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Fig. 4 Chemical synthesis of a peptide with relaxin bioactivity
based upon the putative human relaxin sequence deduced from
a genomic clone. The A chain (Arg 137-Cys 160) and the B chain
segment (Lys 1-Ser 25) were assembled separately on a phenyl-
acetamidomethyl (PAM) polystyrene resin support using pro-
cedures previously described'®, Following cleavage from the resin
and purification the peptides were S-sulphonated and combined
using the insulin cham combination conditions described by
Chance and Hoffmann’®, Specific relaxin-like biological activity
was detected in the rat uterine contractility assay?! by adding
increasing concentrations of the combination mixture at the posi-
tions marked by asterisks. In preliminary experiments combination
yields and specific activities relative to porcine relaxin of the order
of 1 to 3% were achieved. In control experiments the synthetic
A and B chain preparations were each separately exposed to the
conditions for chain combination and assayed. There was no
inhibition of uterine contractility indicating the absence of non-
specific toxic effects on the rat myometrium,

has not been possible because of the scarcity of human ovarian
tissue during pregnancy and the extremely low abundance of
relaxin specific mRNA in the non-pregnant state*>, However,
restriction fragments of the human relaxin gene available from
the present work could be used to screen cDNA clone banks
with some hope of finding relaxin-specific cDNA clones in low
abundance. In the meantime, synthetic human relaxin can be
made available for a variety of physiological and clinical studies
bearing on the established functions of this hormone in
remodelling connective tissues?®?* and in regulating uterine
motility™**. This may lead to the development of clinical treat-
ments to alleviate some of the problems encountered at child-
birth. In addition, several more speculative functions of relaxin
in ovulation®*?*, sperm penetration®® or blastocyst implanta-
tion”” can be further investigated.
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Mitochondrial DNA sequences
in the nuclear genome of a locust

Gerd Gellissen®, J. Y. Bradfield, B. N. White
& G. R. Wyatt

Department of Biology, Queen’s University, Kingston, Ontario,
Canada K7L 3Né6

The endosymbiotic theory' of the origin of mitochondria is
widely accepted, and implies that loss of genes from the
mitochondria to the nucleus of eukaryotic cells has occurred
over evolutionary time**’. However, evidence at the DNA
sequence level for gene transfer between these organelles has
so far been limited to a single example, the demonstration that
a mitochondrial ATPase subunit gene of Neurospora crassa
has an homologous partner in the nuclear genome®. From a
gene library of the insect, Locusta migratoria, we have now
isolated two clones, representing separate fragments of nuclear
DNA, which contain sequences homologous to the mitochon-
drial genes for ribosomal RNA, as well as regions of homology
with highly repeated nuclear sequences. The results suggest the
transfer of sequences between mitochondrial and nuclear
genomes, followed by evolutionary divergence.

* Present address: Institut fiir Zoologie ITI, Universitéit Diisseldorf, Universitétsstrasse 1, 4000
Diisseldorf 1, FRG.
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Fig. 1 Structures of locust nuclear A
DNA clones (A) and mitochondrial
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triangles (A—A) indicate fragments
that include highly repetitive nuclear
sequences. B, Locusta mitochon-
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extraction with phenol and chloroform. The cross-hatched bar marks the region that includes sequences homologous with the cloned nuclear
DNA sequences; only the restriction sites relevant to localizing this region are shown. EcoRI fragments of 8.0, 3.9, 2.3 and 1.4 kb, HindIII
fragments of 14.2 and 1.5 kb, Xbal fragments of 5.6, 4.4, 2.6, 2.0 and 1.2 kb (see Fig. 3B, panel 1) and several Hinfl fragments, but no

sites for BamHI or Sall, were found.

In the course of a study of gene expression during develop-
ment in L. migratoria, we prepared a DNA library by partial
digestion of locust fat body DNA with EcoRI, selection for
18-20-kilobase (kb) fragments, and cloning in A Charon 4 (ref.
5). This library was screened with cDNAs prepared against
RNA from fat body of reproductive females, adult males and
fifth instar larvae. A group of six clones showed strong hybridiz-
ation, indicating homology with prevalent sequences in all three
cDNA probes. They also showed some degree of homology
with each other when tested by dot hybridization with a plasmid
subcloned probe.

Four of these clones, tested on Northern blots of locust tissue
RNA, showed homology with two RNA species of 1.4 and
0.8 kb. Two clones, ALm12 and ALm14, were selected for
study, and sequences from them were subcloned in a plasmid
(Fig. 1A). Restriction mapping showed quite distinct patterns
for ALm12 and ALm14.

Because 1.4 and 0.8 kb are close to the sizes of Locusta
mitochondrial ribosomal RNAs®, and because a poly(A)
sequence present in the larger mitochondrial rRNA of another
insect, Drosophila’, provides for initiation of cDNA with an
oligo(dT) primer, we examined the possibility that these clones
were of mitochondrial origin. Northern blotting showed that
the two RNA components to which plL.mE14-4.8 showed
homology (Fig. 2A) were also homologous with mitochondrial
DNA (Fig. 2B), and are presumably mitochondrial rRNAs.
They were present in several locust tissues but especially abun-
dant in flight muscle, which is rich in giant mitochondria.
pLmE12 gave the same reaction (not shown), but pLmEH12-
0.8 hybridized with the farger rRNA only (Fig. 2C).

The suggestion of mitochondrial origin for the A clones was
not supported, however, by comparison of the restriction maps.
Mitochondrial DNA, prepared either from fat body or flight
muscle mitochondria, was found to be a circular molecule of
~16 kb, similar to that of other animals (Fig. 1B). The restric-
tion map does not match that of ALm12 or ALm14. However,
as the clones contained sequences homologous to mitochondrial
rRNA, they must possess some relationship to the mitochon-
drial genome.
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Fig. 2 ‘Northern blots’ showing hybridization of cloned DNA
and mitochondrial DNA with RNA from different locust tissues.
RNA was extracted'® from tissues, separated (10 pg per lane) by
electrophoresis on 1.2% agarose gel with methyl mercuric
hydmxide16 and transferred!” to Gene Screen (NEN), DNA used
as probes was labelled by nick translation ™ to specific activity
2-5x10° c.p.m. per pg. RNA samples from the following tissues
were used: ovary, flight muscle, brain, fifth instar larval fat body
(f.b.}, adult female fat body. A, hybridization of RNA with pLmE
14-4.8 (see Fig. 1). B, hybridization of RNA with mitochondrial
DNA. C, hybridization of RNA with pLmE12-0.8. Sizes were
determined by comparison with HindIlI fragments of A DNA.
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Fig.3 Hybridization of locust nuclear (A) and mitochondrial (B)
DNA to cloned probes. A, hybridization of nuclear DNA. DNA
was prepared‘g from fat body nuclei, digested with EcoRI and
electrophoresed (15 pg per lane) on 0.8% agarose gel in 40 mM
Tris-HCI (pH 8.3), 33 mM NaOH, 1 mM EDTA. Fragments were
transferred to diazobenzyloxymethyl paper®® and hybridized (5 x
SSC, 50% formamide, 2 X Denhardt’s solution, 50 mM phosphate
pH 6.5, 42 °C, 12 h, followed by repeated washing in 0.1 xSSC at
65°C) to cloned DNAs labelled by nick translation. Panel 1,
probed with pLmE12 (see Fig. 1); 2, probed with pLmE14-4.8;
3, probed with pL.mE14-8.5. B, hybridization of partially purified
mitochondrial DNA, digested with restriction enzymes indicated.
Panel 1, stained gel showing mitochondrial fragments; 2, blot of
same hybridized with pLmE12; 3, hybridization with pLmE14-
4.8. Size scales: left, A HindIII fragments; right, EcoRI fragments
of mitochondrial DNA.

0.7=

Fig. 4 Homologies between the cloned DNA sequences and
nuclear and mitochondrial DNAs. A, Southern blots. Digests of
cloned DNAs were electrophoresed on 1.5% gel and transferred
to nitrocellulose filters'”. Panel 1, gel stained with ethidium
bromide; 2, hybridization (3xSSC, 10xDenhardt’s solution,
65 °C, 12 h, followed by washing as in Fig. 3} of blot with mitochon-
drial DNA, prepared as described in Fig. 1 legend and labelled
by nick translation; 3, hybridization with nuclear DNA, extracted
from nuclei from adult female locust fat body®*, purified in a CsCl
ethidium bromide gradient to remove any supercoiled mitochon-
drial DNA, and labelled by nick translation. Sample a, marker A
DNA HindIlI digest (nick-translated A DNA was included in the
probes); b, pLmE12 Hinfl digest; ¢, pLmE14-4.8 Hinfl digest; d,
pLmE14-8.5 HindIII digest. B, heteroduplex analysis*>>* showing
sequence homology between the clones A Lm12 and A Lm14. L,
R, left and right arms of the A Charon 4 vector. Arrows mark
snapbacks.

The relationships of the cloned sequences to nuclear and
mitochondrial DNA were examined by Southern blotting (Fig.
3). EcoRI digests of nuclear DNA probed with pLmE12,
pLmE14-4.8 and pLmE14-8.5 (Fig. 3A) showed, in each case,
a diffuse pattern of hybridization, suggesting homology with
highly repeated sequences in the nuclear genome. The hybridiz-
ation pattern was similar for HindIII and Xbal digests of nuclear
DNA (not shown). In the presence of strong repeated sequence
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hybridization, one would not expect to detect hybridization
with unique sequence nuclear DNA fragments. Homology
between the clones and Locusta mitochondrial DNA is
examined in Fig. 3B. Blots of a preparation enriched for
mitochondrial DNA probed with either pLmE12 (Fig. 3B, panel
2) or pLmE14-4.8 (Fig. 3B, panel 3) showed hybridization to
the 3.9-kb EcoRI fragment, both HindIII fragments and the
5.6-kb Xbal fragment. Background hybridization in Fig. 3B,
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panel 3, is due to contamination of the mitochondrial prepar-
ation with nuclear DNA. In addition, pLmE12 hybridized
weakly to the 8.0-kb EcoRI fragment, suggesting that a small
region of homology is shared between the subclone and this
mitochondrial fragment. Probing with pLmE14-8.5 (not shown)
revealed no homology with mitochondrial DNA. The results
indicate that ALm12 and A Lm14 originated from nuclear DNA
but contain sequences homologous to portions of the mitochon-
drial genome. We note that, although restriction mapping shows
ALm12 and ALm14 to represent different sequences from the
Locusta genome, they show homology with the same restriction
fragments of mitochondrial DNA.

The sequences in the clones were further characterized by
the experiments shown in Fig. 4. Southern blots of digests of
pLmE12 and pLmE14-4.8 showed fragments homologous with
mitochondrial DNA, whereas the digest of pLmFE14-8.5 did
not (Fig. 4A, panel 2; a faint band in lane d is probably due
to a trace of nuclear DNA in the mitochondrial DNA probe).
When probed with nuclear DNA, sequences from pLmE12
hybridized moderately strongly, and one Hinfl fragment of
pLmE14-4.8 and two large HindIII fragments of pPLmE14-8.5
reacted strongly. This confirms the presence in the clones of
sequences homologous with highly repeated nuclear DNA
sequences, as suggested by the genomic Southern blots (Fig.
3), and shows that, in ALm14, these extend from the right flank
of the region of mitochondrial homology. Heteroduplex forma-
tion between ALm12 and ALm14 (Fig. 4B) showed homology
between the two clones in the region that bears homology with
mitochondrial DNA, even though their restriction patterns
differ. The 3.5-kb stretch of heteroduplex formation matches
this region. This result was confirmed by Southern hybridization
tests between ALm12 and pLmE14-4.8 (not shown). Snapback
structures within ALm14 indicate the presence of inverted
repeats, consistent with the presence of highly repeated sequen-
ces flanking the regions of homology with mitochondrial DNA.

The data presented demonstrate the presence, in the nuclear
genome of a locust, of sequences homologous to mitochondrial
DNA, including mitochondrial rRNA genes. The nuclear
sequences seem to be moderately repeated, as several cross-
hybridizing clones were found. Divergence of the homologous
sequences, however, is shown by the lack of correspondence
in the restriction maps of two clones and the mitochondrial
DNA. The presence of highly repeated sequences in the nuclear
clones flanking the mitochondrial homologous regions suggests
a role in sequence mobility, as postulated for other mobile
DNA elements®,

Since this work was done, we have learned that mitochondrial
DNA sequences are also represented in the nuclear genome of
asea urchin (H. T. Jacobs, J. W. Posakony and E. H. Davidson,
personal communication). Assuming the independent origin of
the mitochondrial genome, transposition of sequences from it
into the nuclear DNA, followed by divergence, is the most
likely interpretation of these observations. The evidence for
mobility of DNA elements within genomes® and between
species’ is thus extended by evidence for mobility between
organelles. A report on homology between mitochondrial and
chloroplast DNAs in maize'®'!, published since submission of
this manuscript, leads to similar conclusions.
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Deletion mapping of the inducible
promoter of human IFN-8 gene

Jan Tavernier, Dirk Gheysen, Fred Duerinck,
Jose Van der Heyden & Walter Fiers

Laboratory of Molecular Biology, State University of Ghent,
B-9000 Ghent, Belgium

Human fibroblast cells produce fB-type interferon only in
response to viral infection or treatment with an inducer such
as poly(rI) ' poly(rC); this event is most probably controlled at
the transcriptional level (for review see ref. 1). To study the
induction process, we inserted the human fibroblast interferon
(IFN-8) gene, with or without its promoter region, into recom-
binant simian virus 40 (SV40) plasmid vectors which sub-
sequently were transfected into monkey AP-8 cells. We report
here that upon induction with poly(rl) - poly(rC) there was a
10-30-fold increase in IFN-8 synthesis. This inducer had no
efiect on interferon production when the coding region only
was inserted into the vector plasmid, which indicates that the
promoter region is required for inducibility of this gene. Dele-
tion mapping implicates the region between nucleotides —144
and —186 from the mRNA initiation site in the specific regula-
tion of the IFN-# gene. This region contains a sequence that
is remarkably homologous with a consensus sequence found in
the §' flanking region of steroid hormone responsive genes,
which might be involved in binding the progesterone-receptor
complex’.

Interferons are particularly suitable for the study of eukary-
otic gene regulation as the interferon system is widespread
among eukaryotic organisms and cell types. The very high
specific biological activity of interferons renders them easily
detectable. Furthermore, the interferon assay allows one to
distinguish between different interferons on the basis of their
species specificity. Finally, all interferon types, IFN-«
(leukocyte), IFN-8 (fibroblast) and IFN-y (immune), have been
successfully cloned*?*® and their chromosomal genes isolated
from human DNA libraries''*', providing a set of related but
differently regulated genes.

To investigate the role of the human IFN-8 promoter region
on inducibility of the gene by poly(r]) - poly(rC), we used an
autonomously replicating $V40 plasmid vector, which has
several advantages over the integration of the gene into the
genome of the recipient cell, First, it is a rapid method which
avoids the time-consuming selection of transformed colonies.
Second, the neighbouring area of the cloned gene is defined
and well known. Because no integration occurs there is no
possibility of unexpected influences of surrounding genomic
segments. Finally, variability due to instability of the genome
of the transformed cell is avoided. Transfection has, however,
the time limitation of a lytic cycle so that long treatments such
as superinduction are not possible. Figure 1 shows the recom-
binant constructions used in the experiments described here.
A detailed physical and genetic map of the pSV529 expression
vector has been given previously””. It contains 1.4 genome
equivalents of SV40 DNA; due to this partial duplication,
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