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ABSTRACT The primary structures of three major species of
human leukocyte. interferon differ from the structure predicted
from the DNA sequence of recombinants containing leukocyte in-
terferon-coding regions. Compared to the recombinant interferon
produced in bacteria, three of the purified natural proteins iso-
lated from leukocytes lack the 10 COOH-terminal amino acids
suggested by the DNA sequence.

Although interferon was discovered 23 years ago (1), the struc-
ture of the genes and proteins are only now being elucidated
with the aid of recombinant DNA technology, DNA sequence
analysis, and advances in protein purification and sequence
determination. These results indicate that human leukocyte in-
terferon consists of a family of proteins with similar primary
structures.

Sensitive methods for protein sequence analysis at the nano-
mole level (2-5) have revealed NH2-terminal amino acid se-
quences for lymphoblastoid (6) and leukocyte (7) interferon that
differ in 2 out of 20 positions. Powerful protein purification
techniques involving high-performance liquid chromatography
(HPLC) have been used to resolve at least 10 different species
of human leukocyte interferon, and tryptic maps of this family
of proteins exhibit remarkable homology (8). Amino acid se-
quence analysis of tryptic and chymotryptic peptides from hu-
man lymphoblastoid interferon suggests the existence ofat least
five species (9).
The successful cloning of human leukocyte interferon has

provided additional evidence in support of this diversity. Re-
combinant bacterial plasmids containing interferon cDNAs
have been analyzed and reveal different restriction maps and
DNA sequences (10-14). Extensive nucleic acid sequence de-
termination of interferon cDNAs from a virus-induced myelo-
blast cell line indicates that at least eight distinct species of leu-
kocyte interferon are transcribed during the induction process
(14), and this result is corroborated by restriction endonuclease
mapping ofinterferon sequences in a human gene bank (15-17).
All of these reports suggest that every active species of human
leukocyte interferon is 165 or 166 amino acids in length, even
though many individual amino acid assignments differ within
the family of proteins. We report here the partial amino acid
sequence ofmajor species ofhuman leukocyte interferon. These
proteins, which represent a significant fraction of the active in-
terferon produced by these cells, lack the 10 COOH-terminal
amino acids suggested previously (11-14) from the DNA se-
quences. Each of the three species is active although lacking
the 10 COOH-terminal amino acids.

EXPERIMENTAL PROCEDURES
Human leukocyte interferon species a,, a2, and 81 were iso-
lated and purified from chronic myelogenous leukemia (CML)

cells as has been described (8, 18-20). Samples of interferon
(7-12 nmol) were digested with tosylphenylalanine chlorome-
thyl ketone-treated trypsin (TPCK-trypsin, 0.2 nmol, Wor-
thington) for 19 hr at 370C in 50 ul of 0.2 M NaHCO3. Then,
2-mercaptoethanol (2 pb1) was added and the sample was incu-
bated for 1 hr at 370C. The sample was adjusted to 0.14 M pyr-
idine/0.5 M formic acid, pH 3, and applied to an Ultrasphere-
octyl column (4.6 X 250 mm, 5-pzm-diameter resin spheres,
Altex Scientific, Berkeley, CA). The column was eluted with
a linear 0-40% (vol/vol) gradient of n-propyl alcohol in 0.5 M
formic acid/0. 14 M pyridine for 3 hr. The column effluent was
monitored with an automatic fluorescamine system (21). Amino
acid analyses were performed with a fluorescamine analyzer
(22).
The sequences of the tryptic peptides were determined by

Edman degradation (23). The sequences of small peptides were
determined manually (2, 3) and the phenylthiohydantoin de-
rivatives of the amino acids were identified either by HPLC
(24-26) or quantitatively by amino acid analysis after back-hy-
drolysis (27). Automatic Edman degradations were performed
in a modified Beckman 890C sequenator. The modifications,
which are similar to those described by Wittmann-Liebold (4)
and Hunkapiller and Hood (28), include an improved vacuum
system, improved reagent and solvent delivery system, exten-
sive solvent and reagent purification, and a device (29) that au-
tomatically converts anilinothiazolinone to phenylthiohydan-
toin derivatives of amino acids. Proteins are retained in the
spinning cup with 6 mg of Polybrene, which together with 100
nmol of glycylglycine has been subjected to seven cycles of
Edman degradation. Phenylthiohydantoin derivatives ofamino
acids were analyzed by HPLC on Du Pont Zorbax octadecyl-
silica or cyanopropylsilica columns on a Waters Associates chro-
matograph by monitoring absorbance at 254 nm and 313 nm.
Peak assignments, except for serine, were made by chromatog-
raphy on a Zorbax octadecylsilica column. The phenylthiohy-
dantoin derivative of serine was identified as the "dehydro"
derivative on a cyanopropylsilica column. Peaks were inte-
grated and gradient elution was controlled by a Spectra Physics
SP4000 integration system. All phenylthiohydantoin deriva-
tives were detected by their absorbance at 254 nm, except for
those of serine and threonine, which were detected at 313 nm.
The sequences of peptides with low yields of the NH2 ter-

minus were determined again after mild hydrolysis (30) with
25% aqueous trifluoroacetic acid for 2 hr at 550C in the spinning
cup. This procedure has been successfully used to N-defor-
mylate peptides that may have become partially N-formylated
by exposure to formic acid (and contaminating formaldehyde
therein). This treatment causes very little (less than 10%) hy-
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drolysis of amide bonds. However, it remains to be proven
whether N-formylation of the peptides is occurring in the buf-
fers used for HPLC and is responsible for the low yields from
some peptides analyzed without prior treatment with trifluoro-
acetic acid.

RESULTS AND DISCUSSION
Leukocytes isolated from patients with CML can be induced
with Newcastle disease virus to produce large quantities of in-
terferon (20). We have purified and characterized 10 interferon
proteins produced by these cells: a,, a2, f31, P2, 83, and Y1, y2
y3, y4, and y5 (8). The molecular weights of these species range
between 16,000 and 21,000. Structural analysis reveals many
similarities among these proteins. Within experimental error,
all 10 species exhibit similar amino acid compositions, and tryp-
tic maps reveal many peptides that may be common to all
species.

Three species that are virtually identical in molecular weight,
amino acid composition, and tryptic profiles-a,, a2, and
,81-were chosen for sequence analysis. Each of these proteins
is a major component ofthe active interferon produced by CML
cells; together they represent 30-50% of the total interferon
produced (unpublished data). The amino acid compositions of
these species are presented in Table 1. Although the compo-
sitions of these three proteins are consistent with the compo-
sition ofleukocyte interferon produced by normal cells (18), and
their specific activities range between 2.6 and 4.4 X 108 units/
mg, values that are among the highest that have been reported,
the molecular weights are somewhat lower than expected from
DNA (11-14) and protein (9) sequence analysis.

Species /31 of human leukocyte interferon was digested with
trypsin and the peptides were separated by HPLC (Fig. 1). The
resolving power of this technique allowed us to purify 12 pep-
tides produced by digestion with trypsin. Digestion of /1 with
aminopeptidase M had demonstrated that the NH2 terminus
of the protein is blocked (8), and therefore if the peptide con-
tains an arginine at the COOH terminus, it would not react with
fluorescamine and would not be visualized by this system. Hy-

Table 1. Amino acid analyses of human leukocyte interferon
species a1, a2, and 81

Amino Residues per molecule
acid a1 a2 Pi Expected
Asx 14.9 12.9 12.5 11
Thr 8.3 9.2 9.7 10
Ser 9.9 11.0 11.2 12
Glx 21.9 22.6 22.6 23
Pro 6.6 5.5 5.7 5
Gly 5.5 4.9 5.4 5
Ala 9.1 9.2 8.0 8
Val 8.0 6.9 6.5 7
Met 3.9 4.2 5.3 5
Ile 8.0 7.8 7.0 8
Leu 19.4 19.9 19.9 19
Tyr 4.3 4.8 4.8 5
Phe 7.4 8.9 9.5 10
His 3.3 3.0 3.1 3
Lys 11.4 10.0 9.7 10
Arg 6.7 7.9 8.8 - 8
Cys 4.2 4.4 3.4 4
Trp - - - 2

Total 152.8 153.1 153.1 155
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FIG. 1. Human leukocyte interferon species,61 (10 nmol) was di-

gested with trypsin and the peptides were resolved by HPLC. Peaks
representing interferon peptides are numbered 1-12. The position of
the NH2-terminal peptide was determined by hydrolysis of the non-
peak fractions followed by amino acid analysis, because the free amino
group of the peptide was found to be blocked and did not react with
fluorescamine (7). Peaks eluting within the first 30 min include back-
ground contaminants such as amino acids and 2-mercaptoethanol, and
hydrophilic amino acids and dipeptides produced by the digestion.
Amino acid analysis of the remaining peaks that are not numbered
revealed low yields of many amino acids (partial digestion products)
or background levels, so these peaks were not analyzed further.

drolysis ofthe nonpeak fractions followed by amino acid analysis
localized the NH2-terminal peptide. The sequence of this pep-
tide has already been reported (7). Subsequent studies have
suggested that the NH2 terminus is probably blocked by N-for-
mylation due to exposure to formic acid (unpublished data).

Digestion ofspecies a1 and a2 with trypsin resulted in tryptic
maps that were virtually identical to each other and to the tryp-
tic map of 31 (Fig. 2). The correspondence ofthese three tryptic
profiles indicates that the primary structures of peptides from
these three species must be largely similar.
The composition of each peptide was determined by amino

acid analysis with a fluorescamine analyzer (Table 2). Peptides
1-4, 7, and 9-11 are identical in composition for all three spe-

cies, representing56% ofthe protein. Only a1 contains peptides
that differ from those of a2 and 11. Peptide 8 of a1 lacks one

phenylalanine from the described composition and has one ad-
ditional serine, and peptide 12 appears to have a different
composition.
The sequences of the peptides indicated in Table 2 were de-

termined by the Edman procedure (23) either manually or au-

tomatically with a modified Beckman sequenator. We previ-
ously proposed an amino acid sequence for a species of human
leukocyte interferon on the basis of DNA sequence analysis of
the cDNA present in our bacterial clone that produces inter-
feron (12, 13), and this suggested sequence was used to order
the tryptic fragments (Fig. 3). This primary structure provides
the best match of all the proposed sequences (9, 11, 14) for our
amino acid sequence data.

Calculation of amino acid residues was normalized to 155 (including
2 for tryptophan) for all species on the basis of sequence data presented
in this report. Analyses are the average of at least two determinations.
Trp determinations were not done.
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FIG. 2. Human leukocyte interferon species a1(7 nmol) and a2 (4.4

numol) were digested with trypsin and the peptides were resolved by
HIPLC.

Digestion ofproteins with trypsin often provides information
as to which peptide is located at the COOH terminus, because
one peptide without lysine or arginine should be generated.
Our data showed that both peptides 3 and 5 contained no ar-
ginine or lysine. Because the proteins used in this study have
been shown to be homogeneous and both peptides contained
aromatic amino acids, we postulated that one of these was pro-
duced by a chymotryptic-like activity ofthe TPCK-trypsin used.
This assumption was substantiated when sequence analysis re-
vealed that peptide 5 (positions 126-129) was a chymotryptic
fragment of peptide 7 (positions 126-131). Therefore, peptide
3 is the COOH-terminal peptide.
The presence of two basic amino acids in peptides 2, 6, 8,

and 11 indicated that tryptic cleavage did not occur at all pos-
sible positions. At positions where two basic amino acids were
in tandem (12-13, 22-23, 120-121, and 133-134) one peptide
bond was cleaved preferentially. At two positions located in-
ternally within tryptic fragments (position 33 in peptide 8 and
position 83 in peptide 11) tryptic cleavage did not occur. Be-
cause trypsin can cleave peptide bonds adjoining these amino
acids in other proteins, we assume that the tertiary structure
of the protein renders these sites less susceptible to attack. The
amino acid sequence best matches the proposed amino acid
sequence ofourcDNA clone IFLrA. Our species may be closely
related to one of the interferon "A" species that have been re-
ported (9), but confirmation must await resolution of these spe-
cies into homogeneous proteins.

Table 2. Amino acid compositions of tryptic peptides

Pep- Species*
tide Composition a, a2 1

1 Glx, Ala, Met, BIe, Arg Sc Sc Sc
1.2, 1.1, 1.3, 1.0, 1.0

2 Glx, Tyr, Phe, Lys, Arg Sc S Sc
1.0, 1.0, 1.0, 1.0, 1.0

3 Thr, Ser3, Leu, Phe Sc S Sp
1.0, 3.3, 1.2, 1.1

4 Asx, Ser, Glx, Ala, Val, Ile, S Sc Sc
0.9, 1.0, 1.0, 1.1, 1.1, 1.0,
Leu, Arg
1.1, 1.0

5 Thr, Ile, Leu, Tyr Sc NA Sc
0.9, 0.9, 1.0, 1.0

6 Asx, Ser2, Glx2, Gly2, Ala, Val, Sc S NA
1.3, 2.0, 1.7, 1.7, 1.1, 0.8,
Tyr, Lys, Arg, Pro
0.6, 1.0, 0.7, 1.1

7 Thr, Ile, Leu2, Tyr, Lys S S Sc
1.1, 1.0, 2.1, 1.1, 1.0

8 AsX3, Glx5, Gly2, Phe4, His, Lys, Dt Sp Sp
2.7, 4.8, 2.2, 3.8, 1.0, 1.0,
Arg, Pro
1.0, 0.9

9 Thr, Glx, Ala, Met2, Leu3, Arg Sc Sp Sp
1.0, 1.2, 1.0, 2.4, 3.1, 1.0

10 Ser2, Ile, Leu2, Phe, Lys, Cys S Sc S p
1.9, 0.9, 2.0, 1.0, 1.0, 0.9

11 Asx5, Thr4, Ser2, Glx7 Gly2, Pro, Sp Sp Sp
4.8, 3.7, 2.3, 7.0, 2.0, 1.2,
Ala3, Val3, Met, Ile, Leu0, Tyr2,
2.8, 2.7, 0.8, 0.9, 5.7, 1.8,
Phe, Lys2, Cys
0.8, 2.0, 0.8

12 Asx, Thr2, Ser, Glx4, Pro, Ala, Val, Dt NA S c
0.9, 1.9, 1.0, 4.0, 0.8, 1.0, 1.0,
Met, 11e3, Leu2, Phe2, His, Lys
1.4, 2.8, 2.0, 2.0, 0.9, 1.0

The number under each amino acid represents the relative amount
of that amino acid compared to the others as actually determined for
the tryptic peptides of leukocyte interferon (31, except for peptide 6, for
which the value for the peptide derived from leukocyte interferon a2
is given because the analysis for the corresponding (31 peptide was not
performed.
*S, same composition as indicated; D, different composition; c, se-
quence completely determined; p, sequence partially determined;
NA, not analyzed.

t Composition has one less Phe and one additional Ser; the sequence
of this peptide is Asp-Phe-Ser-Pro-Glu-Gly-Glx.

t Composition has multiple differences.

The surprising difference between interferon species a,, a2,
and /31 and the proposed amino acid sequences of our cDNA
clones (12-14, 16, 17) is that species a,, a2, and 31 all terminate
at position 155, 10 amino acids earlier than has been observed
or proposed in previous reports. Four arguments can be pro-
posed to support the conclusion that peptide 3 is the COOH-
terminal peptide: (i) the amino acid composition does not in-
clude arginine or lysine; (ii) it is not a chymotryptic fragment,
because it ends with threonine; (iii) no other protease cleavages
occurred in interferon species or other control proteins sub-
jected to identical conditions; and (iv) all other tryptic peptides
have been accounted for in the sequence. Amino acid compo-
sitions for peptide 3 in all three interferon proteins were iden-
tical and contained only the six amino acids that were deter-
mined by direct sequence analysis. The specific activity ofeach

6188 Biochemistry: Levy et d
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5 10 13 14 15 20 22
IFLrA MASP LE3 Pao Gm lI His sER L3u G.Y EARG ARGiE) r THRLIEu METLEuJiT AMA Gs eTr ARG IFLrA

N-Pep~ue SER ASP IJ PRO GM mR HIS SER To axY ARm Am) Pqti 9 lER L1 mTr 133 L3u AIA GANMr AR;

23
LYS

24 25 30 31 32 35 40 45 49
IFSrA II SER 133 PIE SER CYS IEJ LYS IFSrA ASP ARG HIS ASP PHE GLY PiRE PMD GMA GD GD PHE GLY ASN GUI PHE GI IYS

Peptide 10 IIE SER E1U PHE SER CYS IEU1 LYS Peptide 8 ASP ARG HIS ASP PHE GWY PIE PR) GEN G GD PHE GLY ASN
50 55 60 65 70

IFLr.A AMA GUJ 7R IIE PRD VAL IEJ HIS GD NM ILE GEN GEN 1E PHE ASN I1 PHE SME TM LYS
Peptide 12 AMA GD THR H1E PRO VAL UV3 HIS GD MT ILE GUN GM 11 PHE ASN IEIJ PHE (SER,THR)LYS

71 75 80 85 90 91
ILEA ASP SER SER AIA AMA TRP ASP GW 'fIR I3 LI ASP In5 PDE TYR TM GD 5 TMR GM GMN

Peptide 11 ASP SER CYS AIA AMA 1TM ASP GW lIE133 13 ASP InS PIE TYR lI GDV 13 TYR GM GM
92 95 100 105 110 U2

IFLrA 133 ASN ASP 11 GD AMA CLS VAL ILE GMN GUY VAL GLY VAL MM GD THR PR) 1I3 DME LYS
Peptide 11 LEU ASN ASP LEt' GLu ALA ? VAL
(fetimmd)

113 115 120 121 125 126 130 131 132 133
IFLrA GD ASP SHER 11LE53 AIA VAL ARS IFLrA LYS TYR PHE GMN AR; IPLrA 11 THRlIE TYR 13 LYS IFLrA GD LYS

Pq*tide 4 GIX ASX SER IIE 1E3J AMA VAL ARG Peptide 2 LYS TYR PIE GN AR Peptide 7 IIE lIR 1OJ TYR 1E3 LYS
Peptide 5 IIE THR 133 TYR

134 135 140 144 145 149
IFLrA LYS TYR SER PR CYS AIA TEP GDU VAL VAL ARG IFlrA AMA GD ILE MET ARS

Peptide 6 LYS TYR SER PRO (?) AMA TRP GD VAL VAL ARG Peptide 1 MA GD 11E MEM AM)

150 155 160 165
IFIrA SER PM Sm Im SER MM ASN IEU G G SER LB ARG SER LYS GLU

Peptide 3 SER PIE SHER LE SER TME/D

FIG. 3. Amino acid sequence of human leukocyte interferon species a2 and ,1 peptides. Amino acid sequences of tryptic peptides are aligned
with the suggested amino acid sequence of our cloned species of leukocyte interferon determined by DNA sequence analysis of IFLrA, the recom-
binant A of human leukocyte interferon (12, 13). Sequence A represents the sequence deduced from the cDNA sequence and the sequences directly
below represent those determined by Edman degradation. A representative yield and assignment of sequence for peptides 3 and 11 are given. Se-
quence analysis of 2.2 nmol of peptide 3 from leukocyte interferon a1 yielded 1.1 nmol (50%) of Phe>PhNCS (the phenylthiohydantoin) at cycle
2. The assignment of Thr>PhNCS at position 6 is based on amino acid composition. Sequence analysis of 0.8 nmol of peptide 11 from a1 was per-
formed after incubating the peptide in 25% (vol/vol) trifluoroacetic acid in water for 2 hr at 550C. A yield of 0.2 nmol (25%) of Asp>PhNCS was
obtained at cycle 1. Positive identifications were made for 21 of the 34 residues; tentative assignments were made for 7 residues noted by italics
(Cys-73, Asn-93, etc.). Where no assignment could be made, a ? is present within the sequence and the positions are left blank at the end of the
sequence. Residues in larger type (Cys-1 and Ser-1, Ser-li and Asn-11, and residues 156-165 corresponding to the IFLrA DNA sequence) represent
differences between the protein sequence and that predicted from the DNA sequence. Numbering of amino acids follows the cDNA sequence. We
did notdetermine the amino acids representing positions 23, 46 49,98,100-112, and 138. The dipeptide Glu-Lys (positions 132-133) was notresolved
by HPLC. Sequences in peptides 1, 2, and 12 were used in the construction of probes for the detection of bacterial clones containing leukocyte in-
terferon cDNAs (13). Amino acids in italics represent best estimates that were consistent with the data, but were not greatly above background
levels. Only two residues (nos. 1 and 11), noted in larger type, were not in accord with the IFLrA sequence. Both of these residues were determined
from leukocyte interferon a1. Because position 1 is Cys in all our recombinant cDNA and genomic clones (14, 16, 17) and those of Nagata et al. (15),
we assume the Ser found by us (7) and Zoon et al. (6) may represent an artifact of the microsequencing procedures or modifications of the protein
introduced during production and isolation. Although no NH2-terminal cysteine has been found in any of the natural leukocyte interferons (6, 7,
9), we have found Cys at the NH2 terminus of IFLrA produced inEscherichia coli (31, 32). As noted above, the Asn-11 was determined as the residue
for leukocyte interferon species al (7). Although IFLrA contains a Ser at position 11, all other recombinants we have isolated contain Asn in this
position. Therefore, leukocyte interferon al is clearly distinct from IFLrA. Were the residue at position 11 known for leukocyte interferons a2 and
p1, we expect it would be Ser. Because almost all other peptides were isolated from leukocyte interferons a2 and 31 and because there is complete
agreement between the sequences determined and those of IFLrA, it is likely that the primary sequences of leukocyte interferons a2 and P are
identical to IFLrA and to each other.

of these proteins indicates that the 10 COOH-terminal amino
acids apparently are not essential for activity.
The correspondence between our primary structure for hu-

man leukocyte interferon species a2 and (1 and the amino acid
composition of the native protein is shown in Table 1 and Fig.
3. There is virtual agreement between the sequences deter-
mined, and all the tryptic fragments that would be generated
from the sequence predicted for recombinant interferon IFLrA.
Four and 13 COOH-terminal residues of peptides 8 and 11,
respectively, were not determined (Fig. 3). However, because
the compositions of peptides 8 and 11 are identical to the com-
position of the same fragments that would be produced by tryp-
tic cleavage ofan interferon with the sequence suggested by our
cDNA data, we propose that the sequences of these peptides
remaining to be identified are represented in the cDNA se-
quence. This assumption enables us to calculate the composi-
tion of human leukocyte interferon species a2 and 131. Values
for each amino acid are within the accuracy of the analysis, and
the molecular weights are virtually identical. The proposed
amino acid sequence for these human leukocyte interferon spe-
cies is presented in Fig. 4. The amino acid sequences of these
two human leukocyte interferons (8) are probably identical to
that of recombinant IFLrA (12-14). However, the 10 COOH-
terminal amino acids predicted by the DNA sequence are miss-
ing, with no apparent decrease in specific activity. The calcu-

lated molecular weight and amino acid composition match well
with the experimentally determined molecular weight and
amino acid composition of the native protein. The NH2 ter-
minus of the protein appears to be blocked by N-formylation.
All these three species of leukocyte interferon, a1, a2, and (3,
show this same structural feature. Species a1 differs from a2 and
,(1 in at least two internal tryptic fragments, whereas a2 and ,8
may be identical in sequence. Differences between species a2
and fAl may reside in modifications, produced in culture or dur-
ing isolation, that change the oxidation state or net charge ofthe
molecules. These proteins represent 30-50% of the total active
interferon produced by cells from patients with CML.
The lack of the 10 COOH-terminal amino acids may repre-

sent a normal processing event after translation, and this can
be substantiated by COOH-terminal sequence analysis of in-
terferon produced by normal leukocytes. This implies that
amino acid sequences of mature proteins predicted by DNA
sequences may have significant limitations. Only direct se-
quence analysis of the proteins themselves can ascertain their
primary structures. Because native human leukocyte interferon
produced in cultures ofNamalva cells (9) and a myeloblastic cell
line (34) have higher molecular weights (34) and appear to con-
tain the COOH-terminal amino acids (9), some of the human
leukocyte interferon species isolated from cultures ofbuffy coats
from normal or leukemic donors may lack the 10 COOH-ter-

Biochemistry: Levy et d
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1 10 20
CYS ASP LEU PRO GLN THR HIS SER LEU GLY SER ARG ARG THR LEU MET LEU LEU ALA GLN

21 30 40
MET ARG LYS ILE SER LEU PHE SER CYS LEU LYS ASP ARG HIS ASP PHE GLY PHE PRO GLN-
41 50 60

GLU GLU PHE GLY ASN GLN PHE GLN LYS ALA GLU THR ILE PRO VAL LEU HIS GLU MET ILE

61 70 80
GLN GLN ILE PHE ASN LEU PHE SER THR LYS ASP SER SER ALA ALA TRP ASP GLU THR LEU

81 90 100
LEU ASP LYS PHE TYR THR GLU LEU TYR GLN GLN LEU ASN ASP LEU GLU ALA CYS VAL ILE

101 110 120
GLN GLY VAL GLY VAL THR GLU THR PRO LEU MET LYS GLU ASP SER ILE LEU ALA VAL ARG

121 130 140
LYS TYR PHE GLN ARG ILE THR LEU TYR LEU LYS GLU LYS LYS TYR SER PRO CYS ALA TRP

141 150 155
GLU VAL VAL ARG ALA GLU ILE MET ARG SER PHE SER LEU SER THR-

FIG. 4. Proposed amino acid sequence of human leukocyte inter-
feron species a2 and (81. The beginning and end of each tryptic peptide
isolated and sequenced are shown by the bars underneath the se-
quence. Solid bars represent amino acid sequences that were deter-
mined by microsequencing of the peptides. The unfilled areas repre-
sent sequences that were not directly identified by microsequencing
but were consistent with the amino acid compositions of the peptides
and microsequencing procedures. The sequences of these areas were
deduced from the sequence of recombinant IFLrA. Position 23 could
be Lys (13) or possibly Arg (33); it is possible that a2 may represent
one, and 13l, the other.

minal amino acids due to proteolytic cleavage. It is thus likely
that much ofthe crude human leukocyte interferon used in clin-
ical trials to date (35) lacks the 10 COOH-terminal amino acids.
Because several of the natural species we have purified are
larger (8), it is possible that the product secreted from buffy coat
cells contains the full predicted sequence. Whether native in-
terferon produced and active in vivo represents the full-length
or shortened species remains to be determined.

It is of note that less than 200 ,Ag of each species was used
for determination of their respective amino acid sequence. This
was made possible by the use of sensitive amino acid and pep-
tide analysis (21, 22) as well as microsequencing technology
(2-5, 7, 28, 29) in combination with DNA sequence analysis of
recombinants containing the coding region for these human leu-
kocyte interferons (12, 13). The integration of all these methods
permits efficient use of microgram amounts of protein for se-
quence analysis. The fact that these human leukocyte interfer-
ons (a1, a2, and 81) are shorter than the sequence predicted
from the DNA emphasizes the necessity for determining the
sequences of the proteins themselves.

Note Added in-Proof. After this report was submitted, Zoon (36) re-
ported the partial amino acid sequence ofa leukocyte interferon species
from Namalva cells that differs from the sequence we report here.
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