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ABSTRACT cDNA encoding human monocyte/neutro-
phil elastase inhibitor (El), a Mr 42,000 protein with
serpin-like functional properties, has been sequenced. The
1316-base-pair sequence was obtained from overlapping clones
and amplified DNA from libraries of monocyte-like and neu-
trophil-like cells. Hybridization with El cDNA identified three
El mRNA species of 1.5, 1.9, and 2.6 kilobases in U937
monocyte-like cells and no hybridizing mRNA in lymphoblas-
toid cells lacking detectable El. The cDNA open reading frame
encodes a 379-amino acid protein, of which 167 residues were
confimed by tryptic peptides. Although El may function
extracellularly as well as intracellularly, its deduced sequence
lacks a typical cleavable N-terminal signal sequence. Sequence
analysis established that El is a member of the serpin super-
family. El has greatest homology (50.1% identity of amino
acids) with plasminogen activator inhibitor 2, also a monocyte
protein, and ovalbumin and gene Y, which were previously
grouped as an ancient branch of the serpin superfamily. The
extent of El identity with the functionally related serpin al
antitrypsin is only 30.1%. Sequence alignment indicates that
the reactive center P1 residue is Cys-344, consistent with
abrogation of elastase inhibitory activity by iodoacetamide and
making El a naturally occurring Cys-serpin. The cleavable
bond, Cys-Met, suggests an oxidation-sensitive molecule capa-
ble of inhibiting more than one serine protease. Oxidation
sensitivity would limit the place of action ofEl to the immediate
vicinity of carrier cells. The molecular structure will help
clarify the likely role of El in regulating protease action and
preventing tissue damage by phagocytic cells.

The ability of neutrophils to protect against pathogens is
based on cytolytic, oxidative, and proteolytic components.
The best studied of the proteolytic components is the serine
active site enzyme called elastase or neutrophil elastase,
which is synthesized in myelomonocytic precursor cells and
found at high levels in neutrophils and at lower levels in
monocytes and some macrophages (1). Elastase is stored as
active enzyme in azurophil granules, together with the related
proteases cathepsin G (2) and proteinase 3 (3, 4). Elastase is
a potent broad-specificity enzyme, which degrades phago-
cytized and extracellular substrates (5). In addition to defense
functions, elastase has a well-publicized role as pathological
agent in arthritic joint diseases, skin diseases including pso-
riasis, and inflammatory lung diseases including cystic fibro-
sis and emphysema (5).

Several human proteins function as potent fast-acting
inhibitors of elastase. Each of these has a characteristic
physiological location, likely equivalent to its principal site of
inhibitory action. These molecules are secretory cell protein
that inhibits leukocyte proteases (SLPI), a Mr 12,000 acid-
stable polypeptide produced by secretory cells and found in

bronchial mucus, cervical mucus, seminal plasma, and sali-
vary gland secretions [also known as antileukoprotease and
human seminal proteinase inhibitor (HUSI)] (6, 7); elafin, a
Mr 7000 acid-stable polypeptide found in skin (8); al anti-
trypsin (al-AT; al proteinase inhibitor), the Mr 50,000 pro-
totype of serpin superfamily protease inhibitors, found in
plasma at high concentrations from which it enters tissue sites
(9); and elastase inhibitor (El), the Mr 42,000 protein found
within the same cells as elastase-i.e., neutrophils, mono-
cytes, and macrophages. Human El, the subject of this study,
was detected initially as an activity in the cytoplasmic
fraction of blood leukocytes and lung macrophages (10, 11);
it was purified from monocyte-like cells (12, 13). When
incubated with elastase (13), pure El forms a covalent E-EI
complex, a reaction described only for serpin inhibitors,
suggesting that El is a member of that superfamily (13).
We report here the cDNA cloning and sequence of human

Elt and characterize it as a Cys-serpin, a naturally occurring
serpin molecule with an active site cysteine residue (14).

MATERIALS AND METHODS
Cells and Protein Analysis. U937 monocyte-like cells and

CEM lymphoblastoid cells were grown without stimulating
agents (13). El was purified from U937 cells (13). Forty to 80
pg was heat-inactivated (85-90TC for 9 min) and treated with
0.3-1% (wt/wt) trypsin (Sigma) at 37C for 18 hr. Tryptic
peptides were separated by C18 reverse-phase HPLC (VY-
DAC, Hesperia, CA). N-terminal sequences were deter-
mined by automated Edman degradation at the Dana Farber
Cancer Institute Microchemistry Facility using an Applied
Biosystems 470A gas-phase sequencer.
RNA and DNA Isolation and Analysis. RNA was isolated

from guanidinium thiocyanate- and mercaptoethanol-lysed
cells by CsCl centrifugation (15). Poly(A)+ RNA was en-
riched by oligo(dT) chromatography (16). RNA was size-
fractionated by formaldehyde/agarose gel electrophoresis
(17), transferred to nitrocellulose, and hybridized with the
insert of an El cDNA clone labeled with [32P]dCTP by
random priming (18). cDNA was generated from poly(A)-
enriched U937 cell RNA and purified as described (19).

Generation of Probes by Mixed Oligonucleotide Primed
cDNA Amplification. Oligonucleotides corresponding to El
peptide and containing deoxyinosine substitution, most fre-

Abbreviations: El, elastase inhibitor of human monocytes, neutro-
phils, and macrophages; al-AT, al antitrypsin (al proteinase inhib-
itor); SLPI, secretory cell protein that inhibits leukocyte proteases,
also known as antileukoprotease and human seminal proteinase
inhibitor (HUSI); PAI-2, plasminogen activator inhibitor 2; AT,,1,
antithrombin III.
*To whom reprint requests should be addressed.
tPresent address: Cell Biology and Metabolism Branch, National
Institute of Child Health and Human Development, National Insti-
tutes of Health, Bethesda, MD 20892.
tThe sequence reported in this paper has been deposited in the
GenBank data base (accession no. M93056).
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quent codons, and mixtures of bases, according to guidelines
of Moremen (19), were synthesized on an Applied Biosys-
tems model 380B synthesizer. U937 cell cDNA was amplified
(19) in 100 1.l containing 0.5 AtM primers and "amplification
reagents" [10 mM Tris HCI, pH 8.3/50 mM KCI/1.5 mM
MgCl2/0.01% gelatin/200 ,M of each dNTP/2.5 units ofTaq
polymerase (Perkin-Elmer/Cetus) for 30 cycles of 920C for 1
min, 50'C for 2 min, and 720C for 3 min (thermal cycler;
Perkin-Elmer)]. The products were electrophoresed on 1%
low-melting agarose and eluted from gel slices (17).

Isolation of Cloned cDNA. A cDNA library prepared from
poly(A)-enriched U937 cells RNA by unidirectional insertion
ofcDNA into A-ZAP II (Uni-ZAP; Stratagene) was screened
by hybridization with a 550-base-pair (bp) amplified cDNA
product labeled with [32P]dCTP by random priming. Repeat-
edly positive plaques were isolated (17), and pBluescript
plasmids containing El cDNA inserts were obtained by in
vivo excision as described by Stratagene. DNA inserts were
isolated by restriction digestion and electrophoresis in low-
melting agarose.

Amplification ofthe 5' cDNA Region. A Agtll cDNA library
derived from U937 cells (Clontech) and a AgtlO cDNA library
from HL60 promyelocytic cells induced toward granulocytic
differentiation by dimethylformamide (20) (provided by Stu-
art Orkin, Children's Hospital, Boston) were used as sources
ofcDNA for amplification (21). Pelleted bacteriophage (105-
107 plaque-forming units) were denatured and incubated in
100 ,ul with 1 ,M antisense primer (clone U-10, residues
590-607) and flanking vector sense primer (New England
Biolabs no. 1218 or no. 1231) and amplification reagents for
40 cycles of92°C for 1 min, 55°C for 2 min, and 72°C for 3 min.
Products of -800 bp were excised from agarose gels and used
as template in second amplifications with a "nested" an-
tisense primer (clone U-10, residues 182-199). Single domi-
nant products of -460 bp were excised from gels, reamplified
in six to eight parallel 100-,l reaction mixtures, and purified
by agarose electrophoresis, phenol/chloroform extraction,
and ethanol precipitation.
cDNA Sequencing. Double-stranded DNA (amplified DNA

or pBluescript plasmids) was sequenced by the dideoxy
chain-termination/extension reaction (22) with Sequenase
reagents (United States Biochemical), vector-specific prim-
ers, and 18-mer primers based on El sequence.

RESULTS AND DISCUSSION
Peptides of El. Human El purified from U937 monocyte-

like cells (=40 ,g of two preparations) was subjected to
N-terminal amino acid sequencing. No sequence was ob-
tained, suggesting a blocked N terminus. The protein was
inactivated and trypsinized, and sequence was established
for 11 internal peptides (Fig. 1). Several of the peptides
showed partial identity with regions of serpin molecules
(FASTA and LFASTA analysis, ref. 23) (data not shown).

Isolation ofcDNA. Large EI-specific probes were prepared
by amplifying U937 cell cDNA with mixed oligonucleotide
primer pairs corresponding to El tryptic peptides, which
could be tentatively positioned within the molecule based on
their partial identity with regions of known serpins. Four
primer pairs formed from sense primers to peptides D and E
and antisense primers to peptide I, and contiguous peptides
0 plus F gave single dominant amplification products, D-I,
D-OF, E-I, and E-OF, with the sizes predicted by peptide
localization. Product E-OF, 550 bp in length, was used as
probe without further characterization.

Hybridization of 700,000 clones of a unidirectional A-ZAP
cDNA library from U937 cells with probe E-OF identified 14
repeatedly positive clones. The clones with the largest inserts
[>0.8 kilobase (kb)], U-1, U-5, U-10, and U-11, were partially

Peptide A: E-A-T-T-N-A-P-F-R

Peptide B: K-T-I-N-Q-(-)-V-K

Peptide D: (T/A)-F-H-F-N-T-V-E-E-V-H-S-(R)

Peptide E: (T)-Y-G-A-D-L-A-S-V-D-F-Q-H-A-S-E-D-A

Peptide F: L-G-V-Q-D-L-F-N-S

Peptide G (residues 7-20): P-E-N-L-D-F-I-E-V-N-V-S-L-P

Peptide H: (T)-Y-N-F-L-P-E-F-L-V-S-T-Q-K

Peptide I: V-L-E-L-P-Y-Q-G-E-E-L-S-M-V-I-L-L-P-D-D-I-E

Peptide M: K-I-E-E-Q-L-T-L-E-K

Peptide 0: F-K-L-E-E-S-Y-T-L-N-S-D-L-A-(R)

Peptide Z: F-A-Y-G-Y-I-E-D-L-K

FIG. 1. Sequence of tryptic peptides of human EL.

or totally sequenced. These encode El peptides but do not
contain the N-terminal region.
To complete the sequence, total DNA from other cDNA

libraries was amplified by use offlanking vector sense primer
and clone U-10 antisense primer. Size-selected product (Ma-
terials and Methods) was subjected to a second amplification
with a nested U-10 antisense primer. The amplified cDNA
product from a U937 cell library (U'-Ampl) and that from a
neutrophil-like HL-60 cell library (HL-Ampl) each contain
the missing 5' region and overlap with the inserts of clones
U-10 and U-1.

Nucleotide Sequence of El. The composite sequence of
clones and amplified products is 1316 nucleotides long and
includes one open reading frame beginning at position 49 with
the first methionine codon, part of the optimal eukaryotic
initiation sequence ACCATGG (24) (Fig. 2). The stop codon
at position 1186 is followed by a short 3' untranslated region
including one poly(A) signal, AATAAA, at residue 1277 and
a poly(A) tail. All overlapping residues are identical except 3'
untranslated residue 1298, which is an A in clone U-10 and a
C in U-1 and U-5.

Derived Amino Acid Sequence. The open reading frame
encodes a 379-amino acid protein of Mr 42,741 with the
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FIG. 2. Sequencing strategy. The upper line represents the
1316-bp composite sequence with the open box indicating the protein
coding region. Positions are indicated for primers D, E, I, and OF and
sequences for E and OF. A dashed line indicates the likely position
of the screening reagent, amplified product E-OF. Inserts of clones
U-1 (residues 241-1316), U-5 (292-1316), and U-10 (216-1316) and
amplification products U'-Ampl and HL-Ampl (each 1-414) are
indicated. Lines with directional arrows indicate regions sequenced
by overlapping reactions. UTR, untranslated region.
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CCCGCAGCTCGGAGCCCGGAGCGTCCTCGGCGGCTGTCGGTTTTCACC 48

10 20 30

Met Glu Gin Leu Ser Ser Ala Asn Thr Arg Phe Ala Leu Asp Leu Phe Leu Ala Leu Ser Glu Asn Asn Pro Ala Gly Asn lle Phe lle
ATG GAG CAG CTG AGC TCA GCA AAC ACC CGC TTC GCC TTG GAC CTG TTC CTG GCG TTG AGT GAG MC MT CCG GCT GGA MC ATC TTC ATC 138

40 50 60

Ser Pro Phe Ser lle Ser Ser Ala Met Ala Met Val Phe Leu Gly Thr Arg Gly Asn Thr Ala Ala Gin Leu Ser Lys Thr Phe His Phe

TCT CCC TTC AGC ATT TCA TCT GCT ATG GCC ATG GTT TTT CTG GGG ACC AGA GGT MC ACG GCA GCA CAG CTG TCC MG ACT TTC CAT TTC 228

70 80 90

Asn Thr Val Glu Glu Val His Ser Arg Phe Gin Ser Leu Asn Ala Asp lle Asn Lys Arg Gly Ala Ser Tyr lle Leu Lys Leu Ala Asn

AAC ACG GTT GM GAG GTT CAT TCA AGA TTC CAG AGT CTG MT GCT GAT ATC MC AAA CGT GGA GCG TCT TAT ATT CTG AAA CTT GCT MT 318

100 110 120

Arg Leu Tyr Gly Glu Lys Thr Tyr Asn Phe Leu Pro Glu Phe Leu Val Ser Thr GIn Lys Thr Tyr Gly Ala Asp Leu Ala Ser Val Asp

AGA TTA TAT GGA GAG AAA ACT TAC AAT TTC CTT CCT GAG TTC TTG GTT TCG ACT CAG AM ACA TAT GGT GCT GAC CTG GCC AGT GTG GAT 408

130 140 150

Phe GIn His Ala Ser Glu Asp Ala Arg Lys Thr lle Asn GIn Trp Val Lys Gly Gin Thr Glu Gly Lys Ile Pro Glu Leu Leu Ala Ser

TTT CAG CAT GCC TCT GAA GAT GCA AGG AAG ACC ATA MC CAG TGG GTC AM GGA CAG ACA GM GGA AAA ATT CCG GAA CTG TTG GCT TCG 498 FIG. 3. CDNA sequence and

160 170 180 deduced amino acid sequence
Gly Met Val Asp Asn Met Thr Lys Leu Val Leu Val Asn Ala Ile Tyr Phe Lys Gly Asn Trp Lys Asp Lys Phe Met Lys Glu Ala Thr for human El. The five potential
GGC ATG GTT GAT AAC ATG ACC AM CTT GTG CTA GTA MT GCC ATC TAT TTC MG GGA MC TGG MG GAT AM TTC ATG AAA GM GCC ACG 588 N-glycosylation sites (155, 270,

190 200 210 298, 351, 365) are marked by
Thr Asn Ala Pro Phe Arg Leu Asn Lys Lys Asp Arg Lys Thr Val Lys Met Met Tyr Gin Lys Lys Lys Phe Ala Tyr Gly Tyr lle Glu open diamonds, and the two

ACG MT GCA CCA TTC AGA TTG AAT MOG A GAC AGA AAA ACT GTG AAA ATG ATG TAT CAG MG AM AM TTT GCA TAT GGC TAC ATC GAG 678 cysteine residues (214 and 344)

220 230 240 are indicated by bold uppercase
Asp Leu Lys CY5 Arg Val Leu Glu Leu Pro Tyr Gin Gly Glu Glu Leu Ser Met Val lle Leu Leu Pro Asp Asp Ile Glu Asp Glu Ser letters. The proposed reactive

GAC CTT MG TGC CGT GTG CTG GM CTG CCT TAC CM GGC GAG GAG CTC AGC ATG GTC ATC CTG CTG CCG GAT GAC ATT GAG GAC GAG TCC 768 center Cys-Met, at positions

250 260 < 344-345, is marked by a broad
Thr Gly Leu Lys Lys Ile Glu Glu Gin Leu Thr Leu Glu Lys Leu His Glu Trp Thr Lys Pro Glu Asn Leu Asp Phe Ile Glu Val Asn

ACG GGC CTG MG MG ATT GAG GM CAG TTG ACT TTG GM AAG TTG CAT GAG TGG ACT AAA CCT GAG MT CTC GAT TTC ATT GM GTT MT 858 arow.l The poly(A) sign i

280 290 0 300 double-underlined. The Fig. 1
Val Ser Leu Pro Arg Phe Lys Leu Glu Glu Ser Tyr Thr Leu Asn Ser Asp Leu Ala Arg Leu Gly Val Gin Asp Leu Phe Asn Ser Ser peptides are D (57-69), H (97-
GTC AGC TTG CCC AGG TTC AAA CTG GAA GAG AGT TAC ACT CTC MC TCC GAC CTC GCC CGC CTA GGT GTG CAG GAT CTC TTT AAC AGT AGC 948 110), E (111-128), B (130-137),

310 320 330 A (178-186), Z (204-213), 1
Lys Ala Asp Leu Ser Gly Met Ser Gly Ala Arg Asp Ile Phe lie Ser Lys lie Vai His Lys Ser Phe Val Glu Val Asn Glu GLu Gly (216-237), M (245-254), G (261-
AAG GCT GAT CTG TCT GGC ATG TCA GGA GCC AGA GAT ATT TTT ATA TCA AAA ATT GTC CAC AAG TCA TTT GTG GM GTG MT GM GAG GGA 1038 274), 0 (276-290), and F (291-

340 350 360 299). Additional mixed and
Thr Glu Ala Ala Ala Ala Thr Ala Gly Ile Ala Thr PheCYS Met Leu Met Pro Glu Glu Asn Phe Thr Ala Asp His Pro Phe Leu Phe short tryptic peptides corre-

ACA GAG GCG GCA GCT GCC ACA GCA GGC ATC GCA ACT TTC TGC ATG TTG ATG CCC GM GM AAT TTC ACT GCC GAC CAT CCA TTC CTT TTC 1128 spond to positions 48-56, 92-96,

370 163-168, and 312-317. [One 17-
Phe lie Arg His Asn Ser Ser Gly Ser Ile Leu Phe Leu Gly Arg Phe Ser Ser Pro * residue tryptic peptide (not

TTT ATT CGG CAT AAT TCC TCA GGT AGC ATC CTA TTC TTG GGG AGA TTT TCT TCC CCI TAG AAG AM GAG ACT GTA GCA ATA CM AM TCA 1218 shown) is not present in the de-

duced sequence and is not in a
AGCTTAGTGCTTTATTACCTGAGTTTTTAATAGAGCCMTATGTCTTATATCTTTACCAATAMACCACTGTCCAGAAACAAAAAAAAAAAAAAA 1316 data base.]Adaabs.

composition Asn23Aspl8GlnlnGlu3oHis7Lys29Argl4Ala3o-
Cys2Gly20TyrloVall8IlelgLeu4,Phe27Met12Trp3Prol2Ser3l-
Thr22, values close to those determined for purified El (13).
The deduced sequence is unique since the National Biomed-
ical Research Foundation data base (Release 29, June 1991)
contains no identical or nearly identical sequence. The com-
posite cDNA sequence is confirmed as encoding El because
the deduced protein includes exact sequence of 15 tryptic
peptides prepared from purified El totalling 167 amino acids,
and each peptide sequence follows lysine or arginine (Fig. 3).

Structure of EL. Comparison with a data bank identified 14
proteins that have >30% amino acid identity with El. All of
these are members of the serpin superfamily (25, 26). Serpin
molecules are thought to share a common tertiary structure
defined by x-ray diffraction for the prototype molecule al-AT
(27). This highly ordered globular structure consists of nine
a-helical regions and three P-sheets arranged in a "stressed
configuration" with the reactive center, the most variable
region, located in an exposed loop, where it acts as a bait for
target protease (26-29). By aligning sequences of 20 serpins,
Huber and Carrell (29) defined 51 positions with conserved
residues. These residues are distributed throughout the pri-
mary sequence, but located in internal regions and surface
niches in the al-AT crystal structure. Forty-nine of these 51
residues are conserved in the El sequence (Fig. 4), strongly
indicating that El has the highly ordered serpin tertiary
structure.
"Ovalbumin Branch" of the Serpin Superfamily. The pro-

teins with greatest homology with El are PAI-2 (33-36) and
the chicken proteins gene Y (30) and ovalbumin (31) (Fig. 4).
The PAI-2 amino acid sequence is 50.1% identical with El,
gene Y is 42.7% identical, and ovalbumin is 39.6% identical

(Fig. 4). § These three proteins were previously grouped as an
ancient conserved branch of the serpin superfamily based on
identities of amino acid sequence and exon-intron organiza-
tion (33, 37). The identities within this subgroup extend to the
N terminus, a region not strongly conserved in the larger
superfamily (Fig. 4). The existence ofan "ovalbumin family"
within the larger serpin superfamily was predicted in 1980 by
Hunt and Dayhoff (25).
Homology of EI and PAI-2. Particularly outstanding is the

high homology of El and PAI-2, both of which are monocyte
proteins. Their 50.1% identical amino acid sequence align-
ment requires only two gaps (Fig. 4). Noteworthy also is their
common motif, GYIED, at positions 230-234 in strand B1
(Fig. 4), a region that has minimal identities in the larger
superfamily (29). In contrast, al-AT has only 30.1% identity
with El (seven gaps), even though al-AT and El share the
functional property of elastase inhibition (Fig. 4).

Glycosylation Sites. Whereas El purified from U937 cell
lysates is nonglycosylated (13), the deduced sequence con-
tains five potential N-glycosylation sites (Fig. 3). The possi-
ble existence of glycosylated El molecules has not been
specifically investigated, nor have extracellular fluids been
examined for possible content of El. The closely related
monocyte molecule PAI-2 has three potential N-glycosyla-

§Other molecules identified by the FASTA (23) search of the National
Biomedical Research Foundation data base (Release 29) include
AT,,,, 39.6% identity with El (39.0%o by Fig. 4 methods); mouse
contrapsin, 36.4%; rat growth hormone-regulated proteinase inhib-
itor, 34.3%; al-antichymotrypsin, 34.0%; heparin cofactor II,
33.8%; protein C inhibitor, 33.5%; protease nexin I, 32.2%; a2-
antiplasmin, 31.3%; corticosteroid-binding globulin, 30.9o; al-AT,
30.3% (30.1% by Fig. 4 methods); plasminogen activator inhibitor 1,
30.1%; thyroxine-binding globulin, 29.3%; and C1 inhibitor, 27.4%.

Biochemistry: Remold-O'Donnell et al.
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FIG. 4. Comparison of El with other serpins. Manual alignment was based on the al-AT structure (27) with gaps and inserts placed at
positions tolerated in the larger serpin superfamily (29). Position numbers refer to al-AT. Shading indicates identity with El. Structural regions
of the al-AT crystal structure (27) are indicated. The reactive site is at positions 358-359. The al-AT and antithrombin III (AT11j) signal
sequences and the AT,,, N-terminal 28 residues are not shown. El lacks the variable-length loop between helices C and D (residues 86-89 in
al-AT) and differs in this respect from plasminogen activator inhibitor 2 (PAI-2), gene Y, and ovalbumin (Oval.), which have loops of 37, 14,
and 14 residues, respectively, at this position (omitted from the figure). The 51 dark bars indicate residues categorized as conserved in the larger
serpin superfamily (29). El has 49 of these conserved residues but does not have valine at position 388 and asparagine at position 390, a deviance
found also in PAI-2, gene Y, and ovalbumin. The motifGYIED at positions 230-234 in El and PAI-2 (enclosed box) is not found in other serpins.
The al-AT, gene Y, ovalbumin, and ATn11 sequences are from refs. 9 and 30-32; that of PAI-2 is from refs. 33, 34, 36, and 37.

tion sites (33-36) and is an apparently novel case in which a
single mRNA sequence supports synthesis of a nonglycosy-
lated cytoplasmic protein and a secreted glycoprotein ("fac-
ultative polypeptide translocation"; ref. 46).
N Terminus. The El sequence lacks a typical cleavable

hydrophobic signal peptide. Its 20 N-terminal residues in-
clude five leucines and three alanines but also include hy-
drophilic residues glutamine, asparagine, glutamic acid, as-
partic acid, and arginine. Moreover, a peptide recovered
from one El trypsinization gave the sequence --LDLSLA,
corresponding with one deviation to deduced residues 13-18
(LDLFLA). In addition, the deduced El sequence aligns
precisely with ovalbumin and PAI-2, which lack cleavable
peptides (38, 39), and begins, relative to al-AT, in helix A
with the first residue buried in the globular structure (Fig. 4).

Cysteine Residues. The presence of at least one free sulf-
hydryl cysteine was indicated by adherence of El to sulfby-
dryl exchange resins (13) and, independently, by abrogation
of El activity by the sulfhydryl reagent iodoacetamide (13).
Since the deduced sequence contains only two cysteines
(Cys-214 and Cys-344), it follows that both have free sulfhy-
dryls and El lacks disulfide bonds.

Reactive Center. Within the serpin superfamily, the exposed
reactive center is particularly susceptible to variation, and, in
many cases, the P1 residue-i.e., the N-terminal residue ofthe
cleavage site-mirrors the specificity of the target protease
and thereby defines inhibitory specificity (26). Alignment with
serpin sequences identified the El P1 residue as Cys-344,
consistent with abrogation of activity by iodoacetamide, and
the Pi' residue as Met-345. The El reactive center thus does
not have the "ideal" P1 residue, valine, which would mirror
the specificity of the target protease elastase (40). Similar
observations have been made for the plasma elastase inhibitor
al-AT, which has Met-Ser as P1-P1' residues.

These findings suggest that El and al-AT constitute inde-
pendent cases in which evolution and natural selection have
yielded elastase inhibitors with reactive sites that are less
than ideal. An alternative interpretation is that the reactive
sites are ideal, but the function of the molecule(s) has been
inadequately perceived. According to the latter hypothesis,
the in vivo function of El (and al-AT) is to inhibit several
serine proteases, one of which is elastase. The supporting
evidence includes (i) the presence of three serine proteases
(cathepsin G and protease 3 in addition to elastase) in
neutrophil granules and the failure thus far to identify other
neutrophil/monocyte serpin inhibitor molecules, (ii) the in-
hibition of trypsin as well as elastase by the apparent guinea
pig counterpart of El (41), and (iii) the inhibition of elastase
and cathepsin G by a highly purified human neutrophil
fraction containing "cytosolic inhibitor," which is likely
identical- to El (42).

Counterpart Molecules in Other Species. Molecules that are
possible counterparts of human El have been studied in
horse, pig, cattle, guinea pigs (references in ref. 13), sheep
(43), and mice (44). The horse molecule shares 16 of 20
sequenced residues (45) with human El residues 343-362 (not
shown). Its elastase inhibitory activity is significantly de-
creased by the oxidant N-chlorosuccinimide (45). On the
other hand, its Pi-P1' residues, Ala-Met (45), differ from the
Cys-Met of human El; its Mr of 35,000 also differs from the
Mr of42,000 ofhuman El. The guinea pig molecule resembles
human El in molecular weight (41), adherence to thiol resins,
and abrogation of activity by iodoacetamide (E.R.-O., un-
published findings), the latter suggesting a P1 cysteine resi-
due. The guinea pig molecule is present in extracellular fluid
as well as intracellularly (41).
mRNA. The abundance of El in monocytes, neutrophils,

lung macrophages, and monocyte-like U937 cells and its
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FIG. 5. Northern blot. Total RNA (30 ,ug) from CEM lympho-
blastoid cells (lane 1) or unstimulated U937 cells (lane 2) or poly(A)-
selected RNA (2 Ag) from CEM cells (lane 3) or U937 cells (lane 4)
was hybridized with the insert of clone U-10.

absence in the lymphocyte cell line CEM (13) suggest that
expression is tightly regulated. Northern assay of total RNA
with U-10cDNA revealed multiple hybridizingmRNA species
in U937 cells and no hybridizing mRNA in CEM cells (Fig. 5).
On analysis of poly(A)-enriched U937 cell RNA, the hybrid-
izing mRNA species were characterized as molecules of 2.6,
1.9, and 1.5 kb (Fig. 5). The composite cDNA defined in this
study is similar in size to the 1.5-kb mRNA, suggesting that the
cDNA sequence is nearly complete. It will be of interest to
determine whether El or a related serpin inhibitor is expressed
in cells containing other granule serine proteases-i.e., mast
cells, natural killer cells, and cytolytic T lymphocytes.

CONCLUSIONS
The composite cDNA sequence encodes El, an abundant
protein in monocytes, neutrophils, and macrophages, which
functions in vitro as a fast-acting inhibitor of elastase. Amino
acid sequence identities established that El is a member of the
serpin superfamily and is highly likely to have the character-
istic stressed serpin secondary structure. Sequence analysis
indicated that El is a member of the serpin subgroup that
includes chicken ovalbumin and gene Y and the human
molecule PAI-2. This subgroup (ovalbumin family) was pre-
viously categorized as an ancient branch of the superfamily
based on shared exon-intron organization, a feature otherwise
atypical among serpin molecules (33, 37). The homology of El
with PAI-2, also a monocyte molecule, amounts to 50.1%. The
deduced El sequence encodes a 379-amino acid protein with
five potential N-glycosylation sites and lacking disulfide
bonds. The reactive center P1-P1' residues, Cys-Met, suggest
that the new serpin molecule (i) inhibits more than one
protease and (ii) is likely oxidation-sensitive. The latterfeature
would limit the place of action of El to the immediate vicinity
of carrier cells. All of these features are consistent with El
being a major agent terminating and/or regulating the proteo-
lytic action of phagocytic cells, particularly neutrophils.
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