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ABSTRACT We reprt the amino-terminal sequence of the
first 22 amino acids ofhuman leukocyte interferon. These and
other results indicate that human leukocyte interferon consists
of many individual species. We, therefore, postulate that di-
versity in this protein is routinely present and that the human
leukocyte interferons represent a multigene family.

Although 23 years have passed since the discovery of interferon
(1), purification of several interferons has been attained only
in the last few years. We previously reported the purification
and amino acid composition of human leukocyte interferon (2).
Within the past few months, the amino-terminal amino acid
sequences of several interferons were reported (3-5). The major
obstacle in determining the sequence of interferon has been the
availability of sufficient amounts of pure material. Recent
advances in manual (6, 7) and automatic (8, 9) sequence analysis
have made possible the determination of the primary structure
of microgram amounts of protein. We report here the amino-
terminal sequence of human leukocyte interferon as deter-
mined by automatic and manual sequencing of the native
protein and tryptic fragments. In addition, we extend the re-
cently reported amino-terminal sequence and describe two
significant differences between our data and those of Zoon et
al. (4).

EXPERIMENTAL PROCEDURES
The purification of human leukocyte interferon from chronic
myelogenous leukemia (CML) cells has been described (2, 10,
11). The sequences of human leukocyte interferon species al
and 132 were determined with a modified Beckman spinning-
cup sequenator. Peptide fragments of a1, a2, and #,-species
were produced by digestion with trypsin and purified by
high-performance liquid chromatography (HPLC). The se-
quences of tryptic peptides were determined manually by the
Edman reaction (12), and the phenylthiohydantoin derivatives
of the amino acids were identified by HPLC (13-15).

Automatic Edman degradations were performed in a mod-
ified Beckman 890C sequenator on 1.7 nmol of species al of
human leukocyte interferon. The modifications, which are
similar to those described by Wittmann-Liebold (8) and Hun-
kapiller and Hood (16), include an improved vacuum system,
improved reagent and solvent delivery system, extensive solvent
and reagent purification, and a device (17) that automatically
converts anilinothiazolinone to phenylthiohydantoin derivatives
of amino acids. Proteins are retained in the spinning cup with
6 mg of Polybrene, which, together with 100 nmol of glycyl-

glycine, has been subjected to seven precycles of Edman deg-
radation. Phenylthiohydantoin amino acids were analyzed by
HPLC on Du Pont Zorbax octadecylsilica or cyanopropylsilica
columns on a Waters Associates chromatograph, by monitoring
absorbance at 254 nm and 313 nm. Peak assignments, except
for serine, were made by chromatography on a Zorbax octa-
decylsilica column. Phenylthiohydantoin serine was identified
as the "dehydro" derivative on a cyanopropylsilica column.
Peaks were integrated and gradient elution was controlled by
a Spectra Physics SP4000 integration system. All phenylthio-
hydantoin derivatives were detected by their absorbance at 254
nm, except for those of serine and threonine, which were de-
tected at 313 nm.

RESULTS AND DISCUSSION
The compositions of the first two tryptic peptides of species a1,
a2, and fpi of human leukocyte interferon are shown in Table
1. The amino-terminal peptide had been identified before se-
quence data were available by analysis of a tryptic digest of
interferon (a2) that was blocked at the amino terminus and,
therefore, would not react with fluorescamine. The sequence
of peptide 2 was determined manually, and this peptide was
identified as the penultimate tryptic peptide by comparison
with the sequence determined by the automatic sequenator
(Fig. 1). Manual Edman degradation provided the sequence
of the first four amino acids as well as the terminal arginine
(Table 1).

Fig. 1 shows the amino-terminal sequence analysis of 1.7
nmol of human leukocyte interferon species al. On the basis
of the yield of leucine at cycle 3 (540 pmol) and a repetitive
yield of 92% (calculated from the leucines at cycles 3 and 9),
the yield of the amino-terminal serine was calculated to be 41%.
The high yield of the amino terminus and the determination
of a single sequence from residues 1 through 21 confirms that
this protein is a pure single species. The assignments of Asn-11,
Arg-12, Thr-14, and Leu-18 were made with less confidence,
because their yields were somewhat lower than expected.
However, it should be noted that no other phenylthiohydantoin
amino acid was seen for these cycles. Although our identifica-
tion of Thr-14 is tentative from the data by automatic se-
quencing (Fig. 1), it is clear that alanine [reported for this po-
sition for lymphoblastoid interferon (4)1] is not found at this
position in human leukocyte interferon species a1 IIt is evident
from the manually determined sequence (Table 1) that the
amino-terminal threonine of peptide 2 must correspond to
position 14. Peptide 2 was the only one whose composition and
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Table 1. Compositions of the first two amino-terminal tryptic
peptides and partial sequence of the second

Peptide Composition

1 2 Asx, Thr, 2 Ser, Glx, Gly, 2 Leu, His, 2 Arg, Pro
2 Thr, Glx, Ala, 2 Met, 3 Leu, Arg

Sequence

2 Thr-Leu-Met-Leu(Leu, Glx, Ala, Met)Arg

Compositions were determined by amino acid analysis with a
fluorescamine analyzer. The sequence of the first four amino acids
and the carboxy-terminal arginine of 1.4 nmol of peptide 2 (from a2)
were determined by manual Edman degradation. The first four were
identified as phenylthiohydantoin derivatives. The terminal arginine
was identified by amino acid analysis (after hydrolysis) of the re-
maining components after cycle 8. The sequence of the amino acids
given in parentheses was not determined by the manual reaction.
Peptide 1 was isolated from the tryptic digest of leukocyte interferon
species a2.

sequence matched positions 14-22. Furthermore, although
Arg-22 was not identified on the automatic sequenator (Fig.
1), it was clearly identified as the carboxy terminus of peptide
2. These results are consistent with our assignment of the first
22 amino-terminal amino acids as shown in Fig. 2.
The sequence reported here is identical to the published re-

sults for human lymphoblastoid interferon by Zoon et al. (4)
through position 20 with two exceptions. We find threonine
instead of alanine at position 14, and methionine instead of
isoleucine at position 16. It is possible that these results dem-
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Ser-Asp-Leu-Pro-Gln-Thr-His-Ser-Leu-Gly-

11 20
Asn-Arg-Arg-Thr-Leu-Met-Leu-Leu-Ala-Gln-

21
Met-Arg-

FIG. 2. Amino-terminal sequence of human leukocyte interferon.
Differences between this sequence and that of lymphoblastoid in-
terferon (up to position 20, ref. 4) are shown in boldface: Thr-14 in-
stead of Ala-14 and Met-16 instead of Ile-16.

onstrate that leukocyte interferon differs structurally from
lymphoblastoid interferon. This may result from the expression
of different structural genes or possibly mutations that have
become stabilized in the lymphoblastoid cells during long-term
culture. The positions of nine amino acids (positions 2-6, 9-11,
and 15, Fig. 2) are identical to those in mouse interferon (5).

It is noteworthy that the evidence for heterogeneity of human
leukocyte interferon that we previously reported (2, 11) has
been substantiated by the purification of eight distinct species
of human leukocyte interferon to homogeneity (unpublished
data). In general, these appear to have similar tryptic peptide
maps. However, some structural differences between these
species are likely. Some differences may relate to extent of
glycosylation and other modifications. However, it appears that
one or more internal peptides may differ in sequence (unpub-
lished data), suggesting that two or more different alleles are
expressed. Furthermore, human leukocyte interferon isolated
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from lymphoblasts (4) appears to have a structure distinct from
that reported here. Accordingly, we believe that human leu-
kocyte interferon represents a class of molecules exhibiting
distinct but closely related primary amino acid sequences. Our
recombinant-DNA plasmids containing leukocyte interferon
sequences appear to represent distinct but homologous se-
quences (unpublished data). Of further note is that monoclonal
antibodies to human leukocyte interferon interact differently
with several of the individual purified leukocyte interferon
species (T. Staehelin, B. Durrer, J. Schmidt, M. Rubinstein, W.
Levy, and S. Pestka, unpublished data). All these observations
lead us to postulate the existence of diversity in the primary
structure of human leukocyte interferon.

In contrast, human fibroblast interferon appears to represent
a single protein with a unique amino acid sequence (3, 18).
Because there is likely to be some homology between them, we
postulate that the structural gene for fibroblast interferon was
separated from the genes for leukocyte interferon during ev-
olution and is under different more conventional regulatory
controls.
The interferon system may represent a primitive system of

defense in existence prior to the evolution of the sophisticated
antibody system. The diversity of leukocyte interferon may
relate to optimization of its activity against different challenges
(viruses or tumor cells, for example). The observations that the
antiviral and antiproliferative activities of the individual species
differ are consistent with the above hypothesis (19, 20). It is
noteworthy that embryonic and developing cells seem to have
an inactive interferon system (21); the possibility thus exists that
the differential effects of the individual interferon species may
play a role in differentiation and development. The exact
number of human leukocyte interferon proteins that exist in
specific cells and the nature of their structural and functional
differences will require the elucidation of their complete pri-
mary structures and the nucleotide sequences of the corre-
sponding cDNAs and genes.
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