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Human fibroblast interferon gene lacks introns
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ABSTRACT

A recombinant x bacteriophage isolated from a human genome library
contains the gene for fibroblast interferon (IFN-ol). The DNA sequence
of this gene is identical to the sequence of its mRNA and is devoid of
introns.

INTRODUCTION
The past few years have seen a vast increase in our knowledge of the

molecular biology of the interferon system. Several laboratories have
isolated and sequenced cloned cDNA copies of huisian fibroblast interferon
mRNA (IFN-o; 1-3), and this mRNA has also been directly sequenced (4,
5). In contrast witti the human leukocyte interferon (IFiJ-a) gene family
which consists of at least eight distinct, but homologous genes (6-13),
all of these laboratories (1-5) obtain only a single fibroblast
interferon sequence, IFN-ol. The amino acid sequence of IFN-o1 deduced
from the sequence of cloned cDNAs consists of a 21 amino acid signal
peptide followed by the 166 amino acids which comprise mature fibroblast
interferon. Evidence has been reported for the existence of a second
type (IFN-B2) of interferon mRNA in induced human fibroblasts (14).
Cloned c0i4A copies of IF4-s2 mRi4A, which bears only slight homology with

IFN-sl mRNA, have recently been identified (M. Revel, personal
cocijnunication).

We have previously shown tnat the IF4-al gene and the entire
leukocyte interferon gene family are located on human chromosome 9 (15).
Furthen.iore, cloned chromoso-,ial DNA fragments containing several LeIF
genes nave been characterized (11-13). The LeIF genes examined to date
all lack intervening sequences. In this report we discuss the isolation
and characterization of the human IFN-ol gene from a human gene library
(i6) and show that tgiis gene also lacks intervening sequences.
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MATERIALS AND METHODS
Phage Library Screening: A bacteriophage x Charon 4A recombinant

library constructed by Lawn et al. (16) containing Ha III and Alu I
partial digestion fragments of the human genome was screened for IFN-B1
containing clones by described methods (16, 17) with the exception that
10 percent dextran sulfate (Pharmacia) was added to the hybridization
solution to accelerate hybridization (18). The radioactive probe
employed was derived from fragments of the IFN-o1 cDNA clone pFIF3 (3)
labelled to >108 cpm/lg with 32P (Amersham) using DNA polymerase
(Large 'Klenow Fragment; New England Biolabs) extension of small, random
calf thymus DNA primers (19). Phage DNA was purified as described (17).

Subcloning: The 1.6 kb Eco RI fragment of xHFIF1 which contained the
IFN-s1 gene was purified by electrophoresis in a 0.75 percent agarose
slab gel (17), cut from the gel and electroeluted in dialysis tubing
containing and submerged in a buffer of 9 mM Tris-borate (pH 8.3),
0.25 mM sodium EDTA at 90V for one hour. The eluted DNA fragment was
purified by phenol and chloroform extractions, ethanol precipitated and
subcloned into the Eco RI site of the plasmid pBR325 (20) or the
replicative form of the phage mP7 (21), a derivative of m13. In addition
a 2.1 kb Bgl II fragment of xHFIF1 containing the coding region was
isolated as described above and subcloned into the Bam HI site of pBR322
(22) and of the phage mP7RF. Plasmid DNA was purified by the procedure
of Blin and Stafford (23) and mP7 phage DNA as in (21).

DNA Sequencing: Plasmid DNA was cleaved with restriction
endonucleases (New England Biolabs) as described by the manufacturer.
Fragments were end labelled either at 5' temini (24) with (y-32P)ATP
(Amersham) and polynucleotide kinase (P-L Biochemicals) or at 3' termini
with (cz-32P)ATP and the large fragment of DNA polymerase. To
accomplish 3' labelling, _10 gg of DNA was incubated with 0.1 mCi of
(ac32P)dATP (2,000-3,000 Ci/mmole; Amersham) and 200 gM of the other
three dNTPs in a 50 IAl volume of 6 mM Tris HCl (pH 8), 50 rM NaCl, 6 mM
MgC12, 5 mM dithiothreotol, 100 jig/ml BSA with 2 units of DNA

polymerase large fragment for 60 min at 37C. 32P-labelled fragments
were cleaved with a second restriction enzyme before isolation by gel
electrophoresis and electroelution. Purified and labelled fragments were
sequenced by the method of Maxam and Gilbert (24).

Dideoxy chain termination sequencing was performed on mP7 phage
subclones as described previously (21, 25) using synthetic DNA primers
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complementary to the border of the cloning vehicle (21) or a 14

nucleotide region of the known human FIF cDNA sequence (3). The

tetradecanucleotide primer dCTGCTTCTTTGTAG was synthesized as described
previously (26). Thin sequencing gels were run as described in (24).
The use of 85 cm long 4 percent acrylamide gels allowed a maximum

resolution of -500 nucleotides per fragment. Gels were transferred to

filter paper and dried before exposure to X-ray film (Kodak) at -70'C
with or without DuPont Cronex intensifying screens.

Assay for interferon activity: Phage lysates were prepared for IF
assay as follows. E. coli strain DP50 supF, grown to late log phase in
NZYDT broth was infected with xHFIF as previously described (27).
Briefly, 100 il of late log cells were infected with approximately 105
phage. After 10 min incubation at 370 in the presence of 10 mM MgCl2;
CaCl2. the cells were diluted into 5 ml NZYDT broth. Lysis occurred
after 8-10 hrs at 37. The cell debris was pelleted by centrifugation
and 2.5 ml of the phage-containing supernatant was dialyzed overnight
against PBS. The interferon activity in the supernatant was determined
by comparison with NIH fibroblast interferon standard using the
cytopathic effect (CPE) inhibition assay as described by Goeddel et al.
(3).

RESULTS
The recombinant bacteriophage x Charon 4A/human genome library

constructed by Lawn et al. (16) was screened by hybridization (16, 17)
with a radioactive probe derived from the human fibroblast interferon
cDNA plasmid pFIF3 (3). A x recombinant designated xHFIF1 was obtained
which contains a 7.4 kilobase (kb) segment of the human genome including
the structural gene for fibroblast interferon. Digesting xHFIF1 with the
restriction endonuclease Eco RI produces fragments of 20 and 10.5 kb
deriving from x DNA, and fragments 2.8, 2.4, 1.6 and 0.6 kb from the
human DNA insert. Only the 1.6 kb fragment hybridizes to the IFN-B1
probe (data not shown). This 1.6 kb hybridizing Eco RI fragment was
subcloned into the Eco RI site of pBR325 (20). A map of restriction
endonuclease sites in the gene region and the sequencing strategy used
are shown in Figure 1. DNA prepared from the pBR325 subclone was
digested with various restriction endonucleases, end-labelled with 32p
and sequenced by the method of Maxam and Gilbert (24). A 2.1 kb Bgl II
fragment containing the interferon gene was cloned into the single
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Figure 1. Sequencing strategy for fibroblast interferon gene. The
region of AHFIF1 DNA containing the IFN-Bl gene is shown with the coding
region for the mature peptide indicated by a solid box and the coding
region of the signal peptide by an open box. Horizontal arrows represent
DNA sequencing reactions initiating at the restriction endonuclease sites
shown or at the site of a synthetic oligonucleotide indicated by P. This
primer oligonucleotide, CTGCTTCTTTGTAG is complementary to nucl eotides-
88-101 of the gene sequence above.

stranded phage mP7 and sequenced by the dideoxy chain termination method

(21, 25) employing oligonucleotide primers. The DNA sequence of the
IFN-Bl gene and flanking regions is presented in Figure 2.

The DNA sequence of the IFN-ol gene corresponds exactly to the
published sequences of IFN-Bl cDNA clones (1-3) and mRNA (4, 5). There
are no introns in this IFN-Bl gene. The 5' flanking region of the FIF

gene in this recombinant terminates at the Eco RI site 102 nucleotides
from the initiation codon. This Eco RI site is contained in the
dodecameric Eco RI linker sequence which was used in the construction of
the phage library (16). The sequence to the left of the Eco RI site is
that of the Charon 4A vector and is not shown in Figure 2.

The 3' flanking sequence contains the hexanucleotide AATAAA which
precedes by -20 nucleotides the polyadenylation site of most eukaryotic
mRNAs (28). The polyadenylation site of the FIF mRNA is located either
13 (3) or 20 (1, 2) nucleotides beyond this AATAAA sequence.

Lysates of E. coli infected with the recombinant phage xFIF1 were
examined for interferon activity as descrlbed in Materials and Methods.
Approximately 20 units of interferon were obtained per ml of extract.
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GGCCATACCCACGGAGAMGGACArrCTMCTGCMCCTTTCGAAGCCTTTGCTCTGGCACMACAGGTAGT AGGCGACACTGTTCGTGTTGTCAAC

met thr asn lys cys lou leu gln ile ala lou leu leu cys phe ser thr thr ala leu ser ser tyr aen
ATG ACC AAC MG TGT CTC CTC CM ATT GCT CTC CTG TTG TGC TTC TCC ACT ACA GCT CTT TCC AGC TAC MC
1 5U

leu leu gly phe leu gln arg ser ser asn phe gln cys gln lys leu leu trp gln leu asn gly arg leu glu
TTG CTT GGA TTC CTA CM AGA AGC AGC MT TTT CAG TGT CAG AAG CTC CTG TGG CM TTG AAT GGG AGG CTT GAA

iOU 15U

tyr cys lou lys asp arg met asn phe asp ile pro glu glu ile lys gln leu gln gln phe gln lys glu asp
TAC TGC CTC AAG GAC AGC ATG MC TTT GAC ATC CCT GAG GAG ATT AAG CAG CTOCAG CAG TTC CAG AMG GAG GAC

20U

ala ala leu thr ile tyr glu met leu gln ean ile phe ala ile phe arg gln asp ser ser ser thr gly trp
GCC GCA TTG ACC ATC TAT GAG ATG CTC CAG MC ATC TTT GCT ATT TTC AGA CM GAT TCA TCT AGC ACT GGC TGG

25U 30U

asn glu ttir ile val glu asn leu leu &la asn val tyr his gln ile asn his leu lys thr val leu glu glu
MT GAG ACT ATT GTT GAG MC CTC CTG GCT MT GTC TAT CAT CAG ATA MC CAT CTG MG ACA GTC CTG GAA GM

35U

lys leu glu lys glu asp phe thr arg gly lys leu met ser ser leu his leu lys arg tyr tyr gly arg ile
AM UTG GAG AAA GMA GAT TTC ACC AGG GGA AA CTC ATG AGC AGT CTG CAC CTG MA AGA TAT TAT GGG AGG ATT

4OU 45U

leu his tyr lou lys ali lys glu tyr ser his cys ala trp thr ile val arg val dlu ile leu arg asn phe
CTG CAT TAC CTG MG GCC MG GAG TAC AGT CAC TGT GCC TGG ACC ATA GTC AGA GTG GAA ATC CTA AGG AAC TTT

5OU

tyr phe ile asn arg leu thr gly tyr leu arg ean end
TAC TTC ATT AAC AGA CTT ACA GGT TAC CTC CGA AAC TGA AGATCTCCTAGCCTvTGCCTCTGGGACTGGACMTTGCTTCMGCAT

55U 60U

TC'fTCACCAGCAGATGCTrrTAMGTGAC'TGATGCTMTGTACTGCATATGAAGGACACTAGAGATTTTGAAATTTr?ATTAATTATGAGTTAT
65U 70U

TTrTA'rTTATTTMATTTTATTTTGGAAMAMTTATTTGGTG&AAAGTCAMCATGGCAGTTTTMTTTCGATrTGATTTATATMCCATCCATA
75U 80u

TTATAMATTGCCAGTACCTATTAGTTG l'TCTTTTTMAA TATACCTGCAAGTAGTATACTTTGGTTCCTGCCTTMGGMTTTAATTC
85U 9OU

Figure 2. Sequence of the fibroblast interferon gene. The DNA sequence
of the coding strand of the IFN-Bl gene and flanking regions is shown
above. Nucleotides are numbered from the initiation codon of the signal
peptide. Predicted amino acids are written above the nucleotide sequence
in the protein coding region. The initial codon of the mature protein is
enclosed in a box. Arrows indicate the 5' end (4, 5) and 3' end (1-3) of
IFN-o1 mRNA as reported by others. The common hexanucleotide preceding
eukaryotic mRNA sites of polyadenylation (28) is underlined.

This synthesis is presumably due to transcription readthruugh from a x

promoter, followed by translation of fibroblast interferon beginning
either with the methionine AUu codon of the signal peptide or the AUG

codon of the mature molecule.

1049



Nucleic Acids Research

DISCUSSI ON
In contrast to the ruman leukocyte interferon genes which number at

least eight, the fibroblast gene we have analyzed may represent a single
species. Southern blot tybridizations of total human DNA cleaved
separately with several restriction endonucleases show only one fragment
which hybridizes to an IFN-Bl cDNA probe (8). Similar experiments with
IFNI-a cONA probes yield multiple hybridizing fragments (8) reflecting the
multiplicity of leukocyte interferon genes which has been demonstrated by
sequence analysis of at least eight distinct cloned cDNA species.
Recently, a distinct mRnA species with interferon-like activity has been
isolated from human fibroblasts (14). This mRNA has less than 50 percent
homology with the known IFN-B1 species (M. Revel, personal
communication). Therefore, the IFN-o1 gene we describe may have more
hoinology with the IFN-a gene family than with IFN-o2, and an IFN-Bl cDNA
probe would not be expected to detect IFN-s2 sequences in Southern
hybridizations to total human genome DNA.

The directly determined NH2-terminal amino acid sequence of human
fibroblast interferon (29, 30) is identical to that predicted from the
DNA sequence of the IFI-s1 gene. Hence, it is likely that the IFN-Bl
gene contained in xiFIF1 is the single human gene coding for the well
studied interferon produced by stimulated fibroblast cells. Furthennore,
the sequence of the gene contained in xHFIF1 is identical with mRNA (4,
5) and cDNA sequences (1-3) of this gene. Hence this active gene is
devoid of introns. The only other vertebrate nuclear genes described
thus far which lack introns are five hunan IFN-al genes (11-13). Yeast,
sea urchin and drosophila histone genes and several other viral encoded
and mitochondrial genes also lack introns (31-35).

The 3' flanking region of the IFN-Bl gene contains the coMMon AATMA
hexanucleotide (28) preceding the site of polyadenylation. Other
features of the coding and flanking regions of interferon genes may be
evaluated for functional significance as more interferons are
characterized at DNA and protein levels. Since the interferons represent
a multigene family it will be possible to study the functional
relationship between related genes and proteins. The various interferon
proteins may respond differentially in certain cell types to various
inducers and have different target cell specificities. Eight different
human leukocyte cDNA clones have been identified (8) and six of these
have been efficiently expressed in E. coli (7, 9, D. Leung, P. Gray, D.
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Loeddel; unpublished results). These interferons and bacterially
produced IFN-o1 (3) display varied activities in different animals and on

cultured cells derived from various organs (P. Weck, N. Stebbing;
personal comnunication) .

The interferon gene family appears to be genetically linked. The
fibroblast interferon yene (IFN-o1) and the approximately ten leukocyte
interferon (IFN-a) genes detectable by hybridization with cloned cDNA
probes have all been localized to human chromosome 9 by blot
hybridization to DNA derived from mouse-human hybrid cell lines (15).
The close linkage of several of these genes has been shown by the
characterization of x recombinant clones containing two separate IFN-a
genes each (11-13). It remains to be seen whether all members of the
human interferon gene family are clustered, as the relationship of the
presently characterized interferon genes to inmune interferon (IFN-y) and
the newly reported fibroblast type (IFN-B2) interferon has yet to be
elucidated.
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