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ABSTRACT
Two cDNA libraries were constructed, using respectively the 12S and

the 16S sucrose gradient fractions of polysomal poly (A)+ RNA from mouse C243
cells induced with Newcastle disease virus. Screening of a part of both
libraries by mRNA selection hybridization assays revealed the presence of
two plasmids hybridizing to an mRNA, whose translation product was characte-
rized as mouse IFN-8. Blot analysis of RNA indicated that mRNA hybridizing
to the DNA from both plasmids could be detected in induced but not in unindu-
ced C243 cells. The two cDNA inserts did not cross hybridizeand had distinct
restriction maps. Sequencing revealed that both inserts reoresented the end
of the coding region and the entire 3' non coding region of two distinct
mRNAs. Although different, the putative 39 AA and 65 AA carboxy termini of
both Mu IFN-as display some homology to human IFN-a1. Thus there are at least
two different murine IFN-a genes.

INTRODUCTION
As a result of the molecular cloning of human IFN-a (1,2) and -

cDNAs (3-5) our understanding of the structure of human interferons has
increased dramatically over the past two years. It has been unequivocally
established that there exist at least 11 distinct IFN-a genes, considered to

be non-allelic ; and in addition several allelic variants exist (6). Thus,
human IFN-a consists of a large family of molecules, all structurally related
to a greater or lesser extent. For human IFN-a, there has sofar only been

unequivocal structural evidence for a single molecular species (7). However,

studies with IFN-a mRNA suggest the existence of other human IFN-a genes

(8,9).
It would be highly desirable to obtain similar information on the

structure of the different mouse IFN genes, in view of the importance of the

mouse model for the investigation of the many interesting biological effects
of IFNs. Mouse IFN, upon electrophoretic analysis under denaturing and
reducing conditions, segregates into a broad zone of antiviral activity, with

major peaks at 35, 28 and 22 K (10,11). Based on limited N-terminal amino
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acid homology with human IFN-a and a, the 35 and 28 K species have been ten-
tatively identified as murine IFN-a species, and the 22 K species as the
murine IFN-a species (12). In this paper we report on cloned recombinant
plasmids containing partial complementary sequences to mRNA's coding for
mouse interferon. This work demonstrates the existence of at least 2 diffe-
rent IFN-a genes in the mouse.

MATERIALS AND METHODS

Enzymes and radi oacti ve products. Restri cti on enzymes were purcha-
sed from Bethesda Research Laboratories (BRL) and were used as directed by
the suppliers. S1 nuclease, terminal deoxynucleotidyl transferase and large
fragment E.coli DNA polymerase I (Klenow polymerase), also from BRL, were

used as indicated. T4 polynucleotide kinase was purchased from PL Biochemi-
cals Inc., and calf intestinal alkaline phosphatase from Boehringer. AMV
reverse transcriptase (batch G380) was a gift of Dr. J. Beard (Life Sciences
Inc., Florida, USA). Radioactive nucleotide derivatives and 3'-end labelling
kits were obtained from Amersham International Ltd.

Induction of mouse IFN mRNA in C243 cells. Interferon (IFN) mRNA
was prepared from a continuous 1 i ne of mouse C243 cell s (14) induced wi th
Newcastle disease virus (NDV) according to a method recently described (11).
Cells were harvested 10.5 hours after removal of the inducing virus.

Extraction and purification of polysomal poly(A)+ RNA. Polysomes
were prepared as described (15) except that 10 mM vanadyl ribonucleoside com-
plex (BRL) was present all the time. Polysomes were dissolved in 0.4 M NaCl,
10 mM Tris-HCl, pH 7.6, 10 mM EDTA, 1 % SDS and digested with 50 vg/ml of
proteinase K (Boehringer-Mannheim), for 1 hr, at 370C. Poly(A)+RNA was puri-
fied by two passages through oligo-dT cellulose (PL Biochemicals) followed
by sedimentation on a 15-30 % sucrose gradient (centrifugation was carried
out for 17 hrs, at 85,000 g, in a SW 27 rotor).

In vitro translation of IFN mRNA. mRNA aliquots derived from each
of the sucrose gradient fractions were translated in a micrococcal nuclease-
treated rabbit reticulocyte lysate (Amersham International). The translation
reaction mixtures were diluted in 100 pl of PBS to be processed for IFN
characteri zati on .

Characteri zati on as I FN of i n vi tro trans l ati on products.
a) Chromatography on an anti-mouse (a +

__
IFN antibody agarose column

100 pl aliquots of all in vitro translation reactions were individually
chromatographed on an inmnunosorbent column, consisting of anti-mouse (a + 8)
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goat-imunoglobulins covalently linked to affigel-10 (Biorad) as described
(16). After extensive washing of the column with PBS, the proteins retained
on the gel were desorbed with 0.1 M citrate buffer (pH 2) and titered for
IFN activity.

b) IFN titrations : IFN titrations were performed using a microtiter assay
in L cells with vesicular stomatitis virus as challenge. In this system, one

unit corresponds to one international unit as measured by reference mouse
interferon preparation n° G-002-904-511.

c) Neutralization of the antiviral activity by a s_ecifi c anti-mouse IFN-
serum: Anti-mouse IFN-a serum was a gift of Dr. Lee Kronenberg (Lee Biomo-
lecular, San Diego, Calif., USA). It had been prepared by immunizing rabbits
against the 36 K component of poly I.C induced L cells IFN. In preliminary
experiments, we confirmed that it neutralized the 28 and 35 K (= IFN-a) but
not the 22 K (= IFN-a) component of mouse C243 cell IFN.

d) PAGE electro2horesis and autoradiogra4hy: IFN labelled with 35S methio-
nine during in vitro translation was analysed by electrophoresis in 15 %
polyacrylamide slab gels, according to Laemmli (17) as reported earlier (16).
The gel was used for autoradiography on Ultrofilm 3H (LKB).

Preparation and cloning of cDNA. Single stranded cDNA was prepared
from both of the size classes of mRNA obtained from the sucrose gradient,
which gave IFN on in vitro translation. 8-10 pg of mRNA was dissolved in
100 p1 of 50 mM Tris-HCl (pH 8.3), 50 mM NaCl, 8 mM MgCl2 and 10 mM DTT. This
medium was supplemented with 10 pCi of 3(H)dCTP (25 Ci/mmole) and 1 mM each
of dCTP, dATP, dGTP and TTP ; after addition of 10 pg of oligo-dT primer and
50 units of AMV reverse transcriptase, the reaction was incubated for 60 min,

at 42°C. At this time, another 50 units of reverse transcriptase in 100 pl
of 5 mM DTT and 5 mM Tris-HCl (pH 8.3) were added and the reaction left to
continue for 30 min at 470C. Synthesis of the second DNA strand was by the
method of Kay et al. (18). The double-stranded cDNA thus obtained was treated
with S1 nuclease (19). Double stranded cDNA was chromatographed on DE-52
cellulose and extended with approximately 25 residues of dCMP/terminus, using
terminal deoxynucleotidyl transferase (20). The cDNA elongated with oligo
(dC) was annealed with pAT153 DNA (21) which had been tailed with ± 25 resi-
dues of dGMP at the PstI site. Annealing mixtures were used to transform
E.coli strain JA 221 (22), made competent by 0.1 M CaCl2 treatment (23) as
described previously (24).
General technigues: Plasmid DNA preparations were performed as reported
previously (24). Gel electrophoretic analyses and recovery of DNA fragments
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from gels were as previously described (25-27). DNA sequencing was performed

by the methods of Maxam and Gilbert (13). Colony hybridizations were accor-

ding to Grunstein and Hogness (28). Nick translation was according to Rigby
et al. (29).

mRNA selection hybridization assay. Denatured plasmid DNA was

spotted onto Schleicher and SchUll nitrocellulose filters, which were then

baked for 5 hrs at 80°C. The excised spots were prehybridized in 50 % deio-

nized formamide, 0.4 M NaCl, 10 mM Pipes (pH 6.4), 4 mM EDTA and 0.5 mg/ml
baker's yeast tRNA. Hybridization was carried out at 41°C, in the same

buffer supplemented with poly(A)+RNA from C243 cells ; filters were washed

with 1xSSC, 0.5 % SDS, then 0.1xSSC, 0.1 % SDS, at room temperature ; 0.1xSSC

0.5 % SDS then 10 mM Tris-HCl (pH 8.0), 1 mM EDTA at 50°C. RNA was eluted in
distilled water at 80°C, precipitated with ethanol and used for in vitro
translation.

Blot analysis of RNA. Polysomal poly(A)+RNA from mouse C243 cells
was fractionated in 1.5 % agarose gels containing 4 mM methylmercury hydro-
xide for 17 hrs at 25 V (30). RNA was then transferred electrophoretically to

Gene-Screen (NEN) at 50 V, for 5.5 hrs in 25 mM Na-phosphate buffer (pH 5.5)

at 100C. The blots were then rinsed with transfer buffer and baked for 2 hrs

at 80°C. Blots were prehybridized with 50 % formamide, 0.1 M NaCl, 50 mM Na-
phosphate (pH 7.0), 5 mM EDTA, 0.1 % SDS, 0.02 % (w/v) each of bovine serum

albumin, Ficoll and polyvinylpyrrolidone (31) and 250 vxg/ml of baker's yeast

tRNA at 42°C overnight. Following prehybridization, nick-translated plasmids
were added to buffer of the same composition but with 10 % w/v Dextran sulfa-
te 500 (Pharmacia) and hybridized overnight at 42°C.

Following hybridization, blots were washed twice with 2xSSC, 0.5 %
SDS, 1 mM EDTA at room temperature for 15 min ; twice with 0.1xSSC with 0.1 %
SDS and 0.1 M EDTA at 55°C for 30 min, once with 0.1xSSC, 0.1 % SDS, 0.1 M
EDTA at 65°C for 30 min. Dried blots were exposed to 3H-Ultrofilm (LKB) with
Dupont Lightning Plus intensifying screens.

RESULTS

Partial purification of IFN mRNA and cDNA cloning. Polysomal poly
(A)+RNA derived from mouse C243 cells induced with Newcastle disease virus
was extracted and partially purified successively on oligo-dT-cellulose and
on a 15-30 % sucrose gradient, as described in Materials and Methods. Selec-
tion of the gradient fractions enriched with IFN mRNA was performed as

follows: individual 9S to 18S fractions, a pool of fractions sedimenting
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faster than 18S and a pool of fractions sedimenting slower than 9S, were
translated in vitro, in rabbit reticulocyte lysates. Each translation mixture
was chromatographed on an anti-mouse (a + a) IFN antibody column and the pro-
teins retained were desorbed at pH 2. This procedure not only resulted in
concentration of mouse IFN molecules present in the translation mixture, but
also removed the non specific antiviral activity, often present in rabbit
reticulocyte lysates. Eluates from the affinity chromatography column were
titrated for antiviral activity. For some eluates, the antiviral activity was
also tested against encephalomyocarditis virus (EMC) in L cells, and against
EMC and VSV in secondary cultures of mouse embryo fibroblasts, to confirm
that the acid stable protein(s) retained on the immunosorbent column had a
broad antiviral activity in several mouse cell systems, as expected for IFN
molecules. The data strongly suggest the existence of a heterogeneity within
the mouse IFN mRNA population, since there are two distinct peaks, respecti-
vely at 12S and 16S (data not shown). In view of these data, the RNA from
each peak was processed separately for cDNA synthesis and cloning.

The double-stranded cDNA derived from each RNA peak was prepared as
described in Materials and Methods. Following insertion into plasmids pAT153
and transformation of E.coli JA 221, approximately 3000 colonies from the
12S mRNA peak and 2500 from the 16S mRNA peak were obtained ; in each case
85 % of these colonies were phenotypically tetracycline resistant and ampi-
cillin sensitive, and therefore, probably carry recombinant plasmids.

mRNA hybridization selection of IFN cDNA containing plasmids. Recom-
binant plasmids harboring mouse IFN cDNA sequences were detected by a varia-
tion of the mRNA selection hybridization assay, first described for human
leucocyte IFN by Nagata et al. (1). Plasmid DNA was prepared from 13 pools
of 20 clones from both the 12S and the 16S derived libraries. These cDNAs
were then denatured and spotted onto nitrocellulose filters as described in
Materials and Methods and total polysomal poly(A)+RNA derived from NDV indu-
ced C243 cells incubated with these filters under stringent hybridization
conditions.

RNA hybridizing to the filters was recovered as described in Mate-
rials and Methods to be tested for mouse IFN mRNA activity. Two pools of
clones, namely pMIF 3 and pMIF 20 were positive, in other words hybridized
to an mRNA, whose translation products could be characterized as mouse IFN
they were retained on the antimouse (a + a) IFN antibody column, were acid
stable and displayed broad antiviral activity. Pool MIF 3 was derived from
the original 16S poly(A)+ preparation, whereas pool MIF 20 was derived from
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the 12S preparation.
Plasmid DNA was then prepared from individual clones of these two

pools. Again IFN cDNA was detected by the mRNA selection hybridization assay
on nitrocellulose filters. Typical results of this second selection step are
given in table 1. Plasmid DNA derived from clone MIF 3/10 (originating from
the 16S mRNA peak) and plasmid DNA derived from clone MIF 20/11 (originating
from the 12S mRNA peak) hybridized to mRNAs, whose translation products were

shown to be mouse IFN. (they displayed all the properties described above
for the products of the mRNAs selected by the pools of clones).

When used as probes in colony hybridization (28), inserts from plas-
mids pMIF 3/10 and pMIF 20/11, both detect further clones containing plas-
mids, which, in turn, select for IFN mRNAs (data not shown).

Further characterization of the mouse IFNs translated from mRNAs
selected by plasmids pMIF 3/10 and pMIF 20/11. As shown above, the transla-
tional products of the two mRNAs hybridizing, on nitrocellulose filters, to
pMIF 3/10 and pMIF 20/11, display three characteristic properties of mouse a
and a IFN molecules, namely broad antiviral activity, resistance to pH 2,
and affinity for anti-mouse IFN (a + a) antiserum. To determine whether the
mouse IFN translated by each of the mRNAs selected by hybridization were of

TABLE 1
IFN titrations of translation products of mRNA

selected by individual plasmids

Origin of mRNA IFN units*
Polysomal poly (A)+ 36
Selected by pMIF 3/3 (16S)* < 6
Selected by pMIF 3/5 (16S) < 6
Selected by pMIF 3/6 (16S) < 6
Selected by pMIF 3/10 (16S) 48
Selected by pMIF 20/1 (12S) < 6
Selected by pMIF 20/6 (12S) < 6
Selected by pMIF 20/8 (12S) < 6
Selected by pMIF 20/11 (12S) 96
Selected by pAT153 < 6

*12S and 16S indicates the sucrose gradient mRNA fraction from
which the cDNA inserted into a given plasmid pool (pMIF) was

,derived.First dilution was 1/6.
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the a or of the a type, neutralization tests were carried out, with an anti-
mouse IFN-a serum. Results given in table 2, show that the antiviral activity
present in the translational products derived from the mRNA selected by pMIF
3/10 and from the mRNA selected by pMIF 20/11 were completely neutralized by
the antimouse IFN-a antiserum.

The IFN-a like nature of the translated mouse IFNs was further in-
dicated by electrophoretic analysis. Translation of the mRNAs hybridizing to
pMIF 3/10 and pMIF 20/11 cDNA was performed in vitro in the presence of 35S-
methionine. The translation mixtures were chromatographed on an antimouse
IFN (a + s) antibody column, eluted with SDS and analysed by SDS polyacryla-
mide slab gel electrophoresis followed by autoradiography. Translational
products selected by plasmids not hybridizing with IFN mRNA, also processed
similarly, served as controls. The results of the analysis are shown in

figure 1. There are no detectable radioactive products on the two gel tracks
loaded with material translated from mRNA selected by plasmids that do not
select IFN mRNA (tracks C and D), as is the case where no mRNA was added to
the translation reaction (track B). However, the translational products
derived from the mRNA selected by pMIF 3/10 (track F) or from the mRNA selec-
ted by pMIF 20/11 (track G) show proteins migrating with an apparent size of
about 34 K. This MW is consistent with the 28-35 K range reported for mouse

IFN-a molecules (12) and is obviously too large for mouse IFN-a, which has a
MW of 22 K (12).

TABL E 2

Neutralization by anti-mouse IFN-a serum of the translation products of the
mRNAs selected respectively by pMIF 3/10 and pMIF 20/11

Type of mouse IFN Titer Titer after contact
TypofmouseIFNTiter with antiserum

Mu IFN-a-C243 9600 9600
Mu IFN-a-C243 38400 < 6000
Translation product of mRNA

selected by pMIF 3/10 96 < 6
Translation product of mRNA

selected by pMIF 20/11 96 < 6

Mouse C243 cell IFN was purified by two step affinity chromatography in
poly (U) and antibody column as reported earlier (16). The a and a types
populations were separated by SDS-PAGE to be eluted. Mu IFN-a represents
the eluate of the IFN migrating with an apparent MW of 22 K. Mu IFN-a
is the eluate of the IFN migrating at 28-35 K (16).
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Fig. 1: SDS-PAGE of translation products of the mRNAs selected by pMIF 3/10
and pMIF 20/11 (autoradiography).
Tracks A, E and H: 14C labelled protein markers.
Track B: no mRNA added to the translation system.
Track C: product of translation of mRNA selected by plasmid pMIF

3/6.
Track D: product of translation of mRNA selected by plasmid pMIF

20/8.
Track F: product of translation of mRNA selected by pMIF 3/10.
Track G: product of translation of mRNA selected by pMIF 20/11.

Expression in induced and uninduced C243 cells of IFN mRNAs related
to plasmids pMIF 3/10 and pMIF 20/11. Significant levels of IFN are not pro-
duced by uninduced C243 cells, and IFN mRNA has not been detected in such
cells (D. Skup, unpublished data). It was therefore expected that plasmids
pMIF 3/10 and pMIF 20/11 would hybridize strongly to mRNA species derived
from induced cells, but hardly, or not at all, to mRNA derived from uninduced
cells. To test this hypothesis, a blot hybridization assay was carried out

using polysomal poly(A)+RNA derived from NDV induced and uninduced C243 cells.

Following extraction, poly(A)+RNA was fractionated on a 1.5 % agarose gel
containing 4 mM methylmercury hydroxide. The RNA from the gel was transferred
to Gene Screen and the resulting blot was hybridized to nick translated pMIF
3/10 and pMIF 20/11V The result is shown in figure 2. Neither pMIF 3/10 nor

pMIF 20/11 hybridize to the RNA from uninduced C243 cells (Tracks A and C).
However, both pMIF 3/10 and pMIF 20/11 hybridize strongly to two bands of
mRNA from induced cells (tracks B and D) ; these bands correspond to the
positions at which 16 and 12S RNA would migrate.

Physical analyses on plasmids pMIF 3/10 and pMIF 20/11. In the pre-
ceding sections strong biological evidence is presented that plasmids pMIF
3/10 and pMIF 20/11 contain cDNA copies of mouse IFN mRNA molecules. Further-
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Fig. 2: Blot hybridization assay of poly(A)tRNA derived from uninduced
versus NDV-induced C243 cells.
Tracks A and B: hybridization to X. 3 x 106 dpm of nick translated

plasmid DMN from MIF 3/10 (specific activity X
4 x 107 cpm/pg).
A: RNA was from uninduced cells (4 vg).
B: RNA was from NDV-induged cells (4 pg).

Tracks C and D: hybridization to X 3 x 10 dpm of nick translated
plasmid DNA from MIF 20/11 (specific activity X
4.2 x 107 cpm/iig) .
C: RNA from uninduced cells (4 pg).
D: RNA from NDV-induced cells (4 ig).

Positions of 28, 18 and 5S markers, as visualized with ethidium
bromide, are given on the right hand side of the figure.

more, evidence is given that the translation products of the mRNA species
complementary to the cDNA inserts of both plasmids are of the 6 type. Never-
theless, we were unable to detect cross hybridization of the cDNA inserts in
Grunstein-Hogness (28) colony hybridization experiments. The two inserts
must therefore either be copies of two rather distinct mRNA species or alter-
natively they may be incomplete copies of different regions of a single IFN
mRNA molecule.

To obtain an estimate of the size of the cDNA inserts of plasmids
pMIF 3/10 and pMIF 20/11, they were digested with PstI and subjected to poly-
acrylamide gel electrophoretic analysis. As the poly dG-poly dC tailing
method of cloning into a PstI site normally regenerates PstI sites at either
side of the insert (32), this analysis suggested that the cDNA insert in pMIF
3/10 was about 290 base pairs long and that in pMIF 20/11 was about 350 base
pairs long. Further restriction enzyme analysis of pMIF 3/10 confirmed its
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size and enabled us to construct the restriction map shown in figure 3 (top).

A similar analysis of pMIF 20/11 however revealed that the apparent insert

size was incorrect. This insert has an internal PstI site and lacks one of

the two flanking sites which should have been regenerated in cloning. pMIF
20/11 actually has a cDNA insert of about 470 base pairs and its restriction
map is as shown in figure 3 (bottom).

Despite the initial, slight, underestimate in size of plasmid pMIF
20/11, it is still clear that both plasmids must only be partial copies of

either a 12 or 16S mRNA species. The lack of any similarity in the restric-

tion maps (figure 3) of the two cDNA inserts does not therefore resolve the

question as to whether they are copies of different mRNA species or copies
of different regions of the same mRNA. To extend the comparison between plas-
mids pMIF 3/10 and pMIF 20/11 and the mRNA molecules from which they were

derived the nucleotide sequence of both cDNA inserts was determined, accor-

ding to the strategy shown in figure 3. The sequences of the inserts are

shown in figure 4. These sequences demonstrate conclusively that the two cDNA
inserts must have been derived from two different mRNA species. Both inserts
contain poly dA.poly dT tracts at one end, preceded 18 or 21 base pairs away
by the AATAAA polyadenylation signal (33). These must represent copies of the
extreme 3' ends of the corresponding mRNA molecules. The lack of other obvious

0L <: I I 0.>

-440

o) > (

100 bp

Fig. 3 Restriction maps and DNA sequence determination strategies for the
cDNA inserts of plasmids pMIF 3/10 (top) and pMIF 20/11 (bottom).
Arrows indicate the direction and extent of the sequence determined
from each labelling position. Those arrows without bars indicate
fragments whose sequences were determined from flanking pAT 153
MspI (.!RaII) sites. Fragment labelling methods are indicated :5'
la elling * , 3' fill in labelling* and 3' cordycepin labelling z~
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sequence homology between the inserts proves therefore that they are copies
of the 3' ends of distinct mRNA species.

The sequences of the regions of both cDNA inserts before the AATAAA
sequences have the appearance of typical 3' non-coding regions of mRNA, in
that there are extensive oligo dA and oligo dT tracts present (33). However,

A

HisCysLeuTrpThrAspGlnValLeuValGlySerGluAspTyrGlnSerArgHisPheAlaCysLeu
GTCACTGTTTGGAOGGATCAGG GCTC CCAGAGC TCACiGCXnTTGCCTG

ProArgAsnLeuGlyLeuCysThrTrpArgSerLeuGlyAlaArgTer
CCACGG AATCTAGGCTTGTCACGGAGA 3GCCOGA GCCTT AGA

ACTGAAGCCTGAACAC¶IT'MACTTTTcCT ATCTTaGCTATCA

GACAGCAGCZAAAAAAAAAAAAAAA AAA

B

HisLeuGlnThrAsnGluPheLeuArgAsnValPheGluLeuGlyProProValMetLeuAspAlaAla
ACCACTGCALiACAAATGA TCCTTC3AAATGTATTTGAGCTTGGACCcC.CXTGTGATGCnGATGCITGCA

ThrLeuLysThrMetLysIleSerArgPheGluArgHisLeuTyrAsnSerAlaAlaPheLysAlaArgThr
ACACTTAAAACCATGAAGATTTCTm~GAAAGGCTCTGCG CTCGAACA

LysAlaArgSerLysCysArgAspLysArgAlaAspValGlyGluPheLeuTer
AAAGCTOGAAGCAAATGCGAGATAAGAGAGCACGATGTTGGAGAATTCTTGTAGATGTCTGAATTTGATGGC

TGTIITCTAATCTCTTCCTTTATTATTATTTTTGCTACTTCTAATGTATAIAAGC TrTTGAGACAO'rrITr

TATCTTGGTCAACTTAAATAATTT GATGTAGGGGTGGGTTGTATTTTAAT AATGTACAGTGTTACAAA

TTAATGAGTTC ATTATTCTCTGTAAAAATAACTGGTAACCA TGTTTGTGATGTTTGGTOGTAA

AAAAAAAAAAAAA

Fig. 4: DNA sequence of the cDNA inserts of plasmids DMIF 3/10 and pMIF 20/11
The sequence of the non-coding strand only, together with the corres-
ponding amino acids, are given for the most probable open reading
frame. G-C tails are not shown. The AATAAA polyadenylation signal is
boxed.
A: sequence of the cDNA insert from pMIF 3/10
B: sequence of the cDNA insert from pMIF 20/11.
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analysis of the sequence of the inserts for open translation reading frames
shows that both have relatively extensive ones entering the opposite end of
the insert to the poly dA.poly dT tract. The amino acid sequence of these
open reading frames is 39 amino acids long for pMIF 3/10 and 65 amino acids
long for pMIF 20/11 (figure 4). If these amino acid sequences correspond to

the authentic carboxy terminal sequences of the polypeptide products of the
mRNA species from which pMIF 3/10 and pMIF 20/11 were derived, then the
pMIF 3/10 mRNA must have a 3' non-coding region of 102 nucleotides and the
pMIF 20/11 mRNA one of 231 nucleotides.

DISCUSSION

In this present publication we report the molecular cloning of cDNA
sequences which correspond to partial copies of two distinct mouse IFN-0
mRNAs. The identification of these cDNA clones and additional proof of their
identity rests on compelling biological evidence on the characterization of
the complementary mRNA species and their translation products.

Firstly, our screen for IFN cDNA clones was based not only on the
ability of the recombinant plasmids to hybridize specifically to mRNA species
which can be translated in vitro to give antiviral products, but the in vitro
translation products were first selected by binding to a specific anti-mouse
IFN antibody column. Elution of the in vitro translation products from the
antibody column was at pH 2, and a well documented characteristic of inter-
feron is the resistance of its activity to such low pHs (34). The antiviral
activity of the in vitro translation products of the mRNA species hybridizing
to both cDNA clones is neutralized specifically by an anti-mouse IFN-S serum.

The natural 35 K mouse IFN-a species being glycosylated (16), one

would expect its iin vitro translation product to migrate faster on PAGE gel.
The size of the S-methionine labelled in vitro translation products of the
specifically hybridizing mRNA species, (± 34 K), is quite close to that of
in vivo produced mouse IFN-a (12). Since the size of the sugar moiety is
unknown, it is impossible to predict the size of the unglycosylated product
moreover, the presence of a leader sequence on the in vitro translation pro-
duct may compensate, to some extent for the absence of carbohydrates.

Both plasmids pMIF 3/10 and pMIF 20/11 hybridize to mRNA species
present in NDV-induced C243 cells but which are absent in mRNA from uninduced
cells, as would be expected for IFN cDNA clones. We have found that other
clones from our cDNA library which contain cDNA sequences which cross-hybri-
dize to the first two plasmids, pMIF 3/10 and pMIF 20/11 also hybridize spe-
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cifically to C243 cell mRNA species which give in vitro translation products
with antiviral activity. In addition, it has recently been demonstrated that
there are nucleotide sequences present in the genomes of mice which are com-

plementary to the cDNA inserts of these plasmids (unpublished results).

Despite the evident similarities in the behaviour of the IFN mRNA
molecules of which these plasmids contain copies, they are obviously distinct.
NDV-induced C243 cell IFN mRNA populations were found to be heterogeneous, as

judged by their sedimentation profiles on sucrose gradients. Two distinct

peaks of activity, migrating at approximately 12 and 16S were found. Plasmid
pMIF 3/10 originated from the 16S IFN mRNA, plasmid pMIF 20/11 from 12S mRNA.
The two plasmid inserts fail to cross-hybridize detectably and nucleotide
sequence analysis demonstrates that there is no significant homology between
the regions of the two mRNA species represented in these cDNA inserts. Thus
there must be at least two forms of IFN-6 mRNA expressed in NDV induced mouse

C243 cells. Furthermore, these two forms must be much more distantly related
than the genes of the human IFN-a family, judging from the nucleotide sequen-
ces we have determined. Additional evidence for heterogeneity within the mRNA

populations containing sequences complementary to the cDNA inserts in both
plasmids pMIF 3/10 and pMIF 20/11 is provided by the RNA blot analysis of NDV
induced C243 cells mRNA. Each plasmid hybridizes to two different sizes of
mRNA, corresponding approximately to the size classes of C243 cell IFN mRNA

found on sucrose density gradients. This may seem surprising, but a possible
explanation could be the existence of further heterogeneity of families of
related mRNAs.

Although neither the nucleotide sequences of the pMIF 3/10 and pMIF
20/11 cDNA inserts nor the amino acid sequences of the carboxy terminal re-

gions of the probable translation products of the corresponding mRNA species
display extensive homology, both amino acid sequences do contain regions
which appear to show some homology to regions of human IFNs. This point is
illustrated in figure 5. In figure 5A, a region of the major open reading
frame of the pMIF 3/10 insert is shown, compared by amino acid and corres-

ponding coding sequences to the regions of human IFN- 1 from amino acids
140-148 and to human IFN-a1 from amino acids 138-146 (35). Allowing for
the deletion of one amino acid and its codon from the human sequences, 6
out of 10 amino acids coincide between the pMIF 3/10 derived sequence and
that of IFN-61. Four of these amino acids are also conserved in the human

IFN-a1 sequence as well. One of the amino acid differences between the pMIF
3/10 sequence and the human ones is also a very conservative one: leu
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pKlF 3/10 CAC TOT TOO TOG [C] GbT CAG orTt r

his cys leu trp thr sp glu val leu val

A h n 31 CAC TGT GCC TGG ACC ATA GTC AGA

cys &la trp ile ...... v al Hrg

huana CCT TOT GCC TGG GAG GTT ...... GTC AGOLA CA

pro cys alatr p glu Val ala

pHIF 20/11 GM TTC CTT COGA AT GTA TTT

glu phe lets arg asn Val phe

huana GAA [T] CTA AGO AAC TOTglu ile a rg

huin 3 GM ATC ATG AGA TCC

gla ii. eMt arg ser

Fig. 5 Comparison of regions of homology of sequences of the cDNA insert
of plasmids pMIF 3/10 and pMIF 20/11 to regions of the sequences of
human IFN-81 and IFN-a1 and their mRNAs.
A pMIF 3/10 insert from nucleotide 3 to 33 with AA sequence of

most probable reading frame. Human IFN-a1 mRNA sequence from M
140-148 (assume deletion between AA 145 and 146). Human IFN-ac
mRNA sequence from AA 138-146 (assume deletion between AA 143
and 144).

B pMIF 20/11 insert from nucleotides 18 to 38 with 11 sequence of
most probable reading frame. Human IFN-a1 mRNA sequence from AA
149-154 (assume deletion between AA 153 and 154). Human IFN-ac
mRNA sequence from AA 147-151.

Boxed AA show homology. Dotted nucleotides are homologous to the cor-
responding pMIF sequence. Sequences of IFN-a1 and -ac are from (35).

ala. This is particularly striking as the leucine residue lies in the
center of a run of five conserved amino acids in a region previously iden-
tified as being highly conserved between human a and a IFNs (35). Just as

there is a striking similarity between the amino acids in this region of
the probable protein derived from the mRNA from which pMIF 3/10 was derived
and the human IFNs there also appears to be a surprisingly high conserva-

tion of the codons used to code for the identical amino acids. Part B of
figure 5 shows a comparison of a region of the insert of pMIF 20/11 and
the polypeptide probably coded for by the corresponding mRNA with the
region from amino acids 149-154 of human IFN-a1 (35), and 147-151 of human

IFN-al. Again, allowing for one amino acid deletion in the human IFN-al
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sequence, 5 out of 7 amino acids are identical between the pMIF 20/11 coded
polypeptide and the human IFN-a1 segment. Two of these amino acids are

also conserved in the human IFN-ac1. We feel that such a degree of homology
between the probable translation products of the mRNA species for which

plasmids pMIF 3/10 and pMIF 20/11 were derived and human interferons is

too high to be due to chance. Thus some evolutionary relationship
between these proteins seems probable. Whether the mouse IFN-S genes of

which pMIF 3/10 and pMIF 20/11 contain partial copies might correspond

more closely with the other human IFN-S genes described (8, 9) is at

present unclear.
Thus our work has demonstrated that there are at least 2 forms of

IFN-a in the mouse, both of which appear to show some homology with human

IFN-a1. Future work should allow the isolation of plasmids containing more

complete copies of the mRNA species from which the pMIF 3/10 and pMIF 20/11
inserts were derived and of corresponding regions of genomic DNA. These will
be most useful in both extending the comparisons between the sequence and
organisation of these mouse IFN-a genes with human genes and in producing
individual species of murine interferons for studying the various biological
effects of different interferon species. In addition, the availability of
mouse interferon cDNA probes will greatly facilitate the study of the regu-

lation and control of mouse IFN synthesis in vivo and in vitro.
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