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ABSTRACT

Polyclonal antibodies raised against recombinant D. melanogaster transferrin were
used to study both devel opmental and organ-specific expression of D. melanogaster
transferrin. It was shown that transferrinispresent at all devel opmental stages except
late embryos and early larvae. The organ distribution of transferrin revealsthat it is
abundant in the hemolymph and from all organs examined was detected only in the
ovaries. The maternal origin of the transferrin in early embryos, the activation of its
synthesis and its accumulation in the oocytes are discussed.

Introduction

Transferrinsare agroup of iron-binding pro-
teinswell characterized in vertebrates. They
are single-chain glycoproteins of molecular
weight near 80 kDa, bearing two structural -
ly similar but functionally distinct iron-bind-
ing sites. The polypeptide chainisarranged
in two lobes, respectively representing the
N-terminal and C-terminal halves of the
molecule.

Molecular cloning of insect transferrinsfrom
Aedes aegypti (1), Bombix mori (2), Droso-
phila melanogaster (3) Sarcophaga pereg-
rina (4) and Riptorus clavatus (5) suggests
an extensivedeletion inthe C-terminal lobe
resulting in sizesaround 66 kDa. Asaresult
most insect transferrins have a functional
iron-binding siteonly inthe N-terminal lobe.
The role of insect transferrin is less well
defined. The evidences obtained so far
showed that the insect transferrinisaniron
transport protein (6), an antibiotic agent (1,
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2, 3) and avitelogenic protein (4).

In this paper we report the developmental
and organ-specific expression D. melano-
gaster transferrin.

Materialsand M ethods

Drosophila Culture. Thewild-type D. mel-
anogaster Oregon R strain was maintained
on astandard corn meal/agar medium at 25°
C. Embryos (2 and 20 h), larvae (first, sec-
ond and third instar), pupae and female
adults were selected from mass cultures.
Insects were homogenized in 250ml PBS
containing 4mM PM SF and centrifuged for
15 minat 12000 rpm. Protein concentration
was determined by the method of Bradford
(7).

Organs from third instar larvae and female
adults were dissected in PBS. Organs from
ten insects were pooled and homogenized
in 30 ml PBS, containing PMSF. Larval
hemolymph was collected in thedrop of PBS
used for dissection of larvae. Hemolymph
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from adult femaleswas collected by centrif-
ugation according to Kambysellis (8).
Adult fat bodieswere collected together with
the hemolymph and the carcass.

Production of antibodies. Partialy puri-
fied recombinant D. melanogaster transfer-
rinkindly provided by Dr. J. Law, Universi-
ty of Arizona, was used for antibody pro-
duction. The protein was mixed with 4 x
SDS-PAGE sample buffer and subjected to
12,5% polyacrylamide gel electrophoresis.
The gel was briefly stained in 0,1% Coo-
massie blue R-250 in 40% methanol and
10% CH,COOH. The recombinant transfer-
rin band was excised from the gel, the gel
slice (containing approximately 200 mg re-
combinant protein) was washed in dd H,0,
homogenized in 1 ml RIBI Adjuvant (RIBI
Immunochem. Research Inc., Hamilton,
MT) and injected subcutaneously into arab-
bit (9). Four weeks after thefirstinjection a
200mg booster wasinjected. Two weeks af-
ter the boosting blood was collected and used
for serum preparation The immune serum
was tested by immunodot assay (10).

Protein gel electrophoresis. SDS-PAGE
was performed in 12,5% homogenous slab
gel according to Laemmli (11).

Aliquots of supernatants from each devel-
opmental stage containing 60mg of protein
(approximately equivalent to the protein
content of two flies) were mixed with 4x
SDS-PAGE sample buffer, boiled for 5 min
and loaded on the gel. Hemolymph and or-
gans from ten animals prepared for SDS-
PAGE as described above were |oaded per
lane.

Western blot. After electrophoresis polypep-
tides were transferred onto a Protran mem-
brane (Schleicher & Schuell). Blots were
blocked with 1% non-fat dry milk in 0,02M
Tris-HCI, 0,01M NaCl, pH 7,5, incubated
with rabbit anti-D. melanogaster transfer-
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rin serum (1:500), washed and incubated
with goat anti-rabbit 1gG akaline phos-
phatase conjugate (Bio-Rad Laboratories,
Hercules, CA, USA). Transferrin was visu-
alized using alkaline phosphatase stain
(330mg/ml NBT and 165mg/ml BCIP in
100mM NaCl, 5mM MgCl,, 100mM Tris-
HCI, pH 9,5).

Results and Discussion

Fig.1 showsaWestern blot of homogenates
of wholeanimalstaken at different life stag-
es. A band with electrophoretic mobility just
below the recombinant transferrin is ob-
served at almost al developmental stages
except late embryos and early larvae. We
consider that it responds to the transferrin.
Thedifferenceinthe electrophoretic mobil-
ity of both proteinsisdueto the presence of
His. Tag intherecombinant protein. Because
no RNA messages were found in the em-
bryos (3) we assume that transferrin in the
early embryosis of materna origin. Trans-
ferrin accumulated during oogenesisin the
eggsdisappearswith time and no significant
activation of thetransferrin gene was detect-
ed until thethird larval stage when both the
messages (3) and the protein are observed.

The Western blot on Fig.1 shows the pres-
ence of additional bands with molecular
weight lower than the transferrin. The one
with the highest el ectrophoretic mobility is
observed at al developmental stages even
when no transferrinis present. Most proba-
bly itisaresult of crossreaction of the anti-
serum used for probing the blot. Crossreac-
tion or proteolytic degradation could bethe
reason for the appearance of the other bands.
The fact that a single band is observed in
the hemolymph excludes to a great extent
the possibility that transferrin is proteolyti-
caly degraded during the preparation of the
protein homogenates. But we cannot exclude
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Fig.1 Developmental expression of D. melanogaster transferrin. Western blot of protein extracts prepared
fromindividuals at different stages of devel opment and probed with polyclonal antiserum raised against
D. melanogaster transferrin. E—embryos, LI, LI, L1I1-first, second and third instar larvae, P-pupae, A—

adults, rTSF—recombinant transferrin.
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Fig. 2. Organ-specific expression of D. melanogaster transferrin Western blot of protein extracts from
organsof third instar larvae and femal e adults probed with antibodies against D.melanogaster transferrin.
L-arvae, Female, G—gut, M T-Mal pighian tubules, FB—fat body, H—-hemolymph; Hc- hemocytes, r'TSH—

recombinant transferrin.

that for somereason transferrinis proteol yt-
ically cleavedinvivo.

The results presented on Fig.2 reveal that
transferrin is abundant in the hemolymph
both in third instar larvae and adults. Pre-
liminary results (not published) reveal that
transferrin messages are synthesized in the
fat body. Because we cannot detect the pro-
teininthefat body we assumethat immedi-
ately after its synthesis there, transferrin is
secreted to the hemolymph.

The organ distribution of the protein in fe-
males shows that from all examined organs
the ovaries are the only ones where trans-
ferrin can be detected. Most probably it is
taken up by the developing oocyte and not
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synthesized there. Thisisconsistent withthe
fact that no messages have been found there
(datanot published). Nothing isknown about
the mechanism of transferrin uptakeinto the
oocyte. Nurseand follicle cellssurrounding
the oocyte could beinvolvedin thisprocess.
D. melanogaster genome contains severa
proteins with transferrin receptor-like fea-
tureswith low sequenceidentity with mam-
malian transferrin receptor. May be the ac-
cumulated transferrinis proteolytically de-
graded inthe oocyte. But further experiments
with affinity purified transferrin 1gG are
necessary in order to excludethe possibility
that the lower molecular weight bandsarea
result of cross-reaction of theantiserum. The
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function of the transferrin in the oocyte is
still unclear. Either it supplies iron neces-
sary for ovogenesisand embryogenesisor it
prevents the devel oping embryo from bac-
terial infection. The second hypothesis is
consistent with the observed up-regulation
of thetransferrin messagesfollowing bacte-
rial challenge (3). Furthermore, thetransfer-
rin gene of D. melanogaster (12) contains
promotor region sequences known to bind
nuclear-kappa B-like transcription factors
involved intheinsect immuneresponse. Pro-
teolytic fragments of transferrin could par-
ticipate in the immune defense as well. It
has been recently shown that products of
proteolytic cleavage of transferrin induce
nitric oxide response of goldfish macroph-

ages(13).
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