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ABSTRACT Three different cDNAs and a gene encoding
human skin mast cell tryptase have been cloned and sequenced
in their entirety. The deduced amino acid sequences reveal a
30-amino acid prepropeptide followed by a 245-amino acid
catalytic domain. The C-terminal undecapeptide of the human
preprosequence is identical in dog tryptase and appears to be
part of a prosequence unique among serine proteases. The
differences among the three human tryptase catalytic domains
include the loss of a consensus N-glycosylation site in one
c¢DNA, which may explain some of the heterogeneity in size and
susceptibility to deglycosylation seen in tryptase preparations.
All three tryptase cDNAs are distinct from a recently reported
c¢DNA obtained from a human lung mast cell library. A skin
tryptase cDNA was used to isolate a human tryptase gene, the
exons of which match one of the skin-derived cDNAs. The
organization of the ~1.8-kilobase-pair tryptase gene is unique
and is not closely related to that of any other mast cell or
leukocyte serine protease. The 5’ regulatory regions of the gene
share features with those of other serine proteases, including
mast cell chymase, but are unusual in being separated from the
protein-coding sequence by an intron. High-stringency hybrid-
ization of a human genomic DNA blot with a fragment of the
tryptase gene confirms the presence of multiple tryptase genes.
These findings provide genetic evidence that human mast cell
tryptases are the products of a multigene family.

Tryptase, a major constituent of mast cell secretory granules,
has emerged recently as the most specific marker in vivo of
mast cell activation in humans (1, 2). Tryptase is a trypsin-
like serine protease that hydrolyzes peptide bonds on the
C-terminal side of basic amino acids. Unlike trypsin, how-
ever, tryptase is highly selective in hydrolyzing its peptide
and protein targets and resists inactivation by circulating
inhibitors (3—6). In vitro studies using purified dog and human
tryptase preparations suggest potential roles in the lung, skin,
and other tissues as a local anticoagulant (7, 8), activator of
collagenase (9), promoter of smooth muscle contraction (10),
and modulator of neuropeptide activity (11, 12).

The distinctive properties of tryptase have yet to be
adequately understood in molecular terms. Although
tryptase is stored and released from the mast cell granule in
an active form (13, 14), the tryptase preprosequence deduced
from dog and human cDNAs suggests that tryptase may be
synthesized as a proenzyme (15, 16). Preparations of human
and dog tryptase with a single N-terminal sequence are
inhomogeneous, yielding two or more closely spaced bands
on sodium dodecyl sulfate/polyacrylamide gel electrophore-
sis (SDS/PAGE) (3, 5, 6, 17). Some, but not all, of this
heterogeneity is due to variable N-glycosylation (15, 17). The
active form of dog and human tryptase is a tetramer (6, 18,
19), each subunit of which shares antigenic determinants and
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contains an active site (3). Tryptases from different tissue
sources are antigenically cross-reactive (17, 20, 21). How-
ever, differences in k., and K,, toward synthetic peptide
substrates and in susceptibility towards protease inhibitors
have been observed among preparations of tryptase from
lung, skin, and pituitary gland, raising the possibility of
functional differences between mast cell tryptases in different
locations (4, 17).

To correlate the structure of tryptases with their unique
properties and to explore the potential genetic basis of
heterogeneity and tissue differences in human tryptases, we
cloned and sequenced three different human tryptase cDNAs
and a gene corresponding to one of the cDNAs.** A genomic
DNA blot probed with a fragment of the cloned gene revealed
the presence of multiple tryptase genes.

MATERIALS AND METHODS

Construction and Screening of a Skin ¢cDNA Library. A
sample of 4 x 10° mast cells (1.1% of total cells) from scalp
skin of a single donor was obtained (22), and poly(A)* RNA
was isolated by LiCl precipitation (23) and oligo(dT)-
cellulose chromatography (24). A cDNA library containing 8
X 10° unique recombinants was constructed in phage A ZAP
II vector (Stratagene) (25) and was amplified once in Esch-
erichia coli XL1-Blue cells (26) prior to screening. Approx-
imately 10° plaque-forming units from the library were
screened at 42°C with a dog tryptase cDNA (15) labeled to 2
x 108 cpm/ug by nick-translation (27) as described, except
for use of 30% formamide in the hybridization solution (27).
Three positive recombinants were identified by autoradiog-
raphy, plaque-purified, and reprobed. Phagemids containing
inserts that hybridized to the cDNA probe were excised from
the ZAP II A phage vector by using R408 helper phage (28),
transformed into E. coli XL1-Blue cells, and purified by
alkaline lysis (29). The sequence of the cDNA inserts was
determined by dideoxy chain termination (30) modified for
double-stranded DNA (31) by using Sequenase (United
States Biochemical) (32). The M13 forward, reverse, and KS
primers (Stratagene) were used initially. Subsequent se-
quencing reactions used oligonucleotide primers designed
from previously determined sequence.

Genomic Library Screening. Human tryptase clone II
cDNA (see Results) was used to screen =6 x 10° plaque-
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forming units from a human placental genomic library in
EMBL-3 (Clontech). The cDNA was labeled with biotin-
7-dATP by nick-translation and was hybridized at 50°C to the
immobilized phage DNA (33). Positive clones were visualized
by using the BuGENE nonradioactive nucleic acid detection
system (Bethesda Research Laboratories) (33). Nine of the
most strongly hybridizing clones were plaque-purified and
rescreened. Phage DNA was purified by the plate lysate
method (27) and digested with BamHI to yield genomic
fragments, which were separated by agarose gel electropho-
resis, transferred to nitrocellulose (34), and hybridized to
tryptase cDNA. Hybridizing fragments from two of the clones
were ligated into the BamHI site of pBluescript KS+ ph-
agemid (Stratagene), and the nucleotide sequence was deter-
mined as described for the cDNAs. The nucleotide sequence
of both strands of the gene shown in Fig. 2 was determined
with the exception of the sequence of the 3’ 179 nucleotides,
which was determined in one direction. The sequence of 521
bases of the second clone was determined in one direction.

Genomic DNA Blotting. Human lymphocytes from a single
individual were purified from whole blood by centrifugation
on Ficoll-Paque (Pharmacia) (35), and genomic DNA was
isolated by proteinase K treatment and phenol extraction
(36). Samples of 10 ug of DNA were digested to completion
with Ava II, Bal 1, and BamHI (27). The fragments were
electrophoresed through a 0.8% agarose gel and transferred
to a Hybond-N membrane (Amersham) (34). A 345-base-pair
(bp) Ava 1I/BamHI DNA fragment (bases 1160-1504 in Fig.
2) isolated from the genomic clone was labeled to 10° cpm/ug
by nick-translation (27) and hybridized to the genomic blot at
42°C in 10 ml of hybridization solution containing 50%
formamide as described above for the cDNA library (27). The
filter was washed three times for 30 min at 68°C in 15 mM
NaCl/1.5 mM sodium citrate/0.5% SDS, dried, and exposed
to film for 24 hr (27).

RESULTS

Tryptase cDNAs. Three unique clones (I, I, and III) from
the skin library were identified, and the sequence of both
strands of each insert was determined (Fig. 1). Clone I
extends from base 5 shown in Fig. 1 to the poly(A) tail. Amino
acids 1-24 of the sequence deduced from clone I are identical
to those of the N-terminal 24 amino acids of purified human
lung tryptase that could be identified by Edman sequencing
(unpublished data). His-44, Asp-91, and Ser-194 correspond
to the conserved His-57, Asp-102, and Ser-195 (chymo-
trypsinogen numbering) residues essential for serine protease
catalytic activity. Asp-188 is analogous to Asp-189 of trypsin,
which is a primary determinant of the arginine/lysine sub-
strate specificity of trypsin. Clone I tryptase contains eight
cysteines and two consensus N-glycosylation sites. A 30-
amino acid preprosequence precedes a catalytic domain of
245 amino acids with a calculated M, of 27,449. Clone II
comprises bases 3-1130 shown in Fig. 1. Differences in the
deduced amino acid sequence of clone II include conversion
of Asn-102 to lysine, eliminating an N-glycosylation site. The
nucleotide sequence of clone III extends from base 24 to base
1104 in Fig. 1. The deduced amino acid sequence of clone III
includes Arg-Asp-Arg at positions 21-23, a sequence also
deduced from a lung tryptase cDNA (16). This differs from
the sequence at the same positions deduced for clones I and
II (His-Gly-Pro) and the sequence at the same positions
determined by N-terminal sequencing of human lung tryptase
(His-Xaa-Pro, where Xaa is an unidentified residue) (Fig. 1).

Tryptase Gene. A blot of the BamHI digests of the nine
genomic clones hybridized with the tryptase clone II cDNA
yielded four different banding patterns (unpublished data),
suggesting the existence of multiple tryptase genes. BamHI-
digested DNA fragments from two of the clones were sub-
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Met Leu Asn Leu Leu
ATG CTG AAT CTG CTG

II I

Ala Tyr Ala Ala Pro
GCC TAC GCG GCC CCT

1
ATC GTC GGG GGT CAG
T

T
20

GTG AGC CTG AGA GTC

Gly Ser Leu Ile His
GGC TCC CTC ATC CAC

50
Val Gly Pro Asp Val
GTG GGA CCG GAC GTC

Arg Glu Gln His Leu
CGG GAG CAG CAC CTC

80
Arg Ile Ile Val His
AGG ATC ATC GTG CAC

Ile Ala Leu Leu
ATC GCC CTG CTG

110
His Val His Thr Val
CAC GTC CAC ACG GTC

Pro Gly Met Pro Cys
CCG GGG ATG CCG TGC

140
Asp Glu Arg Leu Pro
GAT GAG CGC CTC CCA

Pro Ile Met Glu Asn
CCC ATA ATG GAA AAC

170
Ala Tyr Thr Gly Asp
GCC TAC ACG GGA GAC

Cys Ala Gly Asn Thr
TGT GCC GGG AAC ACC

200
Gly Pro Leu Val Cys
GGG CCC CTG GTG TGC

Val Val Ser Trp Gly
GTG GTC AGC TGG GGC

230
Ile Tyr Thr Arg Val
ATC TAC ACC CGT GTC

245
Val Pro Lys Lys Pro

GTC CCC AAA AAG CCG TGA GTCAGGCCTGGGTTGGCCACCTGGGTCACTGGAGGA
G T AG

CCAACCCCTGCTGTCCAAAACACCACTGCTTCCTACCCAGGTGGCGACTGCCCCCCACAC
G c [+

-20
Leu Leu Ala Leu Pro Val Leu Ala Ser Arg
CTG CTG GCG CTG CCC GTC CTG GCG AGC CGC
-10 III
Ala Pro Gly Gln Ala Leu Gln Arg Val Gly
GCC CCA GGC CAG GCC CTG CAG CGA GTG GGC

10
GAG GCC CCC AGG AGC AAG TGG CCC TGG CAG

30

Sly. Pro Tyr Trp Met His Phe Cys Gly

CAC GGC CCA TAC TGG ATG CAC TTC TGC GGG
G A G
Arg Asp Arg

)
Pro Gln Trp Val Leu Thr Ala Ala Cys
CCC CAG TGG GTG CTG ACC GCA GCG CAC TGC

60
Lys Asp Leu Ala Ala Leu Arg Val Gln Leu
AAG GAT CTG GCC GCC CTC AGG GTG CAA CTG

70
Tyr Tyr Gln Asp Gln Leu Leu Pro Val Ser
TAC TAC CAG GAC CAG CTG CTG CCG GTC AGC

90
Pro Gln Phe Tyr Thr Ala Gln Ile Gly Ala
CCA CAG TTC TAC ACC GCC CAG ATC GGA GCG

Glu Leu Glu Glu Pro Val Asn Val Ser Ser
GAG CTG GAG GAG CCG GTG AAC GTC TCC AGC
G

Lys
120
Thr Leu Pro Pro Ala Ser Glu Thr Phe Pro
ACC CTG CCC CCT GCC TCA GAG ACC TTC CCC

130
Trp Val Thr Gly Trp Gly Asp Val Asp Asn
TGG GTC ACT GGC TGG GGC GAT GTG GAC AAT

150
Pro Pro Phe Pro Leu Lys Gln Val Lys Val
CCG CCA TTT CCT CTG AAG CAG GTG AAG GTC

160
His Ile Cys Asp Ala Lys Tyr His Leu Gly
CAC ATT TGT GAC GCA AAA TAC CAC CTT GGC

180
Asp Val Arg Ile Val Arg Asp Asp Met Leu
GAC GTC CGC ATC GTC CGT GAC GAC ATG CTG

190
Arg Arg Asp Ser Cys Gln Gly Asp [Ser]cly
CGG AGG GAC TCA TGC CAG GGC GAC GGA

* 210
Lys Val Asn Gly Thr Trp Leu Gln Ala Gly
AAG GTG AAT GGC ACC TGG CTG CAG GCG GGC

220
Glu Gly Cys Ala Gln Pro Asn Arg Pro Gly
GAG GGC TGT GCC CAG CCC AAC CGG CCT GGC

240

Thr Tyr Tyr Leu Asp Trp Ile His His Tyr
ACC TAC TAC TTG GAC TGG ATC CAC CAC TAT
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CTTCCCTGCCCCGTCCTGAGTGCCCCTTCCTGTCCTAAGCCCCCTGCTCTCTTCTGAGCC 984

CCTTCCCCTGTCCTGAGGACCCTTCCCTATCCTGAGCCCCCTTCCCTGTCCTAAGCCTGA 1044
[+

[+

CGCCTGCACCGGGCCCTCCAGCCCTCCCCTGCCCAGATAGCTGGTGGTGGGCGCTAATCC 1104
G GC

I1I G GC

TCCTGAGTGCTGGACCTCATTAAAGTGCATGGAAATC (A) | 1142

FiG. 1. Sequence of human tryptase cDNAs I, II, and III
Nucleotides are numbered to the right of the figure, and deduced
amino acids are numbered above the amino acid sequence. The 5’
end of each cDNA is indicated by a caret with additional 5’
nucleotides inferred from the gene sequence shown in Fig. 2.
Differences in sequence between tryptase clone I and clones II or I1I
are indicated below the sequence of tryptase I. The N-terminal amino
acid sequence determined for purified human lung tryptase is un-
derlined. The amino acid at the position of Gly-22 (dashed underline)
could not be identified by Edman degradation. The histidine, aspartic
acid, and serine residues of the catalytic triad are boxed. Consensus
N-glycosylation sites are labeled with an asterisk, and the putative
polyadenylylation signal sequence is underlined.

cloned into pBluescript KS+ for sequence analysis. One of
the clones encoded exons matching the sequence of tryptase
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clone I cDNA and was sequenced in its entirety (Fig. 2).
Partial sequence determined for the second clone revealed

ACCAGCTGACAGGTGGAGCTGCCAGICTCCAGTGCTCAGCCCTCAGCGGGGCCTGCCTGG ~165
CAGCCCCACACACAGAGGGCATCGGGGTGGCGGGGGCACGTGTTACACGGGGGCCCTGGG ~105
TCTGAGTCATCCACTTCCTCCGAGTCTGGATGGGAGGACCCAGCGCCCCTCCTCCGCCCC  —-45

CTCCTGATCTGGAAGGATAAATGGGGAGGGGAGAGCCACTGGGTAGAAGGAACAGGGAGT 16

Intron 1 ~
GGCCAGG gtaagtccccactctcagagaccctgacatcagcgtcacctggagcagagtg 75

gcccagectcagact cagagcaccaagacccaggcccgcaggect ggacccaceccggte 135

ccccegteccagetecattettcacceccacaatctgtageccccagecctgecctgtgag 195
-30

MetLeuAsnLeuLeuLeuLeu
gcccggccaggcccacgatgectecteccttgectccccag ATGCTGAATCTGCTGCTGCTG 254
-20

AlaLleuProValLeuAlaSerArgAlaTyrAlaAlaProA Intron 2
GCGCTGCCCGTCCTGGCGAGCCGCGCCTACGCGGCCCCTG gtgagtcccagecggggte 313

caccctgcccctcaccacattccacaggtcagggectgggtgggttetggggaggtcggg 373

ctggccccccacacagggaagggctgggcccaggectggggetgettectggtectgace 433
-10 -1 +1

laProGlyGlnAlaLeuGlnArgValGlyIleValGlyGlyGln
tggcacctgccccag CCCCAGGCCAGGCCCTGCAGCGAGTGGGCATCGTCGGGGGTCAG 492
10 0

GluAlaProArgSerLysTrpProTrpGlnValSerLeuArgValHisGlyProTyrTrp
GAGGCCCCCAGGAGCAAGTGGCCCTGGCAGGTGAGCCTGAGAGTCCACGGCCCATACTGG 552
30 40
MetHisPheCysGlyGlySerLeulleHisProGlnTrpValLeuThrAlaAlaHisCys
ATGCACTTCTGCGGGGGCTCCCTCATCCACCCCCAGTGGGTGCTGACCGCAGCGCACTGC 612

ValGlyPr Intron 3
GTGGGACC gtgagtctcccggggcectggaggggtggggaagggctggatgtgageccctg 671
o
gctccecgggtgctcectgggggctgeccagggeccctgagtgggatcctecgetgeccag G 730
50 60
AspVallysAspleuAlaAlaleuArgValGlnLeuArgGluGlnHisLeuTyrTyrGln
GACGTCAAGGATCTGGCCGCCCTCAGGGTGCAACTGCGGGAGCAGCACCTCTACTACCAG 790
70 80
AspGlnLeuleuProValSerArgIleIleValHisProGlnPheTyrThrAlaGlnlle
GACCAGCTGCTGCCGGTCAGCAGGATCATCGTGCACCCACAGTTCTACACCGCCCAGATC 850
90 100
GlyAlaAspIleAlaLeuleuGluLeuGluGluProValAsnValSerSerHisValHis
GGAGCGGACATCGCCCTGCTGGAGCTGGAGGAGCCGGTGAACGTCTCCAGCCACGTCCAC 910
110 120
ThrValThrLeuProProAlaSerGluThrPheProProGlyMetProCysTrpValThr
ACGGTCACCCTGCCCCCTGCCTCAGAGACCTTCCCCCCGGGGATGCCGTGCTGGGTCACT 970
130
GlyTrpGlyAspValAspAsnAspG Intron 4
GGCTGGGGCGATGTGGACAATGATG gtgggtctggggacagtggaggtggggccagggt 1029

cttagccacagcccagcccctgggtccctetgggeteccaggtgggggttgeccggeccee 1089
140

luArgLeuProProProPheProLeul
tcctgaggctgcaccctcttecccacctgecag AGCGCCTCCCACCGCCATTTCCTCTGA 1148
150 160
ysGlnVallysValProIleMetGluAsnHisIleCysAspAlaLysTyrHisLeuGlyA
AGCAGGTGAAGGTCCCCATAATGGAAAACCACATTTGTGACGCAAAATACCACCTTGGCG 1208
170 180
laTyrThrGlyAspAspValArgIleValArgAspAspMetLeuCysAlaGlyAsnThrA
CCTACACGGGAGACGACGTCCGCATCGTCCGTGACGACATGCTGTGTGCCGGGAACACCC 1268
190
rgArgAspSerCysGln Intron 5
GGAGGGACTCATGCCAG gtggg gectgt g cgeec

GlyAspSerGlyGlyP
ctcccaggcctgttcggegagegetgacctctgaccttceccag GGCGACTCCGGAGGGC 1386
200 210

1327

1
roLeuValCysLysValAsnGlyThrTrpLeuGlnAlaGlyValValSerTrpGlyGluG
CCCTGGTGTGCAAGGTGAATGGCACCTGGCTGCAGGCGGGCGTGGTCAGCTGGGGCGAGG 1446

220 230
1lyCysAlaGlnProAsnArgProGlyIleTyrThrArqValThrTyrTyrLeuAspTrpl
GCTGTGCCCAGCCCAACCGGCCTGGCATCTACACCCGTGTCACCTACTACTTGGACTGGA 1506

240 245
leHisHisTyrValProLysLysProEnd
TCCACCACTATGTCCCCAAAAAGCCGTGAGTCAGGCCTGGGTTGGCCACCTGGGTCACTG 1566

GAGGACCAACCCCTGCTGTCCAAAACACCACTGCTTCCTACCCAGGTGGCGACTGCCCCC 1626

CACACCTTCCCTGCCCCGTCCTGAGTGCCCCTTCCTGTCCTAAGCCCCCTGCTCTCTTCT 1686

GAGCCCCTTCCCCTGTCCTGAGGACCCTTCCCTATCCTGAGCCCCCTTCCCTGTCCTAAG 1746

CCTGACGCCTGCACCGGGCCCTCCAGCCCTCCCCTGCCCAGATAGCTGGTGGTGGGCGCT 1806
AATCCTCCTGAGTGCTGGACCTCATTAAAGTGCATGGAAATC/ACTGGTGTGCATCGCTG 1865
TGTTTCTGGTTGTGGATGTCACTGGGAGAGAAGGGGTCCAGGTGTGCTGAGGACACCTGC 1925
CACAGTGTGAGGTCCTAGCCCTCAAGGCACAGCCAGTCACCGTGGGAC 1973

FiG. 2. Sequence of human tryptase I gene. Nucleotides are
numbered to the right of the figure; the nucleotide located 25 bases
3’ to the putative TATA box sequence is designated +1 [(marked
with a caret) based on the consensus transcription start-site sequence
and position relative to the TATA box (37, 38)]. The introns, labeled
1-5, are in lower case letters. The deduced amino acids are above the
exon nucleotide sequences and are numbered as in Fig. 1. Putative
TATA and CAAT box sequences and the region homologous to a
mast cell chymase enhancer element are underlined. The poly(A)
attachment site is indicated with a slash (/).
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98% identity to the tryptase I gene over the regions sequenced
(corresponding to bases —104 to 240 and 388-564 in Fig. 2), but
it did not contain exons exactly matching any of the three skin
tryptase cDNAs or the lung tryptase cDNA (16).

The tryptase I gene contains five introns separating six
exons. All of the BamHI sites of the genomic fragments
overlap the tryptase cDNA sequence except the site beginning
at base 712 in intron 3. The size of this intron was confirmed
by amplifying the region of the intact genomic clone containing
the intron by the polymerase chain reaction (39). The locations
of introns 2-5 were deduced by comparison of the gene
sequence with that of the cDNA. The placement of intron 1
was determined by comparison of the gene sequence with the
5’ noncoding region of a lung tryptase cDNA (16). The 9
nucleotides 5’ to the initiation codon of lung tryptase cDNA
are identical to those found 5’ to intron 1. In addition, the
intron—exon junction of intron 1 contains 7 of 8 nucleotides of
the splice site consensus sequence (40) at the 5’ end and 13 of
15 nucleotides at the 3’ end. The splice sites flanking all of the
introns conform to the GT/AG rule (41).

Genomic DNA Blotting. A 345-bp Ava 1I/BamHI DNA
fragment from the tryptase gene was used to probe a human
genomic Southern blot (Fig. 3 Upper). The probe contained
no internal restriction sites for Ava II, Bal 1, or BamHI, which
were used to digest the genomic DNA. The blot was hybrid-
ized to the gene fragment and washed under highly stringent
conditions. The 0.4-kb Ava II fragment, the 1.5-kb Bal I
fragment, and the 0.8-kb BamHI fragment predicted from the
sequence of the cloned gene appear to be present in the
digests as expected (Fig. 3 Lower). At least two additional

200 bp ) 410 bpl
BamHI
o 788 bp !
I | Balr
1529 bp
NS
Lo
TOQ

2.3 —
™
1.8 —
-
0.6 — g
0.3 —

F1G. 3. (Upper) Restriction map of tryptase 1 gene. The box
represents the tryptase I gene with restriction sites indicated above
the gene. The black regions represent exons, and white regions
represent introns (numbered 1-5). The shaded region indicates the
portion of the gene used to hybridize to the Southern blot shown in
Lower. The size of the Ava 11, BamHI, and Bal I restriction fragments
predicted to hybridize to the gene fragment is indicated below the
gene. (Lower) Southern blot of human genomic DNA. An autorad-
iogram is shown of human genomic DNA digested with the restric-
tion endonucleases indicated, electrophoresed in agarose, trans-
ferred to a nylon membrane, and hybridized to a radiolabeled
fragment of the tryptase gene. The size (kb) and location of molecular
weight markers are shown to the left.
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bands appear in the Ava Il and Bal I digests. Even accounting
for allelic variation, these results, in conjunction with the
presence of multiple cDNAs and genomic clones, indicate the
presence of at least two but probably three or more tryptase
genes in the human genome.

DISCUSSION

We have identified three distinct tryptase cDNAs from a
human skin library, each different from a lung tryptase cDNA
recently described (16). We also isolated and sequenced a
tryptase gene whose organization is distinct from previously
described serine proteases, and we show evidence of addi-
tional closely related genes. These findings provide the first
evidence of a genetic basis for heterogeneity among mast cell
tryptases.

Translation of tryptase mRNA probably begins at the first
5’ ATG, which is preceded by the sequence 5'-TGGCCAGG-
3’. This sequence conforms to the consensus start site
sequence of eukaryotic mRNAs (42) and to the consensus
sequence preceding the initiation codons of mRNAs encod-
ing proteoglycan core protein and other mast cell proteins of
the secretory granule (43). Tryptase mRNA encodes a 30-
amino acid preprosequence preceding Ile-1 identified to be
the N terminus of the mature protein. The hydrophobic
N-terminal portion of the prepropeptide is characteristic of a
signal sequence. Empiric rules (44) do not clearly identify the
C terminus of the signal peptide. Because propeptides tend to
be more highly conserved than signal peptides among groups
of serine proteases, the finding that the last 11 amino acids of
the preprosequences encoded by our human and dog tryptase
cDNAs (15) are identical suggests that the C-terminal portion
of the preprosequence functions as a propeptide. An intrigu-
ing feature of the proposed propeptide is its termination in
glycine, the amino acid also found in the sequence deduced
from a tryptase-related dog mast cell cDNA (15) and from a
lung tryptase cDNA (16), but which is otherwise unique. In
serine proteases such as the pancreatic zymogens, the prose-
quence serves as an activation peptide, which is removed by
activating proteases that recognize specific propeptide se-
quences. The propeptide hydrolysis site is a basic amino acid
in the pancreatic serine proteases and apparently is an acidic
residue in most leukocyte and mast cell granule-associated
serine proteases (15), including mast cell chymase, which is
packaged in mast cell granules with tryptase (45, 46). Thus

H
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the C-terminal glycine of the proposed tryptase propeptide
suggests that tryptase may be activated by proteases that
differ from those that activate chymase and other known
types of serine proteases (15).

The skin tryptase cDNAs, like dog tryptase cDNA (15),
encode 245-amino acid catalytic domains in contrast to the
244-amino acid domain encoded by a human lung tryptase
cDNA (16). The catalytic domains of human skin tryptases I,
I1, and III are each 78% identical to dog tryptase and are 91%,
91%, and 92% identical, respectively, to the human lung
tryptase. Unlike human skin tryptase clones I and III and
lung tryptase cDNA, skin clone II and dog tryptase contain
one rather than two consensus N-glycosylation sites. Thus,
variable N-glycosylation of different tryptases or tryptase
subunits probably contributes to the size heterogeneity seen
on SDS/PAGE (3, 5, 6, 17).

The =1.8-kb tryptase I gene contains six exons separated
by five small introns. The most unique feature of the tryptase
gene organization is the placement of intron 1 (Fig. 4). An
intron has been observed at this site in the dog pancreatic
lipase gene (61) but not in other serine protease genes. Like
most other serine protease genes, the catalytic triad residues
are encoded by separate exons. The placement and phases
(47) of the four introns within the coding region of the gene
are analogous to those in the genes of trypsin (48) and
glandular kallikrein (49) but are more dissimilar to those of
other genes encoding serine proteases of hemostasis and of
leukocyte and mast cell granules, including mast cell chy-
mase (RMCPII) (50). Assuming descendence from a common
ancestral gene, the tryptase gene may have diverged from
that of trypsin more recently than from the genes of other
granule-associated leukocyte serine proteases.

The §’ flanking region of the tryptase gene (Fig. 2) is likely
to contain regions that regulate the exceptionally high levels
of mast cell-specific expression (as much as 23% of mast cell
protein) (3). In addition to the TATA (37) and CAAT (38) box
sequences, the 5’ flanking region contains a sequence (nu-
cleotides —200 to —181) that shares 14 of 20 nucleotides in
common with the consensus enhancer element of protease
genes expressed in the pancreas (62, 63). An analogous
sequence is contained in a region 5’ to the rat mast cell
chymase gene that can function as an enhancer element and
bind specifically to mast cell trans-acting factors (64). The
availability of the 5’ flanking region of the tryptase gene will
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facilitate the identification of elements involved in mast
cell-specific expression.

The multiple bands hybridizing to the tryptase gene frag-
ment on the genomic blot support the evidence provided by
multiple tryptase cDNAs and genomic clones that different
tryptase genes exist in the human genome. Different
tryptases may be expressed by different populations of mast
cells, just as mast cell chymases I and II in the rat are made
exclusively by mast cells of connective tissue and mucosa,
respectively (65). Although the finding of different tryptase
cDNAs in skin and lung suggests the possibility of tissue-
specific differences in the type of tryptase expressed, this
remains to be proven. Some, or even all, of the four human
tryptase ¢cDNAs described to date may encode separate
components of the tryptase tetramer. It is unlikely that the
differences among the three skin cDNAs obtained from a
single donor and the substantially different lung cDNA re-
ported previously (16) are due solely to allelic variation.
Therefore, mast cell tryptase joins other serine proteases
such as glandular kallikrein (49), trypsin (48), and RMCP II
(50), which are members of multigene families.
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