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Isolation and Sequence of a Partial Vitellogenin cDNA
From the Cockroach, Blattella germanica (L.)
(Dictyoptera, Blattellidae), and Characterization of the

Vitellogenin Gene Expression

David Martin, Maria-Dolors Piulachs, Daniel Comas, and Xavier Bellés*
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A partial cDNA clone of the vitellogenin gene from the cock-
roach Blattella germanica has been isolated from a cDNA ex-
pression library using an anti-vitellin-vitellogenin antiserum
probe. The analysis of cDNA inserts gave a sequence of 2,645
nucleotides corresponding to the 3" region. The deduced amino
acid sequence is 825 residues long and is similar to the homolo-
gous portion of the vitellogenin of other insect species, especially
that of the mosquito Aedes aegypti. RNA hybridization studies
indicated that the vitellogenin gene expression is limited to the
fat body of adult females. The pattern of expression during the
first vitellogenic cycle was approximately parallel to that of vi-
tellogenin production by the fat body previously described. The
availability of a cDNA probe for the B. germanica vitellogenin
gene represents a useful tool to study the molecular action of
hormones affecting vitellogenin synthesis in this species. Arch.
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INTRODUCTION

In the cockroach Blattella germanica, the
ootheca is carried externally throughout the de-
velopmental period of the eggs, and vitellogen-
esis occurs in discrete cycles separated by these
periods of ootheca transport. Therefore, B. ger-
manica represents an intermediate evolutionary
step between strictly oviparous cockroaches, like
Periplaneta americana, which drop the ootheca
shortly after its formation, and viviparous spe-
cies, like Diploptera punctata, which incubate the
eggs in an internal brood sac (Roth, 1970). This
makes B. germanica a good model not only to
study the mechanisms that regulate vitellogen-
esis, but to elucidate possible evolutionary routes
that resulted in viviparity in cockroaches as well.

In previous papers on B. germanica we have
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described that the patterns of production of juve-
nile hormone (Bellés et al., 1987; Maestro et al.,
1994) and vitellogenin (Martin et al., 1995a,b,
1996) are cyclic and that both cycles are approxi-
mately parallel during the first days of adult life.
This was not surprising given that juvenile hor-

David Martin’s present address is Department of Entomol-
ogy, Michigan State University, East Lansing, MI 48824.

Contract grant sponsor: DGICYT, Spain; Contract grant
number: PB95-0062; Contract grant sponsor: CIRIT, Cata-
lonia; Contract grant number: 1995 SGR 00059; Contract
grant sponsor: Institut d’Estudis Catalans (IEC, Barcelona).

*Correspondence to: Xavier Bellés, Insect Physiology Unit,
Department of Agrobiology (CID, CSIC), Jordi Girona 18,
08034 Barcelona, Spain; E-mail: xbragr@cid.csic.es

Received 6 January 1998; accepted 28 April 1998



138 Martin et al.

mone is the main gonadotrophic factor in this spe-
cies, as shown by experiments of allatectomy
(Piulachs, 1988). However, toward the second half
of the vitellogenic process, the cycle of juvenile
hormone appears delayed with respect to that of
vitellogenin (cf. Maestro et al., 1994; Martin et
al., 1995b). This finding suggests that there must
be a mechanism other than a simple decrease of
juvenile hormone that governs the termination
of vitellogenesis.

In order to initiate an analysis at molecular
level, we describe the isolation and partial se-
quence of a vitellogenin ¢cDNA and its use as a
probe in Northern blot analysis to assess the de-
velopmental, tissue, and sex specificity of the vi-
tellogenin gene expression in this cockroach. The
deduced amino acid sequence of the B. germanica
vitellogenin also allowed comparison with other
species in which the homologous sequence has
been reported, like the coleopteran Anthonomus
grandis (Trewitt et al., 1992), the dipteran Aedes
aegypti (Chen et al., 1994; Romans et al., 1995),
the lepidopterans Bombyx mort (Yano et al.,
1994a,b), and Lymantria dispar (Hiremath and
Lehtoma, 1997a,b), and the hymenopterans Pim-
pla nipponica and Athalia rosae (Nose et al., 1997)
(see Bellés, 1998, for review).

MATERIALS AND METHODS
Insect Rearing and Tissue Collection

Specimens of B. germanica were taken from
a colony reared in the dark at 30 + 1°C and 60—
70% relative humidity. Freshly molted adult vir-
gin females were isolated and used at appropriate
physiological ages, which were assessed by mea-
suring the basal oocyte length. Fat bodies used
to determine mRNA levels were dissected out by
standard surgical methods, taking care to obtain
the same proportion of tissue per specimen each
time (ca. 90% of the abdominal fat body).

Construction of a cDNA Expression Library

Fat bodies from 55 females, between days 3
and 5 of adult life, were used as starting mate-
rial. Total RNA was extracted by the phenol/chlo-
roform method (Chomeczynski and Sacchi, 1987).
Poly(A*) RNA was purified from total RNA by us-
ing the PolyATtract system (Promega, Madison,
WI). A total of 5 pug of poly(A*) RNA was used to
construct a cDNA library in the ZAP cloning vec-
tor (UNI-ZAPXR synthesis kit, Stratagene, La
Jolla, CA), using Gigapack II Gold packaging ex-

tracts (Stratagene), in all cases following the
supplier’s instructions. The library was amplified
once before screening.

Isolation of the Vitellogenin cDNA Clones

The library was grown in 150-mm NZY me-
dium plates at an initial density of 50,000 plaques
per plate in the Escherichia coli XL1-blue MRF
strain, transferred to nitrocellulose membranes
(Hybond-C Extra, Amersham, Buckinghamshire,
UK), impregnated with isopropyl-B-p-thiogalac-
topyranoside (IPTG), and incubated with the pri-
mary antibody, rabbit anti-vitellin—vitellogenin of
B. germanica, described by Martin et al. (1995a).
Enhanced chemilumescence (ECL) Western blot-
ting (Amersham) was used as the detection sys-
tem, following the manufacturer’s protocol. After
four successive screenings at low-density colonies,
three putative clones for vitellogenin were isolated
and sequenced.

DNA Sequence Analysis

Sequence analysis of the selected clones was
directly performed after in vivo excision on the
pBluescript vector by the dideoxynucleotide chain
termination method (Sanger et al., 1977). Clones
were sequenced on both strands using the T3 and
T7 sequencing primers and then internal, specific
primers, in the automated fluorescence sequencing
system ABI (Perkin Elmer, Norwalk, CT). Oligo-
nucleotides were synthesized on an Applied Bio-
systems 392 DNA synthesizer (Foster City, CA).

RNA Isolation and Nothern Blot Analysis

Total RNA was extracted from fat body from
female last-instar nymphs, 5-day-old males, or
adult females, following the phenol/chloroform
method (Chomezynski and Sacchi, 1987). Total
RNA (5 pg) was subjected to electrophoresis in
1.2% agarose gels containing formaldehyde and
then transferred to nylon membranes (Hybond-
N*, Amersham). The isolated ¢cDNA inserts used
as probes were labeled with fluorescein using the
Gene Images random prime labeling module
(Amersham). Positive hybridizations were de-
tected with the Gene Images CDP-Star detection
module (Amersham) according to the supplier’s
protocol. Size of RNAs was estimated with RNA
markers (USB, Amersham).

Sequence Comparisons and Analysis

Vitellogenin amino acid sequences used for
comparison were obtained from literature sources
and the GenBank database as follows: silkworm



moth, B. mori (Yano et al., 1994b; accession num-
ber D13160); gypsy moth, L. dispar (Hiremath
and Lehtoma, 1997a; accession number V60186);
boll weevil, A. grandis (Trewitt et al., 1992; ac-
cession number M72980); yellow fever mosquito,
A. aegypti (Chen et al., 1994; accession number
U02548); turnip sawfly, Athalia rosae (Nose et al.,
1997; accession number AB007850); the parasi-
toid wasp Pimpla nipponica (Nose et al., 1997;
accession number AF026789); and the nematode
Caenorhabditis elegans (vit-5: Spieth et al., 1985;
accession number X03044) as a non-insect inver-
tebrate reference. The software package of the
Genetics Computer Group (GCG, version 9.1) of
the University of Wisconsin (Devereux et al.,
1984) was used for sequence alignments. Se-
quence alignments were carried out with PILEUP
and were displayed with Box. Percentage of simi-
larity and of identity between sequences was es-
timated with the application BESTFIT.

RESULTS
Isolation of Vitellogenin cDNA Clones

The ¢cDNA library constructed contained 1 x
10°® independent clones, and was screened with
the anti-vitellin—vitellogenin antiserum. Approxi-
mately 4 x 10° plaques were screened and 40 posi-
tive clones were obtained. After four screening
cycles, three positive clones were isolated and sub-
jected to DNA sequence analysis. These clones
were designed Vg8a, Vg3b, and Vgl6a, and the
approximate size of the cDNA inserts was 2,650,
2,100, and 1,700 base pairs (bp), respectively (Fig.
1). The restriction map, which was the same for
all clones, and the strategy of nucleotide sequenc-
ing of these fragments of vitellogenin cDNA are
shown in Figure 1.

Nucleotide and Amino Acid Sequences of
Vitellogenin cDNA Clones

The nucleotide sequence corresponding to the
longest cDNA clone (Vg8a) was 2,645 nucleotides
long and revealed an open reading frame of 835
amino acid residues flanked by 3" untranslated
region of 139 bp (Fig. 2) (EMBL/GenBank da-
tabase accession number: AJ005115). This open
reading frame was chosen because the amino
acid sequence inferred from it aligned well with
other vitellogenins (see next section). The
polyadenylation signal present in the 3” flank-
ing region begins at position 2599 and the
poly(A) tail starts some 20 nucleotides down-
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Fig. 1. Restriction map and sequencing strategies of cDNAs

and vitellogenin mRNA of Blattella germanica. Open boxes,
cDNA inserts in each clone. Arrows, strategy used to deter-
mine the nucleotide sequence.

stream of the polyadenylation signal. In the de-
duced amino acid sequence (Fig. 2), two clusters
of serine residues occur at positions 664—675 and
701-711, and putative glycosylation sites are
present at positions 89, 214, 298, 322, 382, 393,
404, 455, 539, 584, 679, 689, and 714. In addi-
tion, two putative cleavage sites for the protease
of the subtilisin family (Barr, 1991) are located
at positions 144 and 310. The nucleotide se-
quences of clones Vgl6a and Vg3b were identical
to the corresponding fragment of Vg8a (Fig. 1).

Comparison With Vitellogenin Sequences of
Other Species

Comparison of the partial amino acid se-
quence of B. germanica (Fig. 2) with the homolo-
gous portion of A. grandis, A. aegypti, B. mori, L.
dispar, P. nipponica, and A. rosae revealed that
only the mosquito A. aegypti had a characteristic
polyserine domain toward the 3" end of the se-
quence. Therefore, a first alignment was carried
out between the sequences of B. germanica and
A. aegypti. The alignment (Fig. 3) displayed nu-
merous conserved motifs (like the tetrapeptides
TFDN and GLCG) which are typical of vitelloge-
nin sequences. The percentages of similarity and
identity between the sequences of the two spe-
cies were 32% and 25%, respectively.

Given that the portion of the vitellogenin se-
quence available in B. germanica included the en-
tire subdomain IV as defined by Chen et al.
(1997), we aligned the sequence corresponding to
this subdomain in all insects in which it was
available and, as an external reference, vitello-
genin 5 (vit 5) from the nematode C. elegans was
also included. The results (Fig. 4) indicate a rela-
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TTCGGCACGAGTCCATACACAACCATCCATAACGTACCAGACTTTGARACAGTCTACATGGATCAACTCTTCAAA
F G T S P Y T T I H NV P D F E T V Y M D O L F K

TTGATCCACGTGCGAAARAACAGCACACTTCGAGAAGAARATGGCAGARAACACGGGCATTGTATTTAAAGTARARA
L T H v R K T A H F E K KM G E N T G I V F K V K

TATGATACAGATCAGGAATTTCTGGATACAARAGTGGTTTCTAGATGAATTCAAGGTTCTCCAACTTTTCACTGGT
Yy b T b E F L DT K W F L D EF KV L Q L F T G

CTTAATTATGACGTGCCCACAAAGGACATCTTCTACAACAACCTGACTGTATATTATGATCATGAAGACACCAAA
L N Yy DV P T K DI F Y NNUILT V Y Y D H E D T K

AACCATGCCGTATCTTTTACTGTGACAARAAGAACAATCTAAGTTCTACGAAACATTAAACCCAGTAGTTCAACAA
N H A V S F T V T K E @ S K F Y E T L N P V V Q Q

AACCTAAAACTTTCATCTGGAARAGAAGCAAAAACATCGTAATGTARAGAGCCATCGTATAAGGAGAGAATATACC
N L K L 8 8§ G K K 0 K H R NV K S H R I R R E Y T

GAGGATGAAAATCCAGCTATTCCAAAAGACAAACAACCAAACAGCCATCCCAGACGTCAAGAATACCTAAGCAAA
E D E NP A I P KD K O P N S HP R R Q E Y L S K

TCAATGGCACTAACTGGAGATGCAACTGCAGTTGTACTTGATATGACT TTGRAAGTTTGAGGGGCCTGCTGAATCC
s M AL T GG D A T AV V L DM T L K F E G P A E S

TACTTTACAACCACCGTATCTCACGCTACATCTCTTGTTAATGGTAGCTCTAACTACCTACTCTTCTACGATCAA
Y F T T T v S H A T S L V N G S S N Y L L F Y D ¢

CACTACTATGAGGAAAAGAAGAGAAATCAGTTCTGTCTTTCATGGAGTGTCTACAAACCACAAGTTCCRAATCATG
H Y Y E F K K R N Q F ¢C L 5§ W S V Y K P Q V P I M

AATATTTATAGTGCTTTTGAATTTGATCCAAATTCCAAAGTGCATGCCATAATGAACATAGGAARAAGAATGTGAG
N I ¥ §S A F E F D P N S K V HA I M N I G K E C E

AATGGAGGAAGTGCTGTAGCAAATATTGATATGCTTAGATTGTCAGAACACCTAGATTACGTAAAGAATTTAACA
N G G S A V A NI DMILRL S E H L D Y V KNTILT

GTCAGCAAGCTATGCGACCATGAAATGCGTACARAACGTGATCACGTTCTGCCAGCTTGCAGGAATTCTACTGAG
v s K L ¢ D H E MU RT K R DUHV L P A CIRNSTTE

AGAGCCAGTGATCTCAACAGAGTTCATGTTGATATCRAATTATAACTTARAGCAGCATGAAACATTCAAACGCAGA
R A S DL N RV HV DI N Y N L K Q HE T F K R R

GTATACAAAGTATATGATTTTGTACGTACCCACCTCTATCCACACGTATCAGAGGATGTGATCGT TGATAATCCA
v Yy K vy b r VRTHUL Y P H V S E D V I V DN P

GCACAATTCATATCGGCAAATTTCACATTGAAAGACAATACAAGAGCCTTCAACGTGAGCATTGAAACTCCTGTA
A Q F I S AN F T L K DN T RA AU FNWVV S I E T P V

CTTAGTGTTAATGCAACTTCGGTTCGACTTCAATCATGGCAAAGTGAARATGCTCAGAATGAATCCAAGAACTTCA
L s vV N AT SV RUL QS W Q S E ML R MNP R T 8§

TTTGCAAAACGTTTTGCCAAATGGGCTCTACCCCTCTACTATAAACCAACGTGTGTTGTGGATTCTTCCTACATC
F A KRVFAKWWAULUPULY Y K P T C V V D S S Y I

AATACATTCGACAATTTTACATACAGTGCTCATCATATTGTACAGAACGATGCTTTCTACACTATATTGGATATT
N T F DNPF T Y S A HH I V QNDATZF Y T I L D I

CCTCAAAAGTTTAATATGGAATACTTTAAAGTTGCATTCAARCCAACATCCCCAGTTCCARATATGCAGAGGGAA
P Q K F NM E Y F K V A F K P T S P V P N M Q R E

GTCTTAGTGTTCCTGAGAAATGCAAAAATAGAATTGARACCTAATCAAGGAATGCCAGAAGTTTACGTAGAAGGT
v L VF*F L R NA K I EUL K P N Q G M P E V Y V E G

Figure 2.
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Fig. 2. Partial nucleotide sequence and deduced amino acid
sequence of vitellogenin ¢cDNA of Blattella germanica (data-
base accession number: AJ005115). Boldface letters, puta-
tive asparagine-linked glycosylation sites; boldface italic

tively high level of conservation in certain motifs
typical of vitellogenin sequences, including that
of B. germanica.

Expression of the Vitellogenin Gene

Northern blot analyses were carried out us-
ing the fluorescein-labeled vitellogenin ¢cDNA in-
sert from the three clones as respective probes.
The analyses showed here (Figs. 4, 5) correspond
to the 1.7-kb insert from the Vgl6a clone, al-
though those of Vg3b and Vg8a gave the same

letters, polyadenylation signal; double underlines, clusters
of serine residues; single underline, putative cleavage sites;
asterisk, stop codon.

results. To study the tissue and sex specificity of
the vitellogenin gene expression, we used RNA
from fat body samples from female last-instar
nymphs, adult males, and adult females, and from
the ovaries of adult females. The vitellogenin RNA
had a length of ca. 6.2 kb (cf. RNA molecular-
weight markers not shown), which means that
the portion sequenced (2.6 kb) represents approxi-
mately one-third of the entire vitellogenin RNA.
The transcript was only detectable in RNA from
fat body of 2-day-old and 4-day-old adult females,
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Fig. 3. Alignment of deduced amino acid partial sequence of Blattella germanica vitellogenin described
herein (database accession number: AJ005115) with the homologous fragment from the mosquito Aedes
aegypti described by Chen et al. (1994) (database accession number: U02548).
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Fig. 4. Alignments of the subdomain IV (Chen et al., 1997)
of the vitellogenin sequences of 7 species of insects: boll wee-
vil, Anthonomus grandis (Trewitt et al., 1992; M72980);
yellow fever mosquito, Aedes aegypti (Chen et al., 1994;
U02548); silkworm moth, Bombyx mort (Yano et al., 1994a;
D13160); gypsy moth, Lymantria dispar (Hiremath and
Lehtoma, 1997a; V60186); turnip sawfly, Athalia rosae
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(Nose et al., 1997; AB007850), the parasitoid wasp Pimpla
nipponica (Nose et al., 1997, AF026789); German cock-
roach, Blattella germanica (present study; AJ005115); and
the nematode Caenorhabditis elegans (vit-5: Spieth et al.,
1985; X03044). The piLEUP program from the GCG pack-
age was used, and results were displayed by Box, from
the same package.

whereas it was not detected in samples from
ovary tissues or from fat body tissues from adult
males or female nymphs (Fig. 5), even after ex-
tended autoradiographic exposures of the blots
(not shown).

The same hybridization techniques were
used to study the stage specificity of the vitello-
genin gene expression in the fat body of adult fe-
males during the first vitellogenic cycle. The

Fig. 5. Northern blot analysis of total RNA (5 pg each) from
different tissues of Blattella germanica: fat body from 6-day-
old last-instar female nymph (61 FB); fat body from 2-day-old
adult female (2f FB); ovary from 2-day-old adult female (2f
OV), fat body from 4-day-old adult female (4f FB); ovary from
4-day-old adult female (4f OV); fat body from 4-day-old adult
male (4m FB). The insert of Vgl6a was used as probe.
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results (Fig. 6) showed that mRNA was first de-
tectable at day 1 of adult life, reaching maximal
levels on day 5, and then decreasing on days 6
and 7. The pattern of temporal changes in mRNA
levels during the first vitellogenic cycle is approxi-
mately parallel to that of vitellogenin protein pro-
duction in the fat body as described by Martin et
al. (1995a,b), although vitellogenin content in the
fat body seems to decline before the mRNA lev-
els reach a maximum (Fig. 6).

DISCUSSION

A partial ¢cDNA clone for the vitellogenin
gene from the cockroach B. germanica has been
isolated from a cDNA expression library using an
anti-vitellin—vitellogenin antiserum (Martin et al.,
1995a) probe. The cDNA inserts of three positive
clones were studied; nucleotide sequence analy-
ses showed that they all contained fragments of
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Fig. 6. Northern blot analysis of total RNA (5 ug each) from
fat body from females of Blattella germanica during the first
7 days of adult life. 7c, 7-day-old adult female with the basal
oocytes chorionated. The insert of Vgl6a was used as probe.
For comparative purposes, the data for vitellogenin (Vg) pro-
tein produced in vitro by periovaric fat body (POFB) (from
Martin et al., 1995b), and juvenile hormone synthesis in vitro
by corpora allata (from Maestro et al., 1994) during the first
vitellogenic cycle of B. germanica are shown. Results in the
graphs are expressed as the mean +SEM (n = 7-14).

the same vitellogenin sequence. The longest cDNA
sequence obtained was 2,645 nucleotides long and
represents the 3 region of the B. germanica vi-
tellogenin ¢cDNA, including the stop codon, the
polyadenylation signal and the poly(A) tail. The
deduced amino sequence is 825 residues long and
is similar to the homologous portion of the vitel-
logenin of other insect species, especially that of
the mosquito A. aegypti.

The amino acid sequence of B. germanica in-
cludes polyserine clusters towards the 3" end,
which are also present in the homologous se-
quence of the mosquito species. Moreover, 13 pu-
tative glycosylation sites, and 2 putative cleavage
sites were identified. These putative cleavage
sites are not surrounded by serine rich domains,
which is also the case in L. dispar (Hiremath and
Lethoma, 1997a). Cleavage in these sites would
give polypeptides corresponding to the small sub-
units (50-95 kDa) described in mature vitellin
(Wojchowski et al., 1986) (see also Purcell et al.,
1988; Martin et al., 1995a) and also in the
hemolymph of ovariectomized females of B. ger-
manica (Martin et al., 1996).

Alignment and comparison of the subdomain
IV of vitellogenin (Chen et al., 1997) in all insect
species studied thus far and in the nematode C.
elegans show a high degree of conservation; the
coincidence of the motif GL/ICG is particularly
interesting. The same, although slightly longer, mo-
tif (TCGLCG), was observed by Mouchel et al. (1996)
to be common in various vertebrate vitellogenins
(Xenopus laevis, Gallus gallus, Acipenser trans-
montanus, Fundulus heteroclitus, Ichtyomyzon
unicuspus, and Oncorhynchus mykiss), and in hu-
man von Willebrand factor in domains D; and D,
and the human intestinal mucine 2 glycoprotein in
domain Ds;. The same investigators also noted the
coincidence with the CGLCG motif of C. elegans,
and with the GLCG motifs of A. aegypti and B. mori.

Northern blot analysis indicated that vitel-
logenin gene expression is limited to the fat
body of adult females, as expected. The pattern
of expression during the first vitellogenic cycle
is similar to that of vitellogenin production by
the fat body, studied both in vivo and in vitro
by Martin et al. (1995a,b), although vitelloge-
nin protein in the fat body appears to peak on
day 4 whereas vitellogenin mRNA peaks on day
5 (Fig. 5). This suggests the hypothesis of an
inhibitory mechanism on vitellogenin transla-
tion occurring on day 5.

Our previous observations concerning the
relationships between juvenile hormone and vi-



tellogenin indicated that the juvenile hormone
cycle (Bellés et al., 1987; Maestro et al., 1994)
is not parallel to that of vitellogenin protein
(Martin et al., 1995a,b). In particular, it is quite
apparent that vitellogenin production begin to
decline from day 5, whereas rates of juvenile
hormone synthesis by the corpora allata are still
increasing at this stage (Fig. 6). The present
results reinforce such a divergence by showing
that the accumulation of vitellogenin mRNA in-
creases with increased juvenile hormone syn-
thesis, but declines before the production of this
hormone reaches a maximum (Fig. 5). This sug-
gests the hypothesis that increased titers of ju-
venile hormone could be involved in a feedback
mechanism terminating vitellogenesis, perhaps
causing a direct or indirect suppression of the
vitellogenin mRNA.

In any case, the studies reported in this pa-
per show that the isolated cDNA seems to be spe-
cific for the vitellogenin mRNA of B. germanica,
and that it can be used as a tool to study the
molecular action of potential regulators of vitel-
logenesis, and to test new control hypothesis, such
as those just proposed.
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