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ABSTRACT

Direct restriction analysis of the human genome, using the Southern
transfer technique and hybridization with a human fibroblast interferon(IFN-8)
complementary DNA insert probe, revealed the presence of a single gene; no
additional closely related IFN-a genes could be detected. A x-linked human
gene library (Lawn et al., Cell, 15, 1157-1174 (1978)) was screened using the
cDNA probe. Out of 600,000 recombinant phage examined, one single clone
bearing interferon sequences was obtained. Restriction analysis of the
relevant region revealed an identical restriction map as obtained for the
IFN-a1cDNA clones. No intervening sequences could be detected, either in
the coding or the non-coding regions of the gene.

INTRODUCTION

Human interferons are divided into three distinct classes: a (leukocyte),
a (fibroblast) and y (immune) interferon. Differences in induction, cellular
origin and specificity, as well as the physicochemical and serological proper-
ties of these interferons are the basis for this classification (see ref. 1
for a review). Both a and S interferon preparations are physically hetero-
geneous (e.g., see refs. 2-4). This could be due to a varying degree of
glycosylation (4-6), to the presence of a series of different polypeptides,
or to a combination of both phenomena.

Using recombinant DNA technology bacterial clones have been constructed
which contain cDNA complementary to interferon a mRNA (7-9) or S mRNA (10-12).
Sequence analysis of the cDNAs revealed 45% homology at the nucleotide level
between the coding regions of these interferon types (13). Recently, in the
case of IFN-a, at least eight different genes were demonstrated in a human
gene bank and the existence of 10 or even more IFN-a-related genes was
postulated (14). Analysis at the protein level provided evidence for at
least five different but related primary structures for IFN-a (15). On the
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other hand, all nucleotide sequencing data so far obtained for cloned IFN-B
cDNA reveal a nearly identical sequence (10-12), although there is some
evidence to suggest the existence of a second, but not closely related fibro-
blast interferon mRNA species (16).

In the present paper we present evidence, based on hybridization data,
for the occurrence of a single IFN-a1 gene in the human genome. We have also
isolated and characterized the IFN-61 gene from a x-linked human gene library.
All data obtained are in total agreement with the known nucleotide sequence
of IFN-61 cDNA. As is the case for IFN-a1 (14), no intervening sequences
seem to be present in the IFN-61 chromosomal gene.

MATERIALS AND METHODS

Procedures for preparing DNA

High molecular weight DNA was prepared from VGS human diploid fibroblasts
(17). The cells were grown to confluency in bulk vessels (Continental Pharma).
They were washed three times with phosphate-buffered saline without Ca2+ or
Mg 2+, scraped off and collected in ice-cold lysis buffer (0.01 M NaCl, 0.01 M
Tris-HCl, 0.03 M MgCl2, pH 8.5). NP-40 was added to a final concentration of
1% to lyse the cells (15 min on ice with occasional gentle shaking). Nuclei
were collected by centrifugation (5 min at 3000 rpm, 4°C), resuspended in 10
volumes of 1 x SE buffer (0.15 M NaCl, 0.1 M EDTA, pH 8.0) and homogenized.
Further treatment was essentially as described by Jeffreys and Flavell (18).

Charon 4A phages were grown and purified, and phage DNA was prepared
essentially according to a procedure of Dr. F. Blattner (personal communica-
tion). Plasmid DNA was prepared following a standard procedure (19) which
included CsCl equilibrium gradient centrifugation and, if necessary, further
purification on a 5-20% sucrose gradient. Clone analysis was performed using
an alkali lysis procedure described by Birnboim and Doly (20).

Restriction endonuclease digestion, agarose gel electrophoresis and blotting
experiments

Restriction enzymes were obtained from Boehringer Mannheim (EcoRI) and
Biolabs (all others) and used as directed by the supplier. For direct genomic
analysis, DNA samples (20 vg each) were digested in a final volume of 500 il,
phenolized, extracted twice with ether and precipitated with ethanol. DNA was
redissolved in 10 mM Tris-HCl, pH 8.0 and loaded into 10 x 1 x 5 mm deep slots
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in 20 x 20 x 0.6 cm horizontal agarose slab gels. The gels were run for 15

hr at 25 mA in 50 mM Tris-HAc, 20 mM NaAc, 2 mM EDTA, pH 7.8. The DNA was

denatured and transferred to nitrocellulose filter paper essentially as

described by Southern (21). Prior to hybridization, filters were baked for

2 hr at 80°C in vacuo.

Screening of a human gene library

A human gene library, described by Lawn et al. (22) and kindly provided
by Dr. T. Maniatis, was screened using in situ plaque hybridization (23,24).
A density of 25,000 plaques on a 14 cm petri dish was chosen. At this density

plaques are in a subconfluent state after 16 hr incubation at 37°C. Approxi-
mately 600,000 recombinant phages were screened. Adsorption of phages and

DNA was by sequentially placing two filters on each plate for 2 min and 5 min,

respectively. Further treatment of the filter was as described by Benton and
Davis (23). Prior to hybridization, filters were baked for 2 hr at 80°C in

vacuo. A positive signal on the autoradiogram was correlated with a region
of a plate extending over about 100 plaques. The whole region was picked and

resuspended in x buffer (0.01 M Tris-HCl, 0.01 M MgCl2, pH 7.2) containing
0.02% gelatin. After titration of the phage suspension a plate with approxi-
mately 500 plaques was rescreened. This plaque purification process was re-

peated twice.

Colony filter hybridization

We used the procedure of GrUnstein and Hogness (25) as modified by

Hanahan and Meselson (26). Clones were grown on nitrocellulose filters,

lysed with 0.5 M NaOH, neutralized, dried on a filtration device and washed

with ethanol. Filters were heated at 800C for 2 hr in vacuo before hybridi-
zation.

Preparation of 32P-labeled cDNA probes

The TaqI-BglII restriction fragment containing the nearly total
5'-untranslated region and the total coding region of the interferon cDNA
clone pHFIF-21 was purified twice on low-melting-point agarose (Bethesda
Research Laboratories) following the manufacturer's instructions. Nick
translation of this DNA fragment was based on the procedure described by

Rigby et al. (27). Twenty pmol of a-32P-dATP (2000 to 3000 Ci/mmol) and
20 pmol of a-32P-dGTP (2000 to 3000 Ci/mmol)(both obtained from The Radio-
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chemical Centre, Amersham) were vacuum dried, and redissolved in 30 Pl of
0.05 M Tris-HCl, 0.005 M MgCl2, 0.01 M a-mercaptoethanol, pH 7.4, containing
30 PM TTP, 30 PM dCTP and 10 to 100 ng DNA. Two units of Escherichia coli
DNA polymerase I (Worthington Co.) were added and the mix was incubated for
60 min at 150C. EDTA was added to a final concentration of 0.08 M and the
mixture was chromatographed on a Sephadex G-50 column. The excluded fractions
were pooled and DNA was denatured at 95°C for 5 min before use. Approximately
2 x 108 cpm/ig was incorporated in the DNA.

Filter hybridization experiments

Nitrocellulose filters used were obtained from Schleicher and SchUll Co.
(BA85 401180) or Millipore Co. (HATF 14250, HATF 09025). Conditions for
plaque and colony hybridizations were as follows. Nitrocellulose filters
were pretreated for 2 hr at 680C in 5 x Denhardt's solution (0.02% bovine
serum albumin, 0.02% polyvinylpyrrolidone, 0.02% ficoll)(28) plus 1 x SET
buffer (0.03 M Tris-HCl, 0.15 M NaCl, 0.001 M EDTA, pH 8.0). After rinsing
the filters with hybridization solution (1 x Denhardt's, 5 x SET, 0.5% SDS)
they were incubated for 16 hr at 680C in the hybridization solution containing
the 32P-labeled probe DNA, and, for genomic DNA analysis, 50 vg/ml denatured
herring sperm DNA (Koch-Light Laboratories Ltd.). Filters were washed for
4 hr at 680C in 2 x SET, 0.5% SDS with one renewal of the solution.

Direct analysis of the human genome was according to procedures described
by Wahl et al. (29). Nitrocellulose filters were finally air dried and auto-
radiographed by exposure to an Rx medical Fuji X-ray film. When necessary a
Kyokko X-ray intensifying LH II screen was used with exposure at -800C.

RESULTS

Detection of restriction fragments of human DNA containing the IFN-S1 gene

Detection of picogram amounts of filter-bound DNA makes it possible to
study specific eukaryotic genes directly at the genomic DNA level (18). DNA
extracted from diploid VGS cells was digested to completion with a number of
restriction endonucleases. The DNA fragments were transferred onto a nitro-
cellulose filter using the method described by Southern (21). Filter-bound
DNA was then hybridized with denatured, radioactively labeled IFN-a1 comple-
mentary DNA (cDNA). The cDNA probe used was a TaqI-BglII restriction fragment
isolated from the recombinant plasmid pHFIF-21, which contains the nearly total
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5'-untranslated region and the total coding region of the IFN-a1 gene. Fig. 1
shows the cellular DNA fragments hybridizing to the cDNA probe. One single
band was detected in each of the following digests of cellular DNA: BamHI
(16.0 kilobase fragment), KpnI (20.0 kb), EcoRI (1.9 kb), HindIII (9.4 kb)
and SacI (2.6 kb). Since these enzymes do not cut within the cloned IFN-sl
gene, the results are consistent with the presence of a single chromosomal
IFN-s1 gene devoid of intervening sequences. Two bands are seen after diges-
tion of cellular DNA with PstI (1.7 kb and 2.5 kb) or PvuII (1.8 kb and 9.6
kb). This result is not unexpected, as both enzymes have one recognition
site within the IFN-a1 gene. Cellular DNA cleaved with BglII also yields one
band (12.6 kb) although there is a BglII recognition site within the IFN-al
gene. However, since the cDNA probe was prepared by BglII cleavage, it should

Fig. 1. Detection of human genomic DNA fragments containing an IFN-S1 gene.
Twenty-.g samples of human DNA were digested to completion with the indicated
restriction endonucleases and, after electrophoresis in a horizontal 1.0%
agarose slab gel, transferred onto a nitrocellulose filter. Hybridization
conditions are as described in Materials and Methods. A nick-translated
TaqI-BglII fragment from the cDNA clone pHFIF-21 was used as probe (see text).
At the right of the autoradiogram are indicated the sizes in kb (kilo base
pairs) of the IFN-01 cDNA clone pHFIF-21 digested with EcoRI or PstI-BamHI
and included in the gel as size markers.
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overlap with only one of the BglII fragments generated.

Isolation of the IFN-61 gene from a human library

The human gene library constructed by Lawn et al. (22) was used in these
experiments. The library was derived from human fetal liver DNA partially
cleaved with the restriction enzymes HaeIII and AluI. Fragments of 15-20 kb
were isolated, methylated with EcoRI methylase, and with the aid of EcoRI
oligonucleotide linkers inserted into the bacteriophage x replacement vector

Charon 4A (30).
We screened the library by the in situ plaque hybridization procedure

(23,24) using the TaqI-BglII cDNA restriction fragment described above which
was 32P-labeled by nick translation. Six hundred thousand recombinant phages
were screened and only one single plaque bearing IFN-61-specific information
was identified. This isolate was plaque purified and designated xCH4A-gHFIF-1.
The size of restriction fragments present in this clone indicated that it
contains about 16.3 kb of human DNA. The pattern and size of restriction
fragments hybridizing to the IFN-61 cDNA probe were in agreement with the
results in Fig. 1 obtained with VGS DNA (data not shown). For example, we
found again the EcoRI 1.9 kb band, the PstI 1.7 and 2.5 kb bands, the BglII
12.6 kb band and the PvuII 1.8 kb band. This strongly indicated that the gene
we isolated was identical to the IFN-a1 gene detected in VGS chromosomal DNA.

EcoRI digestion of XCH4A-gHFIF-1 generated, in addition to the two Charon
4A phage arms, eight insert fragments of length 4.6, 3.5, 2.4, 1.9, 1.3, 1.2,
0.8 and 0.6 kb. After Southern blotting, only the 1.9 kb band hybridized with
the IFN-s1 cDNA, which is in accordance with the results obtained with VGS
chromosomal DNA. To facilitate further analysis we subcloned this 1.9 kb
fragment directly into the EcoRI site of pBR325. pBR325 is a derivative of
pBR322 which carries, in addition to the genes coding for ampicillin and
tetracycline resistance, a chloramphenicol resistance marker containing a
single EcoRI site and is suitable for selection of recombinant plasmids (31).
After ligation of 0.6 pg EcoRI-digested xCH4A-gHFIF-1 DNA to 100 ng of pBR325
and transformation of E. coli HB101, several bacterial clones were selected.
Sixteen colonies were examined further; all genomic EcoRI fragments present
in xCH4A-gHFIF-1 were found in different pBR325 subclones (Fig. 2). As
expected, only the subclones containing the 1.9 kb band hybridized to the
IFN-a1 cDNA probe. We designated a representative subclone p(325)-gHFIF-4.
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Fig. 2. Presence of an IFN-a1 gene in XCH4A-gHFIF-1 and p(325)-gHFIF-4. The
coRI restriction pattern of xCH4A-gHFIF-1 after electrophoresis in a 1%

agarose slab gel is shown in panel A, lane 1. Lanes 2 to 9 represent the DNA
patterns obtained after EcoRI cleavage of plasmid subclones p(325)-gHFIF-1 to
8. DNA was blotted onto a nitrocellulose filter and hybridized with the
TaqI-BglII cDNA probe. Results are shown in panel B: only the 1.9 kb band
contains the IFN-s1 gene and is, after subcloning, present in p(325)-gHFIF-4.

Comparison of the cDNA clone pHFIF-21 with the chromosomal DNA clone
p(325) -gHFIF-4

Comparison of restriction fragments derived from the IFN-s1 cDNA clone
and the chromosomal DNA clone provides a direct method to investigate the
colinearity between gene and corresponding mRNA. If intervening sequences
occur in a gene they will be detected by the enlargement of a particular
restriction fragment or the fragment will be split into two or more fragments
if recognition sites for the restriction enzyme used are present within an

intervening sequence. We first compared the fragments resulting from double
digestion with HindII and BglII (Fig. 3). Such cleavage of pHFIF-21 yields
a fragment containing the entire coding region of IFN-1,. As can be seen in

panel A, a fragment of the same size (568 base pairs) is also generated by
digestion of the genomic clone (indicated by an arrow). Southern blotting
and hybridization with the TaqI-BglII probe demonstrates that this genomic
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Fig. 3. Comparison between pHFIF-21
and p(325)-gHFIF-4. Panels A, C
and E represent, respectively,
HindII + BglII, TaqI + BglII and
RsaI digested pHFIF-21 (lane 1),
pBR325 (lane 2) and p(325)-gHFIF-4
(lane 3) after electrophoresis in
2% agarose slab gels. Panels B, D
and F show the accompanying
autoradiographs after blotting the
gels onto nitrocellulose filters
and hybridization with the TaqI-
BglII cNA probe. Arrows indicate
the 568 base pair, 620 base pair
and 179 base pair fragments,
respectively, present in both the
cDNA and chromosomal DNA clones.
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fragment indeed contains the coding region (panel B). In the same way we

showed complete homology between the cDNA clone and the genomic DNA clone for
the 620 base pair TaqI-BglII fragment and for the 179 base pair RsaI fragment
(Fig. 3, C to F). The TaqI-BglII fragment overlaps nearly the total 5'-un-
translated region while the RsaI fragment extends 91 base pairs into the
3'-untranslated region. Thus there appear to be no intervening sequences
between the TaqI site at position 9 of the cDNA insert and the RsaI site at

position 717. All restriction data are summarized in Fig. 4.

DISCUSSION

Interpretation of the results obtained by direct hybridization analysis
of the human genome using an IFN-a1-specific cDNA probe suggests the existence
of a single IFN-81 gene. The isolation from a human gene library of only one

phage containing IFN-S information is consistent with this view. Indeed, this
single recombinant phage was found to contain DNA information identical to the
already isolated IFN-81 cDNA clones. The NH2-terminal amino acid sequence of
IFN-81 (32,33) and nucleotide sequences derived from three independently
cloned IFN-8 cDNAs (10-12) and from IFN-8 mRNA (34) also are in agreement with
the existence of a single gene for IFN-0. In contrast to the situation with
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Fig. 4. Restriction map showing the colinearity between pHFIF-21 and
p(325)-gHFIF-4. The upper part of the diagram shows the organization of
the IFN-81 cDNA-containing hybrid plasmid pHFIF-21, including the 5'-untrans-
lated region, the boxed coding region and the 3'-untranslated region of the
IFN-sj gene. The lower line represents the genomic DNA clone p(325)-gHFIF-4,
which contains the IFN-81 gene. Restriction sites present in both clones
are indicated. The common restriction fragments as revealed by Southern
blot analysis (Fig. 3) are shown below.
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a interferons, a-type interferons are coded for by a family of multiple genes
which are at least partially linked (14). Our results provide no evidence
for a second a-type interferon, as recently suggested by Sehgal and Sagar
(16). This can be explained by the inability to obtain cross hybridization
between the putative two genes. Hybridization under less stringent conditions
perhaps may help to answer this question. Heterogeneity of human fibroblast
interferon has been reported (4), but this could be due to secondary modifi-
cation(s).

Our results also indicate the absence of intervening sequences within the

IFN-al gene. Colinearity is found between IFN-61 chromosomal DNA and cloned
cDNA from the TaqI site at nucleotide position 9 up to the RsaI site at posi-
tion 717 (Fig. 4). The presence of introns in the remaining parts of the non-
translated regions is rather unlikely but their absence can only be established
by nucleotide sequence analysis. IFN-a1 resembles the members of the IFN-a
group and both types most probably are descendants of a common ancestral gene.
The nucleotide sequence of the IFN-a1 gene gives no evidence for an interven-
ing sequence either in the coding region or in the 5'- and 3'-untranslated
regions. Moreover, experiments with 5,6-dichloro-1-a-D-ribofuranosylbenzimid-
azole (DRB), a drug which blocks synthesis of most mRNAs probably by inhibit-
ing an intron-related event, do not result in a decreased synthesis of IFN-a
mRNA (P. Sehgal, personal communication) or adenovirus 2 polypeptide IX mRNA
(35), both coded for by genes devoid of intervening sequences. Likewise the
yield of IFN-61 mRNA is not lowered but rather is enhanced after treatment
with DRB (36).
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