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An intact interferon-inducible gene has been isolated from
a cosmid library of human genomic DNA. The gene (desig-
nated 6-16) encodes a mRNA of approximately 1 kb which
is induced well by a- and (- but poorly by 'y-interferons. Gen-
omic and cDNA sequences indicate that the gene contains five
exons, and that the mRNA encodes a hydrophobic polypeptide
of 130 amino acids with a putative NH2-terminal signal se-
quence. The 5' end has been identified by primer extension.
The corresponding genomic DNA contains a TATA box 20
nucleotides upstream of the putative transcription initiation
site. After transfection of the human genomic cosmid into
mouse Ltk- cells, human 6-16 mRNA is expressed in re-
sponse to mouse a- and (3- but not -y-interferons with the same
kinetics and dose-response as in the human cells. No such ex-
pression is observed in response to human interferons. It can
be concluded that the human cosmid DNA contains all of the
sequences necessary for a- and (3-interferon-induced gene ex-
pression and that the mechanisms governing such expression
are conserved between murine and human cells.
Key words: gene/human/interferon-inducible/transfection/ex-
pression

Introduction
Several groups have isolated and characterized complementary
DNA (cDNA) clones corresponding to mRNAs induced by inter-
ferons in human (Friedman et al., 1984; Larner et al., 1984;
Benech et al., 1985; Luster et al., 1985) and mouse (Samanta
et al., 1984; Staeheli et al., 1986) cells. Induction by the c-inter-
ferons at least is mediated both transcriptionally and post-tran-
scriptionally (Friedman et al., 1984; Lamer et al., 1984) and
it appears that a- and zy-interferons can differentially regulate the
levels of some mRNAs (Rosa et al., 1983b; Kelly et al., 1985;
Strunk et al., 1985). Homologous sequences have been noted
in the 5'-flanking regions of a number of interferon-inducible
HLA Class I and H genes and the interferon-inducible gene for
human metallothionein II (Friedman and Stark, 1985). Neither
the role of these sequences nor the mechanisms by which the
different interferons (a, , and -y) regulate gene expression are
understood. For this a more detailed analysis of a variety of dif-
ferent interferon-inducible genes and the factors controlling their
expression will be required.
The gene 6-16 encodes an mRNA of approximately 1 kb that

is highly induced by ca-interferons in a variety of human cells
(Friedman et al., 1984; Kelly et al., 1985). After induction 6-16

mRNA can constitute as much as 0.1 % of the total mRNA. In-
duction is a primary response independent of protein synthesis
(Kelly et al., 1985). Using an antibody to the interferon-inducible
membrane protein P16 (Burrone and Milstein, 1982) Evans,
Secher and Milstein (personal communication) have isolated a
cDNA, the sequence of which is essentially identical to that for
6-16 reported here.
The 6-16 gene is poorly induced, if at all, in response to -y-

interferon (Kelly et al., 1985), as is the case for the mouse Mx
protein gene (Staeheli et al., 1986). In contrast there are genes
inducible predominantly by y-interferon and those which respond
well to a-, (- or -y-interferons (Luster et al., 1985; Strunk et
al., 1985; Benech et al., 1985). A comparison of the results ob-
tained on detailed analysis of these differently inducible genes
should provide a basis for determining both the differences in
the mechanisms by which Type I (oz,3) and Type II (y) interferon
receptors communicate with the nucleus and the DNA sequences
involved in the control of cz-, ,B- and -y-inducible gene expression.

Results
Induction of 6-16 mRNA by Type I interferons
6-16 mRNA is highly induced by a-interferons in all human cell
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Fig. 1. Induction of 6-16 mRNA by (3-interferon. A Northern analysis (see
Materials and methods) of the dose-response (tracks 1-6) and kinetics
(tracks 7-12) of induction of 6-16 mRNA by (-interferon in subconfluent
monolayer cultures of HeLa cells is presented. ,B-Interferon treatment was
either for 16 h at 37°C with the indicated dose (tracks 1-6) or with 300
IU/ml for the indicated time (tracks 7-12). Tracks 13 and 14: RNA from
cells incubated for 16 h at 37°C in the absence (track 13) or presence
(track 14) of a-interferons (300 IU/ml). Aliquots (20 ug) of total cellular
RNA were analysed (see Materials and methods). The positions to which
size markers (in nt) migrated are indicated to the right.
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GENOM IC
6AACCBTTTACTC6CT6CT6T6CCCATCTATCA6CA6

CDNA v 120
SCTCC666CT6AA6ATTGCTTCTCTTCTCTCCTCCAA66TCTA6T6ACGSAGCCCGC6CGCGCGCCaACCATSCSSCASAAGBCG6TATCCGTTTTCTTGTGCTACCTGCTGCTCTTCACT

letArg61nLysAlaValSerValPheLeuCysTyrLeuLeuLeuPheThr
v v 240

TGCAGT6666T66A66CA6GTAA6AAaAAA6T6CTCB6aABACTC66ACABCGGCTCC6B6TTCTGGAAGcCCCTSACCTTCAT66CCGTC66A66A66ACTCBCA6TCSCC666CTGCCC
CysSer6lyValB6uAla6lyLysLysLysCysSerG6uSerSerAspSerGlySer6lyPheTrpLvsAlaLeuThrPhehetAlaVal6ly61y6l yLeuAlaValAlaGl yLeuPro

360
GCGCT666CTTCACCG6C6CC66CATCGCGBCCAACTC66T66CT6CCTC6CT6AT6A6CT66TCT6CGATCCTSAAT66666C66CGT6CCCSCCB66666CTA6T66CCAC6CTBCAG
A1 aLeu61lyPheThr61lyAl a6ly IIeAl aAl aAsnSerYalA1laAl aSerLeuRetSerTrpSerAl a I1eLeuAsn61ly6ly61yYal ProAl a6ly61yLeuYal A1aThrLeu61ln

480
AGCrCTC666CT6BT66CA6CA6C6TC6TCATA66TAATATTB6T6CCCTBAT6C66TACSCCACCCACAASTATCTC6ATA6T6A66A66AT6A66A6TA6CCA6CAGCTCCCA6AACC
SerLeu6lyAla6ly61 ySerSerVal Val I1e61yAsnIle61yAlaLeuMetArgTyrAlaThrHisLysTyrLeuAspSer61u61uAsp61u61u-

600
TCTTCTTCCTTCTT66CCTAACTCTTCCA6TTA66ATCTA6AACTTT6CCTTTTTTTtTrTTTTTTTTTTrTTTTA6AT666TTCTCACTATATTGTCCA66CTAA6T6rCA6T66CTATT

720
CAC6AGA6C6AACATA6TACACT6CA6CCTCCAACTCCTA6CCTCAA6T6ATCCTCCTSTCTCAACCTCCCAASTA66ATTACAAGCAT6C6CCGAC6AT6CCCA6AATCCA6AACTTTS

TCTATCACTCTCCCCAACAACCTA6ATBT6AAAACA6AATAAACTTCACCCA6AAAA

Fig. 2. Genomic and cDNA sequences corresponding to 6-16 mRNA and inferred peptide sequence. The entire sequence proposed as corresponding to intact
6-16 mRNA is represented by the 777 nt of cDNA sequence (see Materials and methods) plus 37 additional 5' nt derived from genomic sequence based on
primer extension and related experiments (Figure 5). The initiation codon of the longest open reading frame (cDNA residues 70-459) is preceded by CCACC
(boxed), a eukaryotic initiation site consensus sequence (Kozak, 1984). The polyadenylation signal AATAAA (cDNA residues 756-761) is arrowed. Direct
repeat sequences (cDNA residues 513-531 and 705-723) flanking the Alu repeat element are marked by broken underlines. The positions at which intron
sequences occur in the corresponding genomic DNA are marked (V, at cDNA residues 38, 139, 217 and 367). The inferred polypeptide sequence is shown
and the putative NH2-terminal signal sequence is underlined. If this sequence is indeed cleaved the most likely sites would be between Gly (20) and Val (21)
or Ala (23) and Gly (24): each is about equally favoured by comparison with consensus data (von Heijne, 1984, 1985).

lines tested to date, including T98G neuroblastoma (Friedman
et al., 1984), HeLa (Kelly et al., 1985), Daudi lymphoblastoid
(McMahon et al., 1986), U937 macrophage and F2001 and
MRC5 fibroblasts (J.M.Kelly, data not shown). In HeLa cells
at least it is also induced by ,B-interferon with the same kinetics
and dose-response (Figure 1) as previously reported for the a-
interferons (Kelly et al., 1985). The appearance of this mRNA
in significant amounts seems to be confined to cells treated with
Type I interferons. It is present at only very low levels in the
absence of interferon and, unlike the HLA Class I or 2-5A syn-
thetase mRNAs, its level in HeLa cells is not affected by con-
fluency. Nor, in contrast to metallothionein II, is it induced by
heat shock (Kelly et al., 1985; J.M.Kelly, unpublished data).
The sequence and characteristics of 6-16 mRNA
The complete sequence [814 nucleotides (nt) excluding the
poly(A) tail] of 6-16 mRNA is represented in Figure 2 by 777
nt of sequence from 6-16 cDNA clones plus 37 nt of genomic
sequence at the 5' end (see below). The initiation codon of the
longest open reading frame in 6-16 mRNA (390 nt, residues 70-
459 in the cDNA sequence in Figure 2) is preceded by CCACC,
a consensus sequence for eukaryotic translation initiation sites
(Kozak, 1984). The first 20-23 amino acids of the inferred
amino acid sequence (Figure 2) constitute a region characteristic
of a signal peptide (von Heijne, 1984, 1985). Examination of
the amino acid sequence and hydrophobicity plots (Kyte and Doo-
little, 1982; data not presented) indicates that 6-16 is generally
hydrophobic [there is no charged amino acid between residues
41 (Ala) and 115 (Met)], consistent with it being a membrane
protein with a highly charged COOH-terminal tail.
An unusual, although not unique, feature of 6-16 mRNA is

the presence in the 320 nt 3'-untranslated region of a sequence
of approximately 175 nt sharing homology with Alu repeat el-
ements (reviewed by Sharp, 1983). This sequence contains 23
consecutive thymidine residues at its 5' end and is flanked by
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Fig. 3. Southern analysis of human genomic DNA with a 6-16 cDNA
probe. Human genomic DNA (20 jig) digested with the indicated restriction
enzymes was fractionated by electrophoresis through a 0.8% agarose gel
and hybridized with a single-stranded M13 probe containing a 700 nt 6-16
cDNA insert (see Materials and methods). The size and position of genomic
DNA fragments hybridizing to the probe are indicated. Human placental
DNA (track 1) and Daudi cells (tracks 2 and 3) were analysed. Essentially
identical results were obtained on similar analyses of HeLa cell DNA and
that from the human placental DNA cosmid clones.

a direct repeat (Figure 2, 16 of the 19 nt, dashed lines) charac-
teristic of integration sites in genomic DNA. A computer search
of the NIH and EMBL databases revealed no other significant
homologies between 6-16 mRNA and published sequences.
Structure of the 6-16 gene
Simple patterns indicative of a single gene were observed when
Southern transfers of restricted human genomic DNA were
probed with a 700 nt 6-16 cDNA (Figure 3). Consistent with
this, clones corresponding to only one gene were isolated from
a human placental DNA cosmid library (Hohn and Collins, 1980;
Lindenmaier et al., 1982). Approximately 300 000 colonies were
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Table I. Exon/intron boundaries (A) and polyadenylation site (B) in 6-16 genomic
DNA
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Fig. 4. Restriction maps of cosmid DNAs. (A) Overlapping regions (black
boxes) of human insert DNA in cosmids 1.4 and 10.3 are shown. The
hatched boxes represent vector DNA containing the HSV tk gene. The map

of 10.3 for EcoRI (indicated above the line) and XhoI (below the line) sites
is complete, the solid line representing the remainder of the human genomic
DNA insert. The map for 1.4 is not complete and the remaining unmapped
insert is represented by the broken line. (B) Enlargment of the region of
cosmid 10.3 carrying the 6-16 gene showing the position of the five exons

(open boxes) numbered from the 5' end of the gene. Restriction enzyme

sites for BamHI (B), ClaI (C), EcoRI (E), HindHI (H), KpnI (K) and XhoI
(X) are indicated.

screened (see Materials and methods) and three distinct clones
hybridizing to 6-16 cDNA were isolated. Southern analysis of
the corresponding cosmid DNAs revealed that they contained
overlapping inserts of 25-30 kb, and that in each case the 6-16
cDNA probe hybridized to the same restriction fragments as

found with genomic DNA. One of the cosmids (coded 10.3) was
shown, by transfection into mouse cells, to contain an intact inter-
feron-inducible gene (see below); another (coded 1.4) was inac-
tive in the transfection assay. These cosmids were analysed in
more detail.

Limited restriction maps of both cosmids are presented (Figure
4A). Sequence analysis of appropriate genomic fragments of 10.3
and comparison with the known cDNA sequence showed that
the gene contains five exons (Figure 4B). In addition cosmid 10.3
contains at least 20 kb of human DNA 5' to the 6-16 gene (Figure
4A). The overlapping cosmid 1.4 does not; it terminates in the
0.5 kb BamHI fragment which encodes the first exon, while ex-

tending substantially into the 3' flanking region (Figure 4A). The
genomic exon sequences in 10.3 were identical to those obtained
by sequencing the cDNAs with one exception. In the cDNA
clones, all of which were derived from Daudi cell mRNA, the
oligo(dT) sequence in the Alu repeat contained 23 nt, whereas
it was 25 nt long in the genomic clones of placental origin. The
sequences at each intron -exon boundary (Table IA) and that sur-

rounding the polyadenylation site (Table IB) are in good agree-
ment with consensus sequences for such sites (see Discussion).
The transcription start site and adjacent 5' flanking sequence

The 5' end of the 6-16 mRNA was identified by primer exten-
sion. A synthetic oligonucleotide complementary to the 5' end
of the longest cDNA sequence (nt 1-17, Figure 2) was labelled
at its 5' end with polynucleotide kinase and used to prime com-

plementary strand synthesis on mRNA from interferon-treated
and control Daudi (Figure SA) and HeLa (data not presented)
cells. In each case, on subsequent gel analysis, major and minor
extension products (large and small arrows, Figure 5A) were

observed with the interferon-induced but not the control RNA.
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aBreathnach and Chambon (1981); Mount (1982) and Keller (1984).
(A) The GT-AG rule consensus sequences are boxed (solid lines) and the
nt in accord with the more extensive consensus splice donor and acceptor
site sequences are underlined. The nucleotides showing reasonable
agreements (5 or 6 out of 7 residues) with the suggested (Keller, 1984;
Reed and Maniatis, 1985) branch point consensus PyXPyTPuAPy are boxed
(broken lines). The superscript numbers refer to the cDNA sequence in
Figure 2. (B) The AATAAA consensus is underlined and the
polyadenylation site arrowed. Superscript numbers refer to the cDNA
sequence in Figure 2. Those downstream of the polyadenylation site are

indicated by (+). The position of the XhoI site in the 3'-flanking region
utilized in generating the 8.7-kb XhoI fragment subclone (text and Figure 4)
is included (broken underline).

The major product (with both Daudi and HeLa mRNAs) was

54 nt in length, suggesting that the 5' terminus of the mRNA
lies 37 nt upstream of the 5' end of the cDNA.
A genomic fragment containing DNA corresponding to the 5'

end of the mRNA was subcloned and sequenced (Figure SB).
As expected, it contained sequences in common with the first
exon of the longest cDNA (compare the last 38 nt in Figure SB
with cDNA nt 1-38, Figure 2) as well as additional upstream
sequences covering the proposed 5' end of the mRNA. A TATA
box sequence ATAAAA, identical to that used in the ,B-globin
gene (Efstratiadis et al., 1980), was found -20 nt 5' of the
putative transcription initiation site, as is the case for the herpes
simplex virus thymidine kinase (HSVtk) gene (McKnight and
Kingsbury, 1982).
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Fig. 5. (A) Primer extension of 6-16 mRNA. Extension using a 5' 32p-
labelled synthetic oligodeoxynucleotide primer (see Materials and methods)
was with mRNA from Daudi cells with (IFN) or without treatment with 100
IU/ml of human ca-interferons for 16 h at 37°C. An autoradiograph of an

electrophoretic analysis of the extended products on a sequencing gel is
presented. The positions to which the major and minor 6-16-specific
products unique to RNA from interferon-treated cells migrated, are indicated
by large and small arrows respectively. The sizes of these products were

determined by comparison with markers of known size in the same gel.
(B) Sequence of the genomic DNA fragment containing the 5' initiation site
for transcription of the 6-16 mRNA. A 0.5-kb BamHI genomic DNA
fragment from cosmid 10.3 (Figure 4B) that specifically hybridized to the
same 6-16-specific synthetic oligodeoxynucleotide primer as was used in the
primer extension experiments was cloned into the BamHI site of M13 mpl
and sequenced by the dideoxy chain termination method. The sequence for
118 nt downstream of the 5' BamHI site is presented. The position of the
putative TATA box (ATAAAA) is underlined. The large and small arrows

identify the positions corresponding to those at which the extended synthetic
primers terminated in (A) above, indicative of major and minor transcription
initiation sites respectively. The nt corresponding to the 5' cDNA sequence
(Figure 2) to which the (complementary) synthetic primer was made are

boxed.

Interferon-inducible expression ofhuman cosmid 10. 3 in mouse
cells
Cosmid clone 10.3 includes at least 20 kb of human DNA 5'
to the 6-16 gene. The overlapping cosmid clone 1.4 terminates
in the first exon while extending substantially into the 3'-flanking
region (Figure 4A). These cosmid DNAs were transfected into
mouse Ltk- cells and transfectants selected in HAT medium (the
cosmid vector DNA contains the HSVtk gene). Mixed colonies
(> 60 clones) were used to guard against artefacts reflecting inte-
gration of the transfected DNA at particularly active or inactive
sites in the genome in different cloned lines. RNA isolated from
the transfected cells, with or without treatment with mouse a-,
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Fig. 6. Expression of human 6-16 mRNA in mouse cells transfected with
cosmid 10.3. (A) Northern analysis (see Materials and methods) of
cytoplasmic RNA from mouse Ltk- cells transfected with (tracks 1, 2 and
5) cosmid 10.3 containing the entire 6-16 gene and 5'-flanking sequences or

(tracks 3 and 4) cosmid 1.4 containing a 5'-truncated insert (Figure 4). The
RNA (20,g) was from cells grown to 50% confluency in monolayers and
incubated for a further 17 h at 37°C in the presence (tracks 1 and 3) or

absence (tracks 2 and 4) of 300 IU/ml of mouse a,4-interferons. Tracks
5-7: RNA from mouse Ltk- cells transfected with cosmid 10.3 (track 5)
or HeLa (tracks 6 and 7) cells grown in parallel, without (track 7) or with
(tracks 5 and 6) similar exposure to 300 IU/ml of human ca-interferons.
(B) Kinetics and dose-response for the induction of human 6-16 mRNA in
mouse cells: comparison with corresponding data for HeLa cells. Mouse
cells transfected with cosmid 10.3 were treated with mouse a4,3-interferon
either at 300 IU/mi for the times indicated (left) or for 18 h with the
indicated dose (right). HeLa cells were similarly treated with human a-

interferons. Cytoplasmic RNAs were extracted, separated by electrophoresis
and analysed by Northern blot hybridization as in (A). The bands on the
radiographs were scanned by densitometry. The values are presented as a

percentage of the maximum level of 6-16 mRNA detected.

fl-interferons, was analysed by Northern blot hybridization using
a human 6-16 cDNA probe (Figure 6). There was no hybridiz-
ation between the human 6-16 cDNA and mouse mRNA (e.g.
tracks 3-5, Figure 6A). Cells transfected with cosmid 10.3 ex-

pressed the human 6-16 mRNA in response to mouse (track 1),
but not human (track 5), interferons, whereas those transfected
with cosmid 1.4 lacking the 5' end of the gene (tracks 3 and 4)
did not (Figure 6A). The kinetics and dose-response curves for
induction were very similar to those obtained for 6-16 mRNA
in human cells (Figure 6B). As in the human system, the induc-
tion of the human 6-16 mRNA in the transfected cell is a primary
response (it occurs in the presence of sufficient cycloheximide
to inhibit protein synthesis) and is restricted to the a- and ,B-inter-
ferons: mouse -y-interferons was without effect (data not shown).
DNA from a subclone of plasmid 10.3 containing only the
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Characterization of a human gene inducible by ca- and ,B-interferons

8.7 kbXhoI fragment (Figure 4B) yielded, on transfection, results
similar to those obtained with the intact 10.3 cosmid DNA
(A.C.G.Porter, data not shown). It can be concluded that cosmid
10.3 and this subclone contain the entire 6-16 gene and flanking
DNA sequences essential for interferon induction.

Discussion
A human genomic cosmid corresponding to the interferon-induc-
ible gene 6-16 has been isolated and characterized. The similarity
in the inducibility of the human 6-16 mRNA in mouse cells trans-
fected with this cosmid to that in HeLa cells (Figure 6B) strongly
suggests that this cosmid contains an intact 6-16 gene and any
flanking DNA necessary for a complete response to Type I inter-
ferons. A subclone of the cosmid containing only the 8.7-kb XhoI
fragment of human DNA and hence only 2.25 kb of 5' and 100
nt of 3'-flanking sequence (Figure 4B and Table IB) yielded
similar results on transfection. It can be concluded that any essen-
tial DNA control elements must be present within this limited
region. More detailed deletion analyses together with experiments
to assess the inducibility of constructs in which putative control
elements are placed 5' of marker genes should permit a more
precise definition of the sequences involved.
The induction of transfected human HLA genes by mouse inter-

feron in mouse cells (Rosa et al., 1983a; Yoshie et al., 1984)
has already established that the same or similar mechanisms must
govern induction of these genes in the two species. It is curious
that a mouse equivalent of the human 6-16 mRNA was not detect-
able even at low stringency in, for example, the transfection
experiments (Figure 6A). This remains to be investigated further.
Comparison of appropriate genomic and cDNA sequences

shows that the 6-16 gene contains five exons (Figure 4). The
GT-AG rule is strictly adhered to in the sequences at the intron-
exon boundaries, which are also in very good general agreement
with the more extensive consensus sequences characteristic of
these regions (Table IA; Breathnach and Chambon, 1981; Mount,
1982; Keller, 1984). As expected, the intron sequences upstream
of the acceptor site are rich in cytidylic and thymidylic acid resi-
dues and do not contain AG doublets (Mount, 1982). In addition,
in three cases (Table IA, broken line boxes, introns 2-4) the
sequences around the A residue 19-23 nt 5' of the acceptor
site match reasonably well with a tentative branch site consen-
sus sequence (Keller, 1984; Reed and Maniatis, 1985). In the
case of the polyadenylation site (Table IB), the 'dominant' con-
sensus sequence AATAAA is adhered to and the additional down-
stream CACTG (Berget, 1984), AAA and GT (McLauchlan et
al., 1985) cluster motifs, or close approximations to them, are
all present, although not in an ideal pattern (reviewed by Birn-
stiel et al., 1985). The one obvious divergence is with the ter-
minal C(A) consensus (for the point of addition of the poly(A),
Birnstiel et al., 1985), which is not observed.
The exact position of the initiation of transcription remains to

be rigorously established. The results of the primer extension
experiments (Figure 5) place the 5' end of the mRNA 37 nt up-
stream of the 5' end of the cDNA sequence (Figure 2), in reason-
able agreement with the apparent size of the mRNA allowing
for the poly(A) tail (Kelly et al., 1985; Figure 1). The presence
in the genomic DNA (Figure SB) of a TATA box (identical to
that used for the ,B-globin gene) - 20 nt 5' of the initiation site
(indicated by the primer extension experiments), together with
the results of initial cell-free transcription assays (Y.Chernjov-
sky, unpublished data), suggest that the proposed initiation site
is indeed correct. Although the presence of an additional very
short 5' exon cannot be excluded absolutely, it seems highly

unlikely. Were such an exon to exist, the activity of the
transfected 8.7-kb XhoI fragment establishes that it would have
to lie within the 2.25 kb of 5'-flanking sequence and should be
resolved by the further analysis of this fragment.

Evidence that the longest open reading frame deduced from
the cDNA sequence (Figure 2) is indeed that employed comes
from recent work of Evans, Secher and Milstein (personal com-
munication) in which cDNA clones analogous to those reported
here were isolated using antibody to the interferon-inducible
membrane protein P16 (Burrone and Milstein, 1982). Assum-
ing that P16 is indeed the product of the 6-16 gene, some index
of its function may now be obtained by, for example, studying
the effects of its high level expression from suitable constructs
in cells which have not been treated with interferon.

Materials and methods
Interferons
Weilferon, a highly purified mixture of human ca-interferons (> 108 IUtmg protein,
Allen et al., 1982) was supplied by Dr K.Fantes, Wellcome Research Laboratories.
Natural human ,B-IFN (107 IU/mg protein, a gift of Dr John Davies, Searle
Research and Development Division, High Wycombe) was from superinduced
cultures of human diploid fibroblasts (McCullagh et al., 1983). Non-glycosylated
human -y-IFN (> 107 IU/mg protein) was from Biogen Ltd. Murine ac,-interferon,
a natural mixture of virally induced interferons (1-5 x 107 IU/mg protein) was
kindly supplied by Dr S.L.Mowshowitz, Mount Sinai Hospital, NY. Recombi-
nant murine --interferon (1 -2 x 107 IU/mg protein) was from Genentech.
Isolation and sequencing of cDNA clones
The original 6-16 cDNA was obtained by differential screening of a XgtlO cDNA
library prepared with mRNA from a-interferon-induced T98G neuroblastoma
cells (Friedman et al., 1984). This clone was used to isolate several longer cDNAs
from a XgtlO library constructed by M.McMahon and R.L.Friedman with mRNA
from ca-interferon-treated Daudi cells. The sequence of each of the cDNA inserts
was determined for both strands by sequencing smaller DNA fragments (generated
using the restriction enzymes AluI, Hinfl or Sau3A and subcloned into M13) by
the dideoxy chain termination method of Sanger (1981).
Isolation of genomic clones from a hunan DNA cosmid library
A library of human placental DNA fragments (>25 kb) cloned into the ClaI
restriction site of the cosmid vector pHC79-2 cos/tk (Hohn and Collins, 1980;
Lindenmaier et al., 1982) was kindly supplied by Dr John Collins, Gesellschaft
fur Biotechnologische Forschung GmBH, Braunschweig-Stockheim. The library,
in the form of a cosmid particle suspension, contained approximately 300 000
clones in 12 pools. Escherichia coli HB1I1, prepared for transformation by growth
overnight in NZYCM medium (Maniatis et al., 1982) plus 0.4% maltose, were
concentrated 2.5-fold by resuspension in 10 mM MgSO4. Aliquots (100 I1) were
infected with 1.5 x 105 p.f.u. ofone ofthe cosmid pools and incubated for 20 min
at 37°C. NZYCM medium (0.5 ml) was added and each pool incubated for a
further 45 min at 37°C. The 12 pools combined in pairs were plated onto six
Biodyne membranes (Pall Corp) on NZYCM agar plates containing ampicillin
(50 ytg/ml) and incubated overnight at 37°C. Replica lifts were made onto a further
six membranes which were incubated for 6-7 h at 37°C on NZYCM agar ampi-
cillin plates as above until colonies became visible. The master plates were stored
at 4°C. The replica filters were transferred to six agar plates containing chlor-
amphenicol (150 iLg/ml) and incubated overnight at 37°C to amplify the number
of cosmids per cell. The filters were removed, the E. coli lysed in alkali and
the DNA bound by baking at 80°C for 2 h (Maniatis et al., 1982). Hybridiz-
ation and prehybridization conditions were identical to those used for Southern
analysis (see below) except that the prehybridization was preceded by a prewash
in 50 mM Tris-HCl, pH 8.0, 1 M NaCl, 1 mM EDTA, 0.1% SDS for 2 h at
42°C. The filters were probed with a nick-translated 6-16 cDNA insert (700 nt,
- 108 c.p.m./Ag) obtained after EcoRI digestion of the replicative (double stranded)
form of an M13 clone. Positive colonies were detectable after autoradiography
at -80°C for 1-2 days. Using the autoradiographs as templates, positive colonies
were picked from the master plates. After two further rounds of screening, seven
colonies which hybridized to the 6-16 probe were isolated. DNA minipreps (Mania-
tis et al., 1982) were prepared from 10 ml overnight cultures (in 50 Agg/ml ampi-
cillin) of each of the purified colonies. Each DNA preparation was dissolved in
200 1l of 10 mM Tris, pH 7.6, 1 mM EDTA and stored at -200C. Aliquots
(20 ytL) were incubated with EcoRI and the DNA separated by electrophoresis
through 0.8% agarose gels. Ethidium bromide staining and subsequent Southern
analysis revealed that the seven positive colonies represented three distinct over-
lapping genomic clones.
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Sequence analysis of the genome clones for 6-16
The regions of human genomic cosmid DNA which contained mRNA coding
sequence were digested with the four-cutter restriction enzyme AluI, Sau3A and
Hinfl to yield overlapping fragments which were subcloned into the SmaI site
of the M13 mpl8 vector (Norrander et al., 1983). DNA was prepared and sub-
clones containing exon sequences were identified by dot blot hybridization against
a nick-translated 700 nt fragment of 6-16 cDNA. These DNA subclones were

sequenced as above. Comparison of the genomic with the cDNA sequences enabled
each of the exon-intron junctions to be mapped.
Preparation of RNA and DNAfrom HeLa and L-cells
Cells were grown in monolayer culture in Dulbecco's modified Eagle's medium
supplemented with 10% heat-inactivated calf serum. When the cells had reached
approximately 50% confluency interferon was added as indicated. For total RNA,
the cells were lysed by adding 4 M guanidinium thiocyanate, 0.5% sodium N-
lauryl sarcosine (SDS), 25 mM sodium citrate, pH 7.0. For cytoplasmic RNA
the cells were first lysed in 0.5% NP40 and the RNA was extracted from the
cytoplasmic fraction as above. The RNA was pelleted by centrifugation through
a 5.7 M CsCI gradient, precipitated twice with ethanol and stored in water at
-80°C. The accumulation of mRNA in the absence of protein synthesis was

investigated by adding cycloheximide (50 4g/ml) to the growth medium 30 min
before interferon treatment. Poly(A)+ RNA was prepared from total RNA by
standard techniques as was genomic DNA (Maniatis et al., 1982).
Northern analysis of interferon-inducible mRNAs

Aliquots of RNA (20 Ag) were glyoxalated and fractionated through 1.4% agarose

gels. The RNA was transferred to Biodyne nylon filters (Pall Corp.) which were

baked at 80°C for 2 h. These were hybridized with 32P-labelled, single-stranded
M13 probes in 50% formamide, 5 x SSPE (900 mM NaCl, 5 mM EDTA,
50 mM sodium phosphate, pH 7.4), 5 x Denhardt's solution, 0.2% SDS and
100 Ag/ml denatured salmon sperm DNA for 18 h at 42'C. The filters were

washed for1 h in 2 x SSPE, 0.1% SDS at 50°C and then for h in 0.1 x

SSPE, 0.1% SDS at 50°C. Low stringency washes were carnied out in 6 x SSPE,
0.1% SDS at room temperature. Kodak XAR-5 film was used for autoradiography.
The extent of RNA induction was established by scanning the appropriate band
on autoradiographs using a Joyce-Loebl Chromoscan 3 densitometer. Different
exposures were scanned to ensure that there was a linear relationship between
the amount of radioactivity on the filter and the resultant darkening of the film.

Southern analysis of genomic and cosmid DNA
Aliquots of genomic (20Ztg) or cosmid ( 2 ILg) DNA were digested with restric-
tion enzymes and the fragments fractionated through 0.8% agarose gels. The DNA
was transferred to Biodyne membrane filters which were baked at 80°C for 2 h
prior to hybridization with nick-translated DNA (108 c.p.m.//g) or 32P-labelled
single-stranded M13 DNA probes in 50% formamide,5 x SSPE, 1 x Denhardt's
solution, 0.2% SDS, 100,ug/ml denatured salmon sperm DNA for 18 h at 42'C.
The filters were washed and autoradiographed as described for Northern analysis.
Primer extension

An oligodeoxynucleotide primer 5'-AATCTTCAGCCCGGAGC, complemen-
tary to the 5' residues (17-1) of the 6-16 cDNA sequence shown in Figure 2,
was purchased from Dr Stephen Minter, University of Manchester Institute of
Science and Technology. The extension reactions were essentially as described
by Houghton et al. (1980). Briefly, 30 pmol of primer, 5'-end-labelled with 32p

using polynucleotide kinase, was lyophilized with 1.2-1.5 Ag of total poly(A)+
RNA, resuspended in 4 1A of 0.4 M KCI, heated to 100°C for 1 min and hybrid-
ized for 1 h at 37°C. The hybridization mixture was incubated with 30 or 40
units ofMLV or AMV reversetranscriptase (B.R.L. and Anglian Biotech respect-

ively) in 50 mM Tris-HCl, pH 8, 0.5 mM (each) dNTPs, 5 mM dithiothreitol,
4mM MgCl2 (final volume 25 A1) for 2 hat 37°C. The RNA was extracted with
phenol, precipitated with ethanol plus 10 tg of carrier E. coli tRNA, resuspended
in 2 /A 0.3 M NaOH plus 3 $l of 80% formamide in 50 mM Pipes buffer pH
7; 0.1% bromophenol blue; 0.1% xylene cyanol, heated to 100°C for 5 min and
separated by electrophoresis through a 20% acrylamide/urea sequencing gel
(Maniatis et al., 1982). Autoradiography with Fuji X-ray film and intensifier screen

was overnight at -70°C.
Transfections
Mouse Ltk- cells were transfected by a calcium phosphate procedure (Parker

and Stark, 1979). Dulbecco's modified Eagle's medium was used throughout.
Either the tk+ cosmid DNA alone or a mixture of tk- test plasmid DNA with
tkf+. pAGO DNA (Colbere-Garapin et al., 1979) at a molar ratio of 10:1
(tk-:tk+) was used. The DNA (20 lAg) was first precipitated with ethanol and
then resuspended in 40 yd of 10 mM Tris-HCI, pH 7.2; 1 mM EDTA and 440 IL
42 mM Hepes buffer, pH 7; 137 mM NaCl; 10 mM KCI; 1.6 mM NaH2PO4.
CaC12 (880 yd of 260 mM) was then added dropwise with vigorous mixing to

form a fine precipitate and after 30 min at room temperature the suspension was

transferred to cells which had been seeded at 106 per 9-cm dish, grown overnight
and replenished with 7 ml of medium. After 8-16 h of incubation at 37°C with
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the DNA, the cells were washed and treated for1 min with medium containing
25% (v/v) glycerol (Parker and Stark, 1979) and for 12 h in medium containing
5 mM sodium butyrate (Gorman and Howard, 1983). They were then grown
in medium containing 0.1 mM hypoxanthine, 0.4 AM aminopterin and 16 AM
thymidine for1 -2 weeks until stabletk+ colonies were visible (60-1000 per
dish).
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