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Human interferons (IFN’s) have been
classified into three groups, «, B8, and vy
(1). Both a- and B-IFN’s, previously des-
ignated type I, are acid-stable, but they
differ serologically and in regard to some
biological and physicochemical proper-
ties. The IFN’s produced by virus-stimu-
lated leukocytes (leukocyte IFN’s) ap-
pear to be predominantly of the a-type,
while those produced by lymphoblastoid
cells consist of about 90 percent a- and
10 percent B-type IFN’s (2). Induced fi-

(12), their isoelectric points (/3-16), their
behavior on affinity chromatography
(I7-19) and high-performance liquid
chromatography (20), and their target
cell specificities (/7, 21). Both IFN-« and
IFN-B are thought to be glycoproteins
(13, 15, 18, 22, 23); it has been suggested
that the physical heterogeneity could be
due, at least in part, to varying degrees
of glycosylation. This variation could
arise during biosynthesis or at a later
stage, as a consequence of degradative

Summary. The sequence of a human leukocyte-derived complementary DNA
(cDNA), Hif-2h, which directs the formation in Escherichia coli of a polypeptide, IFN-
a1, with interferon (IFN) activity has been described. A second IFN cDNA, Hif-SN206,
which also elicits synthesis of a biologically active IFN, IFN-a2, is described in this
article. Whereas IFN-a2 is twice as active on human as on bovine cells, IFN-a1 is 10
to 20 times more active on bovine than on human cells. As deduced from the cDNA’s,
the messenger RNA'’s for the two IFN’s differ in length and in 20 percent of the nucle-
otides; the mature IFN polypeptides differ in 17 percent of the amino acids. Both IFN-
a1 and IFN-a2 differ from the lymphoblastoid IFN described by others. Therefore, at
least three different IFN-a genes are expressed in man; studies on genomic DNA
reveal the presence of at least eight IFN-related genes.

broblasts produce mainly or exclusively
IFN of the B-type (fibroblast IFN). Hood
and his colleagues determined the NH,-
terminal sequences of fibroblast IFN (3)
and of an IFN purified from induced lym-
phoblastoid cells (¢), and they showed
that a- and B-IFN’s differ profoundly in
the primary structure of the polypeptide
chain. More recently, a comparison (5)
between the nucleotide sequences of
cloned complementary DNA’s (cDNA’s)
coding for a leukocyte (6, 7) and a fibrob-
last IFN (8, 9) has confirmed the struc-
tural differences between a- and 8-IFN’s
but also revealed distinct homologies.
The y or immune IFN or IFN’s, which
are produced by T lymphocytes in re-
sponse to mitogens or to antigens to
which they are sensitized (/0), are acid-
labile and serologically distinct from a-
and B-IFN’s (/1).

The IFN’s from leukocytes and lym-
phoblastoid cells are heterogeneous in
regard to their mobilities in sodium dode-
cyl sulfate (SDS) polyacrylamide gels
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processes. It is possible that one and the
same type of polypeptide chain is varia-
bly glycosylated, or that there are vari-
ous species of IFN polypeptides, each of
which is glycosylated differently (or not
at all), or that a combination of both ap-
plies.

A comparison of the amino acid se-
quence deduced from a leukocyte IFN
cDNA (Hif-2h), which was cloned (6)
and sequenced in our laboratory (7) with
34 residues of the NH,-terminal segment
of an IFN produced by lymphoblastoid
cells (4), revealed nine differences. This
discrepancy suggested that there are at
least two genes for type a-IFN. Exami-
nation of our collection of IFN-a produc-
ing strains of Escherichia coli resulted in
the identification of an IFN ¢cDNA (Hif-
SN206) with a restriction pattern dif-
ferent from that of Hif-2h. In this article
we show that the nucleotide sequence of
this cDNA differs from that of Hif-2h
with respect to 20 percent of its residues.
It codes for a polypeptide of 165 rather
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than 166 residues because it lacks the
triplet coding for the Asp residue in posi-
tion 44 of the Hif-2h polypeptide se-
quence. The amino acid sequences de-
duced for Hif-2h and Hif-SN206 differ in
17 percent of their positions. Since the
amino acid sequence of Hif-SN206 also
differs from that of the lymphoblastoid
IFN in 5 out of 33 NHy-terminal resi-
dues, we conclude that there must exist
at least three genes for human a-type
IFN’s. We propose the designation Hu
IFN-al, Hu IFN-a2, and Hu IFN-a3 for
the genes represented by cDNA Hif-2h,
cDNA Hif-SN206, and the lymphoblas-
toid IFN partially sequenced by Zoon et
al. ), respectively.

We reported earlier on the preparation
of a collection of cloned cDNA’s derived
from 125 RNA of virus-induced human
leukocytes and described one clone, Hif-
4c [Z-pBR322(Pst)/HcIF-4c], which gave
a positive response in the hybridization-
translation assay (6). The excised cDNA
insert of this hybrid DNA, which was on-
ly about 320 base pairs (bp) long, was
used as a probe to identify related hybrid
DNA'’s in the clone collection; among
5000 clones, screened by the Grunstein-
Hogness assay, 95 gave a strong hybrid-
ization response and 90 gave a weak re-
sponse (6). A number of bacterial strains
producing polypeptides with IFN activi-
ty, for example, Hif-2h, Hif-SN35, and
Hif-SN42, were isolated from strongly
hybridizing colonies from the set of 5000
clones as well as from other sets (6). We
now screened the weakly hybridizing
colonies and identified several strains
producing IFN activity. The E. coli con-
taining Hif-SN206 produced around 5000
international units of IFN activity per
gram of cells, while strains containing
Hif-SN208, -SN243, -SN244, -SN248,
and -SN249 gave a lower yield of activity
(Table 1), as determined by the cyto-
pathic effect reduction assay (6) on hu-
man cells.

A comparison of the IFN activity of
the weakly hybridizing strain E. coli
(Hif-SN206) with that of two strains of E.
coli containing hybrid cDNA plasmids of
the al-type, both on human and on bo-
vine cells, is also shown in Table 1. The
Hif-SN35 strain is an original isolate (6),
which seems to have the same sequence
as Hif-2h except for one base change
(24); Hif-280AH3 is a derivative of Hif-
2h, described in Nagata et al. 6). It is
remarkable that the IFN-a1-type hybrids
stimulate the production of a polypeptide
with 10 to 20 times higher activity on bo-
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vine than on human cells, while the Hif-
SN206-directed product is twice as ac-
tive on human as on bovine cells. These
values are measured relative to authen-
tic, partially purified human leukocyte
IFN, which is about three times more ac-
tive on human than on bovine cells. The
most likely explanation is that this dif-
ference in target-cell specificity of Hif-
SN206 IFN and Hif-2h-type IFN is an
inherent property of the polypeptides en-
coded by the two genes.

The Pst 1 digestion of Hif-SN206 re-

leased a 790-bp insert that, in com-
parison to Hif-2h, had two Bgl II sites
rather than one and no Eco RI site rather
than one. Its orientation in pBR322 is
such that transcription of the IFN coding
sequence is in the same direction as that
of the B-lactamase gene. The restriction
map of the Hif-SN206 insert is shown in
Fig. 1. The restriction maps of Hif-
SN208 and Hif-SN201 are similar; how-
ever, both cDNA’s are oriented in the
opposite sense as in Hif-SN206, and they
are shorter at the 5’ end and substantially

Table 1. Interferon activity on human CCL23 and bovine embryonic kidney (BEK) cells.

IFN activity of E. coli
extracts (I.U./g, wet cells)*

Hybrid plasmid
CCL23 BEK Ratio
““Strongly hybridizing’’ clones
Z-pBR322(Pst)/HcIF-SN280-AH3 15,000 150,000 1:10
Z-pBR322(Pst)/HcIF-SN35 5,000 100,000 1:20
‘“Weakly hybridizing’’ clones
Z-pBR322(Pst)/HcIF-SN201 <1
Z-pBR322(Pst)/HcIF-SN206 5,000 3,000 1.7:1
Z-pBR322(Pst)/HcIF-SN208 30
Z-pBR322(Pst)/HcIF-SN243 100
Z-pBR322(Pst)/HcIF-SN244 10
Z-pBR322(Pst)/HcIF-SN248 3
Z-pBR322(Pst)/HcIF-SN249 10

*“Weakly’’ and ‘‘strongly’’ hybridizing clones were identified with the use of the cDNA insert of Hif-4c as a
probe (6). The E. coli HB101 containing the hybrid plasmid indicated were grown in tryptone medium with
shaking, to an A ¢, of about 1 to 2. The cells were harvested, weighed, and resuspended in 1/100th or 1/20th of
the original culture volume, and lysed by the lysozyme freeze-thaw method described in (6). The S30 super-
natants were tested by the cytopathic effect reduction assay in microtiter plates. Extracts from control cells
were negative (< 1 I.U./ml). Human CCL23 cells and BEK cells (Flow) were grown in Eagles minimum es-
sential medium and 10 percent fetal calf serum. Exposure to IFN-containing extracts was for 24 hours; the
cells were challenged with an appropriate dilution of Mengo virus and stained 24 hours later. Values were
estimated visually relative to partially purified leukocyte IFN (preparation PIF) (39) of known titer. This
preparation was about three times more active on human than on bovine cells.

Table 2. Comparison of IFN cDNA sequences. Abbreviations: S, silent sites; R, replacement
sites.

IFN-a1/IFN-a2 IFN-a1/IFN-B  IFN-a2/IFN-B8

Corrected
Nucleotide divergence (%) Nucleotide Nucleotide
differences* S———i{— differences* differences*
5’ Noncoding 5/6 (83)
Signal 5/51 (10) 25 11 38/63 (60) 23/45 (51)
Coding 52/498 (10) 32 9 269/492 (55) 259/492 (53)
3’ Noncoding 93/196 (47) 74 162/243 (67) 141/196 (72)

*Ratio of the number of nucleotide differences to the number compared; numbers in parentheses are per-
cents. The nucleotide sequence of IFN-«1 is from Mantei et al. (7), and that of IFN-g from Taniguchi et al.
@®). +Corrected for multiple events according to Perler et al. 31).

Table 3. Divergence of interferbn polypeptides
IFN* 1 2 3 4 S 6

1 (Mouse C IFN) (80) 67) @7 (195) (308)
2 (Human Le IFN-a1) (50) anis 30) (203)148 (195)
3 (Human Le IFN-a2) 45) 1517 (23) (259)138 (195)
4 (Human Ly IFN-a3) 39 (25) (20) (203) (195)
5 (Human F IFN-R) (75) (76)68 (81)66 (76) (133)
6 (Mouse A IFN) (84) (75) 75) (75 (65)

*The values in the lower left half of the matrix are the percent difference of the amino acid sequences com-
pared; values in parentheses are comparisons of the 20 to 23 NH,-terminal residues; those without parenthe-
ses are comparisons of the entire sequence of the mature polypeptide. The values in the top right half of the
matrix were corrected for multiple mutations using table 36 in Dayhoff (28). The structures of 1, 4, and 6 were
determined by protein sequencing (¢, 27); those of 2, 3, and 5 were deduced from the nucleotide sequences of
the cDNA’s in this article and in (7, 8); Le, leukocyte; Ly, lymphoblastoid.

longer at the 3’ end. Nucleotide se-
quence analysis of Hif-SN206 was car-
ried out by the Maxam-Gilbert proce-
dure (25) from the labeled 5’ termini
shown in Fig. 1. All segments were se-
quenced on both strands and across the
restriction sites that served as origins for
sequencing, except for the Bgl II site at
position 185.

The sequence of the insert is shown in
Fig. 2. There is an open reading frame
extending from the 5’ nucleotide adjoin-
ing the deoxyguanylate tail to a termi-
nation triplet TGA (T, thymine; G, guan-
ine; A, adenine) starting at nucleotide
547. From a comparison with the pub-
lished NHj-terminal sequence of lym-
phoblastoid IFN (4), the codon corre-
sponding to the first amino acid of the
mature IFN protein, cysteine, was lo-
cated at nucleotide position 52. Thus,
Hif-SN206 cDNA codes for a protein of
165 amino acids, one less than Hif-2h. A
comparison of the two sequences coding
for mature IFN shows that 10 percent of
the nucleotide positions and 17 percent
of the derived amino acid residues differ
(Table 2). As can be seen in Fig. 3, the
NH,-terminal part of the SN206 protein
differs in 5 of 33 residues from the lym-
phoblastoid IFN described by Zoon et
al. @). We conclude that at least three
different IFN genes of the a-type must
exist.

The IFN coding sequence of Hif-
SN206 is preceded by 51 nucleotides
which, by comparison to Hif-2h, most
likely correspond to part of a signal se-
quence. The sequence does not extend
far enough in the 5’ direction to reveal
whether a potential initiator ATG triplet
is present at position —69, as in the case
of Hif-2h. The coding sequence of Hif-
SN206 is followed by 196 nucleotides,
which constitute part of the 3’ noncoding
sequence, but most likely not all of it,
since neither the AATAAA sequence,
which almost always precedes the
poly(A) (polyadenylate) tail by about 20
residues (26), nor a remnant of the
poly(A) tail is represented in the insert,
as is the case in Hif-2h (7). A comparison
of the 3’ noncoding regions of Hif-2h and
Hif-SN206 shows that the first segment
of 90 residues is distinctly homologous
(with mismatches in about 29 percent of
the positions), but the remaining seg-
ments, as far as they can be compared,
show very little homology (63 percent
mismatches; 75 percent would be ran-
dom). Both Hif-SN201 and Hif-SN208,
which have restriction patterns similar to
Hif-SN206, contain about 260 more base
pairs at the 3’ end of the cDNA; thus, the
length of the 3’ noncoding region of IFN-
o2 messenger RNA (mRNA) may be
around 450 nucleotides, and the total



length of the mRNA may exceed 1000
nucleotides [exclusive of the poly(A)
tail]. The corresponding values for IFN-
«l mRNA are 242 and about 900 nucle-
otides. The very substantial differences
between the IFN-al and IFN-a2
mRNA’s suggest that the corresponding
genes are nonallelic.

Figure 3 shows an alignment of all or
part of the amino acid sequences de-
duced or determined for human fibro-
blast (IFN-B), two human leukocytes
(IFN-al and IFN-o2), a human lym-
phoblastoid (IFN-a3), and mouse IFN’s
A and C. The amino acids common to all
sequences are noted in the bottom line.
There is little homology among the first
28 to 30 amino acids (about 10 percent);
between residues 28 and 80 (IFN-a num-
bering), there is almost 40 percent ho-
mology; between residues 80 and 122,
there is about 15 percent homology; and
in the last segment, there is 40 percent
homology. Thus, there seem to be two
domains that are evolutionarily con-
served, as previously reported (5). The
divergence of the different IFN’s is sum-
marized in Table 3. In the cases exam-
ined, the NH,-terminal regions show
divergence similar to that of the overall
sequence.

As reported by Taira et al. (27), mouse
C IFN is more similar to human type a-
IFN (35 to 50 percent difference) than to
mouse A IFN (84 percent difference),
and mouse A IFN is more similar to hu-
man type S (fibroblast) IFN (67 percent
difference) than to mouse C IFN. There-
fore, mouse C IFN may be considered as
being of the a-type, and mouse A IFN,
of the B-type. The divergences of human
a- and B-type IFN’s lie between 63 and
80 percent, while the divergence of the
corresponding mouse IFN’s is 84 per-
cent (comparison of 20 to 23 NH,-termi-
nal sequences in all cases). Therefore,
the a-B divergence antedates the mouse-
human divergence.

There are not sufficient comparisons
available between human and mouse
IFN sequences to allow us to estimate
reliably the rate of fixation of mutations
in the IFN proteins. If we use the values
available, correct them for multiple ex-
changes with the use of Dayhoff’s table
(28) (IFN-a of human and mouse, aver-
age 65 percent; IFN-8, 133 percent)
(Table 3), and assume that the human
and mouse lines diverged 75 million
years ago, we find a unit evolutionary pe-
riod, that is, the time in million-year
units required for the fixation of a 1 per-
cent difference in amino acid sequence,
of 1.2 for IFN-a and 0.5 for IFN-B.
These values are significantly shorter
than those of hemoglobins (3.3 to 3.7)
and most other proteins, but they are of

the same order of magnitude as those of
immunoglobulins (0.7 to 1.7) or the high-

"ly. mutable fibrinopeptides (1.1 to 1.7).

This conclusion could be in error if the
NH,-terminal sequences of IFN’s were
substantially more variable than the en-
tire polypeptide (for which there is no in-
dication in Table 2), or if the IFN’s we
are comparing in human and mouse are
not orthologous (29). For example, if a
split of IFN-« into a, and ap had oc-
curred long ago, and the mouse IFN-«

examined was the a,-type, whereas that
of the human was the ag-type, then the
comparison would lead to an erroneous-
ly high estimate of the unit evolutionary
period of IFN-a. To explain the data,
this situation would also have to be true
for the IFN-B comparison. On the other
hand, it has been suggested that low unit
evolutionary periods may occur in cases
of multiple gene families or dispensable
proteins (30), and the IFN’s may qualify
at least for the former category.
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Fig. 1. Strategy for the determination of the nucleotide sequence of Hif-SN206 DNA. The re-
striction map was determined by double cleavage with Hinf I, Pst I, Bgl II, and by Smith-
Birnstiel mapping (34) with fragments labeled at the two Bgl II positions. In the case of SN206,
the map was subsequently refined with the use of the nucleotide sequence data shown in Fig. 2.
The arrows indicate the sequences read off individual fragments; the numbers above the arrows
designate the fragment (see below); and the short vertical lines represent the labeled origins.
The black segment of the map indicates the coding sequence of the mature IFN; the cross-
hatched segment indicates part of a putative signal sequence; straight lines next to the rectangle
indicate homopolymeric deoxyguanylate-deoxycytidylate flanking regions; and wavy lines in-
dicate pBR322. The numbers above the map indicate base pairs, measured from the 5’ terminus
of the heteropolymeric part of the insert. Note that SN201 and SN208 have the orientation
opposite to that of SN206 relative to pBR322. Plasmid DNA was prepared by method B de-
scribed in Wilkie et al. (35). Restricted DNA (usually about 10 ug) was labeled at the 5’ terminus
as described by Mantei et al. (7). Labeled fragments were cleaved with a second restriction
enzyme; the products, separated by electrophoresis through a 5 percent polyacrylamide gel in
tris-borate-EDTA buffer (36), were extracted from the gel and purified as described in (37). The
various fragments for sequencing were prepared as described below. (The numbers indicate the
nominal fragment chain length in base pairs; the ends are designated by the enzyme that gener-
ated them; the labeled end is indicated by an asterisk; and the boldface numbers refer to the
arrows.) Fragments 25 and 26, cleavage of Hif-SN206 with Pst I, labeling, cleavage with Bgl II,
isolation of 25 Pst*-Bgl-257, and 26 Pst*-Bgl-279. Fragments 21, 22, and 23, cleavage of Hif-
SN206 with Pvu II, labeling, cleavage with Bgl 11, isolation of 21 Pvu*-Bgl-88, 22 Pvu*-Bgl-176,
and 23 Pvu*-Bgl-214. Fragments 11, 12, 13, and 14, cleavage of Hif-SN206 with Bgl II, labeling,
cleavage with Pst I, isolation of 14 Bgl*-Pst-279, and a mixture of 13, and the Bgl*-Bgl*-264
precursor to 11 and 12. Cleavage of the comigrating fragments with Pvu II, isolation of 13 Bgl*-
Pst-257, 11 Bgl*-Pvu-88, and 12 Bgl*-Pvu-176. Fragments 27L, 27U, 41, 43, 44 and 45, cleav-
age with Hinf I, labeling, isolation of precursor (P) fragments 27P Hinf*-Hinf*-113, 28P-Hinf*
Hinf*-146, 30P Hinf*-Hinf*-159, 31P Hinf*-Hinf*-397, 32P Hinf*-Hinf*-1522. Fragment 41,
cleavage of 28P with Mbo II, isolation of 41 Hinf*-Mbo-112; 43, cleavage of 30P with Mbo II,
isolation of 43 Hinf*-Mbo-126; 44, cleavage of 31P with Pst I, isolation of 44 Hinf*-Pst-151; 45,
cleavage of 32P with Pst I, isolation of 45 Hinf*-Pst-139. Fragments 27U and 27L were obtained
by strand separation; 27P was passed through a Chelex-100 column, adjusted to 0.3M NaOH,
loaded on an 8 percent polyacrylamide gel (prerun for 1 hour at 150 V) in tris-borate-EDTA
buffer (36), isolation of 27U Hinf*-Hinf-113, and 27L Hinf-Hinf*-113. The fragments were
degraded according to Maxam and Gilbert (25) with the modifications described in protocols
they gave us in September 1978. The products were fractionated on 0.1 by 25 by 36 cm 12
percent polyacrylamide (acrylamide-bisacrylamide in the ratio of 18 to 1) gels in 50 mA/ tris-
borate, 1 mM EDTA (pH 8.3), with runs of 2, 8, 18, and 25 hours at 900 V, after 12 hours of
prerun at 700 V.
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Fig. 2. The nucleotide sequence of Hif-SN206 and Hif-2h cDNA. The sequence of Hif-SN206 was determined as described in the legend to Fig. 1;

the sequence of Hif-2h is taken from Mantei ez al. (7). The amino acid sequence was deduced from the nucleotide sequence
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Mouse C IFN

Hu TFN-ol

Hu IFN-a2
LympHoBLASTOID IFN
Hu IFN-B

Mouse A IFN

AL L
Hu IFN-el

Hu IFN-a2
Hu IFN-B

AuL QFQK
Hu IFN-el

Hu IFN-02
Hu IFN-B

ALu Y @ N L

==

U IFN-ol
Hu IFN-a2
Hu IFN-g

A RI YL K YS§

ADLPQTYNLGNKGALKVLAQ
CDLPETHSLDNRRTLMLLAQM-SRISPSSCLMURHDFGFPQE
CDLPQTHSLGSRRTLMLLAQM-RRISLFSCLKDRHDFGFPUE
SDLPQTIHOSLGNRRALILLAQM'GRISLF}SOCLKHR w0
MSYWNLLGFLQRSSNFQCOKLLWQLNGR--LEYCLKDRMNFDIPEE
INYKQLQLQERTNIRK?QELLEQL

LL @ R cL DR F P E

EFDGNQFQKAPAISVLHELJQQIFNLFTTKDSSAAWDEUSLDLD
EF'GNQFQKAETIPVLHEIHQQIFNLFSTKDSSAAWDETLLD
IKQLQQFQKEDAALTIYEHLQNIFAIFRQDSSSTGWNETIVE

E [ F SS W E

90 100 110 ‘ 120
KFCTELYQQLNDLEACVMQEERVGETPLMHADSILAVKKYFR
KFYTELYQQLNDLEACVIQGVGVTETPLMKEDSILAVRKYFQ
NLLANVYHQINHLKTVLEEKLEKEDFTRGKLMSSLHLKRYYG

S L Y

130 140 150 160
RITLYLTEKKYSPCAWEVVRAEIMRSLSLSTNLQERLRRKE
130 140 150 160
RITLYLKEKKYSPCAWEVVRAEIMRSFSLSTWNLAESLRSKE

130 140 150 160
RILHYLKAKEYSHCAWTIVRVEILRWNFYFINRLTGYLRN

CAM VR ET R L LR K

Fig. 3. Comparison of interferon polypeptide sequences. The sequences are written in the one-
letter notation recommended by the IUPAC-IUB Commission on Biochemical Nomenclature
28): A, alanine; C, cysteine; D, aspartic acid; E, glutamic acid; F, phenylalanine; G, glycine;
H, histidine; I, isoleucine; K, lysine; L, leucine; M, methionine; N, asparagine; P, proline; Q,
glutamine; R, arginine; S, serine; T, threonine; V, valine; W, tryptophan; and Y, tyrosine.
Mouse A and C IFN’s are from Taira et al. (27); lymphoblastoid IFN, from Zoon et al. (¢) and
Hunkapiller and Hood (38); Hu IFN-«al from Mantei ef al. (7); and Hu IFN-8 from Taniguchi et
al. (8). Dashes indicate gaps introduced to maximize the homologies; a question mark indicates

an unidentified residue.

If the unit evolutionary periods we
have derived for IFN’s (0.5 to 1.2) are
taken at face value, they suggest that the
three human type o-IFN’s diverged
about 9 to 35 million years ago, and that
human a- and 8-IFN’s diverged 62 to 300
million years ago. These values are
lower than those obtained if the (higher)
unit evolutionary period of globins is ap-
plied (5).

We may also attempt to estimate the
time of divergence of the human a-type
IFN’s from the differences in the nucle-
otide sequence. Perler et al. (31) and
Lomedico et al. (32) have calculated the
unit evolutionary period for nucleotides
(the time in million-year units required
for the fixation of 1 percent nucleotide
changes between two lines) as being 10
for replacement sites (that is, positions
within codons that, on mutation, change
the cognate amino acid) and 0.7 for silent
sites (that is, positions that, on mutation,
do not cause an amino acid change).

The values for the divergence between
IFN-a1 and IFN-a2 for replacement and
silent sites, calculated and corrected for
multiple mutations at the same site, as
described by Perler et al. (31), were 8.8
percent and 32 percent, respectively.
This would mean that the two IFN’s di-
verged between 22 and 88 million years
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ago. Since the divergence of the silent
sites seems to provide a less reliable
clock than that of the replacement sites
(31), the lower value, 22 million years,
should be the more likely one.

The finding that there are no less than
three different IFN-a genes explains, at
least in part, the heterogeneity of leuko-
cyte and lymphoblastoid IFN prepara-
tions (4, 20); of course, different degrees
of posttranslational modifications may
contribute to the heterogeneity. Studies
on human chromosomal DNA indicate
the existence of not less than eight IFN-
related sequences (33). It will be of inter-
est to ascertain how many of these are
expressed and to determine whether the
cognate proteins have different biologi-
cal functions.
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