAAGAATTATTCACTGGTGTTGTACCAATTTTAGTTGAATTAGATGGTG

TGTTAATGGTCATARATTTTCTGTAAGAGGTGAAGGTGAAGGTGATGCTACAAACGGAAA

IlIIII|I||I||II|II|IIIIIII!|Il||I||I!IIIIIIIIlIIIHIIIIIIIII
GTTAATGGTCATAAATTTTCTGTAAGAGGTGAAGGTGAAGGTGATGC TACAAACGGAA

ATTAACTTTAAAATTTATTTGTACTACTGGAAAATTACCTGTTCCATGACCAACATTAGT

ATTAACTTTAAAATTTATTTGTACTACTGGAAAATTACCTGTTCCATGACCAACATTAGT

1889
1889
114@
114@
1282
1289
126@
126@
1320
1320
138@
138@
144@
1449
15680
15680
156@
1569
1080
1880
1148
114@
1200
1200
1260
1260
1320
1320
1380
1388
144@
144@
1500
1500
156@
1568
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Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct

1561
1561
1621
1621
1681
1681
1741
1741
181
1801
1861
1861
1921
1921
1981
1981
2041
2041
21e1
2181

AACTACTTTAACTTATGGTGTTCAATGTTTTTCAAGATATCCAGATCATATGAAAAGACA

CLLLLLELE T EL R e e e e e et

AACTACTTTAACTTATGGTGTTCAATGTTTTTCAAGATATCCAGATCATATGAAAAGACA

TGATTTTTTCAAGAGTGCTATGCCTGAAGGTTATGTTCAAGAAAGAACAATTTCATTCAA
CELLLLLEELE LR LR L e e L L L |

TGATTTTTTCAAGAGTGCTATGCCTGAAGGTTATGTTCAAGAAAGAACAATTTCATTCAA

AGATGATGGTACTTACAAGACTAGAGCTGAAGTAAAGT TTGAAGGTGATACTTTAGTTAA

CLLLLLECEE LR E L L LT
AGATGATGGTACTTACAAGACTAGAGCTGAAGTAAAGT TTGAAGGTGATACTTTAGTTAA

TAGAATCGAATTAAAAGGTATTGATT TTAAAGAAGATGGAAACATTTTAGGACATAAATT
CELLLEECUEE Rt et e e e e e et e i

TAGAATCGAATTAAAAGGTATTGATT TTAAAGAAGATGGAAACATTTTAGGACATAAATT

AGAATACAACTTTAACTCACATAATGTTTATATTACAGCAGATAAACAAAAGAATGGAA

I]III|II|II|IIIIIIIIIIIII|]IIIIIII|IIIIIIIIII!IIIII]IIIIII]I

AGAATACAACTTTAACTCACATAATGTTTATATTACAGCAG

CAAAGCTAACTTCAAAATTAGACATAACGTAGAAGATGGTTCTGTTCAATTAGCAGATCA

|1|Ii|||||||||i||i|||||i||1||i||||||i||i|Ii||I||i||1||||||1|
CAMAGCTAACTTCAAAATTAGACATAACGTAGAAGATGGTTCTGTTCAATTAGCAGATC

TTATCAACAAAATACTCCTATTGGTGATGGTCCTGTATTATTACCAGATAACCATTACTT
CELEELLEELELEEE R LRt E L L e L e L L]

TTATCAACAAAATACTCCTATTGGTGATGGTCCTGTATTATTACCAGATAACCATTACTT

ATCTACACAATCTGTATTATCTAAAGATCCTAACGAAAAGAGAGATCATATGGTATTATT

CLLLLEECUL TR Rt et e e e e L Lt

ATCTACACAATCTGTATTATCTAAAGATCCTAACGAAAAGAGAGATCATATGGTATTATT

AGAATTTGTAACTGCTGCTGGTATTACACATGGTATGGATGAAT TATACAAATAGTCCTA

I]|I!|II|II|II!II!IIIII!I|]II!IIII|I!II!II!IIIII!IIJIIIIII]I

AATTTGTAACTGCTGCTGGTATTACACATGGTATGGATGAATTATACAAATAGTCC

GCATAACCCCTTGRGGCCTCTAAACGGGTCTTGAGGGGTTTTTTGAAGGGTGGGCGCGCC

CELLUCECLLERL LR LR L L LR L EE LT LT
GCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGETTTTTTGAAGGGTGGGCECGCC

Figure E: Alignment of NptII-"'sfGFP fusion gene product.

1620
1620
le8e
1680
1740
1740
1800
18e@
1860@
1860
1920
1920
1938
1980
2848
2840
2188
21ee
2160
2160
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Appendix F

PENTRG-pCox1-mtNptIT-mtsfGFP
4078 bp

Vs
% 2) M13- g
il Primer 2-P1 (1574 .. 1628}

Primer 1-P2 (1574 .. 1628)

L™

(2364 .. 2386) R-T7-ter-Ascl

Figure F: Genetic map for "Nptl-"'sfGFP fusion gene product. The
fusion gene product had been successful clone inside E. coli.
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Appendix G

Score Expect Identities Gaps Strand
3103 bits(1680) 0.0 1680/1680(100%) 0/1680(0%) Plus/Plus
Query 1 CAACTTTGTACAAAAAAGCAGGCTCCGCGGCCGCCCCCTTCACCGTATTGATATAAGTAA 68
IIIII|II|II|IIIIIIIII|II|Ii||i||I||II|II|Ii|Ii||I||I||I||II|
Sbjct 1 CTCCGCGGCCGCCCCCTTCACCGTATTGATATAAGTAA
Query 61 TAGATATAATAATAATATTATGGGTAAGGAAAAGACTCACGTTTCTCGTCCTCGTTTAAA 128
CORLEEELE LR L e et e e e L L eI
Sbjct 61 TAGATATAATAATAATATTATGGGTAAGGAAAAGACTCACGTTTCTCGTCCTCGTTTAAA 128
Query 121  TTCTAATATGGATGCTGATTTATATGGTTATAAGTGAGCTCGTGATAATGTTGGTCAATC 180
I|III|II|II|III|Il|II|Il|I|||I||I||II|II|II|II||I||I||I||II|
Sbjct 121  TTCTAATATGGATGCTGATTTATATGGTTATAAGTGAGCTCGTGATAATGTTGGTCAATC 180
et ittt iyttt
Sbjct 181  TGGTGCTACTATTTATCGTTTATATGGTAAGCCTGACGCTCCTGAATTGTTTTTGAAGCA 240
Query 241  TGGTAAAGGTTCTGTTGCTAATGATGTTACTGATGAAATGGTCCGTTTAAATTGATTAAC 380
CLOLETELLERLLR L L e e n e e L L e e i
Sbjct 241  TGGTAAAGGTTCTGTTGCTAATGATGTTACTGATGAAATGGTCCGTTTABATTGATTAAC 380
Query 381  TGAATTTATGCCTTTACCTACTATTAAACATTTTATTCGTACTCCTGATGATGCTTGATT 360
IiIIi|II|II|IIiIIIIII|II|Iil|i||I||Ii|Ii||i|II||I||i||I||Ii|
Sbjct 381 TGAATTTATGCCTTTACCTACTATTAAACATTTTATTCGTACTCCTGATGATGCTTGATT 360
i minthititidmniitimit ik
Sbjct 361  GTTAACTACTGCTATTCCTGGTAAGACTGCTTTTCAAGTCTTAGAAGAATATCCTGATTC 420
Query 421  TGETGAAAATATTGTTGATGCTTTAGCTGTCTTTTTACGTCGTTTACATTCTATTCCTGT 480
IiIIi|II|II|III|Ii|Ii|II|Ii||i||I||II|II|Ii|Ii||I||i||I||II|
Sbjct 421 GGTGAAAATATTGTTGATGCTTTAGCTGTCTTTTTACGTCGTTTACATTCTATTCCTGT 488
Query 481  TTGTAATTGTCCTTTTAATTCTGATCGTGTTTTTCGTTTAGCTCAAGCTCAATCTCGTAT 540
CLLLEEELLETLLRL L e C LR L LR L L]
Sbjct 481  TTGTAATTGTCCTTTTAATTCTGATCGTGTTTTTCGTTTAGCTCAAGCTCAATCTCGTAT 540
e it hitnihn i
Sbjct 541  GAACAATGGTTTAGTTGATGCTTCTGATTTCGACGATGACCGTAACGGTTGACCTGTTGA 686
ittt .
Sbjct 681  ACAAGTTTGAAAGGAAATGCATAAGTTATTACCTTTTTCTCCTGATTCTGTTGTTACTCA 666
Query 661  TGGTGACTTCTCTTTAGACAATTTAATTTTCGATGAAGGTAAGTTGATCGGTTGTATCGA 728
I!|Il|II|III|Il|II|IIIII||!|IIIII|IIl|Il||l||l||!|||||||||l|
Sbjct 661  TGGTGACTTCTCTTTAGACAATTTAA AAGGTAAGTTGATCGGTTGTATCGA 728
Query 721  TGTCGGTCGTGTCGGTATCGCTGACCGTTACCAAGACTTGGCTATCTTGTGAAMACTGTTT 7860
ELCELLLELEE LR e e e et e e et e e e
Sbjct 721 TGTCGGTCGTGTCGGTATCGCTGACCGTTACCAAGACTTGGCTATCTTGTGAMACTGTTT 788
Query 781  AGGTGAGTTCTCTCCTTCCTTGCAGAAGCGTTTGTTCCAAAAGTATGGTATCGATAACCC 846
I!|IIIII|III|Il|IlIIIII!||!|IIIII|II!|Il||l||l||!||!||||||!|
Sbjct 781  AGGTGAGTTCTCTCCTTCCTTGCAGAAGCGTTTGTTCCAAAAGTATGGTATCGATAACCC 848
Query 841  TGACATGAATAAATTACAGTTCCACTTGATGTTGGACGAGTTCTTCGGATCCGAGACCAT 986
ELEETLCETEET LTt e e b e et
Sbjct 841  TGACATGAATAAATTACAGTTCCACTTGATGTTGGACGAGTTCTTCGGATCCGAGACCAT 988
Query 901  GTCTAAAGGTGAAGAATTATTCACTGGTGTTGTACCAATTTTAGTTGAATTAGATGGTGA 968
IlII!IIIIIIIII!II!II!II!IIIII!IIIIIIIII!|I!|II||!||I||I|II!I
Sbjct 961 CTAAAGGTGAAGAATTATTCACTGGTGTTGTACCAATTTTAGTTGAATTAGATGGTG 960
Query 961  TGTTAATGGTCATAAATTTTCTGTAAGAGGTGAAGGTGAAGGTGATGCTACAAACGGAAA 1820
Ii|II|II|III|Ii|II|II|I|||I|II|II|III|Ii|II|II||I||I||I|IIII
Sbjct 961 TGTTAATGGTCATAAATTTTCTGTAAGAGGTGAAGGTGAAGGTGATGCTACAAACG 1820
ettt .
Sbjct 1821 ATTAACTTTAAAATTTATTTGTACTACTGGAAAATTACCTGTTCCATGACCAACATTAGT 1680
Query 1681 AACTACTTTAACTTATGGTGTTCAATGTTTTTCAAGATATCCAGATCATATGAAAAGACA 1148
Il|I!III|III|Il|IIIIIIII|IIIIl|II|IIl|Il||||||||l||l||||||l|
Sbjct 1881 ACTTTAACTTATGGTGTTCAATGTTTTTCAAGATATCCAGATCATATGAAAAG 1148
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Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbict
Query
Sbjct

1141
1141
1201
1201
1261
1261
1321
1321
1381
1381
1441
1441
1581
1501
1561
1561
1621
1621

TGATTTTTTCAAGAGTGCTATGCCTGAAGGTTATGTTCAAGAAAGAACAATTTCATTCAA
CELLELLELEERL R L LR e e e L L

TGATTTTTTCAAGAGTGCTATGCCTGAAGGTTATGTTCAAGAAAGAACAATTTCATTCAA

AGATGATGGTACTTACAAGACTAGAGCTGAAGTAAAGTTTGAAGGTGATACTTTAGTTAA
CELLLEELTILLEE R L e e e e e e et

AGATGATGGTACTTACAAGACTAGAGCTGAAGTAAAGTTTGAAGGTGATACTTTAGTTAA

TAGAATCGAAT TAAAAGGTATTGATTTTAAAGAAGATGGAAACATTTTAGGACATAAATT

IJII!||I||I|II!II!|IJII!IIJII!IIIHI!II!II!IIJII!IIJIIIIII!I
TCGAATTAAAAGGTATTGATTTTAAAGAAGATGGAAACATTTTAGGACATAAATT

AGAATACAACTTTAACTCACATAATGTTTATATTACAGCAGATAAACAAAAGAATGGAAT

I1I|l||I||I|IIIIII|I1|Ii|I]IIII|IHII|Ii||l||]||l||]|IIIIII|
AGAATACAACTTTAACTCACATAATGTTTATATTACAGCAGATAAA

CARAGCTAACTTCAAAATTAGACATAACGTAGAAGATGGTTCTGTTCAATTAGCAGATCA

|1||i|||||I|||i||I||1||i||1||i||IHIi||i||III1||i||1|IIIIIi|
CAAAGCTAACTTCAAAATTAGACATAACGTAGAAGATGGTTCTGTTCAATTAGCAGATC

TTATCAACAAAATACTCCTATTGGTGATGGTCCTGTATTATTACCAGATAACCATTACTT
I1I|I||I||I|IIIIII|I]IIlII]IIIIIIHII|IIIIlII]||l||]|IIIIII|

AACAAAATACTCCTATTGGTGATGGTCCTGTATTATTACCAGATAACCATTACT

ATCTACACAATCTGTATTATCTAAAGATCCTAACGAAAAGAGAGATCATATGGTATTATT

CELEEEELEE L e e e e e ee e i
ATCTACACAATCTGTATTATCTAAAGATCCTAACGAAAAGAGAGATCATATGGTATTATT

AGAATTTGTAACTGCTGCTGGTATTACACATGGTATGGATGAATTATACAAATAGTCCTA

I]II!||I||I|II|II!|I]III|I]IIII|IHI!II!IIIII]I|!||]|IIIII!|

AGAATTTGTAACTGCTGCTGGTATTACACATGGTATGGATGAATTATACAAATAGTCC

GCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTGAAGGGTGGGCGCGCT
CELLEEELLLLEEL Rt e e e e e e e i i

GCATAACCCCTTGRGGCCTCTAAACGGGTCTTGAGGGGTTTTTTGAAGGGTGGGCGCGCC

Figure G: Alignment of NptI1-"'sfGFP fusion gene product.
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