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—{ ABSTRACT |

The inscct-dependent  baculovirus expression vectors are frequently used 1o express
glveoproteins. Such  ghcoproteins  include many  products with  biomedical value. The N-
gheosvlation pathway of insect cells differs than the mammalian pathway. In turn, it limits
expression systems lo produce glycoproteins with full activities. The current study is a part of
transgenic experiment series to produce drosophila capable of processing the glvcopricins as
mammalian glveosylation pathways. The w''' eve mutant strain of Drosophila melanogaster was
transformed with piggvBac-derived construct carrying DNA fragment encoding both mammalian
sialic acid synthase and CMP-sialic acid svathetase under the "ie [-hr3-iel” dual back 10 back
constitutive promoter. The transformation experiments yielded six positive flies showing eye-vellow
Huorescence. The putative transgenic flies were further analyzed. Subsequent southern analyses,
RT-PCR and sequencing of piggvBac-flanking region within the drosophila genome proved at least
wo  transgenic drosophila lines which are piggyBac-inediated  transformants and  express
mammalian enzymes.
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INTRODUCTION cell-matrix and cell-cell interactions (Varki

1993: Fiedler and Simons. 1996).

vpically. there are three distinct types In all eukarvotes. the initial steps are
of protein modifications with glvcan in identical involving the svnthesis of lipid-
eukarvotic cells: N-linked glvcosylation linked oligosaccharide precursor followed by
of asparagine. (-linked glycosylation of serine the subsequent events in the ER and Golgi
or threonine and glvcosylphosphatidyl inositol (Kukuruzinska and Lennon. 1998). The

derivatization of the termunal carboxvl groups

intermediate complex is a common structure
(Ortean. 1996. Hounsell er al.. 1996 and

between mammalian and  insect  N-

Udenfriend and Kodukgla,l 1995). N-linked ghycosvlation pathway (For review see: Jarvis
carbohvdrates play roles in different biological 2003. and Rendie ¢r a/.. 2008). Three glucose
processes such as protein folding and residues at the high mannose structure
conformation. stability. and targeting to "Glu3Man9GlcNac2-N-Asn" are removed by
subcellular and extracellular sites as well as al.2 glucosidase 1 and al.3 glucosidase II.
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Further trimming of (ive mannose residues is
catalvszed by a-mannosidase 1. One residue of
N-acetvlglocusamine is added to the structure
bv the N-acetviglocusaminvltransferase I. The
common intermediate structure is achieved by
timming  two mannose residues by a-
mannostdase Il and adding one fucose residue
bv fucosvitransferase 1. Further modifications
of the intermediate structure are different in
mammalian than those in insect cells. In
mammahan cells. the pathway tends to
elongate this common intermediate bv the
action of glvcosyvl-transferases to produce
hvbrid and complex N-glvcans with terminal
sialic acids. In contrast. insect cells have N-
acetviglucosaminidase that can remove the
terminal N-acetviglucosamine residue {rom
"GleNAcMan3GIcNAc2-N-Asn" forming the
major N-glycan product in insect cells, the
paucimannose. "Man3GIcNAc2-N-Asn".
However. in some cases. only extremely low
levels terminal glvcosvltransferase activities
have been detected in insect cells.

Due to the inability of insect cells to
produce biantennary complex. baculovirus-
insect cell  expression svsiems produce
glvcoproteins  complex  with  N-linked
oligosaccharide lacking the terminal sialic acid
residues. Modilving the insect cell N-
glvcosvlation pathway is critical for the insect
cell-dependant  expression sysiems. The
Spodoptera  frugiperda  cells  (S1Y)  were
engineered 1o express the mammalian f1.4-
galactosvitransferase  (GalT) and 02.6-
sialvltranslerase (ST6). The cells. designated
as S{4GalT/STo6, produced a recombinant
glvecoprotein  with mono-aniennary  structure
with only al.3 arm elongated (Holhster and
Jarvis 2001 Holhister et af., 2002). The
St4GalT/ST6 cells were further transformed
with N-acetviglucoseaminvlitransferase 11 gene
creating the transgenic cells SISWT-1. These
cells produced a recombinant glycoprotein
with  br-antennary  sialvlated  N-glvcans

(Hollister er a/. 2002). Aumiller ¢/ a/. (2003)
transformed  SfSWT-1  cells  with  two
additional  mammalian genes sialic acid
svnthase and CMP-sialic acid svnthetase. The
resulted cells (STSWT-3). with a total of seven
N-glvcosviation-related mammalian  genes.
produced CMP-sialic acid and sialvlated the
recombinant glycoprotein in serum free-media.
The growth media was onlv supplement with
N-acetylmannosamine as a sugar precursor for
stalic acid salvage.

The current study is one of
transformation experimental series to generate
transgenic Drosophila melanogaster that are
capable to process the N-glycan as mammalian
pathwavs. The drosophila flies were
transformed with piggvBac-construct encoding
both the mouse sialic acid svnthase and CMP-
sialic acid svnthetase. The transgenic lines
were analyzed for the expression of both genes
at molecular level.

|

f MATERIALS AND METHODS

Plasmids

The  pXLBacll-SAS/CMP.SAS-EYFP
clone#42-3 plasmid (Fig. 1) was provided by
Dr. Donald Jarvis. Wyoming State University
(Shi er al.. 2007). The piggyBac \eclor svstem
pXLBacll (Li er al.. 2005) was utilized as
template construct. The plasmid was designed
to encode a mouse sialic acid svnthase (SAS)
(Nataka e al.. 2000) and a mouse CMP-sialic
acid svnthetase (CMP-SAS) (Munster es al..
1998) under the "iel-hArs-icl" dual constitutive
transcriptional control element. The dual
element consisted of back-to back baculovirus
ie] promoters separated by a baculovirus Ar
enhancer. Both genes were terminated with a
DNA f(ragment containing the bovine growth
hormone polvadenylation signal. BGHpolvA.
The vellow [luorescent marker gene (EYFP).
under the transcriptional control of the eve-
spectfic promoter. 3xP3. was also incorporated
into the plasmid. The phspBac plasmid
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(Handler and Harrell. 1999) was used lor
microinjection as a source ol pggvBac
transposase.

Drosophila culture

Drosophila strams were reared under
standard laboratorn  conditions  (Roberts.
1998). The preblastodermal embrvos were
microinjected as described in (Rubin and
Spradling. 1982). The D. melanogaster w’''*
white eve strain was used for microinjection
with a concentration of 0 4pg/ul of the donor
plasmid. pXLBacll-SAS/CMP.SAS-EYFP
clone#42-3. and Odugul of the helper
plasmid. phspBac. All injected embrvos were
subjecled to one hour heat shock period at
37°C after 24 hours [rom injection to induce
expression ol the piggyBac transposase. The
injected embrvos were allonwed to grow to
adulthood at 28°C. Emerging adults were
individually mated with w''’" flies. and their
progeny  were screened as adults  for
fluorescent eve color using an Olvmpus
SZX 2 {luorescent microscope equipped with
YFP filter set. Posiive adulls were
individually crossed with the w''"* flies. and
subsequent generations were homorsygosed 1o
establish the separate transformed lines.

Southern hybridization

The genomic DNA was prepared from
adult flies using DNAzol (MBL) essentially as
described in the manufacture manual. Southem
hybridization was performed using standard
procedures. Twenty five micrograms of
genomic DNA were digested ovemight with
[fcoRV  restriction  enzyme. The digested
genomic DNA was transflerred overmnight onto
Nvlon membrane. The DNA was cross-linked
to the membrane using a UV crosslinker
(Stratgene). The plasmid DNA that initially
used for mircoinjection. was used as a positive
control as well as a probe for each
hybridization. The probe was radio-labeled

with “P dCTP (Amersham) using Prime-a-
Gene Labeling Syvstem (Promega).
Hybridizations were performed overnight at
63°C in 6x standard saline citrate (SSC). 0.5%
SDS. 5x Denhardt’s solution and 100ug/mi
salmon sperm DNA. Afier hyvbridization. the
membrane was initially washed i 2x SSC:
0.5% SDS at room tiemperature and (wo
washes in 0.2x SSC: 0.53% SDS at 55°C for 30
min.  Autoradiography was performed by
exposure on Kodak X-rav film at -80°C.

IPCR

Imverse  PCR  was  performed by
compleiely digesting Sug of the genomic DNA
from the transformed strain with Sau3Al for
both ends followed by heat inactivation of the
restriction enzvme and DNA precipitation and
finally self ligated 1n a 100ul volume
overnight. The self-ligated DNAs were
precipitated and resuspended in 30ul ddH»O.
A 3yl portion of each ligation was used for
first round PCR (94°C for | min. 40°C for |
min, 72°C for 2 min. thirtyv-five cvcles) with
the primer set (RightArmd2-3FWD:  5'-
ATCAAGCTTATCGATACCGTCGACC-3"
RightArm42-3RVS: 5'-
CCTAAATGCACAGCGACGGA-3") for the
5" end. and the primer set (LeftArm42-3FWD:
S-AACCTCGATATACAGACCGAT-3' /
LeflArm42-3RVS: 3
CTTTTATCGAATTCCTGCAGCC-3') for the
3'end. Two microliters ol the first-round PCR
products were used as templates for the
second-round P{R (94°C for | min. 50°C for |
min. 72°C for 2 min. thirty-five ¢veles) using
the primer sel (RightArmlIFWD-42-3: 5'-
CATGTTCTACTTACGTGATAAC-3' and
RightArmIIRV S-42-3: 5'-
CGACTGAGATGTCCTAAATC-3') for the
S'end. and the primer set (LeltArmlIIFWD-42-
3. S-CACATGCGTCAATTTTACGCA-3
and LeltArmITRVS-42-3: 5'-
GTAACAAAACTTTTATCGAATICOTGC-
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3") for the 3' end. All PCR products were
cloned into the pCR2.1 (Invitrogen). DNA
sequence was determined on ABI Prism 310
DNA sequencer using BigDve terminator v3.1
cvecle sequencing kit (Applied Biosystems).
Amplified products were determined on an
ABI Prism 373 DNA Sequencer using BigDve
termination DNA sequencing kit containing
AmpliTaqg FS polvmerase (Perkin Elmer
Cetus. Foster Citv. CA).and sequences were
subjected to the Blast search of the NCBI
database 10 identilv the location of the
insertions.

RT-PCR

The total RNA was extracted from the
homogenivzed tissue using the Trizol reagent
(Inovitrogen). First strand cDNA was prepared
from the total RNA to be used as a template
for RT-PCR analvsis. The total RNA (1-5ug)
was treated with RNase-free DNase. to get ride
of anv DAN contaminants. using | U of DNasl
amplification grade (invitrogen) /lug RNA
and incubated for [5 minutes at room
temperature. The reaction was stopped by
adding 1yl of 25 mM EDTA and 10 minutes at
65°C. The DNase treated RNA was mixed
with 2 pmoles of the Oligo dT primers and
heated to 70°C for 10 minutes and immediatelv
chilled on ice. The reaction was performed by
adding 1X st strand buffer. 10 mMDTT and
0.5 mM dNTP and warmed at 42°C for 2 min
and finally 20 wunits of SuperScript 11
(Invitrogen) was added. The reaction was
incubated at 42°C for 50 munutes before
inactivation at 70°C for 15 minutes. The first
strand ¢cDNA was mixed with 0.25 units Taq
polvmerase in 1 X reaction buffer. 0.5 M
dNTPs. 25mM MgCl, and 25 pmoles primers.
The amplification conditions were 94°C for 5

minutes followed by 35 cvcles of 94°C for 15
sec. S5°C for 15 sec. and 72°C forl min
followed bv 5 min extension step at 72°C. The

primer set: SASFWD: 5'-
TTAAGCCTTGATTTTCTTGCTGTG-3' and
SASRVS: 5'-

ATGCCGCTGGAACTGGAGCT-3' was used
to amplifv the sialic acid svnthase. While the
CMP-sialic acid syvnthetase was amplified
using the primer set: CMP-SASFWD-2: 5'-

ATGCGGGGGTCTTCCAGAGT-3' and
CMP-SASRVS-2: 5'-
GGCCATTGGTGAGACATCCA-3". The

marker gene encoding the enhanced vellow
fluorescent protein was amplified using the

primer set. EYFP-FWD:5'-
ATGGTGAGCAAGGGCGAGGAGCTGTTC
-3 and EYFP-REV: 5

TTACTTGTACAGCTCGTCCATGCC-3".

? RESULTS

Transformation experiments

Drosophila melanogaster w embryos
were microinjected with equal concentration
of 04pg/ul of pXLBacll-SAS/CMP SAS-
EYFP clone#42-3 and phspBac. The phspBac
plasmid ts used as a helper vector. it expresses
the piggyBac transposase enzyme under the
drosophila heat-shock inducer promoter /1570.
The transposase cul piggyBac terminal repeats
including the flanking sequences encoding
CMP-SAS, SAS and the eve-specific marker
EYFP. From five separate (ransformation
experiments. a total of 2342 embrvos were
injected and 1081 larvae were hatched with
percentage ranging between 26.6 and 61.92
{Table 1).

s
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Fig. (1): Map of the donor plasmid, pXLBacll-SAS/CMP.SAS-EYFP clone#42-3.

Table (1): Transformation experiments.

Injected Number Number % Number  Number of cyan-  Transformation
Experintent  of injected  of hatched  hatching  of crosses  expressing flies frequency %
___embryos larvae
} 400 150 37.5 58 3 5.1
2 <00 133 26.6 40 3 7.5
3 167 61 36.5 ND 0 0
4 625 387 61.92 46 0 0
3 630 350 53.84 45 0 0

The emerged adults were individually
backcrossed with w'/*¥ flies in separate
families and the progenies (G0O) were screened
for EYFP expression. Two out of five injection
experiments vielded six positive flies showing
vellow fluoresces. The fluorescent protein
expression was visible in their eyes (Fig. 2).
The transformation frequency is calculated by
dividing the number of the GO transgenic
individuals by the number of crossed families.
The transformation frequencies ranged from
5.1-7.5%. However. the fertilities of the
crossed families were not determined.
Therefore, the frequencies are expected to be

lower. The positive flies were backcrossed
with w!'® flies for few generations. Every
generation, the flies were selected for yellow
expression then crossed with their siblings and
the flies which did not show the marker
expression were immediately isolated and
destroyed. Simply, the putative transgenic
individuals were marked as 42-1 through 42-6
and so, their progenies were designated as line.
Positive six homozygous lines, 42-1 through
42-6 weire established. Fly samples
representing these lines were analyzed for
legitimate piggyBac transposition.

Arab J. Biotech., Vol 12, No. (2 July (2009): 303-314.
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Fig. (2): Full body flies (A) and white eye color phenotype (B) of w''"® flies under white light and
UV light (C). The transformant flies (D and E) under the exposure of UV light using
Sluorescent microscope equipped with YEP filter set.

Arab J. Biotech., Vol 12, No. 2) July (2009: 303-314.



Germline transformation in Drosophila 309

Insertion analysis

Genomic transposition of the piggvBac
was verified by Southern DNA hybridization.
The genomic DNA extracted from positive
flies. was digested with fcoRV restriction
enzvme which has three sites on the vector
sequence. Digestion with FcoRV  enzyme
results in three bands: two finger-print DNA
fragments at 2.148 and 1.591kb. Both bands
represent the two trangenes and the marker
gene. A third fragment at 6.172kb represents
the rest of the plasmid (Fig. 3 A). The
piggvBac-transformed flies should contain
such two intemnal signals at 2. 148 and [.59 1kb.
The extra signal(s) is variable at sizes and
depends on the insertion site(s) and number(s)
within the insect genome. The donor plasmid
DNA that is initiallv used [or microinjection.
1s also used as a positive control as well as a
probe. The positive control contains three
signals at hvbridization (Fig. 3.B). The probe
did not hvbridize with the DNA from wild
tvpe Ilies. Transgenic lines 42-1 through 42-6
showed the two predicted size fragments in
addition to other fragments with variable sizes.
The varable size of the third fragment
indicates different insertion sites within the
Insect genome across the three transgenic
lines. These lines are originated [rom different
transposition events within the embrvonic
germ cells. With line 42-3. three DNA
fragments were detected. indicating that this
line has three separate insertions of the DNA
fragment encoding SAS. CMP-SAS and the
marker EYFP.

RT-PCR

The sialic acid svnthase and CMP-sialic
acid synthetase expression. in six transgenic
lines. was confirmed  using  reverse
transcriptase PCR. One microgram of DNA-
free total RNA was used as a template for the
svnthesis of the first strand which was used for

further amplification. ECFP-specific primers
were used for positive control reaction. Both
the sialvtransferases were amplified using
specific primer sets but with unequal
expression within the same transgenic flies
(Fig. 4). In all lines. the sialic acid svnthase
transcript is much more expressed than the
CMP-sialic acid svnthetase. In a previous
studv, the dual piggvBac-mediated vectors
detected unequal transcriptional levels due to
positional effect of the dual construct (Shi ¢/
al.. 2007). The heterologous genes adjacent to
the 3'- terminal region are consistently
expressed at higher levels than those adjacent
to the 5'-terminal region of the piggyBac
element.

Insertion site determination

The piggvBac-mediated chromosomal
transposition was verified bv inverse PCR.
The PCR products were cloned and sequenced.
The sequencing data were analvzed by DNA
alignment  with the piggvBac terminal
sequences and identification of TTAA
duplicate target site. the characteristic for all
piggvBac integrations (Elik ¢r al.. 1995).
Finally. the DNA sequence proximal to the
TTAA was Blast analvsis (Altschul er a/.
1990) to idenufv genomic insertion site
sequences. For lines 42-2 and 42-5. both 5" and
3' junctions vielded the piggyBac inverted
terminal  repeat sequences immediatelv
adjacent to a TTAA sequence (Table 2).
Although the insertion site for both lines are
the right second chromosome. but their
location is different. Only the 3' junction for
lines 42-3 and 42-4 were recovered and it
shows that they are located at the second and
third chromosome. respectively.  Due 1o
failure of PCR reactions, neither the junction
sequences nor the chromosome location were
resolved for lines 42-1 and 41-6.
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A.
LeoRV LcoRV LcoRY
STTR 3xP3 EYFP
2.148kb 1.391kb
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¢
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Fig. (3): Southern DNA hybridization analysis of D. melanogaster transformants. A) Scheme of the
PXLBucll-SAS/CMP.SAS-EYFP clone#i42-3 vector showing the location of EcoRV restriction
sites. B) DNA hybridization representing flies from each transgenic line (42-1 through 42-6). All
lines have two internal fragments (2.1 and 1.6kb) and at least one variable size fragment. The
positive control is the plasmid DNA (P) and the neguative control is the w''"® flies (C).

NP EYFE SAS

Fig. (4): The transcripts of enhanced yellow fluorescence protein (EYFP), sialic acid synthase (SAS) and

CMP-sialic acid synthetase (CMP-SAS) were verified using RT-PCR for lines 42-2 through 42-3
as well as the negative control of w'''® flies.
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Table (2): Insertion sites of transformed Drosophila lines.

Chromosome

[.ne
location

5' junction
pXI Racll

lusertion site sequence

Insertion site sequence
3' junction

-clone#  eeeee- clpatgeagetaga TTAA L piggvBac.. TTAAtctagetgegtgtictg
42-3
42-1 ND ND .piggvBac.. ND
42-2 2R taccagatattcag I'TAA  piggvBac..  TTAAtgaagttaaggtaag
42-3 21, ND .piggvBac.. T'TAAacataaaacaaguac
42-4 3. ND .piggyBac.. TTAAaaccctatactgge
42-5 2R gecagtatageelll'TAA L piggvBac..  TTAAtcgetgacaglggaa
42-6 ND ND -piggvBac.. ND

*Neither the junction sequences nor chromosome location resolved by inverse PCR.

DISCUSSION

Engineering  the  Drosophila  with
piggyBac construct encoding (wo mammalian
sialvitransferase genes resulted In seven
putative transgenic flies. The transformation
frequencies ranged [rom 5.1-7.3%. However.
the fertilities of the crossed families were not
determined. Therefore. the frequencies are
expected to be lower. Previously. the
transformation frequencies using pigevBac-
derived vectors in Drosophila are variable
from 1 to 26% (Handler and Harrell 1999). Tn
Drosophila. piggvBac-derived constructs were
used as a genetic lool 1o evaluate or study
certain sequences or features such as: promoter
activitv (L1 e¢r al. 2001). insertional
mutagenesis (Hor ¢r a/.. 2003 and Hécker ¢t
al.. 2003) and gene trapping for gene function
and expression analvsis (Bonin and Mann
2004). In the present studv. piggyvBac-based
svstem is used to modify the N-glvcosylation
pathway in the model insect.

Previous studies on the insect cells
resulted in transgenic SfSWT-3. SfY cells
derivative, with total of seven N-
glvcosvlation-related mammalian genes that
could sialvlate the recombinant glycoprotein
(Aumiller e/ al.. 2003). In the effort to modify

the insect N-glcvosvlation process pathway.
six. mammalian genes have been selected to
transform  Drosophila  melanogaster. The
selected genes are N-
acetvlglucosaminvlteransferase 1I. B 1.4-
galactosvitransferase,  a2.6-sialvltransferase
(ST6Gall), a2.3-sialvitransferase (ST3Gallll),
sialic acid svnthase (SAS) and CMP-sialic acid
svnthetase (SMP-SAS). Three piggvBac-bsed
vectors. each carries dual genes, are used to
engineer the N-glcvosylation process pathway.
Finallv. the three transgenic lines will be
crossed to combine all six genes in one
transgenic line. The purpose of this study is to
develop insect line expressing SAS and CMP-
SAS.

Sialic acids are typically found as
terminal residués on the N-glvcans of
mammalian cells. These residues play an
important role in glvcoprotein biology and
involved in cell-cell interaction.
immunological reactions and clearance of
circulating glvcoproteins (Marchal er al.,
2001). The mammalian biosvnthesis pathway
of sialic acid and CMP-NeuAc (reviewed by
Schauer and Corfield 1982) involves senes of
biochemical reactions which start with
phosphrvlation of N-acetvlmannosamine by N-
acetvlmannosamine kinase and end by the

Arab J. Biotech., Vol 12, No. (2) July (2009): 303-314.
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product N-acetvineuraminic acid, the most
common form of sialic acid which, finallv_ is
activated bv CMP-N-acetylneuraminic acid
svnthetase (CMP-SAS) to produce CMP-N-
acetvlneuraminic acid. In either intact insect or
insect cell lines, mostly but not all. the
endogenous glvcoproteins lack stalic acids.
Previous results from studies on different
insect orders and cell lines show inconsistency
of detecting stalic acids within the insect cells.
In Drosophila melanogaster, sialic acids have
been detected by cvtochemistry using LFA
(Limax flavus agglutinin) and by a
combination of gas-liquid chromatography and
electron-impact mass spectrometry (Roth er
al.. 1992). Using immuno-blotting analvsis,
anti-polvsialic acid antibody demonstrated that
endogenous sialic acids are expressed only in
embrvonic developmental stage between 14
and 18 hours. Such observation indicates that
stalic acids expression in Drosophila is a
developmental stage-specific fashion.
However.  the  transgenic  Drosophila
melanogaster flies, produced in the current
study, are constitutively expressing both SAS
and CMP-SAS. The flies are capable to
salvage the sialic acids during larval stage
when the sugar precursor. N-
acetylmannosamine, is supplemented in the
insect diet. Glvcoprotein sialylation occurs in
the Golgi apparatus. Two putative CMP-sialic
acid transporter genes have been identified in
Drosophila (Ferraz et al.. 1999). It is predicted
that CMP-s1alic acid, expressed in transgenic
flies, 1s transported into the Golgi. Sialylation
of N-glvcan with sialic acid residues require
active transferases and that is presented in our
next article somewhere else in the current
volume.

ACKNOWLEDGEMENTS

We would like to thank Dr. Donald
Jarvis. University of Wyoming, for kindly

providing plasmid encoding SAS and CMP-
SAS for this work. We gratefullv acknowledge
financial support from the National Institutes
of Standards and Technology through an
Advanced Technology Program grant to
Chesapeake-PERL. Inc.

__ REFERENCES |

Altschul, S, F.; Gish, W.; Miller, W.; Myers,
E. W, and Lipman, D. J. (1990). Basic
local alignments search tool. J. Mol Biol .
215: 403-410.

Aumiller, J. J.; Hollister, J. R. and Jarvis,
D. L. (2003). A transgenic insect cell line
engineered to produce CMP-sialic acid and
sialvlated glycoprotein. Glvcobiology 13:
497-507.

Bonin, C. P, and Mann, R. S. (2004). A
piggyBac transposon gene trap for the
analvsis of gene expression and function in
Drosophila. Genetics 167: 1801-1811,

Elick, T. A,; Bauser, C. A.; Principe, N. and
Fraser, M. J. (1995). PCR analvsis of
mmsertion site specificity, transcription. and
structural uniformity of the Lepidopteran
transposable element IFP2 in the TN-368
cell genome. Genetica 97: 127-139.

Ferraz, C.; Vidal, S.; Brun, C.; Bucheton,
A. and Demaille, J. G. (1999). Sequencing
the distal x chromosome of Drosophila
melanogaster. Genebank Accession Number
AL023874.

Fiedler, K. and Simons, K. (1996).
Characterization of BiP36, an animal lectin
homologous 1o leguminous lectins. J. Cell
Sci., 109: 271-276.

Hicker, U.; Nystedt, S.; Barmchi, M. P.;
Horn, C. and Wimmer, E. A. (2003).
piggyvBac-based inseriional mutagenesis tn
the presence of stably integrated P elements
in Drosophila. Proc. Natl. Acad. Sci. U S A.
100: 7720-7725.

Handler, A. M. and Harrell, R. A. (1999).
Germline transformation of Drosophila

Arab J. Biotech., Vol 12, No. (2) July (2009): 303-314.



Germline transformation in Drosophila 313

melanogaster with the piggyBac transposon
vector. Insect Mol. Biol.. 8: 449-457.

Hollister, J. and Jarvis, D. L. (2001).
Engineening lepidopteran insect cells for
sialoglycoprotein production by genetic
transformation with mammalian p1,4-
galactosyltransferase and  a2,6-sialyltra-
nsferase genes. Glvcobiology, 11: 1-9.

Hollister, J.; Grabenhorst, E.; Nimtz, M.;
Conradt, H. and Jarvis, D. L. (2002).
Engineering the protein N-glycosylation
pathway in insect cells for production of
biantennary complex N-glycans.
Biochemistry, 41: 15093-15104.

Heorn, C.; Offen, N.; Nystedt, S.; Hicker, U.
and Wimmer, E. A. (2003). piggyBac-
Based insertional mutagenesis and enhancer
detection as a tool for functional insect
genomics. Genetics 163: 647-661.

Hounsell, E. F.; Davies, M. 1. and Renouf,
D. V. (1996). 0-linked protein glycosylation
structure and function. Glycocon. J., 13: 19-
26.

Jarvis, D. L. (2003). Developing baculovirus-
insect cell expression systems for humanized
recombinant  glycoprotein  production.
Virology 310: 1-7.

Kukuruzinska, M. A. and Lennon, K.
(1998). Protein N-Glycosylation: Molecular
Genetics and Functional Significance. Crit.
Rev. Oral Biol. Med.. 9: 4154

Li, X.; Heinrich, J. C. and Scott, M. J.
(2001). piggyBac-mediated transposition in
Drosophila melanogaster: an evaluation of
the use of constitutive promoters to control
transposase gene expression. Insect Mol.
Biol., 10: 447-455.

Li, X.; Harrell, R. A.; Handler, A. M.;
Beam, T.; Hennessy, K. and Fraser, M. J.
(2005). piggyBac internal sequences are
necessary for efficient transformation of
target genomes. Insect Mol. Biol., 14: 17-30.

Marchal, L; Jarvis, D. L.; Cacan, R. and
Verbert, A. (2001). Glvcoproteins from

isect cells: sialylated or not? Biol. Chem.,
382: 151- 159,

Munster, A. K.; Eckhardt, M.; Potvin, B.;
Muhlenhoff, M.; Stanley, P. and Schahn,
G. R. (1998). Mammalian cytidine 5'-
monophosphate N-acetylneuraminic  acid
synthetase: a nuclear protein with evolution-
narily conserved structural motifs. Proc.
Natl. Acad. Sci. U S A, 95: 9140-9145.

Nakata, D.; Close, B. E.; Colley, K. J.;
Matsuda, T. and Kitajima, K. (2000).
Molecular cloning and expression of the
mouse N-acetylneuraminic acid 9-phosphate
synthase ~ which does not  have
deaminoneuraminic acid (KDN) 9-phosphate
synthase activity. Biochem. Biophys. Res.
Comm., 273:642-648.

Orlean, P. (1996). Biogenesis of yeast wall
and surface components. In: Molecular
biology of the yeast Saccharomyces. Vol. 3.
Cell cycle and cell biology Pringle JR,
Broach JR, Jones EW, editors. Cold Spring
Harbor, NY: Cold Spring Harbor Laboratory
Press.

Roberts, D. B. (1998). Drosophila: A practical
approach. IRL Press, Oxford.

Rubin, G.M. and Spradling, A.C. (1982).
Genetic transformation of Drosophila with
transposable element vectors. Sciences 218:
348-353.

Rendi, D.; Wilson, 1. B. H. and Paschinger,
K. (2008). The Glycosylation Capacity of
Insect Cells. Croatica Chemica Acta 81: 7-
21.

Roth, I.; Kempf, A.; Reuter, G.; Schauer,
R. and Gehring, W. I. (1992). Occurrence
of sialic acids in Drosophila melanogaster.
Science 256: 673- 675,

Schauer, R. and Corfield, A. P. (1982).
Metabolism of sialic acids. In: Schauer R.,
(ed), Sialic acids. Chemistry, metabolism
and function. Vol. 10. Springer-Verlag,
Wien-New York, pp 195-262.

Arab J. Biotech., Vol 12, No. (2) July (2009): 303-314.



314 Ahmed Mohammed et al.

Shi, X.; Harrison, R. L.; Hollister, J. R.; Udenfriend, S. and Kodukula, K. (1995).

Mohammed, A.; Fraser, M. J. and Jarvis, How glvcosylphos-phatidylinositol-anchored
D. L. (2007). Construction and membrane proteins are made. Ann Rey
charactenization of new piggyBuac veclors for Biochenm 64:593-391.

constitutive or inducible expression of Varki, A. (1993). Biological roles of
heterologous  gene  pairs and  the oligosaccharides: all of the theories are
identification of a previously unrecognized correct. Glvcobiology 3: 97- 130.

activator sequence iIn piggyBac. BMC
Biotechnol.. 18: 7:5 .

» 5eriinn guunl gl rasill tot 381 ALY siumlag il Rslgunya 08 Ao sall Lytiall 5T yoll Jpatll

i sl Salw .. gu

‘ TURA g peshe - T lgadgl - * T, T daas daal
S e Basciall LY gl - ala g0 Amala - aill A gl el Y sl S e
5 - daed 5 Sigaall 38 je — Aae 50 A1) 5l duaigll D g agaet

Jaaii L llle 5 oy e sSlall Ul 8 ol pdiall o aiad AU o o sSUI isal il 3L aadies L) i<
o Al 52 5 81 ol galls st g bl Aalae 3k DAY a4 5oVl Gam 2B 8 a0d0s clatie Sl 5 sSilall 30
5 A5 gl S 8 1 35 S5 )yl 50 3045 55 I g lsnl i Lo 5 sl
508l Lel Ll 5 4t pan 4S8 403 2 Y o jlad Al a6 o Al &) Hall (5 goa) dalial) ALIS e s g s Sl
Ll nall S i A e A J i i ol 8 B 3 Leinllna o LS i 1 pSal Al e
M 5 Gmaali el o s finall @l o 3 aiall sladinls dula 0i%e 2 e o RSl A3 e | VYV VA )
g 335l saiesall GAAY paall 5 casd Gidiie sl clle Ga ey i aend el ol gue 33 e JS I e p
gabeeal gl e Geiael 8 jial) e gl ) jedad Abla) bl s A1) 8 J il oo jlas el ] 529 a0 |
Al YT oda o e aSl Alda o jlai ef el A diudl of 31 eV 58 e Adnsiinall Jal g Liadl 21 dumididll 3 58 4223
Jeliiy o e Gragh cbad il Lgaloal Jahy Lpail il 31 @iy Ao aw G jaiall Gk e L5 4 pae
e Uy Clyae Al o Y1 e Gl S8V e o o5 meall (02 gl gl il Sel 5 e sSaall aliiall AL
a3y sk

Arab J. Biotech., Vol 12, No. (2) July (2009): 303-3 4.






