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The human fibroblast and human immune interferon genes and their
expression in homologous and heterologous cells

By W. Fiers, E. RemauTt, R. DEvos, H. CHEROUTRE, R. CONTRERAS,
D. GuevseEN, W. DEGRAVE, P. STANssENS, J. TAVERNIER, Y. Tava
AND J. CoNTENT}

Laboratory of Molecular Biology, State University of Ghent, Ledeganckstraat 35,
B-9000 Ghent, Belgium
1 Institut Pasteur du Brabant, 28 rue du Remorqueur, 1040 Brussels, Belgium

B

The genetic information coding for human fibroblast intcrferon (IFN-B) has been
cloned both as a DNA copy (cDNA) and as a genomic clone. Human IFN-B is made
as a precursor and consists of a signal sequence 21 amino acid residues long followed
by the mature protein 166 amino acids long. A single site for glycosylation is present.
The human IFN-B gene does not contain introns.

Transfection of monkey cells with a chimeric SV40 derivative containing the
human IFN-B ¢cDNA clone under control of the late SV40 promoter leads to secretion
of high levels of IFN-B. When a genomic clone is used in the same vector, IFN-B
synthesis can be further enhanced up to 30-fold by treatment with poly(rI) - poly(rC);
this shows that a cis-active control element is present in the clone. An efficient ex-
pression system in Escherichia coli was worked out based on a plasmid containing the
promoter P of bacteriophage A, which is regulated by a temperature-sensitive
repressor. This promoter is followed by a segment derived from bacteriophage MS,
that contains the ribosome-binding site of the replicase gene. The latter, however, is
replaced by the human IFN-B gene. Upon induction, high levels (about 5 x 10° IU
1-1) of IFN-B are synthesized by the bacteria; this corresponds to about 2%, of the
total bacterial protein.

The human immune (type II) interferon (IFN-vy) gene has similarly been cloned.
Partly purified mRNA derived from human spleen cells that had been induced with
staphylococcal enterotoxin A was used as starting material. A full-length ¢cDNA
clone was sequenced. The total cDNA sequence is about 1150 nucleotides long; it
contains a single open reading frame coding for 166 amino acids, the first 20 of which
constitute the transmembrane signal. There are two sites for glycosylation. The
amino acid sequence is quite different from that of IFN-o or IFN-B, although a few
similarities can be noted. The untranslated 3’-terminal region is about 550 nucleotides
long. The IFN-y gene was expressed in monkey cells, again by using the SV40-derived
vector, and the secreted product was characterized as true human IFN-y. A genomic
clone in the form of a bacteriophage A derivative was also obtained. The IFN-y gene
extends over at least 5 kilobases and contains at least two introns.
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In the early experiments by Alick Isaacs & Jean Lindenmann (1957), interferon was induced
in membrane fragments of chick allantois by infection with influenza virus. It is likely that this
treatment produced mainly B or fibroblast-type IFN and some IFN-«. Both IFN-o and IFN-B
belong to the acid-stable interferon I group. They have many biological properties in common:
both apparently induce the same type of antiviral state in susceptible target cells, they induce
the same types of enzymes and polypeptides in their target cells, they share the same receptor,
show similar activation of Natural Killer (NK) cells, and so on.
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30 W.FIERS AND OTHERS

‘Fibroblast’ interferon, however, is a misnomer because IFN-B can also be induced in many
other types of cell; for example leucocytes or lymphoblastoid cell lines can produce some IFN-B
as well as producing IFN-o. Not all of the biological properties of IFN-p are identical to those
of IFN-a. The spectrum of cell lines that respond in an antiproliferative assay is different, the
dose-response curve is different, the species specificity of IFN-B is more restricted than that of
IFN-o and so on. Their chemical properties also differ: IFN-B is more labile, is much more
hydrophobic and it is a glycoprotein whereas IFN-a is not.

To characterize this system in molecular detail and with the particular intention of making
available larger quantities of IFN-pB, we decided to clone the human fibroblast IFN gene. The
procedure we followed was quite straightforward (Derynck et al. 1980). Messenger RNA was
isolated from primed and superinduced VGS cells (a human diploid fibroblast cell line). This
mRNA was partially purified by centrifugation in a sucrose gradient containing 509, forma-
mide and the resulting fractions assayed for IFN-B mRNA activity by injecting a portion of
each fraction into Xenopus laevis oocytes. These then translated and secreted IFN, which could
be quantitated in a conventional assay. The mRNA present in the active fractions was con-
verted into duplex DNA, tailed and cloned into the PstI site of the plasmid pBR322. By using
0.128 pg insert DNA, a library containing 17000 transformants was obtained. The most
tedious part of the project was screening for the colonies that contained genuine IFN-B in-
formation. This was done by a procedure called group selection. Plasmid DNA isolated from
groups of 50 clones was chemically linked to diazobenzyloxymethyl paper. The paper discs
were then used for hybridization with active IFN-B mRNA and both the hybridized (linked
to the DNA-paper) fraction and the unhybridized (supernatant) fraction were tested by injec-
tion into Xenopus oocytes. As many factors exert a negative influence on such experiments, a
positive internal control was included each time. This consisted of a small amount of DNA
corresponding to Satellite Tobacco Necrosis virus (STNV) added to the plasmid DNA prep-
aration and STNV RNA added to the hybridization mixture (Van Emmelo et al. 1980). STNV
RNA is an extremely good messenger that can be readily translated in vitro in a wheatgerm
extract. By using this procedure, several groups of 50 clones were found to retain the human
IFN-B mRNA selectively. Such a positive group was then divided into subgroups, analysed as
before and, finally, individual positive clones were isolated. The first plasmid obtained was
named pHFIF-1 (Derynck et al. 1980). Pure IFN-B mRNA can be obtained by hybridization
to pHFIF-1 DNA. Upon translation in a reticulocyte system iz vitro, a polypeptide of 18000 Da
was obtained that was immunoprecipitable with antiserum raised against (partly) purified
human IFN. This 18000 Da protein corresponds to preinterferon. If dog pancreas microsomes
are added to the translation system iz vitro, processing and glycosylation can also occur. Indeed,
instead of the 18000 Da component we then observed a 16 500 Da polypeptide corresponding
to mature IFN-B and a 20500 Da product corresponding to the glycosylated derivative. The
molecular masses given above are based on mobility in sodium dodecyl sulphate — poly-
acrylamide gels. This mobility is unusually large presumably because of the very hydrophobic
nature of IFN-f.

We then proceeded to sequence the DNA of our human IFN-B clones. Here we ran into
unexpected difficulties because most of the clones contained bizarre rearrangements. This was
possibly due to an unusual primary or secondary structure of the IFN-B mRNA ; this problem
has been studied and discussed in more detail by Volckaert et al. (1981). Nevertheless, it was
possible to reconstruct the correct sequence of the IFN-B mRNA and on this basis we were able
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to deduce the total amino acid sequence of human (pre)interferon-p (figure 1). Taniguchi et al.
(1980) independently isolated a human IFN-B gene and their nucleotide sequence differed
from ours in only one position. This corresponded to a ‘wobble’ third letter of a codon, and,
as we have observed either T or C in this position in different clones, it may be an example of
allelic variation.

The nucleotide sequence of the copy DNA (cDNA) clone revealed a single ‘open’ reading
frame, which can be translated into an amino acid sequence (figure 1). The first 21 residues
constitute the signal sequence, which is processed away upon membrane passage. The next 13
amino acid residues were identified as the N-terminal sequence of authentic IFN-B by Knight
et al. (1980). The mature IFN-B has a length of 166 amino acids. The polypeptide contains
three cysteine residues, and by analogy with leucocyte IFN-q, it is likely that Cys 31 and
Cys 141 are linked in a disulphide bridge. IFN-B is known to be a glycoprotein and the glycosyl
group is undoubtedly linked to the asparagine residue at position 80. It is interesting that
leucocyte IFN-a, which is not a glycoprotein, contains an aspartic acid or a glutamic acid
residue at the corresponding position (Weissmann 1981).

The clone obtained by reverse transcription of an mRNA is called a cDNA clone. This clone,
in a highly radiolabelled form, was used to probe restricted human DNA by ‘Southern’ analysis.
By using human DNA digested with various restriction enzymes, which do not cleave the
cDNA information, only one band was revealed after hybridization and autoradiography
(Tavernier e al. 1981). These results indicate that there is only one human fibroblast IFN gene,
as least when judged by the criterion of non-hybridization. In this respect, IFN-B is very
different from leucocyte IFN, which exists as a large family of genes.

Almost the whole of the human genome has been cloned in a bacteriophage A derivative by
Maniatis and his colleagues (Lawn et al. 1978). From this library, a genomic IFN-B clone was
isolated (Degrave ef al. 1981). Detailed restriction mapping and DNA sequencing revealed that
the cDNA was completely collinear with the genomic clone. This means that the IF N-B gene
does not contain introns. Similar findings have also been made by Streuli et al. (1980) for the
IFN-o genes. The region preceding the start of the mRNA contains the putative promoter,
where the eukaryotic RNA polymerase II binds and initiates transcription. The nucleotide
sequence of this region reveals a number of structural elements that are thought to be charac-
teristic for eukaryotic promoter sequences. Not unexpectedly, in view of the similarity of the
control mechanism of gene induction and switch-off, the 5'-flanking region and the 3’-flanking
region are quite homologous to the corresponding regions of the IFN-o gene.

ExPrEsstoN OF THE HUMAN IFN-p GENE IN MONKEY GELLS AND IN
ESCHERICHIA coOLI

We wished to express the cloned IFN- gene in conditions approaching those occurring in
the natural situation, so that we could start a study of the control mechanisms that normally
govern IFN-B expression (including cell specificity, induction, priming, turn-off and super-
induction). For this reason, we transferred the IFN-B cDNA insert into the vector pSV529
(Gheysen & Fiers 1982). This vector contains information from the bacterial plasmid pBR322
that allows it to be selected and propagated in Escherichia coli, and it contains 1.4 genome
equivalents of SV40. The SV40 information (T-antigen and origin of DNA replication) allows
the plasmid to be replicated to a high copy number upon transfection of kidney cells of the
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African Green Monkey (the AP-8 cell line was used). Moreover, in the eukaryotic cell, owing
to the partial duplication, the SV40 information can be recombined out, thus removing the
superfluous bacterial plasmid DNA. The SV40 DNA segment, however, has been modified by
removal of the gene coding for the main structural protein (VP1). This was replaced by a single
restriction site into which the IFN-B ¢cDNA gene was cloned. Three to four days after infection,
large quantities of human IFN-B were released into the medium (titres of more than 3000 IU
ml-'t were obtained). Considering that only about 59, of the monkey cells in the monolayer
effectively took up DNA (as revealed by T-antigen staining), such results revealed a very active
synthesis of IFN-B indeed. Various controls proved that the product was genuine human
IFN-B, produced under transcriptional control of the SV40 late promoter. Undoubtedly, under
these conditions, the product is correctly processed and is presumably glycosylated.

In the above construction, one would not expect any effect of addition of the inducer
poly(rI) - poly(rC), and indeed no effect was found. But we also used an SV40 derivative into
which the genomic human IFN-B clone had been inserted. In this construction, about 280
nucleotides upstream from the natural starting site of IFN-B mRNA synthesis were derived
from the IFN-B genomic clone. Now a very clear induction effect was observed upon addition
of poly(rI) - poly(rC): the increase in IFN-B production after 72 h was 30-fold. These results
indicate that the 5’-flanking region together with a putative polymerase II promoter contains
a cis-acting control element that responds directly or indirectly to the poly(rI) - poly(rC) treat-
ment. In principle, this could involve negative control, i.e. a repressor being inactivated by the
induction procedure; or it could be positive control, an essential activator element being
formed upon induction, similar to the cyclic AMP plus its corresponding binding protein in
E. coli. Although no unequivocal data are available as yet, we favour the latter explanation at
present, because, unlike many other eukaryotic promoters, transcription of the human IFN-B
gene is apparently not correctly initiated in nuclei of Xenopus laevis oocytes, and it is unlikely
that this is due to repression.

Another important reason for cloning the human IFN-p gene is to work out a procedure for
efficient expression in microorganisms such that abundant quantities of IFN-p can be produced
economically. Here I must digress somewhat, to discuss briefly an efficient expression system
in E. coli that we have developed (Remaut et al. 1981). This system involves the leftward
promoter P;, of bacteriophage A cloned on the multicopy plasmid pBR322 or a suitable
derivative. This promoter is controlled by the repressor protein C; and by cro. We use a Gy
repressor in a temperature-sensitive form (the C;857 mutant), and the corresponding gene is
present either on a compatible plasmid, or else on the bacterial chromosome, while the ¢ro gene
is absent. This expression system offers many advantages: Py, is a strong promoter giving rise
to very efficient transcription at 42 °C, complete shut-off is possible at 28 °C and this allows
the bacteria to grow despite a harmful or even lethal gene being cloned in the transcription
unit (Kastelein et al. 1982), and the C; repressor is not titrated out by an excess of operators
because the C; gene is autoregulatory (Ptashne et al. 1976). To illustrate the use of this system,
we placed the tryptophan synthetase gene A under this Py, expression control, and obtained
synthesis of the polypeptide A in amounts corresponding to almost 40 %, of the total newly made
protein (Remaut ef al. 1981). Likewise, when the bacteriophage MS, polymerase (or replicase)
gene was placed under Pj, control, synthesis of this polypeptide corresponded to 35 9%, of total
protein synthesis, although after a while this product reached concentrations that were toxic to

1 Units with reference to NIH human fibroblast interferon standard (GO23-90C-527).
3 Vol. 299. B
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the cells (Remaut ef al. 19824). Starting from this construction, we were able to produce a new
chimeric plasmid that again contained the P;, promoter followed by the same region of bacterio-
phage MS, except that it extended exactly to the position of the initiation codon of the poly-
merase gene and hence included the same ribosome-binding site. But the gene itself was now
that of mature IFN-B, which fortuitously also commences with an AUG codon. Upon induction,
this system produces human interferon in amounts equivalent to about 2 %, of the total protein
synthesis (Remaut et al. 19825). Shifting a culture at a bacterial density of only 4 x 108 cells
ml-1 still produces 5 x 10° IU 1-1, i.e. more than 10 mg 1-! interferon, but improved fermen-
tation conditions will undoubtedly enhance the yield still further. It is remarkable that after
shift-up to 42 °C, the culture ceases growth almost completely. This is a rather specific effect,
not seen with many other similar plasmid constructions containing other genes. Possibly
the human IFN-B, by its very hydrophobic nature, interacts with some essential bacterial
component, like the inner side of the cell membrane.

Clearly the major goal of high level production of IFN-B by E. coli has now been achieved.
The next challenge will be to determine whether, and in what conditions, human IFN-p will
be useful as an antiviral or as an antitumour agent.

CLONING OF THE HUMAN IMMUNE INTERFERON (IFN-y) GENE

IFN-v is a type II interferon, it is acid-labile, and is induced in (certain) T-lymphocytes by
mitogens, by alloantigens or some other treatments. There are several good reasons for exploring
the possible use of IFN-y for cancer treatment and perhaps for the treatment of some immune
diseases. It has a more pronounced antiproliferative effect on tumour cells than has IFN-f
(Crane et al. 1978; Blalock et al. 1980), and it can activate NK cells more than IFN-B. IFN-y
retains its activity on cells that are resistant to IFN-o or IFN-B; when tested together with
IFN-a or IFN-B, it acts synergistically (Fleischmann et al. 1979, 1980), and IFN-v is not
inhibited by gangliosides (Ankel ¢t al. 1980). Very recently, Gray et al. (1982) reported the first
successful cloning of human IFN-y and its expression. We have done similar work, which 1s
summarized briefly below (see also Devos et al. 19824). Cultures of lymphocytes obtained from
human spleens were used as starting material. After induction with staphylococcal enterotoxin
A, IFN-y was produced in the culture medium and reached titres of about 10000 laboratory
units ml-! (this is equivalent to about 200 leucocyte IU ml~?). This was genuine immune-type
IFN, not only because of the nature of the induction procedure used, but also as judged by the
criterion of insensitivity towards anti-o or anti-p antisera. Messenger RNA was prepared from
such induced splenocyte cultures and the poly(A)+ RNA was fractionated on a sucrose gradient.
As with IFN-B, portions of the fractions were injected into Xenopus oocytes and after three days,
the IFN secreted was assayed by a conventional assay for protection against cytopathogenic
effect. IFN-y mRNA moved at about 13 S, i.e. slightly faster than IFN-p mRNA (Devos et al.
19824). Other portions of the same gradient fractions were tested by translation in vifro in a
wheatgerm extract, and this showed that the fractions active in the oocyte assay system coded
for polypeptides ranging in size from 15000 to 35000 Da. The active fractions were pooled and
recentrifuged through a sucrose gradient in the presence of 509, formamide. Usually, two
partly resolved active peaks were observed, and it is still not certain whether this is due to real
heterogeneity or to discrete steps in the unfolding of the IFN-y mRNA. The mRNA in the
active fractions was pooled, converted to double-stranded DNA, fractionated by size, tailed and
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cloned. In one experiment more than 8000 clones were obtained. A clone containing genetic
information corresponding to IFN-y was then sought by the hybridization-elution-oocyte
translation method as described above for IFN-B. Plasmid DNA was purified by sucrose
gradient centrifugation and was immobilized on nitrocellulose filters. After hybridization in the
presence of excess mRNA from induced splenocytes, followed by washing and elution, the
resulting mRNA was injected into Xenopus laevis oocytes. By this procedure, several positive
groups were identified that could then be broken down into subgroups; finally a single positive
clone, pHIIF-SV-y0, was identified. By using the insert DNA of this first clone as a radioactive
probe, at least three clones of almost full length were isolated; these were designated pHIIF-
SV-v1, v5 and y10. The nucleotide sequence was determined by the Maxam & Gilbert tech-
nique (1977). There is only one long open reading frame that codes for 166 amino acids and
starts near the 5'-end, while at the 3’-end of the same strand, the AAUAAA polyadenylation
signal is present. It is remarkable that the untranslated 3’-terminal region is nearly 600 nucleo-
tides long and accounts for almost half of the messenger length.

Lys-TyYR-THR-SER-TYR-ILE-LEU-ALA-PHE-GLN-LEU-CYs-]LE-VAL-LEU-GLY-SER-LEU-GLY=

CYS—TYR-CYS-GLN-A_SP—PRO—TYR—VAL-L;S-GIU—ALA—GEU-ASN-LEU-L;s—L;s—TYR-PHE-ASN—ALA-GLY—HTs-SER-A_SP—VAL— =

- + - - - +
ALA-ASP—ASN-GLY-THR—LEU—PHE-LEU-GLY—ILE—LEU—L;S-ASN-TRP—LYS—GLU—GLU-SER-ASP-A;G-LYS-ILE-MET—GLN-SER- 50

+ + + - - + -
GLN-ILE-VAL-SER-PHE-TYR-PHE-LYS-LEU-PHE-LYS-ASN-PHE-LYS-Asp-Asp-GLN-SER-ILE-GLN-LYS-SER-VAL-GLU-THR- 76

+ - - + + O+ o+ o+ - - - 4+ 100
[LE-LYs-GLu-AsP-MeT-AsN-VAL-Lys-PHE-PHE-ASN-SER-AsSN-LYs-Lys-Lys-ARG-AsP-AsP-PHE-GLU-LYS-LEU-THR-ASN-

- + o+ + - -
TyR-SER-VAL-THR-AsP-LEU-ASN-VAL-GLN-ARG-LYs-ALA-LE-H1s-6Lu-LEu-1LE-GLN-VAL-MET-ALA-GLU-LEU-SER-PRO-"?°

+ + 0+ o+ o+ + + o+ 146
ALA-ALA-Lys-THR-GLY-Lys-ARG-Lys-ARG-SER-GLN-MET-LEU-PHE-ARG-GLY-ARG-ARG-ALA-SER-GLN

FiGURE 2. Amino acid sequence of human IFN-y. The first 20 amino acids constitute the putative signal sequence
(the arrow indicates the position of cleavage). Glycosylation presumably occurs on the asparagine residues
at positions 28 and 100. The charged residues are as marked and the glutamic acid — glutamic acid doublet,
which occurs in all human interferons at about the same position, is also indicated.

The open reading frame can be translated into an amino acid sequence (shown in figure 2).
As IFN-y is a secreted protein one might expect that it would start with a signal sequence. This
sequence is presumed to be 20 amino acid residues in length, as residues 18-21, Ser-Leu-Gly-
Cys, are also found in IFN-al and several other leucocyte IFNs and in these the signal cleavage
occurs between the glycine and the cysteine residues (Weissmann 1981). The mature IFN-y
protein would then have a length of 146 amino acids. This is rather surprising as several groups
have suggested a molecular mass of 45000 Da or more for authentic IFN-y (Langford et al.
1979; De Ley et al. 1980; Fiers et al., unpublished). However, Yip et al. (1982) observed that
under denaturing conditions, IFN-y migrated as two peaks at 20000 and 25000 Da. Consider-
ing that authentic IFN-y is glycosylated, these results are compatible with our nucleotide
sequence data; the two peaks possibly differ only in the extent of glycosylation. The molecular
mass of the native species might thus be due to the formation of a complex, for example a dimer.

There are two likely sites for glycosylation, namely position 28 and position 100. The molecule
is not as hydrophilic as IFN-a (and if it is a dimer one would not expect it to be), but neither

3-2
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is it as hydrophobic as IFN-B. There are a large number of charged residues and, more par-
ticularly, there are two clusters of four consecutive basic residues, Lys-Lys-Lys-Arg at positions
89-92, and Lys-Arg-Lys-Arg at positions 131-134. In this respect, it may be recalled that
IFN-y is known to be a very basic molecule (Yip et al. 1982). Although a superficial study
reveals no striking similarity between the amino acid sequence of IFN-y and IFN-a or IFN-B,
Epstein (1982) has nevertheless pointed out a number of identical residues revealed when
IFN-y and IFN-q are aligned. The significance of this homology has yet to be assessed, but
particularly noticeable is the glutamic acid — glutamic acid doublet present at positions 41 and
42 in IFN-y and IFN-«. This doublet is conserved not only in all IFN-o’s so far sequenced, but
it also occurs in IFN-B (positions 42 and 43). This conservation is intriguing as IFN is supposed
to act without internalization and the receptors of IFN-y and IFN-a or IFN-$ are different
(Branca & Baglioni 1981). The sequence shown in figure 2 differs in one residue from that pub-
lished by Gray et al. (1982); we found an arginine at position 140 whereas Gray et al (1982)
reported a glutamine.

In order to prove that one is dealing with the correct clone, one has to be able to express the
genetic information in a biologically active form. For this purpose, the IFN-y cDNA was used
in the SV40-derived vector SV529 described above. Upon transfection of AP-8 monkey cells,
IFN activity was detected in the supernatant after 2 or 3 days of incubation (Devos et al.
19824). This IFN was indeed of the immune type, as it was not inactivated by anti-IFN-a
serum or by anti-IFN-B serum, but it was neutralized by anti-IFN-y serum. Two anti-IFN-y
sera were used, one generously provided by M. P. Langford and G. J. Stanton (Houston), had
been raised in rabbits whereas the other was prepared in mice in our own laboratory. Further-
more, the IFN-y produced by the transfected monkey cells was active on human cells, but not
on cells of bovine, murine or feline origin, as is true of authentic IFN-y.

Using the cDNA clone as a radioactive probe, we again screened the Maniatis human DNA
library and by this process we isolated two phages that showed positive hybridization. They
turned out to be closely related and presumably they represent the single human IFN-y gene.
Upon injection of this chimeric phage DNA into the nucleus of Xenopus laevis oocytes, active
synthesis of IFN-y was again detected, showing that we had isolated a complete and functional
gene (at least as far as coding information is concerned). The human ¢cDNA probe hybridized
to a region with a length of more than 5 kilobases. This indicates that unlike the genes for
IFN-o and IFN-B, the IFN-vy gene does contain introns. By hybridization with separate frag-
ments of the cDNA, a preliminary map of the genomic clone was drawn up and it was deduced
that at least two introns must be present.

Obviously, now that a full-length cDNA clone is available, many avenues for further research
are open: the gene structure, the induction mechanism, the structure and mechanism of action
of IFN-y, and so on. Moreover, in view of its intriguing and unique biological properties, it is
of the utmost importance to obtain human IFN-y in quantities large enough to enable a proper
evaluation of its potential clinical usefulness.

These research projects were supported by grants from Biogen NV, the Fonds voor
Geneeskundig Wetenschappelijk Onderzoek and the Geconcerteerde Onderzoekakties of the
Belgian Ministry of Science. We thank S. Kaplan for taking care of the manuscript.
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Discussion

In discussion Professor Fiers said that although there was evidence for several species of
IFN-B, their cloned gene was present only once in the genome. Sehgal’s results could be due to
there being other IFNs in his system, the genes for which do not hybridize with the clone
obtained by Fiers’s group. Glycosylation did not seem to affect the biological activity of the
interferon, though it may alter other properties.

Now that the gene for interferon had been cloned it would be possible to use this to study the
basis of the disease in patients showing deficiency of IFN. Dr P. G. Boseley said that he had
found cross-hybridization between human IFN-o and IFN-B genes and DNA of birds and
reptiles and between IFN-a and bony fish DNA.
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