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| ABSTRACT |

The insect N-glycosviation processes produce truncated glycoproteins with much  less
complexine than that of mammals. Due 1o the inahility to produce biantennary complexes. insect
cell-based baculovirus expression systems produce gheoproteins with N-linked oligosaccharide
lacking the terminal sialic acid residues. Modifving the insect N-glycosylation process is critical for
ecxpanding the wility of insect expression systems. In the current study we attempt 10 modify the N-
glvcosviation pathway of drosophila to process ghcoprieins to sialviation. The w''' eve muant
strain - of melanogaster was  transformed  with  piggvBac-derived constructs  carrying  both
mammalian a2 3-sialyvliransferase and a2 6-sialvitransferase under the "iel-hr3-icl” dual back to
hack constitutive promoter. The transformation experiments yvielded seven positive flies showing
eve-specitic-cvan fluorescence with wo transgenic lines expressing both mammalian enzymes. No
deteciable effect on fecundity or survivability.
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[_ INTRODUCTION | glycosvitransferases  catalvze  elongation
reactions vielding biantennarv  complex

nsect-based baculovirus expression structures. Leptdopteran cell lines transformed
svstems  exhibit  effective  protein with mammalian genes encoding N-glyvcan

processing capabilities such as folding. processing enzvmes  produce  authentic

modification. assembling newlv synthesized
plovpeptides and others. However. the insect
protein glvsvlation pathway is not equivalent
to those of higher eukarvotes (Kost ef al.
2005). While both insect and mammalian N-
glvcan processing pathwavs share a common
intermediate. in nsect cells. exoglvcosidases
catalvze trimming reactions of the common
intermediate vielding highlv trimmed product
known as "paucimannose" (Man3-GlcNac2-N-
Asn). In contrast. mammalian  cell

mammalian glycoproteins during baculovirus
infection (see review. Jarvis 2003: Hollister
and Jarvis 2001. Hollister ef al.. 2002).
Spodoptera frugiperda (S19) and Trichoplusia
ni (BT Tn 5B1 4) cell lines were doubly
transformed with mammalian 4Gal-T and 2.6
sialvitransferase (ST6Gall) genes (Hollister ¢/
al. 1998: and Breitbach and Jarvis 2001).
Analyses of the final N-glvcan product showed
that these transformed cells (ST6) cells could
produce terminallv sialviated glycoproteins.
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These results lead to the conclusion that
engineering lepidopteran insect cells with
mammalian genes encoding functions that are
missing or limited in insect cells, extends N-
glycan processing pathways similar to those in
mammalian cells.

Our goal is to apply the knowledge
gained from engineered insect cells to
“humanize™ the glycoprotein processing
pathway in intact insects and assess the effect
of this attention of the glycosylation pathway
on the insects viability. Here we report the
generation of transgenic melanogaster lines
expressing the rat o2,6-sialyltransferase and

pXLBacll-ST6/ST3

5 TR

y
BGH polyA )
ST6Gal |

the mouse a2 3-sialvitransferase.  The
transgenic lines were analyzed for the
expression of both genes at the molecular
level.

| MATERIALS AND METHODS |

Plasmids

The donor  plasmid.  pXLBacll-
ST6.1/ST3.3M-CFP#21-1. was provided bv
Dr. Donald Jarvis, Wyvoming State University
(Shi et al. 2007).

’BGH polyA
e~ ECFP

) _ 3xP3

) _BGH polyA

ST3Gal I M
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Fig. (1): The map of donor plasmid, pX1.Bacll- ST6.1/ST3.3M-CFP#21-1.

The pXLBacll (Li et al., 2005) was
utilized as backbone construct. The plasmid
was designed to encode a rat a2,6-
sialvltransferase (ST6Gall} (Weinstein et al..
1987) and a mouse a2 3-sialyltransferase
(ST3Gallll) (Weikert ef al., 1999; and Kono
et al.. 1997) under the "iel-hr5-iel" dual
constitutive transcriptional control element and
terminated with the bovine growth hormone
polvadenylation signal, BGHpolyA. The cyan
fluorescent marker gene (ECFP), under the
eve-specific promoter, 3xP3, was also
incorporated into the plasmid. The helper
plasmid, phspBac (Handler and Harrell, 1999),

was used for microinjection as a source of
piggvBac {ransposase.

Drosophila culture

Drosophila strains were treared under
standard laboratory conditions (Roberts.
1998). The preblastodermal embrvos were
microinjected as previously described (Rubin
and Spradling 1982). The D. melanogasicr
w!'® white eye strain was used for
microinjection with a concentration of
0.6ug/ul of pXLBacll- ST6.1/ST3.3M-CFP
M#89F50 #21-1, and 0.4ug/ul of the phspBac.

All injected embryos were subjected to one
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hour heat shock at 37°C for 24 hours past
injection to induce expression of the piggyBa
transposase. The injected embryos were
allowed to grow to adulthood at 28°C.
Emerging adults were individuallv maied with
w!!!® flies, and their progeny were screcned as
adults for fluorescent eye color using an
Olympus SZX12 fluoresceiii microscope
equipped with CFP filter set. Pmm\e adults

were individually crossed with the w''’ flies,
and subsequent genrranons were
homozygosed to estahiish the separawe

transformed lines

Southern Hybridizetion

Genomic DNA was prepared from adult
flies using DNAzol (MBL) and 285ug was
digested overight with Xhol vestriction
enzyme then transferred overnight onts fNylon
membrane and rross-linked using a UV
crosslinker (Stiatgene). The donor plasmid
DNA was used as a positive conirol a3 well as
a probe. The probe was radio-labeled with ¥2p
dCTP (Amersham) usihg  Prime-a-Gene
Labeling System {Promepa).

k1)
reaction Was performed in two steps. The
resclion conditions and primers sals were
essentially as described in some whore else in
the curremt volune (Mohamimed er a/.. 200W),

RY-PCR

The total RNA was extracted from the
homogenized Qies using He Trzol reagent
(hovitogen). The first stamd ¢HNA synthesis
and amplification reaction conditivns were as
desenbed in the current voiume (Mohamned
ef of, W), The o2Gsialvitransterase
(ST6GAl) Wi amplitied using the prumer sel:
SToGalywn:

RIS
ATGATTCATACCAACTYIGAAG- ¥ and
STEGAIR VS 3
CAACAACGAATGYITCCGUAA-3.  While
the primer set.  STIGa0UFWD: 5
TCAGATACCGCTGCTTAAGT-3 and
STIGANRYS; 5.

ATGGQCGACTCTYGOTATTTIGT-3' vwas used
to amplify the 2. 3-siah lrensierace. The

iy
[tHpe

enhaneed cyan Nuorescent protein encoding
gene was amplified using the primer set us2d
by Moht\mvned elal. (2'009)

IPCR and Sequence analysis N
Inverse PCR was petformed by dipesting |
Sug of the penomic DNA from the  Trinsformation experinents o
transformed strain with Sau3Al followed by From oight separate trénstormation
heer inactivation of the restriction emy meand  Cxperiments, i total of 4208 embryos were
NNA precipitation. and finally self tgation jn ~ injected znd 1833 lanae were haiched
a 100p] volume ovemight. The inverse pCR (Table i),
, Table ( Ifé Transforsation 2 eriments.
Injectivn Nuniber vf Nuinbet of Pelcentage of  Number of Number of Transformation
Experiment injected hatchied Wevae  hatching backcrosses cyan- frequency %
__tinbrivs ) expressing flies
\ BREL 62 40 12 1 8.3
2 410 124 28.18 24 2 8.3
3 440 85 18.88 18 3 1.66
4 178 44 2472 4 1 25
5 490 72 14.69 18 0 0
6 1117 861 771 123 0 0
7 650 344 5292 88 0 0
8 725 241 33.24 ND 0 0
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The emerged adults were separately
backcrossed with the w'’’® flies. Onlv seven
positive flies were expressing eye-specific
cvan [luorescence protein (Fig. 2). The
transformation [requencies ranged from 82-
25%. The transformation frequency is
calculated by dividing the number of the GO
transgenic individuals bv the number of

crossed families. The flies were marked as 21-
1 through 21-7. One of the seven flies, 21-1,
died and so was eliminated from the
experiment. Six homozygous transgenic lines
were developed by backcrossing the positive
flies. (21-2 through 21-7). with w'*’" flies for
few generations, then were analyzed for
legitimate piggyBac transposition.

Fig. (2): Full body flies (A), white eye color phenotype (B) of w'"'? flies under white light and under UV
light (C). The transform ants (D and E) flies under the exposure of UV light using fluorescent

microscope equipped with CFP filter set.
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Drosophila. the first insect model to be
transformed using P-element (Rubin and
Spradling. 1982). and was also transformed by
piggvBac-mediated  vectors  (Handler and
Harrell 1999) and success{ullyv used as genetic
tool 1o studv the gene (unction. Bonin and
Mann (2004) designed a piggvBac gene trap
svstem to studv the gene expression and
function in drosophila. The trap vector
contains the pigeyBuc transposon flanked with
splicing acceptor fused to the enhanced green
luorescent  protein  with  transcriptional
terminator and inlegraled into drosophila
genome. The driver line expresses the
piggyBac transposase under the inducer heat
shock promoter. Mobilization of the trap
sequence (PBss) within the drosophila genome
was accomplished by crossing the two
transgenic drosophila lines. Insertion of PBss
into active gene led to expression of the fused
EGFP and protein that is encoded bv the
trapped gene. In different studies. piggyBac
with Hermes elements were used as insertional
mutagenesis svsiem in Drosophila (Horn ¢r af..
2003 and Hicker er al.. 2003). Previous
experiences with piggiBac-based system in
insect transformation represent an excellent
choice for remodeling the insect N-
glvcosylation pathway in Drosophila.

Insertion analysis

Integration of the transgene DNA into
the insect genome was confirmed by Southem
blot analvsis. The Xhol-digested plasmid
vields two bands: one finger-print band at
4.44kb which represents the two heterolougs
genes (ST3 and ST6) and second band at
5.429kb representing the rest of the plasmid
(Fig. 3.A). The piggyBac-transformed flies
should exhibit an internal fragment at +.4Kb
and extra vanable fragment(s) that differ
according to the insertion site and number of
inserts within the insect genome. Fig (3)
shows that the inserted piggvBac DNA was

transmitled (o the progenv generations. The
w’""Y Mies had no insert whereas all ECFP-
positive flies had at least one insert
Transgenic hines (21-2. 21-4. 2§-5. 21-6 and
21-7) showed fragments at the predicted size.
Longer exposure times allowed detection of
extra faint fragments across the lines (data not
shown). The differences in {ragment intensity
across the lines could be due to degradation of
genomic DNA d uring handling and/or the
number of insertions or their locations within
the flv genome.

One extra fragment of variable size is
evident for lines 21-4 and 21-6 which
represent one of the terminal repeats flanked
with the genomic sequences. The different sivze
of the {ragments reveals that the insertion sites
in these two lines are at different locations ol
the fIv genonie and they mav originate from
different transposition events in the embrvonic
germ cells. The signals. representing the
piggvBac terminal repeats are [lanked by
genomic DNA. The southern blot lor line 21-5
was repeated as shown in the Figure (3.B). The
line 21-3 hvbridization shows two signals at
unexpected sizes. This result suggests that the
initial transformation of the ECFP-positive (v
nas due to illegitimate recombination

RT-PCR

The «2.6-sialyvltransferase and o2.3-
sialvltransferase expression. in five transgenic
hnes (21-2. 21-4. 21-5. 21-6 and 21-7). was
confirmed using reverse transcriptase PCR
(Fig.3). In the four lines. there was a
significant difference i abundance of the PCR
products demonstrating that the «2.3-
stalyHransferase transcript is expressed more
than the a2.6-s1alvitransferase. The
unexpected position effect is due 10 putative
transcriptional activator closer to the 3’
domain. In the dual piggvBac-derived vector
svstem, the heterologous genes adjacent 1o the
3'- terminal region are consistentlyv expressed
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at higher levels than those adjacent to the 5'-
terminal region of the piggyBac element (Shi

A.

Yol

S'TTR 18 1-hy3-1E1

4L

S.4kb
4.4kb

et al., 2007).

Fig. (3): Southern DNA hybridization analysis of D. melanogaster transformants lines. A)
Scheme of the pXLBacll- ST6.1/ST3.3M-CFP #21-1 vector showing the location of Xhol
restriction sites. 3) Soutlhern DNA hybridization of transgenic lines (21-2 through 21-7).
All lines have a fragment of 4.44kb, expect 21-3. Additional S. blot for 21-5 line is shown
at the right side. The positive control is the plasmid DNA (P) and the negative control is

w'''® flies (C).

Insertion site determination

Integration of the sialvliransfersae genes
and determination of the insertion sites on the
Iy chromosomes were verified using inverse
PCR. The 5" and 3' junctions of the piggvBac
terminal repeats were sequenced and Blast
analvzed (Altschul er al.. 1990) fo identify
genomic insertion site. All sequences and

matching results are shown in Table (2). One
out of the six flies displaved illegitimate
recombination. The sequence of both 5' and 3'
termini of line 21-3 maich the internal
sequence of the donor plasmid. confirming the
southern results shown in Figure (3.B). The
sequences of the 5' junctions for all five lines
match the fly genome. The 3' junction was
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only recovered for lines 21-4 and 21-6. Both
junction sequences show duplicates of TTAA.
the hallmark of all piggvBac integrations (Ehk
et al.. 1995). Other 3' junction sequences were
not achieved due to failure of inverse PCR.
However. the matching results of 5' junction
for lines 21-2 and 21-6 show that pigeyBac-
mediatd transpositions at the same site on the

21-4 21-5 21-6 21-7

5T3 816

5T3 816 313 STo 513 8516

ECFPR ECEP ECFR BOFR

third chromosome. The same is also shown for
lines 21-4 and 21-5. on the fourth
chromosome, These results suggest that these
flies might originate from the same initial
transposition at the same germ cell. The line
21-7 insertion site is unique and located at the
X chromosome

Fig. (4): The transcripts of enltanced cyan fluorescence protein (ECFP), a2,3-Sialyltransferase
(873) and a2,6-Sialyltransferase (ST06) were verified using RT-PCR for lines 21-2, 21-
4, 21-53, 21-6 and 21-7 as well as the negative control qfw’” ¥ flies.

Chromosome

Insertion site sequence

 Table (2): Insertion sites of transformed Drosophila lines.

[usertion site sequence

Lies location 3 junction 3 junction
pXLBa;I_I‘—clnnc-'-' ------ cigatgeagetagal TAA piggyBac 'l"l‘/\/\lclagclgcg—;l—;tg
21-2 4 aaaaaalgactica TTAA -piggvBac. ND*
21-37 ND teglattaagaletaa L TAA plggvBac.. ATATacagaccgataan
214 3L tlaagegtgaatagl TTAA piggyBac.. TTAAcacttgaegteetegt
213 31 tinagcegtoaatagt 'TAA LpiggyvBac.. ND
216 4 agaaaatgactica U TAA LpiggyvlBac.. TTAAuaataattattaaat
2L=T X cagaggcasataac T TAA piggvBac.. ND

* The junetion sequence is not resolved by inverse PCR,

## The 5" and 3' junction sequences of 21-3 hine mateh with iuternal sequence of the pXi.Bacll-21-1
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Sialvltransferases are a f(amilv  of
glveosvitransferases  which  catalvses  the
transfer of sialic acid to terminal positions on
the carbohvdrate groups ol glyvcoproteins and
glveoliprds (Bever ¢ «f 1981 and Komfeld
and Komfeld 1985)  Like manyv other
ehcosvitransferases. thev are lound primarily
in the Golgr apparatus of cells. where thev
participate in post-translational glvcosyvlation
pathwavs (Schachter ¢ o/l 1970. and
Fleischer. 1981) At least 10-12 different
sialvitransferases are required to svnthesize all
the sialvloligosaccharide sequences kiown.
The rat liver f-galactoside  «2.6-
sialvltransferase (Weinstin e/ a/ . 1987). Golgi
apparatus ens.vme. Is imohved in  the
terminal sialvlation of N-linked carbohvdrate
groups of glvcoproteins. 11 has been used o
transform lepidopteran cells. S$f9 and BTI-Tn-
SB1-4 (Holhister ¢ a/. 1998: and Breitbach and
Jarvis 2001). The t(ransgenic cells produced
terminally sialvlated glvcoproteins. Both a2.6-
stalvltransferase and a2 3-sialvitransferase are
expressed in the Drosophila transgenic lines
and their transcripts have been delected.
Further biochemtcal reactions are required (o
determine the activities of the expressed
ens/ymes.
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