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In oviparous vertebrates vitellogenin, the precursor of the
major yolk proteins, is synthesized in the liver of mature
females under the control of estrogen. We have established
the organization and primary structure of the 5' end region
of the Xenopus laevis vitellogenin A2 gene and of the major
chicken vitellogenin gene. The first three homologous exons
have exactly the same length in both species, namely 53, 21
and 152 nucleotides, and present an overall sequence
homology of 60%. In both species, the 5' -non-coding region
of the vitellogenin mRNA measures only 13 nucleotides, nine
of which are conserved. In contrast, the corresponding in-
trons of the Xenopus and the chicken viteflogenin gene show
no significant sequence homology. Within the 500 nucleotides
preceding the 5' end of the genes, at least six blocks with se-
quence homologies of > 7007 were detected. It remains to be
demonstrated which of these conserved sequences, if any, are
involved in the honnone-regulated expression of the
vitelHogenin genes.
Key words: vitellogenin genes/hormonal regulation/reverse
transcription/nucleotide sequence comparison

Introduction
Vitellogenin is the precursor of the major yolk proteins in

oviparous vertebrates (Wallace, 1978). It is synthesized under
estrogen control in the liver of mature females. Normally,
males do not produce vitellogenin, but they can be induced by
estrogen injection. This estrogen-controlled gene expression is
mainly regulated at the transcriptional level (Wahli et al.,
1981; Brock and Shapiro, 1983); in addition, preferential
stabilization of vitellogenin mRNA has also been observed
(Wiskocil et al., 1980).
The region around the start site of transcription is probably

a major regulation site of hormone-controlled gene expression.
This hypothesis is based on results obtained with different ex-
perimental systems, such as proviral mouse mammary tumor
virus DNA (Buetti and Diggelmann, 1981; Hynes et al.,
1981), a2% globulin genes (Kurtz, 1981), human and rat
growth hormone genes (Robins et al., 1982; Doehmer et al.,
1982), the chicken lysozyme gene (Renkawitz et al., 1982) and
the rat prostatic C3 gene (Page and Parker, 1983). DNA se-
quences that influence accuracy and rate of transcription in-
itiation by polymerase II have also been found in the 5' end
flanking region of many genes the expression of which is not
hormone dependent (Grosschedl and Birnstiel, 1980; Benoist
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and Chambon, 1981; Fromm and Berg, 1982; Struhl, 1981;
Dierks et al., 1981a, 198 1b; McKnight et al., 1981; McKnight
and Kingsbury, 1982; Grosveld et al., 1982a, 1982b; Mellon
et al., 1981; Pelham, 1982; Dierks et al., 1983).
By comparing the 5' end region of different genes whose

expression is under similar control, one might find common
structural features which play a role in important control
mechanisms of gene expression. As a step towards such
analyses, the estrogen-controlled vitellogenin genes of Xeno-
pus laevis (Al, A2, Bi and B2) and of chicken have been
isolated and their molecular organization has been determin-
ed (Wahli and Dawid, 1979; Wahli et al., 1980, 1982; Ger-
mond et al., 1983; Arnberg et al., 1981; Wilks et al., 1981).
We now present a comparison of the 5' end region of a X.
Iaevis and of a chicken vitellogenin gene and discuss observed
homologies and differences.

Results
Mapping of the transcription initiation site of the A2 gene of
X. laevis
The position of the putative 5' end of the vitellogenin A2

gene has been determined by electron microscopic analysis of
hybrids between vitellogenin mRNA and cloned A2 gene se-
quences (Wahli et al., 1980). To map the position of the
transcription initiation site more precisely, an EcoRI DNA
fragment of 2.3 kb containing the putative 5' end was sub-
cloned in pBR322 (Gerber-Huber et al., 1981), isolated and
tested for transcription in a HeLa whole-cell extract (Manley
et al., 1980). The run-off transcripts from the entire or trun-
cated DNA fragment were analysed by gel electrophoresis
and the position of the in vitro initiation site of the A2 gene
was determined (Figure IA, lanes a and b). When the entire
chimeric plasmid, that is the Xenopus 2.3-kb EcoRI fragment
joined to the pBR322 plasmid, was digested and tested for
transcription in the cell-free extract, three additional initiation
sites were found (Figure 1, lane d), which all map in pBR322
sequences (lane e). Others have reported similar observations
concerning transcription initiation events within pBR322 se-
quences (Sassone-Corsi et al., 1981). Fine mapping of the 5'
end of in vitro transcripts was performed by SI nuclease
analysis (Figure IB). A 5' end-labelled DNA fragment con-
taining the putative initiation site was used as probe and
hybridized with the in vitro transcripts. After SI nuclease
digestion a protected fragment of 135 bases was detected.
Based on this result, in vitro transcription starts at the T or G
within the sequence TTCAGTGTTCAC (Figures lB and 7).

Next, we tested if this initiation site corresponds to the one
used in vivo. The DNA probe 5' end-labelled at the SmaI site
located 450 bp downstream from the in vitro initiation site
was hybridized to either purified vitellogenin mRNA (Figure
2A, lane a) or to nuclear RNA from hepatocytes producing
vitellogenin (lane b). Nuclear RNA from hepatocytes which
do not produce vitellogenin or tRNA were included as con-
trols (Figure 2A, lanes c and d). The RNA-DNA hybrids were
treated with SI nuclease and the size of the protected DNA
fragments were measured by gel electrophoresis. As expected,
the 450-bp digestion-resistant hybrid was only found with
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Fig. 1. Mapping of the in vitro transcription initiation site of the Xenopus vitellogenin A2 gene. (A) Electrophoretic analysis of in vitro transcription products.
Transcription of the isolated 2.3-kb EcoRI fragment containing the putative 5' end of the gene (a); same fragment truncated in 3' with HaeIIl (b) or SmaI
(data not shown, see c in scheme); same fragment in pBR322, hybrid plasmid digested with HaeIII (d); pBR322 digested with HaeIII (e). The size markers are
given in bases. The scheme represents the run-off transcripts and gives the position of the initiation site (i) of in vitro transcription. (b = bases.) (B) Nuclease
SI mapping of the in vitro transcription initiation site. The hybridization probe was a 970-bp HindIII-SstI fragment 5' end-labelled at the SstI site. In vitro
synthesized RNA was mixed with 5 ,ug tRNA, treated with DNase to eliminate the template and hybridized to the probe. The DNA-RNA hybrids were treated
with 15 U (a) or I U (b) of SI nuclease. The end-labelled probe was sequenced according to Maxam and Gilbert (1980) and the A+G track is shown (ml).
The position of a size marker of 154 bases is given in m2. The scheme represents the different steps of the nuclease SI experiment and gives the position of
the transcription initiation site (i). (b = bases.) In positioning the initiation site on the A + G track a correction of 1.5 bases has been made because of the
elimination of the terminal nucleotide during sequencing (Moss and Birnstiel, 1979; Sollner-Webb and Reeder, 1979).

nuclear RNA from estrogen-stimulated hepatocytes (Figure
2A, lane b, arrow). Hybrids between the same probe and
purified vitellogenin mRNA yielded SI-resistant fragments of
-85 bp and 100 bp (Figure 2A, lane a). While the shorter
band corresponds to the distance between the 5' end of exon
3 and the SmaI site within this exon (84 bp, arrow in lane a)
the resistant hybrids of - 100 bp are not explained and might
represent partially SI nuclease-digested material. As seen in
lane b of Figure 2A, these two bands can also be detected
with nuclear RNA. They probably originate from transcripts
which have already undergone processing.
To map the 5' end of in vivo transcripts, the same ex-

perimental design as shown in Figure 1B was used for nuclear
RNA from estrogen-stimulated hepatocytes (Figure 2B, lanes
b, c and d) or from control hepatocytes (lane a). The results
show that the initiation sites used in vivo and in vitro coincide
precisely.

Sequence of the 5' end of the Xenopus vitellogenin A2
mRNA

The primary sequence of the 5' end region of the vitello-
genin A2 mRNA was determined using the dideoxynucleotide
method of RNA sequencing. A DNA primer of 44 bp
isolated from the putative third exon of the A2 gene was
denatured and hybridized to purified vitellogenin mRNA and
elongated with reverse transcriptase in four different reac-
tions each containing a different chain terminator (Figure 3).
The sequence for this part of the A2 mRNA agrees with the
corresponding gene sequence (see below). Comparison of
these two sequences accurately defines the structural
organization of this gene region: exon 1 has a length of
53-54 bp, intron 1 of 213 bp, exon 2 of 21 bp, intron 2 of
80 bp and exon 3 of 152 bp (Table I and Figure 7). The 3'
end of exon 3 was tentatively determined earlier by electron
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Fig. 2. Nuclease SI mapping of the in vivo transcription initiation site of the Xenopus vitellogenin A2 gene. (A) A 5' end-labelled probe (SmaI site, see
scheme) containing the putative 5' end of the A2 gene was hybridized to purified vitellogenin mRNA (a), to nuclear RNA from the liver of an estrogen
treated female (b) or of a control male (c) and to tRNA (d). The DNA-RNA hybrids were treated with S1 nuclease. Size markers are given in bases (m). The
scheme gives the design of the experiment and the expected results. (B) A 970-bp HindIII-Sstl DNA fragment, 5' end-labelled at the SstI site (see scheme of
Figure IB) was hybridized to nuclear RNA from the liver of a control male (a), of an estrogen-treated female (b,c,d) or to tRNA (e). The DNA-RNA hybrids
were treated with SI nuclease for 30 min: 280 Units in (a), (c) and (e) and 25 Units in (b). In (d) SI nuclease was added in three 95 Unit aliquots at times 0
min, 30 min and 90 min; the total digestion time was 120 min. The end-labelled probe was sequenced (Maxam and Gilbert, 1980), the G+A track is shown
(m2) and the initiation site (i) is indicated. Size markers are given in bases (ml). The scheme of Figure lB applies to this experiment with the difference that
in this case, in vivo synthesized nuclear RNA was used.

microscopy of RNA-DNA hybrids (Wahli et al., 1980). The
precise 3' boundary of this exon is indicated by the presence
of a sequence typical for splice donor sites (Mount, 1982).
Furthermore, this putative donor site is identical to the two
first sites over seven nucleotides, namely GGTAAGT. The
position of the transcription initiation site determined by Si
nuclease experiments was confirmed by the size of the longest
fragments synthesized in this primer extension experiment.

Mapping and sequencing of the 5' end of the chicken vitello-
genin gene

The position of the putative 5' end of the chicken vitello-
genin gene has been determined earlier by electron micro-
scopy and Southern blot analysis of cloned gene sequences
(Arnberg et al., 1981). To map the position of the 5' end
more precisely, a 3.6-kb BamHI fragment containing the
putative transcription initiation site was subcloned in
pBR322. Electron microscopic analysis of hybrids between

the 3.6-kb BamHl fragment and vitellogenin mRNA showed
that this fragment is made up of 1.7 kb of flanking DNA, the
first three exons and introns, and a short stretch ( s 50 nucleo-
tides) of exon 4 (Arnberg, in Meijlink, 1983). Based on these
data, a DNA restriction fragment that was expected to con-
tain the 5' end region of the gene was isolated and sequenced.
Inspection of this sequence for possible splice junctions
(Mount, 1982) yielded an exon-intron structure which is in
good agreement with the data obtained by electron
microscopy.
The 5' end of exon 1 was mapped by nuclease S1 analysis

using a probe end-labelled at the Sau3AI site located within
the putative first exon. The labelled probe was hybridized to
polysomal RNA from the liver of an estradiol-treated rooster
(AB et al., 1976). A cluster of nuclease S1-resistant fragments
of 23 -26 nucleotides was found which maps the 5' end of
exon 1 at the Ts and the A in the sequence CCCTATTC
(Figures 4 and 7). From this experiment we cannot conclude
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Table I. Structural organization of the 5' end of the Xenopu.s and the chicken
vitellogenin gene

No. of nucleotides Homology

Xenopus A2 Chicken ('o)

Exon 1 53 (40)) 53 (40)a 66
Exon 2 21 21 48
Exon 3 152 152 60
Intron 1 213 115 _
Intron 2 80 100 _ h

aln parentheses: coding part of exon 1.
bNo significant sequence homology detected.

Fig. 3. Determination of the 5' end sequence of the Xenopus vitellogenin
A2 mRNA using the dideoxynucleotide method adapted to RNA sequenc-

ing. Reverse transcriptase elongation of a 44 base primer originating from
the putative third exon hybridized to purified vitellogenin mRNA is shown.
Four reactions were carried out each containing a different dideoxynucleo-
tide: ddGTP (G), ddATP (A), ddTTP (T) and ddCTP (C). The exon-

intron boundaries are indicated, based on the comparison with the DNA
sequence of the 5' end region of the A2 gene.

whether this heterogeneity reflects mRNAs with different 5'
ends or is due to a nuclease S1 digestion artifact (see below).
The size of the first three exons was determined by using a
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uniformly labelled probe synthesized on a single-stranded
DNA template. For this purpose, a 550-bp EcoRI fragment
that spans the exon 1 to exon 3 region was cloned into M13
mp9 RF DNA. Hybridization of this probe to polysomal
RNA was followed by a nuclease S I digestion. Electro-
phoresis of the protected fragments revealed three clusters of
bands of the expected sizes: 45-54 bp, 19-27 bp and
- 150 bp (Figure 5).
A more precise location of the 5' end of the mRNA and of

the splice junctions was definitely established using the
dideoxynucleotide method of RNA sequencing. A 90-bp
primer isolated from the putative third exon was denatured
and hybridized to polysomal RNA from the liver of an
estradiol-treated rooster and elongated with reverse transcrip-
tase as described above for the Xenopus RNA (Figure 6). The
nucleotide sequence of this part of the chicken vitellogenin
mRNA agrees with the corresponding gene sequence.
Together these sequences accurately define the structural
organization of this gene region: exon 1 has a length of 53 bp,
intron 1 of 115 bp, exon 2 of 21 bp and intron 2 of 100 bp.
Since the primer used is very close to the junction between in-
tron 2 and exon 3, the first nucleotide that could be read was
in exon 2. However, the length of the extended DNA chain
allowed us to determine the exact location of the boundaries
of intron 2. The size of exon 3, 152 bp, was tentatively deduc-
ed by attributing its 3' end to a specific splice-junction donor
sequence. It is in agreement with earlier data obtained by elec-
tron microscopy (Arnberg et at., 1981).
Comparison of thefine structure of the Xenopus 5' end gene
region with its homologous chicken gene region
The nucleotide sequences of DNA fragments containing

the Xenopus and chicken 5' end vitellogenin gene region were
determined (Sanger et al., 1977; Maxam and Gilbert, 1980)
and are compared in Figure 7. This comparison covers
- 1 kb of homologous sequences representing - 500 bp of
5'-flanking region, the first three exons and the first two in-
trons. In both Xenopus and chicken, the three homologous
exons have exactly the same size (Table I).
The sequence homology between the two exon 1 is con-

siderable (6601o). In both species this exon is composed of
13 bp of non-coding sequences and of a 40-bp coding block,
assuming that the first AUG after the initiation site of
transcription serves as translation initiation codon. This first
block encodes a very apolar peptide sequence (Figure 7 and
Table II). Therefore it may represent part or all of the signal
peptide of the vitellogenin protein. Because four out of the
five amino acid substitutions observed are conservative the
matching of the amino acids with identical properties is very
good in this part of the protein (920%o). Tables I and II demon-
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Fig. 4. Nuclease SI mapping of the 5' end of chicken vitellogenin mRNA.
A 5' end-labelled probe (Sau3AI) containing the putative 5' end of the
gene was hybridized to polysomal RNA from the liver of an estradiol-
treated rooster (a,b,c) or to total cellular RNA from the liver of a control
rooster (d). The DNA-RNA hybrids were treated with 400 U (a), 200 U
(b,d) and 100 U (c) S1 nuclease at 37°C for 30 min. The scheme gives the
design of the experiment and represents the obtained results.

strate that exon 2 and exon 3 are less conserved than exon 1

and that the part of the protein encoded by these two exons is
more polar. Nonetheless, the overall nucleotide homology is
60Wo in the first three exons. While the amino acid homology
is 430/o, the amino acid side chain similarity amounts to 73%o.

In contrast to the exons, the homologous introns in the 5'
end gene region have different lengths. Except for the splice
junctions no significant sequence homology is observed. The
5' end flanking regions are presented in Figure 7 after op-
timizing the alignment of the Xenopus and chicken se-
quences. Several blocks with > 700% homology can be

Fig. 5. Nuclease SI mapping of exons 1, 2 and 3 of the chicken vitello-
genin gene. A labelled probe was synthesized on a single-stranded M13
template containing a genomic 550 nucleotide EcoRI fragment overlapping
exons 1 to 3 and hybridized to different RNAs: total cellular RNA from
control rooster liver (a), polysomal RNA from the liver of an estradiol-
treated rooster (b, c and d). Nuclease SI amounts were 400 U in (b), 200 U
in (a,c) and 100 U in (d). The scheme gives the design of the experiment
and represents the obtained results.

observed. The most proximal block to the transcription initia-
tion site is the ATA homology (TATA box) common to
almost all eucaryotic protein-coding genes. Up to position
- 110 there are three other blocks and, finally, two additional
homology regions are observed further upstream. The block
located around position - 324 in Xenopus and - 343 in
chicken is especially interesting by its palindromic structure
(Figure 7). The sequences between the blocks of homology
show no more similarity than that found between random se-
quences.
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Fig. 6. Determination of the 5' end of chicken vitellogenin mRNA using
the dideoxy method adapted to RNA sequencing. Reverse transcriptase
elongation of a 90 base primer (BstNI-HhaI) originating from the putative
third exon hybridized to polysomal RNA is shown. Four reactions were
carried out each containing a different dideoxynucleotide: ddGTP (G),
ddATP (A), ddTTP (T) and ddCTP (C). A fifth reaction was without
dideoxynucleotides (-). The scheme of Figure 3 applies to this experiment
since it was performed with a similar design (see text).

Discussion
Here we compare the 5' end regions of vitellogenin genes

from Xenopus and chicken. The comparison is especially
worthwhile because these genes are estrogen-regulated in both
amphibians and birds. The two gene sequences are very
similar immediately downstream of the transcription initia-
tion site. If the first AUG is the translation initiation codon,
the untranslated part of both Xenopus and chicken mRNA is
only 13 nucleotides long, nine of which are conserved. Com-
pared to most eucaryotic mRNAs it is relatively short. This
region can base-pair with the 3' end of 18S rRNA (Hagen-
buechle et al., 1978) which may explain the sequence conser-
vation observed between Xenopus and chicken.
The amino acid sequence of vitellogenin is not yet

available. Due to the heterogeneity of the protein resulting

from multiple genes in both species (Wahli et al., 1979; Wang
and Williams, 1980; Wiley and Wallace, 1981) and heavy
post-translational modifications (Wallace, 1978) a detailed
analysis of the protein structure will be difficult. At the level
of the DNA sequence we observe an open reading frame of 71
amino acids through the first three exons in both Xenopus
and chicken if the first AUG downstream of the mRNA cap-
ping site is the translation initiation codon. It appears likely,
therefore, that the amino acid sequence deduced from the
DNA sequence corresponds indeed to that of authentic
vitellogenin. The length of the first three homologous coding
blocks is identical in Xenopus and chicken. The highest
nucleotide homology in the coding regions is found in the
first exon which encodes 13 amino acids, 11 of them with
non-polar side chains in Xenopus and 10 in chicken. This
homology most likely results from the pressure to maintain
the characteristics of a signal peptide which has been found at
the amino terminus of most secreted proteins. It is striking to
find a second exon of only 21 bp surrounded by 293 bp and
215 bp of intron sequences in Xenopus and chicken, respec-
tively. The contribution of this short region may be essential
for the conformation of the protein since it is present in both
species, even though its sequence is less conserved. Length
conservation, but relatively low sequence homology are also
observed in exon 3 except for a few short blocks. Since
vitellogenin can be regarded as storage protein, sequences not
involved in specific functions such as uptake by the oocytes,
cleavage into phosvitin and lipovitellin, formation of yolk
platelets or granules might have a high tolerance for muta-
tions.
The splice junction sequences of the 5' end region of the

two genes conform to the now well-defined consensus se-
quences (Mount, 1982) and therefore represent locations of
high homology between the two genes. As expected from the
studies of the Xenopus vitellogenin gene family (Wahli et al.,
1980; Germond et al., 1983) or of other gene families (Konkel
et al., 1978; Lomedico et al., 1979), homologous introns have
less similarity than the coding sequences. Our sequence
analysis of two Xenopus and chicken introns show that they
compare like random sequences.
The alignment of the two homologous 5' end flanking se-

quences reveals several blocks of significant homology of
> 7010. The homologous stretches occur in the same order
but the sequences separating them vary somewhat in length in
the two genes. It appears likely that such conserved sequences
are involved in the control of the transcription machinery.
One can conceive different functions: multiple contacts made
by RNA polymerase II, recognition specificity for auxiliary
transcription factors or information capable of marking the
chromatin structure around the 5' end terminus of the gene
(McKnight, 1982). In the vitellogenin system one also has to
consider sequences that are involved in hormonal control of
gene expression. It is now of interest to look for identical con-
served regions in other vitellogenin genes. It will be important
to test experimentally the functional significance of such
potential regulator sequences, especially the conserved palin-
dromic structure.

Materials and methods
In vitro transcription assay
The in vitro transcription reactions were carried out as described recently

(Wahli et al., 1982) in whole-cell extracts from HeLa cells prepared according
to Manley et al.(1980).
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XENOPUS CTT2TGTATTTTAAATTCATTTTAGAGAATGAAAATAAGTGTATTCAT TTGAAATAAAAATCAAACTTTTTTTGGACATCAAAATGTGTTTTTTACTGGGACTTTTGTTCATAA
CH I CKE N TACSACATGTAATACAGTAATAGCAAAGGTTTATCTGGATTAGCCTCTGGCCTGCAGGAATGGCCATAAACCAAAGCTGAGGGAAGAGGGAGAGTATAGTAACTGTAGATTATAGC

324

X ENOPUS AATAGTTTTCTGCATAGCC TCTTTGATTAGATTAACTGTC CAAAGTCAGGTCACAGTGACCTGATCAAAGTTAATGTAACCTCAACCTGGACAAAGCTACTAGTTTTGAAATCAGA
//// I 11 I /// 11111 I /// II II II I\\1I11 111I I I II I 11 I 1111 I

CHICKEN TAGTTGCTATTGGGTTATTATCAGCTAGATAACAACTGGTCAGTGCCAGGTCAACATAACCTGGGCAAAACCAGTCTCATCTGTGGCAGGACCA.....................

-343
-178

X ENO PUS AATTAAATTAATTAATAATAATTTTATTAGACATATTACATTTTTTTTTACATTTTATTGGTTAAAATTCATTGTCATATAAATAAAGCAAAAATTCACATCAAATATAAATCTGT
I if I I I I I 11 I \\\\\\\ 11111111 1 11111 I I

CHICKEN ..................................................... TGTAC CAGCAGCCAGCCGTGACCCAATCTAGGAAAGCAAGTAG CACATCAATTTTAAATTTAT
272

XENOPUS TTATGCTGTTTGATGCAGAA.....................................................................................
I II I I

CH I CKEN TGTAAATGCCGTAGTAGAAGTGTTTTACTGTGATACATTGAAACTTCTGGTCAATCAGAAAAAGGTTTTTTATCAGAGATGCCAAGGTATTATTTTGATTTTCTTTATTCGCCGT

-116 -82 -52 ATA
X ENOPUS ...................TAGATATGGTGAGGTAATTGTTTACACAACCTGATAACAGTACTGGAATGAGCCAAAATCACACATCTAAAGATCACGTGTTACAGATTTTCCTGCAATAAMI 1111IA'///////I/I I II I I//// II1 I11 11 11111111 1 11 1 II 1 11111
CHICKEN GAAGAGAATTTATGATTGCAAAAAGAGGAGTGTTTACATAAACTGATAAAAAACTTGAGAATTCAGCAGAAAACAG..........CCACGTGTTCCTGAACATTCTTCCATAAA

-106 -72 -53 ATA

viv Met Lys Gly Ile Vol Leu Ala Leu Leu Leu Ala Leu Ala C

XENOPUS TATGGCAGGCTTTTCTGGGTT.CAGTGTTCACCATCACC ATG AAG GGA ATC GTC CTA GCA CTT TTG CTC GCA TTA GCG G GTAAGTACAGAAAGTGCAGAI II I //// I I 111111 11 I III I I II III I II III 1 1111 I I I I IIIII \ I I
CHICKEN AGTCTCACCATGCCTGGCAGAGCCCTATTCACCTTCGCT ATG AGG GGG ATC ATA CTG GCA TTA GTG CTC ACC CTT GTA G GTAAGCTTACACATCCCGTC

Arg Ile Val Thr Val

X ENO PUS GCCGAGATTACACGCCATCAGAACTTCTGCCAACTTTGAACCTCAAGGATAAAATACTTCCTGAGCTCTACCATATAGACCTGCCTTGCATTAAATATAATAGCAAATGCGAATGAGI I I I I I I I I I I I 11111
CHICKEN TTCATTCTTCTTCCCTGGAATTTCCTTGAGTTCACTGACAAGAATTAGGTTTAGACTGCATATAGCTCAT ...............................................

ly Ser Glu Arg Thr His lie C

XENOPUS CACTGCTTTGATAATATAGTTTTCTTTCAGCAGAAACTTTCATTATGTCACATTTTGCTTTTTCTTTCCTTCCCAG GC TCT GAA AGA ACT CAC ATA G GTAAGTGCT
I I 11 I I 11 II 11 I I I II 11 111111 ICHICKEN .........................................GTGGTTTTTCTATCTCTTTTTGTAG GC AGC CAG AAG TTT GAC ATT G GTAAGTACA

GIn Lys Phe Asp A

lu Pro Vol Phe Ser Glu
XENOPUS TGCTTTAGTTACCAAATGCAATTTTAAATTCTGCATGGTACTGACCG................ATTCTTGTGCATTTGTCTATTTTAG AG CCT GTG TTC AGT GAA

I I I I II II I I II II I II I II I III I I
CHICKEN TTTCTACCTATAAACTTGGTGACTTTGTTATGATGACTATTCATTAGAATATGCTTACAGCTTCTACGTAAATGGCTGTTATTCCCCACAG AC CCA GGA TTC AAT AGC

sp Gly Asn Ser

Ser Lys lie Ser Vol Tyr Asn Tyr Clu Ala Val lIe Leu Asn Gly Phe Pro Glu Ser Gly Leu Ser Arg Ala Gly lie Lys lie Asp
XENOPUS AGC AAG ATA TCT GTG TAT AAC TAT GAA GCT GTC ATA CTG AAT GGA TTT CCI GAA AGT GGT TTG TCC CGG GCT GGT ATT AAA ATT AACii I I I II II III III III I I II II III II II I II II II III I III III I I I ICHICKEN AGA AGG AGT TAC CTG TAC AAC TAT GAA GGT TCT ATG TTG AAT GGG CTT CAA GAC AGA AGT TTG GGC AAA GCT GGT GTG CGC TTG AGC

Arg Arg Ser Tyr Leu Gly Ser Met Leu Gln Asp Arg Ser Gly Lys Val Arg Leu Ser

Cys Lys Vol Glu lie Ser Ala Tyr Ala Gln Arg Ser Tyr Phe Leu Lys

XENOPUS TGC AAA GTT GAG ATC AGC GCC TAT GCT CAG AGG TCA TAC TTC CTA AAG GTAAGTACCATTTGC
11 11 I III III 11 I I 1 I I III 11 11 III III il1 I

CHICKEN AGC AAG CTA GAG ATC AGT GGG CTA CCA GAG AAT GCT TAC CTC CTC AAG GTACTGGCCATGTCT
Ser Leu Gly Leu Pro Glu Asn Ala Leu

Fig. 7. Comparative display of the nucleotide sequence of the 5' end region of the X. laevis A2 and of the chicken vitellogenin gene. The nucleotide sequence
of the non-coding strand (mRNA strand) is given from the 5' to the 3' direction. The putative amino acid sequence of part of the Xenopus vitellogenin is
given above the coding sequence. Amino acid substitutions in the chicken sequence are indicated under the chicken nucleotide sequence. Blocks of homology
in the 5' end flanking region are indicated by thin horizontal lines. The region of homology presenting palindromic structure is indicated with thick lines. (i)
with arrows indicates the transcription initiation site. Dots were inserted to achieve optimal alignment of the sequences.
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Table H. Side chain representation in the amino acids of the first three exons of the Xenopus and chicken vitellogenin genes

No. of Side chain Homology
amino acids acidic basic uncharged non-polar identical similar

polar amino acids amino acids
(07o in parentheses) (I O) (0o)

Exon 1
Xenopus 13 - 1 (8) 1 (8) 11(84)
chicken 13 - 1 (8) 2(15) 10(77)

Exon 2
Xenopus 7 1(14) 2(29) 3(43) 1(14) 43 57
chicken 7 1(14) 1(14) 3(43) 2(29)

Exon 3
Xenopus 51 5(10) 6(12) 19(37) 21(41) 37 73
chicken 51 5(10) 7(14) 22(43) 17(33)

Preparation of nuclear and cytoplastnic RNA
Poly(A)-containing RNA was purified from the liver of estrogen-treated

X. laevis females as described earlier (Wahli et al., 1976; Ryffel et al., 1977).
Nuclear RNA from livers of X. laevis males and estrogen treated females was
prepared as described (Germond et al., 1983). Total polysomal RNA from
livers of estrogen-treated roosters was prepared as described by AB et al.
(1976). Total cellular RNA from control rooster liver was isolated according
to Auffray and Rougeon (1980).
SI nuclease analysis

SI mapping with Xenopus DNA fragments was carried out according to
the procedure of Berk and Sharp (1977) as modified by Weaver and
Weissmann (1979). 5' end-labelled DNA probes were prepared from DNA
fragments treated with calf intestinal phosphatase and then labelled with [L-
32P]ATP by polynucleotide kinase (Maniatis et al., 1975). Between 10 000 and
30 000 c.p.m. of the end-labelled DNA probe (- 107 c.p.m./pmol of ends)
were co-precipitated with 0.1-5 ,ug of RNA, and tRNA to 10 gg. The
precipitated nucleic acids were resuspended in 80% formamide, 400 mM
NaCl, I mM EDTA, 40 mM Pipes (pH 6.4), heated at 70°C for 3 min and
hybridized at 48°C for 12- 15 h. Samples were then diluted 20 times with
cold SI nuclease buffer containing 300 mM NaCl, 4.5 mM ZnSO4, 30 mM
sodium acetate (pH 4.6), 20 Ag/ml single-stranded salmon sperm DNA and SI
nuclease (see figure legends for the amount of Units used; 1 Unit digests 1 ,ug
of single-stranded DNA in 30 min; Vogt, 1980). After digestion for I h at

30°C, the digestion products were directly precipitated with ethanol,
resuspended and analysed on 6%o or 8% acrylamide sequencing gels (Sanger
and Coulson, 1978). For the chicken gene, SI nuclease mapping was perform-
ed essentially as described for Xenopus.
DNA sequencing
The DNA sequencing strategy described by Messing et al. (1981) was ap-

plied to sequence the 5' end of the Xenopus and chicken vitellogenin genes.
The phage M13 mp7 was used as vector for Xenopus gene fragments and the
phages M13 mp8 and 9 for chicken gene fragments. Sequencing was done by
the chain termination method (Sanger et al., 1977). Stretches of the Xenopus
DNA sequence given in Figure 7 were also sequenced according to Maxam
and Gilbert (1980). The sequences were analysed using a computer program
prepared by Staden (1982a, 1982b).
mnRNA sequencing procedure
The sequencing of Xenopus vitellogenin A2 mRNA was performed essen-

tially as described by Hamlyn et al. (1978). Using a specific primer (see text),
mRNA was transcribed with reverse transcriptase (Life Sciences, St. Peters-
bourg) in chain termination reactions. 0.14 pmol (4 ng) of primer were

denatured at 100°C for 1 min in H20. 0.4 pmol (1 gg) of purified vitellogenin
mRNA and buffer at 1.6 x final concentration (see below) were added.
Hybridization was carried out at 65°C for 30 min. The 6.5 U of reverse
transcriptase, cold deoxynucleotide triphosphates (except dATP) to a final
concentration of 14 zM each and 10 gCi [cu-32P]dATP (400 Ci/mmol, final
concentration of 0.8 ttM) were added to the mixture. This mixture was
distributed into five tubes. To four of them dideoxynucleotide triphosphates
were added to final concentrations of 6.25 gM ddATP, 25 loM ddGTP,
25 gM ddCTP and 50 gM ddTTP, respectively. The dATP concentration in
the A reaction was increased by adding another 5 gCi of [rs-32P]dATP. The
fifth tube served as a control reaction for non-specific stops (results not

shown). Reverse transcription was performed in 6 gl volumes at 42°C for 10
min [final concentrations of the buffer: 140 mM KCI, 10 mM MgC12, 20 mM
(-mercaptoethanol and 100 mM Tris-HCI (pH 8.3)]. After raising all dNTP
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concentrations to 100- 150 /AM, synthesis was continued for another 10 min,
in order to minimize non-specific stops due to low dNTP concentrations. The
reactions were stopped by addition of 1.5 volumes of deionized formamide,
containing 9 mM EDTA, 0.0907o xylene cyanol and 0.0607o bromphenol blue
and analyzed on a 60Wo sequencing gel (Sanger and Coulson, 1978).
The 5' end of the chicken vitellogenin mRNA was sequenced essentially as

described for Xenopus with the following modifications: the buffer was
10 mM MgCl2, 7.5 mM KCI, 8 mM dithiothreitol, 50 gg/ml actinomycin D
and 50 mM Tris-HCI (pH 8.4). 13 gM ddGTP, 13 gM ddATP, 13 zM
ddTTP, 2.5 gM ddCTP and 66 gM dGTP, 66 gM dATP, 66 ptM dTTP,
22 gM dCTP and 50 gCi [cu-32P]dCTP were used per reaction (5 tl). 2 pmol
of primer were denatured at 100°C for 3 min and hybridized with 7 pg
polysomal RNA containing -0.02 pmol of vitellogenin mRNA, by cooling
the mixture down to room temperature within 30 min. 0.5 U of reverse trans-

criptase were used per reaction.
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Note added in proof
Recently, Geiser et al. (1983) J. Biol. Chem., 258, 9024-9030, have obtained
the same organization of the 5' end region of the chicken vitellogenin gene as
in this article.
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