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ABSTRACT
In multicellular organisms, apoptosis is the most common form of programmed cell
death; it is critical in various processes, including embryonic development, immune system
maturation, and a homeostatic mechanism to maintain cell population. Since inappropriate
apoptosis could lead to many diseases, especially cancer, understanding the regulation of this
cellular self-destruction machinery is very important. Over the past decades, research has been
focused on the elucidation and analysis of apoptotic genes and other factors in apoptosis
signaling pathways.
DAD1, the defender against apoptotic cell death, was identified as a mammalian cell
death suppressor in 1993. Although previous studies have shown that the highly conserved
DAD1 protein is a subunit of the mammalian oligosaccharyltransferase, involved in N-linked
glycosylation, the underlying principle of its roles in apoptosis remains unknown. To understand
the mechanism of DAD1 in apoptotic regulation of tissue growth, I use Drosophila as a genetic
model to study the homologous gene of human DAD1, lethal (2) k12914. Here, by using RNAi
under the control of the GAL4-UAS system, I show that loss of lethal (2) k12914 induces
apoptosis as evidenced by the significant reduction of the adult wing size, accompanied with the
positive results from the caspase-3 assay. In addition, transgenic flies of lethal (2) k12914 are
created

through

φC31

integrase-mediated

site-specific

germ-line

transformation

for

overexpression functional analysis; I find that overexpression of lethal (2) k12914 causes a
moderate increase in wing size. In conclusion, lethal (2) k12914 plays an important role in antiapoptosis in Drosophila development.

ii

TABLE OF CONTENTS
LIST OF FIGURES ......................................................................................................

iv

LIST OF TABLES ........................................................................................................

v

ACKNOWLEDGEMENT ............................................................................................

vi

Chapter 1 Introduction .................................................................................................

1

1.1 Drosophila Melanogaster: genetic portrait of the fruit fly ................................

1

1.1.1 Drosophila life cycle ...........................................................................

1

1.1.2 The Drosophila genome and crossing over ........................................

2

1.1.3 Balancer chromosomes: preserved linkage .........................................

3

1.1.4 Compartments in wing and wing disc .................................................

4

1.2 Techniques of genetic analysis ..........................................................................

5

1.2.1 RNA interference: the generation, action, and application .................

5

1.2.2 The GAL4-UAS system ......................................................................

8

1.2.3 φC31 integrase-mediated site-specific transgenic system ..................

9

1.3 Apoptosis ...........................................................................................................

10

1.4 N-linked glycosylation & DAD1 & lethal (2) k12914 ......................................

12

Chapter 2 Material and Methods....................................................................................

15

2.1 Drosophila stocks and adult wing analysis .......................................................

15

2.2 Fly genomic DNA preparation ..........................................................................

15

2.3 Molecular cloning ..............................................................................................

16

2.3.1 Primer design ......................................................................................

17

2.3.2 Preparation of the DNA insert by PCR ...............................................

18

2.3.3 Restriction enzyme digestion and DNA fragments ligation ...............

19

2.3.4 Transformation ....................................................................................

20

2.3.5 Colony PCR ........................................................................................

20

2.4 Western blot analysis .........................................................................................

20

2.4.1 Protein sample preparation from culture cells ....................................

20

2.4.2 SDS-PAGE .........................................................................................

21

2.4.3 Transfer & blocking & detection ........................................................

22

2.5 Microinjection ...................................................................................................

23

2.5.1 Preparation of attp fly stocks for embryo collection ..........................

23

iii
2.5.2 Preparation of transgene DNA ............................................................

23

2.5.3 Preparation for injection needles ........................................................

24

2.5.4 Preparation for embryo injection ........................................................

24

2.5.5 Microinjection .....................................................................................

24

2.6 Transgene verification .......................................................................................

25

2.6.1 Building stocks ....................................................................................

25

2.6.2 Single fly PCR ....................................................................................

25

2.7 Immunostaining .................................................................................................

26

Chapter 3 Results ..........................................................................................................

27

3.1 Knockdown of l(2)k12914 by RNAi dramatically shrinks wing size ...............

27

3.2 Loss of l(2)k12914 induces apoptosis ...............................................................

28

3.3 Constructing pUAST_HA_l(2)k12914 vector to create a transgenic fly ..........

29

3.4 Generating transgenic flies and validating l(2)k12914 overexpression in flies

30

3.5 Overexpression of l(2)k12914 causes a moderate increase in wing size ...........

31

Chapter 4 Discussion ....................................................................................................

32

BIOLOGRAPHY ..........................................................................................................

36

iv

LIST OF FIGURES
Figure 1-1 Drosophila life cycle and imaginal discs in larvae and pupae ....................

2

Figure 1-2 The Drosophila chromosome complements ...............................................

3

Figure 1-3 The signaling at AP and DV boundaries in wing disc and adult wing .......

5

Figure 1-4 The two small RNA silencing pathways in flies .........................................

6

Figure 1-5 Inductive expression of dsRNA by GAL4-UAS system .............................

7

Figure 1-6 The general outline of φC31 integrase-mediated integration ......................

10

Figure 1-7 Regulation of cell death in Drosophila melanogaster ..................................

11

Figure 1-8 ER translocon complex and structure model of DAD1 ..............................

13

Figure 1-9 lethal (2) k12914 sequence location in D. Melanogaster ...........................

14

Figure 2-1 Adult wing sample on a microscopy slide ..................................................

15

Figure 2-2 The flowchart for pUAST_HA_l(2)k12914 recombinant DNA cloning ....

16

Figure 2-3 pUAST plasmid map ...................................................................................

17

Figure 2-4 Electroblotting set up ..................................................................................

22

Figure 2-5 Steps of breaking an injection needle ..........................................................

23

Figure 3-1 The shrink wing phenotype induced by knockdown l(2)k12914 ................

27

Figure 3-2 Adult wing size analysis ..............................................................................

28

Figure 3-3 Confocal cross section of third instar larval wing imaginal discs ...............

28

Figure 3-4 The western blot results ..............................................................................

29

Figure 3-5 Gel electrophoresis of single fly PCR for l(2)k12914 transgenic fly line ...

30

Figure 3-6 The immunostaining of wing disc of l(2)k12914 transgenic fly line ..........

30

Figure 3-7 The overexpression of adult wing size analysis ..........................................

31

v

LIST OF TABLES
Table 1-1 Commonly used balancer chromosomes with their typical makers .............

3

Table 1-2 The four commonly used GAL4 enhancers and their expression regions and condition
in the adult fly wing ......................................................................................................

9

Table 2-1 The thermocycling condition for PCR reaction ............................................

19

vi
ACKNOWLEDGEMENT
I am immensely grateful to Dr. Zhi-Chun Lai for providing me the opportunity to conduct
undergraduate research since my sophomore year. This experience has been undoubtedly
valuable. It not only equipped me with the abilities to synthesize scientific information and apply
theory into practice, but also allowed me to taste a brief version of the grad student’s life and
thereby make a prudent decision on pursuing graduate level education. I would also like to thank
Yifan Zhang for her wisdom and guidance that have strengthened my scientific skills and lab
techniques, such as dissection of fly adult wing and third instar larvae disc, genetic analysis
using the GAL4-UAS as well as the Flp-FRT systems, microinjection, computational software
for data analysis, and so forth. Besides, I am grateful for the collaborative environment created
by all the lab members: Yaoting Deng, Tian Yu, and Yurika Matsui.
Although I have three projects before, I would like to present the fourth one, the
functional analysis of Drosophila lethal (2) k12914, because it integrates most techniques and
methodologies that I’ve learned in the 2.5 years of undergraduate independent research.
(Clustered regularly interspaced short palindromic repeat (CRISPR) technology and transposon
mediated imprecise excision were applied in the third project). This project is also a part of
Yifan’s thesis, and the confocal photographs taken and the last two steps of the microinjection
were facilitated by Yifan.

1

Chapter 1
Introduction
1.1 Drosophila Melanogaster: genetic portrait of the fruit fly
Drosophila melanogaster has been used as an invertebrate genetic model organism for
over a century. Due to many practical advantages, such as the short life cycle and the ability to
manipulate their genome, the fruit flies are a powerful tool to study developmental genetics,
molecular mechanisms, and physiology and behavior.

1.1.1 Drosophila life cycle
The first feature of fruit flies is their short life cycle yet a large number of offspring. The
average lifespan of Drosophila is only about 30 days at 29 °C. A female can produce 3000
progeny in her lifetime, and a single male can have over 10,000 offspring (1). As the egg is being
laid, fertilization occurs and the embryonic development is completed within 24 hours. The first
instar larva molts 24 and 48 hours after hatching to become second and third instar larva
respectively. When the third instar larva completes its growth, it crawls out of the food and
pupates. Once inside the protective pupal case, the larva undergoes metamorphosis, a dramatic
reorganization of their body plan, which takes about four days. Most structures specific to an
adult are generated from imaginal discs, flattened epithelial sacs that develop from small groups
of cells set aside in the early embryo. About 10 days after egg-lay, the adult emerges from its
pupal case with the expanded wings, hardened exoskeleton, and pigmented body structure
(Figure 1-1).
There are distinct phenotypes between male and female. Females are slightly larger and
display dark separated stripes at the posterior tip of their abdomen; the stripes for males are
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merged. Males have darker and more complex anal plates whereas females display the pin-like
extensions. To select virgins, one should choose females having a visible dark greenish spot in
their abdomen or the ones that have eclosed from pupae within 8 hours period from the last
clearing of vials because the newly eclosed males require up to 8 hours to mature sexually.
a.

b.

Figure 1-1 Drosophila life cycle and imaginal discs in larvae and pupae. Figure 1a shows, under 25°C, the
transition from embryo to a first instar larva (hatching), the transitions between larval instars (molts), the process
of converting a third instar larva to a pupa (pupariation), and the emergence of the adult from the pupal case
(eclosion). Figure 1b shows the connection between particular imaginal disc in the larva and the structures they
generate in the adults (1).

1.1.2 The Drosophila genome and crossing over
The haploid genome of Drosophila contains four chromosomes, designated numerically
as 1-4. Chromosome 1 is the X chromosome, chromosome 2-4 are autosomes (Figure 1-2). Sex
is determined by the ratio of the number of X chromosomes to the number of copies of each
autosome. Genes located on the same chromosome tend to segregate jointly during meiosis, but
crossing over can happen during meiotic prophase I. The absence of crossing over in males
makes it possible to maintain linkage relationships simply by ensuring that a chromosome is
inherited strictly through the male parent. However, there are typically one or two crossovers
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taking place in each major arm of female per meiosis, and the swapping of genetic material
during this process called synapsis may increase the number of different genotypes. Therefore,
the balancer chromosome has to be introduced to maintain the stock with a mutation (1).

Figure 1-2 The Drosophila chromosome complements. Major blocks of all chromosomes,
particularly in regions surrounding the centromeres, are heterochromatic. Key: dark blue,
heterochromatin; light blue, euchromatin; YL and YS, the long and short arms of the Y chromosome;
and 2L, 2R, 3L, and 3R, the left (L) and right (R) arms of chromosomes 2 and 3 (1).
.

1.1.3 Balancer chromosomes: preserve linkage
Balancer chromosomes are special, modified chromosomes that carry multiple inversions
through which the relative positions of genes have been significantly rearranged. Balancers are
most often used as a genetic tool to prevent crossing over. They have three properties:
suppressing recombination with their homologs, carrying dominant markers, and negatively
affecting reproductive fitness when homozygous. Due to their special modification, balancers
keep homozygous lethal or sterile mutations from being lost and prevent multiple alleles on the
same chromosome from being separated by crossing over, i.e., they allow populations of flies
carrying heterozygous mutations to be maintained (2). Three balancer chromosomes carrying
special phenotypic makers in common use (Table 1-1).
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Chromosomes

Balancer Marker

Phenotype

X (First)

FM7

yellow (y)

recessive, yellowish body color

white (wa)

recessive, bright orange eyes

singed (sn)

bristles

Bar (B1)

kidney shaped eyes in heterozygotes

curly (Cy)

curled-up wings

dumpy (dp)

bumpy notum

cinnabar (cn)

eye color

curly (Cy)

curled-up wings

dumpy (dp)

bumpy notum

purple (Pr)

eye color

cinnabar (Cn2)

eye color

Stubble (Sb)

blunt bristles

Serrate (Ser)

serrated wing tips

cinnabar (Cn2)

eye color

(Tubby) Tb

physically shortened 3rd instar larvae and pupae

ebony (e)

dark body color

2 (Second)

SM6

CyO

3 (Third)

TM3

TM6

Table 1-1 Commonly used balancer chromosome with their typical makers. Note that 4th chromosome
does not require balancers since no recombination is displayed (3).

1.1.4 Compartments in wing and wing disc
The segmentation genes and homeotic genes are involved in establishing the Drosophila
body plan. The development of the anterior-posterior (AP) axis and dorsol-ventral (DV) axis in
the fruit fly depends on the coordinated action of the segmentation genes, which divide the body
into three head segments, three thoracic segments, and eight abdominal segments; the homeotic
genes assign a unique identity to each segment.
The four classes of segmentation genes are expressed in the order of egg-polarity gene,
gap gene, pair-rule gene, and segment polarity. Each gene class is controlled by classes of genes
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higher in the hierarchy or by members of the same class. The homeotic genes are master
regulators to control the development of segment-specific structure.
The AP compartment boundary pattern wing imaginal discs are established by several
transcriptional factors. Engrailed (en), expressed in the posterior compartment, reflects the
expression of its embryonic parasegment. It can activate the hedgehog (hh) signaling, which then
induces the secretion of decapentaplegic (dpp) to create the AP boundary. The D/V boundary
expresses the secreted wingless (wg). The wing is divided along the AP axis into a series of
longitudinal veins and intervein regions. Each vein has characteristic sense organs and other
distinct structures. Normally, wing veins can be numbered 1-5 (A to P) such that the
compartment boundary is between veins 3 & 4 (Figure 1-3).

Figure 1-3 The signaling at AP and DV boundaries in wing disc and adult wing. a. The gene
engrailed (en) is expressed in the posterior compartment of the wing disc together with hedgehog
(Hh). At the boundary with anterior cells, Hh activates Decapentaplegic (Dpp), which is secreted into
both compartments. At the dorsal-ventral (DV) boundary, wingless (wg) is expressed (4). b. Wing
compartment. The white region containing 1, 2, 3 vein is anterior, and the blue region containing 4
and 5 is posterior (4).

1.2. Techniques of Genetic Analysis
1.2.1. RNA interference: the generation, action, and application.
RNA interference (RNAi) is a biological process in which RNA molecules inhibit gene
expression. Two families of a small regulatory RNA, microRNA (miRNA) and small
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interference RNA (siRNA), are central to RNA interference. They are both associate with the
family of proteins known as Argonaute (Ago) protein but differ in the origin and the mechanism
of action (5) (Figure 1-4). The general pathways of RNAi are relatively conserved within
metazoan animals, the following paragraphs are based on mammalian system (6).

Figure 1-4 The two small RNA silencing pathways in flies. a. dsRNA precursors are processed by
Dicer-2 (DCR-2) to generate siRNA duplexes containing guide and passenger strands. DCR-2 and the
dsRNA-binding protein R2D2 load the duplex into Argonaute2 (AGO2). A subset of endogenous siRNAs
(endo-siRNAs) exhibits dependence on dsRNA-binding protein Loquacious (LOQS), rather than on
R2D2. b. miRNAs are encoded in the genome and are transcribed to yield a primary miRNA (pri-miRNA)
transcript, which is cleaved by Drosha to yield a short precursor miRNA (pre-miRNA). Alternatively,
miRNAs can be present in introns (termed mirtrons) that are liberated following splicing to yield authentic
pre-miRNAs. pre-miRNAs are exported from the nucleus to the cytoplasm, where they are further
processed by DCR-1 to generate a duplex containing two strands. Once loaded into AGO1, the miRNA
strand guides translational repression of target RNAs (7).
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miRNAs are derived from the actual endogenous genes in the genome. After transcription
by RNase II enzyme, the end product folds into a stem loop structure and is processed by
Drosha, RNase III enzyme. Drosha interacts with a specialized RNA binding protein to form a
complex, which removes the 5’ and 3’ extension and liberates a 60 -70 nucleotides transcript
known as pre-miRNA. The pre-miRNA is recognized by Exportin 5, a nuclear transport factor,
and then exported to the cytoplasm for subsequent processing. In the cytoplasm, Dicer, another
RNase III enzyme, catalyzes a second cleavage of pre-miRNA. The cleavage product, a
miR:miR* duplex, is loaded into Ago protein and sorting occurs: miR guide strand is retained
while the other passenger stand is removed. Ago protein charged with a guide miRNA is referred
to as micro RNA-induced silencing complex (RISC). Once RISC finds the target mRNA by
imperfect complementary binding, it recruits additional factors to degrade the mRNA and
therefore represses translation (8).
In contrast to miRNAs, siRNAs are generally not encoded in the genome, but derived
from an exogenous double-stranded RNA (dsRNA); they include virus RNAs and duplex
structures that are synthetically introduced by scientists for experimental purposes. With respect
to the origins, RNA duplex skips the first Drosha dependent cleavage in the miRNA processing
reaction, and is directly cleaved by Dicer approximately every 20-25 base pairs (bps). The
resulting SiR:SiR* duplexes, similar to the miR:miR* duplexes, are then loaded into the
appropriate Ago protein. After the SiR passenger strand is removed, the resulting single stranded
siRISC complex can now scan the RNAs by fully complementary binding and then perform
slicing (5).
RNAi provides a powerful reverse genetic approach to analyze gene functions both in
tissue culture and in vivo. In Drosophila, RNAi reagents can be delivered either by injection into
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precellular blastoderm embryos or as transgenes. Compared to RNAi injection, which is
restricted to study gene function during embryonic development, transgenic RNAi has been
widely used to study gene function in somatic tissue.
An important concern with regard to Drosophila RNAi screens is the sequence specific
off-target effects, causing a false positive result (9). To validate a transgenic RNAi phenotype,
two simple follow-up experiments should be performed. The first one is to confirm the results
with a second independent RNAi line. The second, and the most conclusive, is to perform a
rescue experiment via expression of the target gene in its RNAi fly line or a cross-species RNAi
rescue method (10). In general, RNAi technique has replaced and enhanced many classical
genetic approaches and manipulations, and this nearly universal approach makes loss-of-function
studies approachable.

1.2.2. The GAL4-UAS system: ectopic expression
The GAL4-UAS system, derived from the Yeast-2-hybrid system in 1993, is a powerful
technique for studying gene expression and function in vivo (11). GAL4 is a transcription
activator that activates gene downstream of UAS (upstream activation sequence) enhancer
elements. By simply crossing GAL4 flies lines to UAS lines, the gene downstream is activated
ectopically (12) (Figure 1-5). Some common GAL4 enhancers used in this study are shown in
Table 1-2. Since GAL4 by itself is not visible, the other part of this system is a reporter line or
reporter genes, such as green fluorescent protein (GFP).
GAL4-UAS system can be used to induce RNAi expression in a spatial and temporal
manner for cell- or tissue- specific interrogation of gene function (13) i.e. placing genes
expressing hairpin RNAs at downstream of the UAS. As a result, one can perform the gene
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knockdown studies in a specific tissue, or development stage, or under a specific temperature
condition (14). The knockdown efficiency is affected by different GAL4 drivers with various
expression levels.

Figure 1-5 Inductive expression of dsRNA by the GAL4- UAS system. Flies are expressing GAL4 proteins in
a spatial and temporally regulated manner under the control of enhancers are genetically crossed with fly strains
bearing a gene expressing hairpin RNA downstream of an UAS. In the progeny, dsRNA is expressed in a
regulated pattern and induces its target gene silencing (10).

GAL4 enhancer

Expression region and condition in the adult fly wing

dpp

Drive GAL4 expression between 3rd and 4th veins

en

Drive GAL4 expression in posterior region from embryonic stage at high level
Drive GAL4 expression in the whole wing (wing pouch region in wing disc) at

C5
ms1096

low level
Drive expression in the whole wing at high level

Table 1-2 The four commonly used GAL4 enhancers and their expression regions and condition in
the adult fly wing.

1.2.3. φC31 integrase-mediated Drosophila site-specific transgenic system
Germ-line transformation via site-direction recombination technology is a powerful tool
to study gene function in Drosophila, and the purpose is to incorporate exogenous sequences into
a predetermined genomic site in the Drosophila genome. Two systems, Flp-FRT and Cre-lox,
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have been widely used for many applications, including clonal analysis, targeted deletion, and
tissue-specific excision. However, the efficiency of these two methods is limited due to the
reversible nature of recombinase-mediated recombination (15).
A new strategy using the Streptomyces phage φC31 allows researchers to resemble the
movement of transposons in a sequence-specific and unidirectional manner, and research has
demonstrated that φ31 integrase can mediate intra- and intermolecular site-specific
recombination at high frequency in Drosophila S2 cells (15). More specifically, this system
requires two components: attP, a preplaced sequence as a recipient site in the Drosophila
genome, and a pUASTattB plasmid containing both transgene and donor sequence attB. During
the microinjection, the plasmid is coinjected with φC31 integrase mRNA into attP-containing
embryos. As a results, the integrase catalyzes recombination between the two nonidentical
recognition sites, attP and attB, and a hybrid sites, attL and attR, are formed (Figure 1-6).

Figure 1-6 The general outline of φC31-mediated integration. A preplaced sequence (attP) acts as
the recipient site in the Drosophila genome. A pUASTattB plasmid contains both a transgene and donor
sequence (attB). After coinjected the plasmid with φC31 integrase mRNA into attP-containing recipient
embryos, a hybrid sites (attL and attR) are formed, which prevents further integrase-catalyzed
movement of the integrated transgene (16).

1.3. Apoptosis
In multicellular organisms, apoptosis, the most common form of programmed cell death,
is tightly regulated in various vital processes, and inappropriate cell death might lead to a series
of human diseases, such as degenerative neurological diseases, stroke, and cancer. Therefore,

11
studying gene functions that can initiate, mediate, and regulate the pro-apoptotic and antiapoptotic signals is essential and necessary. Although the mechanisms of apoptosis involve an
energy dependent cascade of many highly complex and sophisticated molecular events, most of
the underlying molecular regulatory machineries have proven to be evolutionarily conserved
among species (17, 18). The universality of the mechanism that controls cell survival and death
makes Drosophila a useful genetic tool to study apoptosis.
Apoptosis in Drosophila is under the control of the pro-apoptotic genes reaper, hid and
grim. The gene products induce proteolytic degradation of inhibitor of apoptosis proteins (IAPs),
most notably DIAP1, and thus free the putative initiator caspase DRONC, similar to mammalian
Caspase-9. DRONC becomes part of an apoptosome through interaction with its adaptor protein
Ark, and the apoptosome cleaves and activates Caspase-3-like effector caspases DCP-1 and
DRICE to promote apoptosis (Figure 1-7).

Figure 1-7 Regulation of cell death in Drosophila melanogaster. The figure shows several apoptosis pathways.
When DRONC is unrestrained, it cleaves and activates downstream effector caspases DRICE that leads to cell
death. Yet, cell death can be negative regulated by directly or indirectly inhibition of DRICE by DIAP1. JNK pathway
can be activated by TNF-family ligand such as Eiger, and it can also be negative regulated by DIAP1 (19).
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Besides DRICE, cell death can also be triggered through Jun N-terminal kinases (JNKs)
pathway. JNKs activate apoptotic signaling by upregulating the pro-apoptotic genes via the
transactivation of specific transcription factors or by directly modulating the activities of
mitochondrial pro- and anti-apoptotic proteins through distinct phosphorylation events (20). In
Drosophila, JNK signaling pathways are required for epithelial cell shape changes during dorsal
closure of the embryo, and also for correcting morphogenesis of imaginal discs in later
development (21).
Similar to vertebrates, the regulation of apoptosis in fly involves in a wide variety of
stimuli, originating either within the cell or from the environment. For instance, the stimuli could
be from DNA damage, ER stress or reactive oxygen species (ROS), which cause defects in cell
specification or differentiation. Hence, using Drosophila to study cell death at the molecular
level is a good approach (20).

1.4 N-linked glycosylation, DAD1, and lethal (2) k12914
Among the apoptosis regulatory genes, defender against apoptotic cell death (DAD1) was
identified as an apoptosis suppressor in 1993; this was discovered by a rescue experiment in
which A human DAD1 cDNA was successful rescued the temperature-induced apoptosis
phenotype in a mutant hamster tsBN7 mutants (22). A few years after the discovery, DAD1 was
found to be a regulatory subunit of oligosaccharyltransferase (OST), an elaborate multisubunit
complex integrated into the endoplasmic reticulum (ER) protein translocon (23). This 113residue protein consists of a 28-residue N-terminal hydrophilic segment followed by three
hydrophobic transmembrane segments, which is essential for the functional and structural
integrity of OST (Figure 1-8).
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Figure 1-8 ER Translocon complex and structure model of DAD1. a. Many protein complexes
are involved in protein synthesis, which takes place in the ribosomes (light green and light blue).
Through the ER translocon (green: Sec61, blue: TRAP complex, and red: oligosaccharyl transferase
complex) the newly synthesized protein is transported across the membrane (gray) into the interior
of the ER. Sec61 is the protein-conducting channel and the OST adds sugar moieties to the nascent
protein (23). b. A model for the membrane topology of DAD1 locates both the N terminus and the
antigenic peptide on the cytoplasmic face of the membrane. OST48 and ribophorin I (RI) are integral
membrane proteins with lumenal N termini (N) (24).

The reaction catalyzed by OST is the central step of N-linked glycosylation pathway, a
posttranscriptional modification: a lipid-linked core-oligosaccharide is assembled at the ER
membrane, and then the OST complex transfers 14-sugar oligosaccharide from dolichol to
selected asparagine residues of nascent polypeptide chains (24). In eukaryotes, it has one
catalytic subunit Stt3, and at least six accessory subunits (ribophorin I, Ribophorin II, OST48,
DAD1, N33, and OST4) of poorly understood functions. Sequence analysis and proteinase
protection assays suggest that all OST subunits are integral membrane proteins and many possess
substantial luminal domains (25).
Like the other apoptosis regulatory proteins that are conserved between invertebrates and
vertebrates, the anti-apoptotic role of DAD1 has been confirmed in different specifies. In
Saccharomyces cerevisiae, the loss of function of OST2, of which the protein product has 40%
similarity to human DAD1 protein, can induce apoptosis due to defective N-linked glycosylation
(26). In C. elegans, the transient overexpression of the human or C. elegans DAD1 transgene,
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under the control of a heat shock promoter, during development leads to the survival of a subset
of cells normally programmed for death (27). Moreover, the DAD1 mutant in mice exhibits
developmental delay and cell apoptosis (23).
In order to further investigate the roles of DAD1 in apoptosis and other cellular signaling
activities, the functional analysis of Drosophila lethal (2) k12914 (l(2)k12914, CG13393,
FBgn0263852), was undertaken. l(2)k12914 is located in the second chromosome with a total
length of 526 bp (Figure 1-9), and its protein product has 72% identify with human DAD1. The
homozygous mutation can cause death before the end of the pupal stage (28).

a

b
Figure 1-9 lethal (2) k12914 sequence location in D. Melanogaster. a.The gene sequence is
1 kbp from 2L:8,383,612..8,386,137 (24). b. Gene sequence. mRNA: XXXX; CDS: XXXX (28).

In this study, many genetic tools have been applied, including RNA interference (RNAi)
mediated gene knockdown with a high degree of spatial and temporal control by the GAL4-UAS
system and φC31 integrase-mediated site-specific germ-line transformation via microinjection.
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Chapter 2
Materials and Methods
2.1 Drosophila stocks and adult wing analysis
All fruit flies were cultured under standard condition. The following fly stocks were used
in the experiments: v33164 and v33166 were obtained from Vienna Drosophila RNAi Center
(VDRC); ms1096-GAL4 (8860) and en-GAL4 (25752) were obtained from Bloomington
Drosophila Stock Center (BDSC); and dpp-GAL4 was from Graham Thomas lab.
To analyze the adult wings, flies were dissected and their wings were aligned on a
microscopy slide as shown in Figure 2-1. The photos of each wing were taken under the
microscope (OLYMPUS DF PLAPO 1X) and captured by a program called SPOT. Another
program called ImageJ was used to measure the wing size.

Figure 2-1 Adult wing sample on a microscopy slide. Females were taken under 2.0 x
and males were 2.5 x. Crosses, genders and date were indicated in the right side.

2.2 Fly genomic DNA preparation
30 anesthetized Canton S flies were collected in an Eppendorf tube and frozen at -80°C
for 10 minutes. 200 μl buffer A (100 mM Tris-HCl, pH 7.5 100 mM EDTA, 100 mM NaCl, 1%
SDS) with tissue grinder was added to grind flies, followed by an additional 200 μl buffer A with
continued grinding until only cuticles remained. After a 30 minute incubation at 65°C, 800 μl
LiCl/KAc solution (1 part 5 M KAc stock (49.1 g KAc in 100 ml), 2.5 parts 6 M LiCl stock (25.4
g LiCl in 100 ml)) was added. The tube was placed on ice for at least 10 minutes, and then spun
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for 15 minutes at room temperature (RT). 1 ml of the supernatant was carefully transferred to a
new tube, followed by adding 600 μl isopropanol. The tube was spun for 15 minutes at RT (since
extraction does not remove all the proteins, do not incubate on ice and spin immediately after
adding isopropanol). The supernatant was aspirated away, washed with 70% ethanol, and
allowed to dry. The precipitates were resuspend in 150 μl 10 mM Tris pH ~7 (Buffer EB from
QIANGEN plasmid kits) and stored at -20 °C. This Canton-S genomic DNA was the source of
l(2)k12914 to make transgenic flies.

2.3 Molecular cloning
Molecular cloning has served as the foundation of technical expertise in labs worldwide
for several decades, and it refers to a process by which recombinant DNA molecules are
produced and transformed into a host organism for replication. The general molecular cloning
scheme in my experiments are presented in Figure 2-2.
Double Digest pUAST with EcoR1 and Xhol

Primer design

PCR for HA_ l(2)k12914
Phosphatase (CIP) Treatment of DD- pUAST
PCR product purification

Heat Inactivation at 65 °C

Double Digest PCR product with EcoR1 and Xhol

Ligation with HI DD-PCR product and DD-pUAST

Transformation and grow bacteria (DH5 alpha) on LB Ampicillin plates

Colony PCR to confirm the recombinant DNA vector
Figure 2-2 The flowchart for pUAST_HA_ l(2)k12914 recombinant DNA cloning.
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2.3.1 Primer design
In order to microinject this gene into Drosophila embryos by φC31 integrase-mediated
site-specific transgenic system and later manipulate it by GAL4-UAS system, we first designed
two primers to clone l(2)k12914 out of the Canton S genomic DNA and integrate into pUAST
plasmid. Since l(2)k12914 antibody was not available, the HA tag was linked to the gene for
detection (Figure 2-3).

Figure 2-3 pUAST plasmid map. pUAST consists of five tandemly arrayed optimized GAL4
binding sites followed by the hsp70 TATA box and transcriptional start , a polylinker containing
unique restriction sites (MCS) for EcoRI, BglII, NotI, Xho, KpnI and XbaI and the SV40 small T
intron and polyadenylation site (30).

NEB cutter analysis was employed to find two restriction enzymes (RE) sequences from
5’ and 3’ end of l(2)k12914 gene. There are several criteria for RE candidates. First, the two RE
sequences should be within a multiple cloning sites (MCS) of pUAST but not in l(2)k12914.
Second is the heat sensitivity, the nucleotides requirement before the RE sequence for cutting,
and the length between the two recognition sites in the MCS; those can be checked through
"properties and usage" section of the NEB data page. And the third one is the cost. In our case,
EcoR1 and Xhol with NEBuffer 2.1 were chosen for directional cloning (29). The 5’ of HA-
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l(2)k12914 was placed at the EcoR1 cutting site (413) and the 3’ end at the Xhol cutting site
(441). The forward and reverse primers with each extra several nucleotides were designed based
on the ideal primer length, GC content, and GC clamp at the 3' end. The HA tag sequence was
placed between the RE sites and the gene sequence. By oligonucleotide properties calculation,
the melting temperatures of the forward and reverse primer were matched within 5°C and there
was no avoidable self-complementarity causing the secondary structure for both of them.
Methylation sensitivity was checked. The two primers sequence are listed below:
Forward primer:
(CCGC)(GAATTC)(TATCCATATGACGTTCCAGATTACGCT) (ATGGTGGAGC)
(Random sequence)(EcoR1)(HA tag)(5’ end of the gene)
Reverse primer:
(GGCGCG)(ACTCGA)(TATCCATATGACGTTCCAGATTACGCT) (ACAATTTAG)
(Random sequence)(Xhol)(HA tag) (Complementary sequence of 3’ end)

2.3.2 Preparation of the DNA insert by PCR
PCR is used to amplify a single copy or a specific segment of DNA. Most PCR methods
typically amplify DNA fragments of between 0.1 kbp and 10 kbp, and involve three major steps:
denaturation, annealing, and elongation. The first step is to denature and separate the DNA
templates into two pieces of single-stranded DNA by heat disrupting the hydrogen bond between
complementary bases. The next step is to allow the annealing of the primers to single-stranded
DNA template. The elongation step is to add dNTPs that are complementary to the template in 5'
to 3' direction by DNA polymerase, resulting in the duplication of the original DNA. After the
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first cycle, each of the new molecules contains one old and one new strand of DNA. Each of
these strands can be used to create two new copies, and so on.
The components and reagents for our PCR set up (25 μl) included: DNA template (1 μl),
forward primers (10 μM, 0.5 μl), reverse primers (10 μM, 0.5 μl), One Taq DNA polymerase
(0.125 μl), 5X One Taq Standard Reaction Buffer (5 μl), dNTP (10 mM, 0.5 μl), and distilled
water (17.4 μl). The PCR set up was shown in Table 2-1. The amplified DNA insert was purified
from PCR buffer, dNTPs, polymerase and the primers via gel purification, and then its
concentration was estimated by Nanodrop
Steps

Temperature

Time

Initial Denaturation

94°C

30 seconds

30 Cycles

94°C

15 seconds

52°C

45 seconds

68°C

36 seconds

Final Extension

68°C

5 minutes

Hold

4°C

/

Table 2-1 The thermocycling condition for PCR reaction

2.3.3 Restriction enzyme digestion and DNA fragments ligation
The restriction double digestion was set up at 37°C overnight for pUAST and DNA insert
with EcoR1 and Xhol using NEBuffer 2.1. Alkaline Phosphatase, Calf Intestinal (CIP) was
added to the double digested pUAST vector (DD-pUAST) at 37°C for 60 min to
dephosphorylate the 5’- ends of the DNA. This phosphatase treatment could prevent four
situations: small and large piece of vector ligate back together, two pUAST vectors ligate,
exonuclease contamination followed by blunt end vector ligation, and partial digest of the vector.
Next, heat inactivation of the restriction enzyme and the phosphatase for DD-pUAST and DDHA_ l(2)k12914 was performed at 65°C for 30 minutes. This could avoid the 5' phosphate of
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DD-HA_ l(2)k12914 to be dephosphorylated or the ligation product to be cut again by REs. The
concentration of DD-pUAST and DD-HA_ l(2)k12914 was 399 ng/μl and 299 ng/μl respectively,
and the ligation reaction was set up at 1: 1 ratio up at room temperature overnight.

2.3.4 Transformation
Transformation was performed to introduce the recombinant DNA into the DH5α E.coli
strain. A 10 μl pUAST-HA-l(2)k12914 vector ligation product was mixed with 50ul competent
cells in a 1.5 μl Eppendorf tube . The mixture was placed on ice for 30min, then heat-shock at
42°C for 90 seconds, and then placed on ice for 2 minutes. After 200 μl LB medium (without any
antibiotics) was added, the tube was incubated in a 37 °C shaker for 60 min. 50 μl of the
transformation was spread on a LB plate with appropriate antibiotics, and the plate was
incubated at 37 °C overnight.

2.3.5 Colony PCR
Colony PCR was used to screen the plasmids containing a desired l(2)k12914 insert,
followed by a mini-prep to isolate and purify the positive construct vectors (Wizard® Plus SV
Minipreps DNA Purification Systems). The purified construct was sent to sequencing (campus
genomics core facility).

2.4 Western blot analysis
2.4.1 Protein sample preparation from cultured cell
Effectene Transfection Reagent (Qiagen) was used to transfect pUAST_HA_l(2)k12914
vector into S2R + cells from DGRC; pAc_GAL4 vector was co-transfected to control the gene
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expression. The transfection procedure was followed the Effectene Transfection Reagent
Handbook.
After two days incubation, cells in the culture dish were washed twice with ice-cold PBS.
About 80 μl Lysis Buffer (1 ml system: 2 μl 2 mM DTT, 2 μl protease inhibitor (Sigma), 60 μl 1
M glycen-2 phosphate, 4 μl 50 μM PMSF, 50 mM TRIS pH 7.4, 150 mM NaCl, 1 M NaF, 2 mM
EDTA, 1% Triton X-100, and 200 mM Na3VO4) per well for 12 plates were added, and cells
were constantly agitated for 30 minutes at 4 °C (If samples were sticky, a 95°C heating for 4
minutes could be performed). The supernatants were transferred to the new tubes and loading
dye was added. Samples were boiled for 10 minutes before gel electrophoresis.

2.4.2 Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE)
A SDS-PAGE was prepared by using a 10% separating gel (5 ml system: 2.5 ml dH2O,
1.25 ml 1.5 M Tris-HCl pH 8.8, 100 μl 10% (w/v) SDS, 1.25 ml acrylamide/BIS (40%), 50 μl
ammonium persulfate (10%), and 3 μl TEMED) and a 4% stacking gel (2 ml system: 1.3 ml
dH2O, 0.5 ml 0.5 M Tris-HCl pH 8.8, 100 μl 10% (w/v) SDS, 0.2 ml acrylamide/BIS (40%), 20
μl ammonium persulfate (10%), and 3 μl TEMED). Both inner chamber and outer chamber were
filled up with 1 x electrophoresis running buffer.
20 μl of each six fractions along with the 10 μl rainbow marker were loaded into the gel.
The gel was run at 160 V for about 10 minutes to allow the proteins in the stacking gel move into
the separating gel, and then adjusted to 80 volts for another 50 minutes or until the tracking dye
reaches the bottom of the gel. To estimate the amount of the target protein, Coomassie Blue
could be used based on the staining intensity.
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2.4.3 Transfer & blocking & detection
Electroblotting was used to transfer the protein from the gel to the membrane made of
nitrocellulose. Transfer stack was set up at 100 V for an hour at room temperature (Figure 2-4).

Figure 2-4 Electroblotting set up. The order of assemble transfer sandwich is orientating cathode,
fiber pad, filter paper, gel, membrane, filter paper, fiber pad and anode, i.e., protein transfer goes in the
direction of cathode to anode. Try to prevent or remove air bubbles during assembly, as bubbles will
cause interruptions in protein transfer. Anode is typically color-coded in red, while cathode is typically
color-coded in black (32).

After the successful transfer, the membrane was washed with 0.1% TBST (50 mM Tris,
150 mM NaCl, 0.05% Tween 20), blocked for an hour at room temperature with milk (1g of nonfat free milk powder in 20 ml TBST), and then coated with the primary antibody, anti-HA
antibody (H6908) (1:1000) (Sigma-Aldrich, Inc.), overnight at cold room. On the next day, the
membrane was washed with 0.1% TBST for 10 minutes, three times. The membrane was then
coated with the secondary antibody, anti-Rabbit antibody (1:2000) (Amersham). Having been
placed in the shaker for two hours at room temperature, the membrane was washed again with
0.1% TBST for 10 minutes, three times.
Enhanced chemiluminescence (ECL) reaction and detection was performed to generate
signal. The procedure was according to the manufacturer’s instructions (Pierce ECL Western

23
Blotting Substrate, Thermo Scientific). The image was obtained from (Typhoon FLA 7000, GE
Healthcare Life Science)

2.5 Microinjection
To generate l(2)k12914 transgenic flies, a C31 integrase-mediated site-specific attp line,
24749, from BDRC were used. These flies have a light pink eye color and an attP site on the
third chromosome. The genotype are listed below (33):
24749: y[1] M{vas-int.Dm}ZH-2A w[*]; M{3xP3-RFP.attP}ZH-86Fb

2.5.1 Preparation of attp fly stocks for embryo collection
About 500 male and female flies, in a 1:1 ratio, were placed into food bottle chamber
seeded with activated dry yeast, at least two days before embryo collection. When ready for
injection, flies were transferred to a fly chamber containing a Petri dish plate
with standard fly food as an embryo collecting (34). A 0.5 ml activated dry yeast
paste was placed on the center of the plate. Plates were changed after every 30 minutes.

2.5.2 Preparation of transgene DNA
The recombinant plasmid DNA, pUAST_HA_l(2)k12914 was isolated from an overnight
E.coli culture using Qiagen Midiprep Kit. After isolation, 1/10 volume of 3M NaOAC and 1
volume of isopropanol were added to the tube, which was then left at -20 °C for 15 minutes.
After centrifuged at 20,000 g for 20 minutes at 4°C, the supernatant was removed and the pellet
was wash with 200 μl of 70% ethanol, followed by another 20 minutes spun at room tempearute,
20,000 g. Then the supernatant was removed and the pellet was allowed to dry via vacuum
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centrifuged. The dried pellet was re-suspended in a distilled water, and stored at 20 °C. (16).

2.5.3 Preparation for injection needles
A needle was back loaded and placed in the needle holder. After a broken coverslip was
covered with halocarbon oil and brought into focus, the general steps were shown in Figure 2-5
(16).

c

d

Figure 2-5 Steps of breaking an injection needle. a. The injection needle is in focus. b.The
coverslip is moved toward the needle until it begins to bend (arrow) and then pressure is applied
to the syringe to break the needle. c. Needle with a beveled tip is preferred. d. Needles with a
blunt tip is less desirable (16).
needle is shown; the needle is too blunt

2.5.4 Preparation for embryo injection
First, all embryos were rinsed with distilled water and transferred to a mesh basket. After
they were dried, the embryos were lined up on the edge of an egg laying plate in the slice with
the posterior end facing out, and applied some glycerol for attachment. They were allowed to dry
in a container with silica gel for 5–15 minutes until the embryos could be injected without
leaking and without looking wrinkled or bag-like. After desiccation, the embryos were covered
by halocarbon oil and placed on the microscope for injection (35).

2.5.5 Microinjection
After the posterior of embryo was brought to focus, it was pierced with the needles.
Appropriate and enough pressure was applied to the syringe attached to the needle to inject the
construct DNA. After each embryo was injected by repeating the step above on the slide, excess
halocarbon oil was removed with a razor blade, and the embryos was incubated at 18 °C for 18
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hours. Then, they were moved to room temperature until the embryos hatched. It took 10 days
for larvae to hatch and become adult fly.

2.6 Transgene verification
2.6.1 Building stocks
Each surviving adult fly was collected individually and crossed with a double-balanced
(DB) line (w*; sp/CyO; ry Dr/TM6B, Hu). Since the dominant marker w+ carried by plasmid
pUAST allowed transgenic lines to be identified by the change in eye color after the first cross to
a white genetic background, the red eyes flies were chosen, followed by a second cross with DB.
The genotype of stock was w*; sp/CyO; UAS_l(2)k12914/TM6B.

2.6.2 Single fly PCR
One fly was placed in a 1.5 ml tube and frozen for 10 minutes. Fresh squishing buffer
(SB) was made with 10 mM Tris pH 8.2, 25 mM NaCl, 1 mM EDTA, 200 μg/ml, and Proteinase
K from a frozen aliquot. Before each experiment, pipette the necessary amount of squish buffer
into an Eppendorf tube, and just before use, add 1 μl of 10 mg/mL Proteinase K per 50 μl of
squish buffer. The fly was smashed with a pipette tip containing 50 μl of SB, followed by
incubation at 37°C for 30 minutes and 95°C for 10 minutes. All tubes were spun for 1 minute in
the microfuge at 13,000 rpm and then placed on ice. 1 μl of the supernatant was transferred into a
PCR tube, accompanied with 5 x buffer (3ul), dNTPs (10 mM, 0.3 μl), forward and reverse
primer (10 mM, 0.3 μl), Onetag Polymerase (0.1 μl), and distilled water to make a 15 μl system.
The PCR program was set up as following: 94°C for 30 seconds, 45-68 °C for 15-60 seconds,
and 68 °C for 30 seconds; repeat for 30 cycles.
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2.7 Immunostaining
Wing discs were dissected out of the third stage instar larva in cold 0.02% Triton X-100
phosphate buffered saline (PBS) solution. When a pipette was used to transfer the tissues, the
tips need to be coated with a protein-rich buffer to prevent the tissues from sticking on the tips.
Discs were fixed in fix on ice for 30 minutes at room temperature in 4%
Paraformaldehyde (PFA), and then covered with foil if the tissues have GFP expressed. The
fixed sample was wash with PBS three times. The sample was incubated in blocking buffer (0.1%
PBST (1X PBS/0.1% Tween-20) with 5% Normal Goat Serum) for 1 hours at RT, and then
incubated in a primary antibody diluted in blocking buffer overnight under 4°C. The dissection
plate wrapped with parafilm and foil. After washed with 0.1% PBST for 10 minutes three times,
the sample was incubated in a secondary antibody for 2 hours at room temperature, with the
dissection plate wrapped with parafilm and foil. The secondary antibody was diluted in 0.3%
blocking buffer, and then washed three times with 0.3% PBST after incubation. In the last 10
minutes of incubation before wash, DAPI was added at 1:6000 for nuclear staining.
10ul of mounting medium (70% glycerol in PBS) was spread out on the slides; the wing
discs were carefully placed in the glycerol, and covered with a cover slip (prevent gas bubble).
The slide was sealed with nail polish. Images are collected with Olympus FV300 or Olympus
FluoViewTM FV1000 confocal Microscope.
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Chapter 3
Results
3.1 Knockdown of l(2)k12914 by RNAi dramatically shrinks wing size.
DAD1 has already been confirmed to play a critical role in N-linked glycosylation and
resulted in apoptosis in a loss of function mutation (24). The observation of loss of Ost2 inducing
apoptosis in yeast as well as the tsBN7 cells led us to hypothesize that l(2)k12914 might
negatively regulate cell apoptosis and cause significant morphology changes in Drosophila.
To test this hypothesis, two RNA lines, v33166 and v33144, were applied to knock down
l(2)k12914 spatially in fly wings by crossing with three different GAL4 drivers. The offspring of
en-GAL4>l(2)k12914 RNAi were died during the pupa stage. The offspring of ms1096GAL4>l(2)k12914 RNAi had a dramatic morphological defect and size reduction in adult wings,
clearly visible from their crumpled appearance, compared to the wild type (WT) (Figure 3-1a-c).

a

b

c

d

e

f

Figure 3-1 The shrink wing phenotype induced by knockdown l(2)k12914. a. The adult female
wing of ms1096-GAL4-UAS-WT, serving as a wild-type control (F= 8; M =8). b. The adult female wing
of ms1096-Gal4-UAS- l(2)k12914 RNAi (v33166) (F= 8; M =8). c. The adult female wing of ms1096Gal4-UAS- l(2)k12914 RNAi (v33164) (F= 7; M =7). d. The adult female wing of dpp-Gal4-UAS- WT
(v33166), serving as a wild-type control (F= 8; M =8). e. The adult female wing of dpp-Gal4-UASl(2)k12914 RNAi (v33166) (F= 8; M =8). f. The adult female wing of dpp-Gal4-UAS- l(2)k12914 RNAi
(v33164) (F= 8; M =8).
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The reduction of wing size was also confirmed by knocking down l(2)k12914 via dppGAL4 (Figure 3-1d-f). The region between 3rd and 4th vein in dpp-GAL4> l(2)k12914 RNAi
dramatically shrink 31.4% and 27.3% of that in wild type female and male flies respectively
(Figure 3-2).
**

**

Figure 3-2 Adult wing size analysis. The wing was measured in the region between 3rd and 4th vein
of the dpp> l(2)k12914 RNAi (v33164). ** indicates p<0.0005.

3.2 Loss of l(2)k12914 induces apoptosis
To examine the cause of wing size reduction, en-GAL4 was used to drive RNAi
expression in the posterior compartment, and the wing discs were dissected at the late third-instar
larval

stage;

the

anterior

compartment

serves

as

an

endogenous

control.

After

immunofluorescence staining, nuclear fragmentation showed a morphological change only in the
posterior compartment where cleaved caspase-3 was high (Figure 3-3).
a
.
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en<RFP

c
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Casp-3

Figure 3-3. Confocal cross sections of third instar larval wing imaginal discs. a. The wing poach
region was stained with DAPI to visualize the DNA in blue. b. Posterior region was stained by red
fluorescent protein (RFP). c. The wing disc was stained with a cleaved caspase-3 antibody to mark
apoptotic cells (The images were taken by Yifan Zhang).
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3.3 Constructing pUAST_HA_ l(2)k12914 vector for microinjection
There are several potential vectors that can be used for microinjection, for instance, a
pUAST construct with a HA tag containing only CDS of l(2)k12914, or have 3’ or 5’ or both
UTR added. To test which construct is able to successfully express protein products, transfection
into S2R+ Drosophila cells followed by a western blot was employed. The pAC-GAL4 was cotransfected to control the protein expression via UAS promoter.
When only inserting CDS or CDS with 5’ UTR into the pUAST plasmid, there was no
protein expression in vitro. Only CDS with 3’UTR of l(2)k12914 had protein expression (Figure
3-4). Since one terminus need to link with a HA tag for protein detection, the plan to add both 5’
and 3’ UTR to the CDS of l(2)k12914 was abolished.
The predicted protein molecular weight is about 13 kD and the actual size visualized by
SDS-PAGE was about 20 kD (36). The 7 kD difference was acceptable, considering the fact that
the separation of proteins by SDS-PAGE depends on the uniform binding of negatively charged
SDS to protein. Both construct pUAST_HA_l(2)k12914 vectors, Recombinant 1 and
Recombinant 2, were ready for microinjection.

1

2

3

kD
75
50
37
25
20
15

Figure 3-4 The western blot results. The two bands showing on the western blot indicated the
successful protein expression. Line 1 and 2 are two independent pUAST_HA_l(2)k12914
construct, named Recombinant 1 & Recombinant 2) , and line 3 empty pUAST vector as
negative control. The primary antibody is anti-HA antibody (H6908) (1:1000) (Sigma-Aldrich,
Inc.), and the secondary antibody, anti-Rabbit antibody (H6908) (1:2000) (Sigma-Aldrich, Inc.)
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3.4 Generating transgenic flies and validating l(2)k12914 overexpression in flies
Recombinant 1 was used to create transgenic flies for l(2)k12914 overexpression analysis
through microinjection. The about 600 bp band in the gel electrophoresis of single fly PCR
indicated the positive results, i.e., the successful insertion by φC31 integrase-mediated sitespecific transgenic system (Figure 3-5). Those positive fly lines were crossed with the double
balancer line to build stocks.
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Figure 3-5 Gel electrophoresis of single fly PCR for l(2)k12914 transgenic fly lines. Lane 1 - 6
were candidates fly lines. Lane 7 was positive control (pUAST_HA_l(2)k12914), Lane 8 was negative
control, and Lane 9 was DNA maker. The blue arrow indicated a about 600 bp band which was the
desired PCR amplified length under specific primers.

The overexpression of l(2)k12914 was further confirmed by the overlap of GFP signal at
posterior wing disc compartment with anti- l(2)k12914 signal (Figure 3-6).

a

b
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l(2)k12914 - HA

Merge

Figure 3-6 The immunostaining of wing disc of l(2)k12914 transgenic fly line. a. GFP signal in the
posterior region. b. HA antibody staining. c. Merged signal of l(2)k12914 and GFP to show that
l(2)k12914 is overexpressed in posterior region. (The images were taken by Yifan Zhang)
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3.5 Overexpression of l(2)k12914 causes a moderate increase in wing size
The overexpression fly line was crossed with en-GAL4. The size of the posterior region
of the adult wing was measured. The red dot circle for the overexpression fly could not include
the entire posterior region as the wild type, implying a slightly increase in adult wing size
(Figure 3-7a,b). Statically, the overexpression of l(2)k12914 cause 7% and 5% increase in the
posterior region of female and male respectively. According to the t-test indicated, this moderate
increase was significance.

a

b

*
*

*
*

c

Figure 3-7 The overexpression of adult wing size analysis. a. The adult female wing of
en-GAL4-UAS-WT, serving as a wild-type control (F= 10; M =10). The red dot circle
indicated the posterior region, b. The adult female wing of en-Gal4-UAS- HA_l(2)k12914
(F= 13; M =14). The red dot circle was pasted from the one in wild type ring. c. The column
chart of relatively adult wings size. The p value < 0.001, and * indicates significance.
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Chapter 4
Discussion
DAD1 is evolutionarily conserved in vertebrate and invertebrate animals. While previous
work has revealed that loss of DAD1 causes developmental delay and induces apoptosis in many
species, its functions in N-linked glycosylation as well as the underlying interaction with
different components in the apoptosis signaling pathway have not been elucidated. In this study,
I used Drosophila as a genetic model to investigate the anti-apoptosis role of l(2)k12914.
To eliminate the off-target effect, I used two independent RNAi line v33164 and v33166
in the knockdown experiment. Since en-GAL4 drives gene expression during embryogenesis and
larval development, the fact that all flies died during the embryonic stage indicated the important
role of l(2)k12914 in early development. When the RNAi lines were crossed with ms1096GAL4, all the offspring flies have severely crumpled wings (Figure 3-1a-c). Because dpp was
expressed between the 3rd and 4th vein and also influenced the surrounding cells, a significant
reduction in this region as well as the total wing size were observed (Figure 3-1d-f & Figure 32). The cleaved caspase-3 staining confirmed that those phenotypic changes were due to
apoptosis (Figure 3-3).
Besides using the loss-of-function analysis to elucidate gene function, I also created a
pUAST_HA_ l(2)k12914 vector to generate the transgenic flies for overexpression analysis. One
problem I encountered was the low efficiency in the step of microinjection. There were several
technique problems. First, the embryos didn’t stay still on the microscope slide very well. Hence,
before doing the injection, I should pretreat the embryos with two minutes’ wash with 6%
sodium hypochlorite diluted in water in a 1:4 ratio. This treatment will remove the chorion
covering the embryos. Then, all embryos will be washed thoroughly with water to remove traces

33
of bleach. Second, the injection needles were easy to get clogged and so the DNA solution did
not flow out from the tip. This was mainly due to the non-ideal needle tip. More practices should
be focused on how to break the tip of the needle by moving the broken coverslip against the
needle and applying pressure on the syringe. I also found the sharp beveled tip tended to cause
less damage to the embryo and thus resulted in a higher survival rate than those with blunt tips.
Besides making a good injection needle, practice on how to use the injection button or hand
control to trigger injection in order to get a constant flow is necessary. Third, the overdesiccation of embryos might cause few embryos to hatch. And fourth one was to deal with the
quality of DNA constructs. Although Qiagen-isolated DNA is clean, the elution buffer from
isolating the plasmid DNA from E.coli culture can be toxic to embryos. The isolated DNA
therefore must be re-precipitated and re-suspended in an appropriate volume of water. The
volume is determined based on the concentration of eluted DNA.
Because my DNA constructs contain the dominant marker w+ and the DB flies have wgenetic background, the red eyes flies were chosen for stock building after crossing the surviving
adults with DB flies. Some attentions for fly genotyping include: The Proteinase K used in
preparation of fly genotyping has to be added to the squashing buffer right before the experiment
to keep it active; heat inactivated at 95°C for 10 minutes before doing the PCR. Although total
50 μl was used to smash the fly, I found that adding 20 μl first to smash the fly and then the rest
of 30 μl was more efficient. According to the fly genotyping results, all six stocks were positive
with the DNA size from the PCR screen being about 600 bp (Figure 3-5). The successful protein
expression was confirmed by immunostaining the wing discs, which also indicated the readiness
for overexpression analysis.
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The goal of the overexpression analysis is to observe any phenotypic change associated
with the overexpression of l(2)k12914 and to ensure its important role as an anti-apoptosis factor.
The 3’ UTR of l(2)k12914 was added to CDS for successful protein expression and a HA tag
was incorporated for detection. After having the overexpression fly line set up, I crossed them
with en-GAL4 fly line, which specifically drive the transcription of l(2)k12914 in posterior
region. Since l(2)k12914 was a negative regulator for apoptosis, I expected an increase in wing
size. According to Figure 3-7 combining with the statistic calculation, the posterior region of the
wing size in female and male had a 7% and a 5% increase in respectively compared to that of
wild type. This moderate increase was significant according to t-test, which further pointed out
that overexpression of the anti-apoptotic gene, l(2)k12914, can prevent cell death. Because this
overexpression might inhibit activation of one branch of the apoptosis pathway, one question I
could ask next is which apoptosis pathway does this gene crosstalk to prevent cell death.
However, I suspected the complicated apoptotic events during wing development might
be the reason of the less dramatically increase in wing size. The wing, derived from the wing
imaginal disc, is formed from the embryonic ectoderm by an invagination at the intersection of a
dorsal/ventral stripe of wg with an anterior-posterior stripe of dpp. Its apoptotic events have
several features. First, some dying cells, such as epithelium, are washed into the thoracic cavity
via streaming of material along and through wing veins instead of occurring at the site of death.
Second, extensive vacuolization might indicate the elevated autophagy, which could potentially
influence some pro- or anti- apoptotic factors (37). Third, the apoptotic events during wing
development are much less than the other organs, which suggests that obvious phenotypic
changes caused by overexpression of l(2)k12914 may be more likely observed in other organ
system, such as eyes (38).
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In terms of the future plan, I would like to generate a null allele of l(2)k12914 to continue
the loss of function study by knockout instead of knockdown. Because of its embryonic lethality
in Drosophila l(2)k12914 homozygous mutant, mosaic analysis with a repressible cell marker
(MARCM) system is preferred to use for creating the individually labeled mutant homozygous
cells in otherwise heterozygous system. First, a MARCM-ready virgin containing FLP
recombinase, an FRT site, GAL4, tubP-GAL80, and a UAS-GFP marker will be prepared. Then
it will be mated to males carrying a corresponding FRT site and l(2)k12914 mutation. The
offspring will be collected based on the phenotypic maker carried on a balancer chromosome.
Because heat shock can induced recombination at the FRT site at a specific stage, this will be
used to determine the function of l(2)k12914 during Drosophila development. Specifically, when
FLP transcription is induced by heat shock, it recombines the chromosome at 2 FRT sites in cells
undergoing mitosis. These cells will divide into 2 homozygous daughter cells- one carrying both
Gal80 elements, and the other carrying both mutant. The daughter cell lacking Gal80 but with
homozygous mutant will be labeled with GFP via UAS-Gal4 system (39).
Another part of the future plan is from the perspective of the N-linked glycosylation,
because it is one of the major post-translational modification occurred in the ER, and it
contributes to many biological activities including cell-cell adhesion and recognition. In general,
the N-glycans have both intrinsic and extrinsic functions. For intrinsic, they provide structural
components to the cell wall and extracellular matrix, modify protein properties such as stabilities
and solubility; and for extrinsic, they direct trafficking of glycoprotein and involve in cell-cell
and cell-matrix interaction (31, 40). Hence, one of the next goals is to examine how N-linked
glycosylation affected by l(2)k12914 is connected to apoptosis and other cellular activities.
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