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ABSTRACT
Elastase II and trypsin mRNAs were cloned in form of their cDNAs from

pancreas of strain A/J mice, and their complete nucleotide sequences were
determined. The elastase II mRNA is 912 nucleotides long and encodes a
protein of 271 amino acids. The cloned trypsin mRNA species is 814
nucleotides long and encodes a protein of 246 amino acids. The elastase II
gene, which exists as a single copy in the haploid mouse genome, measures
11.2 kb from cap to poly(A) site and is interrupted by at least seven
introns. Between 5 and 10 trypsin genes exist in the mouse genome. Five
different trypsin genes, two of which are closely linked in a tail-to-tail
manner, were studied in detail. They vary in size between 3.4 and 4.0kb, and
all are interrupted by four introns. DNA sequence comparison of the
elastase II, trypsin and Amy-2a a-amylase genes reveals a conserved 13
nucleotide motif in their 5'-flanking regions. The differential accumulation
of the elastase II and trypsin mRNAs in the cytoplasm of the acinar
pancreatic cell is regulated predominantly at the transcriptional level.

INTRODUCTION
The cytoplasm of pancreatic cells of mouse contains a limited number

of highly abundant mRNA species which encode pancreas-specific proteins [1].
We have shown that multiple genes encoding pancreatic a-amylase are regu-
lated primarily at the transcriptional level by strong pancreas-specific
promoters [2]. The high level accumulation of a-amylase mRNA in the cyto-
plasm of the exocrine pancreatic cell is thus the consequence of a combina-
tion of gene dosage and promoter efficiency. In order to investigate whether
a common regulatory mechanism exists for the expression of pancreas-specific
genes we decided to study the expression of additional genes which are
active in this tissue, namely those encoding elastase II and trypsin.

Elastase and trypsin belong to a family of serine proteases which are

selectively expressed to a high level in the exocrine pancreas of mammals
[3]. They are digestive enzymes which are synthesized as inactive precursors
[4, 5], containing a hydrophobic "signal" peptide sequence at the amino-
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terminus which directs the nascent polypeptide across the membrane of the
endoplasmic reticulum [6].

In this paper we present the sequences of the mRNAs and the structural
organisation of the genes for mouse elastase II and trypsin. We show that
these genes are highly expressed in the mouse pancreas and that they are
regulated predominantly at the transcriptional level.

MATERIALS AND METHODS
Animals

Mice of the inbred strain A/J, 2 to 4 months old, were used in all

experiments.
Extraction of RNA and DNA

Total polyadenylated RNA from pancreas was isolated according to

Schibler et al. [7]. Extraction of high molecular weight DNA was as

described by Wellauer & Dawid [8].
Cloning and identification of cDNAs for elastase and trypsin

The synthesis of full length, double-stranded cDNA and isolation of
clones by colony hybridization was as described by Schibler et al. [7].
Double-stranded cDNA bands of 0.8 and 0.9kb were eluted from a 2% neutral
agarose gel, and the cDNAs were cloned into the Pst I site of the pBR322
vector using the G-C tailing method. Two distinct classes of cDNA clones,
representing abundant pancreatic mRNA species, were identified by restric-

tion enzyme digestion. Clones pMPe7 and pMPt9, which contained the longest
inserts in their respective class, were selected for further characterisa-
tion. Each clone was used to hybrid select mRNAs which were subsequently
translated in vitro in the rabbit reticulocyte lysate system. In vitro

translation products were partially digested with S. aureus protease V8
(Miles), and cleavage products were compared to those of commercially avail-
able pancreatic proteins on one-dimensional SDS-acrylamide gels [7]. A simi-
lar digestion pattern was obtained for the in vitro translated protein of
pMPe7 selected mRNA and porcine elastase, while the translation product of
pMPt9 selected mRNA gave bands which comigrated with those of porcine
trypsin (data not shown). Subsequent DNA sequence analysis of the cloned
inserts confirmed that pMPe7 and pMPt9 encode elastase and trypsin, respec-
tively (see Results section).

Cloning of genomic DNA
Partial Mbo I liver DNA fragments, size selected (15 to 25kb) on a 10-
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40% linear sucrose gradient, were ligated into the Bam Hi replacement lambda

vector EMBL3 [9]. The recombinant lambda library contained about 3 mouse

genome-equivalents of insert DNA. Screening of the recombinant phage library
was performed according to Benton & Davis [10], using 32P-labelled DNA
probes nick-translated following the protocol of Maniatis et al. [11].
Restriction enzyme analysis and DNA sequencing

Restriction endonucleases were purchased from Boehringer-Mannheim or

New England Biolabs and were used according to the suppliers' specifica-
tions. Restriction enzyme sites were mapped using the procedures of Smith &
Birnstiel [12] and Schibler et al. [13]. DNA restriction fragments were

sequenced by the enzymatic technique of Sanger et al. [14]. The 5'-terminal
residues of the elastase and trypsin mRNAs were determined by using the
Maxam & Gilbert [15] sequencing technique on cDNA generated by reverse tran-
scriptase catalyzed primer extension [16]. The extended cDNA for elastase
gave a unique DNA sequence. However, in several experiments the sequence
ladder obtained for trypsin was ambiguous, with one main pattern superim-
posed on others. This suggests that the pMPt9-specific primer hybridizes to

more than one trypsin mRNA (data not shown).
Electron microscopy

To form hybrids between cloned genomic DNA and mRNA, intact recombi-
nant phage DNA or restriction fragments were denatured and hybridized in
solution to total polyadenylated RNA from pancreas as described previously
[13, 17]. Hybrids were spread for electron microscopy as described by
Wellauer & Dawid [8]. Single- and double-stranded 4X174 DNAs (5375
bases/base-pairs) were used as internal size standards.
Run-on transcription assays in isolated nuclei in vitro

Nuclei were purified from pancreas according to the method of Hewish &
Burgoyne [18] as modified by Hagenbuchle et al. [19]. The in vitro elonga-
tion reactions were carried out according to Schibler et al. [20] in a cock-
tail containing lOOmM Tris-HCl (pH 7.9), 50mM NaCl, 0.4mM EDTA, O.1mM PMSF,
1.2mM DTT, 350mM (NH4)2S04, lmg/ml heparin sulphate, 4mM MnCl2, 2.5liM [a-
32P]UTP (400 Ci/mmol), 1mM each of ATP, CTP and GTP, 29% glycerol, lOmM
creatine phosphate, 1600 U/ml RNasin, and about 108 nuclei/ml. Incubation
was at 260C for 15 mins. Labelled RNA was extracted from the reaction
mixture and hybridized to filters as described by Hagenbuchle et al. [39].
To eliminate hybridization to repetitive sequences, large amounts of
sheared, denatured mouse DNA (250lig/ml) were included during prehybridiza-
tion and hybridization [20].
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Other techniques
The procedure used for dot blot hybridization has been described [20].

Blotting of DNA was done as described previously [13, 21]. The subcloning of
DNA restriction fragments into bacterial plasmid or filamentous phage
vectors has been reported by Schibler et al. [7, 20].

RESULTS
Primary structures of the elastase and trypsin mRNAs.

We have isolated and characterised two recombinant cDNA clones, pMPe7
and pMPt9, which represent abundant pancreatic mRNA species. Preliminary
analysis suggested that pMPe7 contained elastase cDNA and pMPt9 trypsin cDNA
(see Materials and Methods). To confirm this tentative assignment, both
recombinant clones were mapped for restriction enzyme sites. Appropriate
restriction fragments spanning the entire cDNA insert of each clone were

then subcloned in phage M13 vectors and their sequences determined for both
strands. The two cDNA clones were found to be nearly complete copies of
their respective mRNA. Primer extended cDNA synthesis was used to obtain
those few 5'-terminal nucleotides of the mRNAs not present in the cDNAs (see
Materials and Methods).

The complete sequence of the mRNA deduced from the pMPe7 sequence,

together with the derived hypothetical amino acid sequence, is shown in

Figure 1. The mRNA contains 912 nucleotides, of which 21 nucleotides are 5'-
noncoding region and 78 nucleotides 3'-noncoding region. The latter region
contains a UAA stop codon, and an AAUAAA polyadenylation signal 17
nucleotides upstream of the polyadenylation site [22]. The coding region
contains 813 nucleotides of open reading frame which encode 271 amino acid
residues and specify a protein with a molecular weight of 28 913 daltons.
The identification of pMPe7 mRNA as being the one encoding preproelastase is
based on the following considerations. The presence and spacing of his-75,
asp-123 and ser-218 in the mouse protein is characteristic of the charge
relay system found in serine proteases of other animals [23]. The mouse

protein is 58% homologous to porcine elastase I [24], and 48% homologous to
the recently published partial sequence of porcine elastase II [25].
However, since the glycine residue at amino acid position 240 and the serine
residue at amino acid position 252 are expected to be at the entrance to the
substrate binding domain in the folded protein [26], the specificity of the
mouse enzyme is expected to be more chymotrypsin-like than that of elas-
tase I. This is consistent with the mouse enzyme being a type II elastase
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Met IleArqThrLeuLeuLeuSerAlaLeuValAlaGl.y
XXAGACGUCCAGGGACACACC ~UCAGGACACUGCUGCUAUCUGCCUUGGUGGCUGGA 60

AlaLeuSerCysGlyTyrProThrTyrGluValGluAspAspValSerArgValValGly

GCCCUCAGCUGUGGGUACCCCACUUAUGAGGUGGAGGAUGAUGUGAGCAGGGUAGUUGGG 120

GlyGlnGl uAlaThrProAsnThrTrpProTrpGln ValSerLeuGl n Va) LeuSerSer

GGUCAAGAGGCCACACCCAACACCUGGCCCUGGCAGGUCUCCCUGCAGGUCCUUUCCUCC 180

GlyArgTrpArgHisAsnCysGlyGlySerLeuValAlaAsnAsnTrpValLeuThrAla

GGGAGGUGGCGCCACAACUGCGGAGGCUCCCUGGUGGCCAACAACUGGGUUCUGACAGCU 240
_ * * * *

AlaHisCysLeuSerAsnTyrGlnThrTyrArgValLeuLeuGlyAlaHisSerLeuSer

GCCCAUUGCCUCAGCAACUAUCAGACCUACCGAGUGCUGCUGGGCGCACACAGCCUCUCC 300
* * * * * * *

AsnProGlyAlaGlySerAlaAlaValGlnValSerLysLeuValValHisGlnArgTrp
AACCCCGGAGCUGGCUCUGCUGCUGUUCAAGUCUCUAAGCUUGUGGUCCACCAGAGGUGG 360

AsnSerGl nAsn Val Gl yAsnGl yTyrAspIleAlaLeuIl eLysLeuAlaSerProVal

AACUCCCAAAACGUCGGCAAUGGCUAUGACAUUGCCUUAAUCAAACUGGCCAGCCCAGUG 420

ThrLeuSerLysAsnIleGlnThrAlaCysLeuProProAlaGlyThrIleLeuProArg

ACCCUGAGCAAGAACAUCCAGACAGCUUGCCUCCCACCCGCUGGCACCAUUCUCCCGAGA 480

AsnTyrValCysTyrValThrGlyTrpGlyLeuLeuGlnThrAsnGlyAsnSerProAsp

AACUAUGUCUGCUAUGUCACAGGCUGGGGCCUGCUGCAGACCAAUGGGAACAGUCCUGAC 540

ThrLeuArgGlnGlyArgLeuLeuVal ValAspTyrAlaThrCysSerSerAlaSerTrp

ACCCUGAGGCAGGGCCGCCUGCUGGUUGUGGACUAUGCCACCUGCUCCAGCGCUAGCUGG 600

TrpGl ySerSer Val LysSerSerMe t Val CysAl aGl yGl yAspGl yVal ThrSerSer

UGGGGAAGCUCUGUGAAGUCCAGCAUGGUGUGCGCUGGUGGCGACGGCGUGACCUCCAGC 660

CysAsnGlyAspSerGlyGlyProLeuAsnCysArgAlaSerAsnGlyGlnTrpGln Va1

UGCAAUGGGGACUCUGGCGGACCACUGAAUUGCCGGGCAUCUAAUGGCCAGUGGCAGGUG 720
_ *_

HisGlyIleValSerPheGlySerSerLeuGlyCysAsnTyrProArgLysProSer Va1

CAUGGCAUCGUGAGCUUCGGCUCCUCUCUGGGCUGCAACUACCCCCGCAAGCCAUCCGUC 780
* *

PheThrArgVal SerAsnTyrIleAspTrpIleAsnSer ValMetAlaArgAsn
.. I I

UUCACCAGGGUCUCCAACUACAUUGACUGGAUCAACUCGGUGAUGGCAAGGAAC ~CUG 840

AAGACAUUACUGCCACUGUCCCCCUGGAAAUGCCAUAGAAAAGAAAUAGU~ 3uAA 900

UUAAAGAAUCACAn

Figure 1: Nucleotide sequence of elastase II mRNA from the pancreas of
strain A/J mice. The sequence was deduced from sequencing of pMPe7 cDNA
(positions 35-912) and from primer extension analysis (positions 1-34). X
denotes bases not resolved on the sequencing gel of the primer extended
cDNA. The translation start and stop codons, and the polyadenylation signal
are boxed. The derived amino acid sequence for the preproenzyme is displayed
above the nucleotide sequence. The inferred amino terminal residue (valine)
of the mature protein chain, based on homology with the porcine enzyme [24],
is underlined. Amino acid residues in the mouse protein which differ from
those of rat preproelastase II [28] are designated by an asterisk. Residues
mentioned in the text are designated by black bars above the protein
sequence.
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MetSerAlaLeuLeuIleLeuAlaLeuValGlyAlaAlaValAla

XXGACUUUCUGUCAC E9GUGCACUUCUGAUCCUAGCCCUUGUGGGAGCUGCUGUUGCU 61
_* *

PheProValAspAspAspAspLysIleValGlyGlyTyrThrCysArgGluSerSerVal

UUCCCUGUGGAUGAUGAUGACAAGAUUGUUGGAGGAUACACCUGCCGAGAGAGUUCUGUC 121

ProTyrGlnValSerLeuAsnAlaGlyTyrHisPheCysGlyGlySerLeuIleAsnAsp

CCCUAUCAGGUGUCCCUAAAUGCUGGCUACCACUUCUGUGGAGGUUCCCUCAUCAAUGAC 181

GlnTrpValValSerAlaAlaHisCysTyrLysTyrArgIleGlnValArgLeuGlyGlu

CAGUGGGUGGUGUCUGCAGCUCACUGCUACAAAUACCGCAUCCAAGUGAGACUGGGAGAG 241
* * *

HisAsnIleAsnValLeuGluGlyAsnGluGlnPheValAspSerAlaLysIleIleArg

CACAACAUCAAUGUCCUGGAGGGCAAUGAGCAGUUUGUUGAUUCUGCCAAGAUCAUCCGG 301
* * *

HisProAsnTyrAsnSerTrpThrLeuAspAsnAspIleMetLeuIleLysLeuAlaSer

CACCCCAAUUAUAAUUCAUGGACCCUGGACAAUGACAUCAUGCUGAUCAAACUGGCUUCC 361
* * *

ProValThrLeuAsnAlaArgValAlaSerValProLeuProSerSerCysAlaProAla

CCUGUGACCCUCAAUGCCAGAGUGGCCUCUGUACCUCUGCCCAGCUCCUGUGCACCUGCA 421

GlyThrGlnCysLeuIleSerGlyTrpGlyAsnThrLeuSerAsnGlyValAsnAsnPro

GGCACUCAGUGCCUCAUCUCUGGCUGGGGCAACACCCUCAGCAAUGGUGUGAACAACCCA 481

AspLeuLeuGlnCysValAspAlaProValLeuProGlnAlaAspCysGluAlaSerTyr

GACCUGCUCCAGUGUGUUGAUGCCCCAGUGCUGCCUCAGGCUGACUGUGAGGCCUCCUAC 541
* *

ProGlyAspIl eThrAsnAsnMetIl eCys Val Gl yPheLeuGl uGlyGlyLysAspSer

CCUGGGGACAUCACCAACAACAUGAUCUGUGUUGGCUUCCUGGAGGGAGGCAAAGAUUCC 601

CysGlnGlyAspSerGlyGlyProValValCysAsnGlyGluLeuGlnGlyIleValSer

UGCCAGGGUGACUCUGGUGGCCCUGUGGUCUGCAAUGGAGAGCUGCAGGGCAUUGUCUCC 661
* *

TrpGlyTyrGlyCysAlaGlnProAspAlaProGlyVal TyrThrLysValCysAsnTyr

UGGGGCUAUGGCUGUGCCCAGCCAGAUGCUCCUGGUGUAUACACCAAGGUCUGCAACUAC 721
* *

ValAspTrpIleGlnAsnThrIleAlaAspAsn

GUGGACUGGAUUCAGAACACAAUUGCUGACAA EAGAACCCUAGUCUCUCUUCAAUCA 781

GUAUUAU(AUAUUCAUUUGUCAUCACUGUAn

Fiaure 2: Nucleotide sequence of a trypsin mRNA from the pancreas of strain
A/J mice. The sequence was deduced from sequencing of pMPt9 cDNA (positions
29-814) and from primer extension analysis (positions 1-28). X denotes bases
not resolved on the sequencing gel of the primer extended cDNA. The transla-
tion start and stop codons, and the polyadenylation signal are boxed. The
derived amino acid sequence for the preproenzyme is displayed above the
nucleotide sequence. The inferred amino terminal residue (isoleucine) of the
mature protein, based on homology with the porcine enzyme [29], is under-
lined. Amino acid residues in the mouse protein which differ from those of
both rat pretrypsinogens I and II [31] are designated by an asterisk.
Residues mentioned in the text are designated by a black bar.
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Figure 3: Sequence organisation of the elastase II gene of mouse. Restric-
tion enzyme maps of the inserts of two overlapping clones, XME4 and XMEl,
are shown: Bam HI (B); Eco RI (R); Hind III (H); Kpn I (K). The sizes in kb
of Eco RI fragments are given below the maps. Exonic restriction sites are
designated by an asterisk. The extent of DNA sequence information is denoted
by arrows below the restriction maps. The exon-intron map of the elastase II
gene is presented above the cloned DNA inserts. It was established by
measuring 16 to 25 RNA:DNA hybrids in the electron microscope. Exons are
represented as black boxes and designated by lower case letters; introns are
shown as stippled boxes and are numbered; flanking regions are denoted by
open boxes. The sizes in kb of the exons and introns are shown below the
map. The 5' and 3' ends of elastase II mRNA are indicated. Hatched regions
represent Bl repetitive DNA elements found during sequence analysis of the
3'-terminal gene region; arrows indicate their relative orientations.

[25, 27]. A similar assignment has been made for the protein derived from
the rat elastase II mRNA [28]. Indeed, mouse elastase II is 85% homologous
to the rat elastase II enzyme (see Fig. 1), but only 58% homologous to rat
elastase I [28].

The complete sequence of pMPt9 mRNA and its derived hypothetical amino
acid sequence are shown in Figure 2. The mRNA is 814 nucleotides long and
contains a short 5'-noncoding region of only 16 nucleotides. The 3'-noncod-
ing region of 60 nucleotides contains a UAG translational stop codon, and
the AAUAAA polyadenylation signal 19 nucleotides upstream of the polyadeny-
lation site. The unique open reading frame of 730 nucleotides present in

this mRNA encodes a protein of 246 amino acids with a molecular weight of
26 203 daltons. The protein is 80% homologous to, and shares identical
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active site residues with porcine trypsin [29]. In addition, the sequence

[val-(asp)4-lys-ile], is present at residues 18 to 24 of the mouse protein.
This sequence is the substrate for enteropeptidase, which cleaves after the

lysine residue in trypsinogen and initiates the zymogen activation cascade

in the lumen of the gut [30]. The protein is 88% and 89% homologous to the

proteins derived from the rat trypsin I and II mRNAs, respectively [31; see

Fig. 2]. Therefore, we conclude that pMPt9 mRNA encodes a trypsin-like
enzyme in the mouse.

Structural analysis of the elastase II gene
The genomic DNA sequence specifying elastase II mRNA was isolated from

a recombinant lambda phage library containing three genomic equivalents of

mouse DNA. A screening of this library with radiolabelled pMPe7 plasmid
yielded three positive plaques. The structural arrangement of these three

clones harbouring elastase II sequences was then elucidated by restriction

enzyme mapping, visualisation of RNA:DNA hybrids in the electron microscope
and sequencing of selected genomic DNA restriction fragments.

A summary of the results for two overlapping recombinant clones, XMEl

and XME4, which encompass the entire elastase II gene, is presented in

Figure 3. The third clone, XME2, which was isolated from the recombinant

phage library is identical to XME1 except that it lacks 5.4kb of 3' sequence

(data not shown). Detailed exon-intron maps were obtained by measuring

hybrid molecules between the elastase II mRNA and cloned genomic DNA in the
electron microscope. The elastase II gene is 11.2 kb in size and is inter-

rupted by at least seven intervening sequences which vary in size between

0.23 and 3.2kb. The eight exons, whose lengths vary between 0.1 and 0.15kb,
constitute only 8.8 % of the total gene length. The combined size of the
exons, as determined by electron microscopy, is 0.99kb, in good agreement
with the size of the elastase II mRNA as determined by sequencing (912
nucleotides). In addition to gene sequences, flanking sequences extending
6.5kb upstream and 12kb downstream are present. on XME4 and XMEl, respec-

tively.
The rationale for cloning pancreas-specific genes is to establish the

structural basis for studying their regulation. Therefore, the sequence of
the 5'-flanking region, which contains the promoter of the elastase II gene
(see below), was determined. The DNA sequence extending 420 nucleotides
upstream and 901 nucleotides downstream of the elastase II cap site is shown
in Figure 4. This confirms the sequence of the 5'-noncoding region of the
elastase II mRNA which was determined by primer extension, and places the
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TCTTTCTTCCTCACGTAACACTCAGCTTGAAAGCAGAGAGAATGTACATTTCTCGGATGG -360

TGGTTGTTGCTATTGTCGTTTTGGGGGAGGAGTTGGTGAAACAATATGTGTGGCCCAGGC -300

TGACCCCGAGCACTCTACATAGCCATGGATAATCTTAAGTCCTGATCACCCTGCCTCTAC -240

CTCCCCAGAGCTGGGGTTCCAGGTGTTTGCTGGCAAAGGACCTGTCTTTGGCATGTTTCT -1 80

CAGTGTACTTCTAGAACGACAAGGGAATGGAAAAATAAACAAAAACAAGAAAACCAAACA -1 20

TTTGGACTCCAGCCCTTTATTGCACTGGACTTTGGGAAAATCTCCACCTTGCATATTCCT -60

CCAGCGTCTCTGGCTGATAAGGCCAC1 ATAAAAGAAGCTTGGCCAGGGCCAGACCTA + 1

MetIleArgThrLeuLeuLeuSerAlaLeu ValAlaGl yA

CAGACGTCCAGGGACACACCEIS4TCAGGACACTGCTGCTATCTGCCTTGGTGGCTGGAG +61

GTAACCTGTCTGGTGAAGCTGGGAACCTGAATCTCCTGCTCTTCCCTTGAGCTGCTGTCC +121

CCTCTCCGGTCCCTCCTATAGCAGGACATGGTGACACACTCCTTGTGTCAGCCTCAAGAA +181

CCTAAGACAGGAGGGTGGCAAATTTAAGGCCAGCTCCAGTTAACTAATTCAAAGGCAGCT +241

AGGAGCTGGGGTGGAGGACAGGACTCATGGACCTCGAAGATCATTCCAAAGCAAGGGTTT +301

CCTGTTGGGGTTCAGTGATTTTGCCCACAATTATCACTCCCAACCAACACAATCCTCTCT +361

laLeuSerCysGlyTyrProThrTyrGl u Val G1 uAspAspVa
CAATCCTCTCTTCACAGCCCTCAGCTGTGGGTACCCCACTTATGAGGTGGAGGATGATGT +421

lSerArgValVal GI yGlyGlnGluAlaThrProAsnThrTrpProTrpGln
GAGCAGGGTAGTTGGGGGTCAAGAGGCCACACCCAACACCTGGCCCTGGCAGGTAAGTCA +481

GCCACACATGTGGTCTATTGTGTGAATATGGATGAGGCCTGGTAGAAACACAGACGCACC + 541

AATAAGATACATTCTGACAACCTTGGCCAATTTGGGGGCTGAGGGAAAGTTTACTTCTCC +601

AGAGACTTCAAAGAGGGGGGTCCACCACTCTAAGACACATTTGCAATGCCTGCAGATTTA +661

AAATTAGATGCTTGCTGGCACATACAGGTTACTCCATAAGTCAGTCACCTCTCCTATGCA +721

AATGCTCTGTGCTGGAAGAGACCAATCAGAGCTGCTTATGCAAATTAGTTCTTTGTTTTT +781

GTTGTAGAGGGCTTATTTTGCTTTGATTTCTTTCTCGGTGTAACTATCTCTGATTGTCCT +841

GGACTCGTTTCTTAGAGCAGGCTGGCCTTAAACTCACAGAGATCCTCCTGCCTCTATCTC +901

Figure 4: DNA sequence of the 5'-terminal region of the elastase II gene.
This sequence was determined from the 1.8kb Eco RI fragment which contains
the elastase II cap site (see Fig. 3). Numbering starts at the capped
nucleotide (adenine) of the elastase II mRNA. Positive and negative numbers
designate gene and 5'-flanking sequences, respectively. Exon sequences are
represented by italic letters. The amino acid sequence is shown above the
elastase II open reading frame in the first and second exons. The TATA box
homology and the translation start codon are boxed.

capped nucleotide (adenine) 21 bases upstream of the AUG translation start

codon. A sequence motif (CATAAAAA) reminiscent of the TATA box in front of

other genes is present at nucleotide positions -25 to -32. There is also a

sequence of high purine content (83%) in the -120 to -150 region. The

sequences of the first and second exon sequences are identical to the elas-

tase II mRNA sequence. The first exon, which is only 61 nucleotides long,
encodes most but not all of the signal peptide of preproelastase II. The

second exon is 95 nucleotides long and encodes the first 29 residues of the

mature elastase II protein, including the 14 residue activation peptide
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Figure 5: Sequence organisation of five different trypsin genes of mouse.
Restriction enzyme maps of the inserts of five recombinant lambda clones are
shown: Bam HI (B); Eco RI (R); Hind III (H); Kpn I (K). The sizes in kb of
Eco RI fragments are given below the maps. Exonic restriction sites are
designated by an asterisk. The extent of DNA sequence obtained for each
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strand is denoted by arrows below the restriction maps. The exon-intron maps
of the five trypsin genes (Ta to T ) are presented above the cloned DNA
inserts (XMT4 to XMT12, respectively). They were established by measuring 10
to 20 RNA:DNA hybrids in the electron microscope. Note that the overlapping
clones, XMT9 and XMT2, contain a partial trypsin gene in addition to a
complete one. Their relative orientation has been determined as described in
the text. Exons are represented as black boxes and designated by lower case
letters; introns are shown as stippled boxes and are numbered; flanking
regions are denoted by open boxes. The sizes of the exons and introns are
given in kb. The 5' and 3' ends of trypsin mRNA are indicated. Hatched
regions represent inverted repeats (IR) seen in the electron microscope.

which may remain associated with the active enzyme through an interchain
disulphide bond [25]. Both the first and second intron donor, and first
intron acceptor sites follow the GT-AG rule for intron splicing [32].

A region containing part of intron 7, all of exon h (which specifies

the carboxy terminal 4 amino acids of the protein and the 3'-noncoding
region of the mRNA), and about 2kb downstream of the polyadenylation site
was also subjected to sequence analysis (data not shown). The 93 nucleotide
exon sequence was found to be identical to that of the 3' end of the elas--
tase II mRNA. Two regions with high homology to the published sequence of
the mouse Bl element [33] are present, in opposite orientations, in the last
intron and about 1.5kb downstream of the polyadenylation site. The location
of these Bl elements is shown in Figure 3.

The haploid copy number of the elastase II gene was determined by
Southern and quantitative dot-blot analysis which indicate that there is a

single elastase II gene per haploid mouse genome (data not shown).
Multiple trypsin genes exist in the mouse genome

About 30 to 40 positive plaques were obtained when radiolabelled
trypsin cDNA plasmid pMPt9 was used to screen the recombinant lambda
library. Of the twenty phage plaques selected for further screening, nine-

teen contained sequences that hybridized to the cloned trypsin cDNA. These

positive clones were divided into four groups according to their restriction

enzyme patterns. Each group contained at least two clones with overlapping
DNA inserts.

The structural arrangement of five different recombinant lambda

clones, which are representative of the four classes that contain trypsin
sequences, was deduced from restriction enzyme mapping and from the analysis
of RNA:DNA hybrids in the electron microscope. A summary of the restriction

endonuclease and electron microscopy data is presented in Figure 5.
The five cloned trypsin genes vary in length between 3.4kb (Td) and
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4.0kb (Te). Each gene is interrupted by at least four intervening sequences,
some of which vary in size between different genes. This variability in
intron length accounts for most of the observed gene length heterogeneity
and provides a means by which two trypsin gene classes can be distinguished.

Ta, Tc and Td belong to one class of trypsin genes whose largest intron is

intron one, while Tb and Te belong to a second class whose largest intron is
intron two.

No hybrid formation was observed in the electron microscope when
single strands of two overlapping clones, XMT9 and XMT2, were hybridized to

pancreatic mRNA, due to extensive self-annealing of the DNA. This resulted
in the formation of characteristic intramolecular stem and loop stuctures

(data not shown). Since both clones hybridize to trypsin cDNA, the stem and
loop structures suggested the existence of two closely linked trypsin genes
which are located on opposite strands in the genome. The orientation of the
two closely linked genes was elucidated by hybridizing a 5' cDNA probe
specific for the first and second exons of trypsin genes to filter bound
restriction fragments of XMT2 (data not shown). Only one 5' end, that of the

complete copy, was detected. These results are consistent with the existence
of two closely linked trypsin genes, termed Tc and Td, arranged in a tail-
to-tail configuration in the mouse genome (Fig. 5).

The five cloned trypsin gene copies were further characterised by DNA

sequence analysis. The regions sequenced, and the extent of DNA sequence
obtained, are denoted by arrows below each lambda clone in Figure 5. A

comparison between the DNA sequences of Ta, Tb, Tc and Td, extending from
about 300 nucleotides upstream of each cap site, through the first exon and
into the first intron, is presented in Figure 6. The various trypsin genes
have a colinear DNA sequence extending from the 5' boundary of the first
intron (+70) through the conserved TATA motif 28 nucleotides upstream of the
cap site. Beyond this point gaps must be introduced to maximize homology,
which becomes random upstream of nucleotide position -200. A region of high
homology, flanked by purine rich sequences, is revealed in the -90 to -110
region. Only the first exon (Fig. 6) and the fifth exon (data not shown) of
Ta are identical in sequence to the cDNA sequence of pMPt9. Furthermore,
duplexes between Ta and pMPt9 were stable under conditions (0.165M salt;
7300) which were sufficient to melt duplexes between pMPt9 and the four
other trypsin genes (data not shown). These data strongly suggest that the
cDNA clone pMPt9 is derived from a trypsin mRNA transcribed from the Ta
gene. The sequence of the Ta gene confirms the sequence of the 5'-noncoding
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a CTTATCACCTAAGCCTAAGAAATCCCACTGTGGAGACAAGGGCTTGACTTCCCCTGGTT- -250

b GAGCC-C-AAT--- TACCAG--- TGGG-AT-CTTC -TTA--ATT ---TT-AAAG-- -247
c A--C-ATA-C-CATAACCTCTT-A-ATGAACCT-AGGCTAC-A-GC-TACATAGA-TC-A -233
d --A-CACA-AGCCT--TCAG-TCAG-CT-AG A-AGGCTAT-A-GA-TAGA-AGACTC-A -237

a TTCCATTGCATGATCCTTCCAAGAAGCAATTGTCCTCCTTATGTGACCTGAGAAAAAAGT -190
b ACTA-AA---CTT--TAC---TTT-TT-TCA-T--TCAT-CTA-CAT---TTC--G--TCA -187
c -GTTTC-A-TGTT-TGCAAA-- TCATCCAC-AT--A-GCCTAC-ATATGATG---T-- -175
d -GTTGCCAGTGTT--ACAAA-CCTCTACTCA---T-T-C-TGTCTG-ACCC-G-GT--A- -177

a TCCCTTGTCACCTGTAGCTCGCCATGTGACAAGGGCACCAAACAGAGCAAAGCTGATGCA -130
b GTTG-CC--C-TCCC-C--TC--TGAGA-G--AACTTTTCT-G-C-C-TG-AGCC-AAA- -127
c -T--C-A----A----C---A-ATA--C---GA-CAGA-------CAT-G- -T---- -117
d -T----A----T----C---A--CACAC---G--TAGA-- A- -G--A-A--C-- -117

a AGACTCTGGGAAAGAGAAACCTGCAGCTATGTTTGTGCAGGGAAAAAAAAAAAATGACCCC -70
b GA-G-GATA-G-GA--G--AA-A ---- G-------T-- ---- T-TC--TGATA -72
c --G----- TATG--G----A-CA-----G------- CT- ---GC-GTGGGGGCC- -62
d --G-A--T----G------ A-CA---G-G--C---- A- ---GT-G-GGG-ACC- -62

a TCCACTTTTAGCC AAGG TGCCTTCCTCTTTGTTTAGGGAA ATACAAGGCA -15
b --- CACCCCCA--TTGAG--- CA-A-A-- TC-C-CC--G---A -------GTCT--T -15
c ---CA--AGTAA-T ----- TCAG-ACA----- ------------- T -15
d --- C---AGTA--T ----- TC-C-GAAC-G--- -- G-G----T -15

+1 .MetSerAlaLeuLeuIleLeuAlaLeuVal
a CTCTTTCTGTGCTCATGACTTTCTGTCACC@TvAGTGCACTTCTGATCCTAGCCCTTGTG +46
b TC-C---A---T----T--C----TC-------- -----C--------CG--------- +46
c TCTCCCTA---- T-CT--C---- CT--A--- --C---r----G--C------- +46
d T--ACCTA-------CT--C- C--AA- _ ----C----- G--------- +46

GlyAlaAlaVal

a GGAGCTGCTGGTGAGTTTCACTCTTTTTCCCAAGCTCTGTCTGTTCCACTGAATGAAATA +106
b -------------------- TG-C--C-ATGGTC-AGAT-TCTAATT-A- TA----AC +104
----------------- C-CTG-C--AA----T -CTCT-C-TT--TCTA---GCC +101

d ----------------- C--TGTC--AA-T--G-TCT--CTCT-C-TT--TTTA---GCC +106

a TATGAACTA TCCCAATGCTGTCTCTTACCTATATTCTGATAGTCTCACCAGCCTCTCA + 164
b ATG-GTTCCTCCTT--CAAT ------- GCTACC-TAG--CTG-TGT--- TATTT--TATC +164

GTG--C-CCACCA----G--A-C--T--CA-CC---CTCT-CCCCAATGT-CT-T-TCTT +161
d ATGA-C-CCATCAT---G-T -A----- CA-CCC--CTCA-CTCC ATGTTCC-T-TCTT +165

Figure 6: Comparison of 5'-terminal sequences of four trypsin genes of
mouse. Sequences of the 5'-terminal regions of the Tb (b), Tc (c) and Td (d)
genes are compared to that of the T (a) gene. Numbering for each gene

sequence starts at the position of the capped nucleotide (adenine) of the T
trypsin mRNA. Positive and negative numbers designate gene and 5'-flanking a
sequences, respectively. Hyphens indicate identity to the T sequence. Note
that spaces have been introduced to maximize homology between the sequences.

Exon sequences are represented by italic letters. The amino acid sequence is

derived from the open reading frame in the first exon of the T gene.

Nucleotide changes in Tb, Tc or Td which would give rise to amino acid
residues different from the T protein are boxed. The TATA motif and the

translation start codon are also boxed.

region of the trypsin mRNA which was determined by primer extension, and

places the capped nucleotide (adenine) 16 bases upstream of the AUG transla-

tion start codon.

Tb, Tc and Td, if transcribed, would specify mRNAs and proteins which

differ in sequence from those of Ta. These differences are indicated in

Figure 6. However, the length of the first exon appears to be identical
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Figure 7: Transcription analysis of the elastase II and trypsin genes. DNA
restriction fragments of the elastase II and T trypsin genes were separated
by electrophoresis on a 1% agarose gel. DNA fragments were transferred to
ni rocellulose Ul ters (Schleicher and Schuell) and hybridized to (b) 5 x
10 cts/min of P-labelled, nigk-translated elastase II (lanes 1,2) or
trypsin (lane 3) cDNA or (C)3 0 cts/min of nascent RNA chains elongated in
vitro in the presence of [a- P]UTP in isolated pancreatic nuclei. The EtBr
stained gel is shown in (a). Lane 1, Hind III / Sal I digest of 2wg of XME4
DNA containing the 5'-terminal part of the elastase II gene; lane 2, Eco RI
/ Sal I digest of 2pg of XMEl DNA containing the 3'-terminal part of the
elastase II gene; lane 3, Eco RI / Sal I digest of 2pg of XMT4 DNA contaning
the entire Ta trypsin gene. The size of the fragments is given in kb; those
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which give a clear signal in (c) are designated by an asterisk. The origin
of the fragments is shown in the maps at the top: Hind III (H); Eco RI (R).
Boxed Sal I (Sa) sites cut within the polylinker of the EMBL3 vector [9].
Gene sequences are represented by stippled boxes.

between the genes, namely 56 nucleotides. This short exon encodes most but
not all of the signal peptide of pretrypsinogen.
The number of trypsin genes per haploid mouse genome was determined by quan-
titative dot-blot hybridization, using a restriction fragment of pMT9 cDNA
as a probe (data not shown). The results from this experiment indicated that
4 to 5 trypsin gene copies exist per haploid mouse genome. However, qualita-
tive Southern blot analysis of mouse genomic DNA reveals 10 Eco RI restric-
tion fragments, of which five can be accounted for by the cloned trypsin
DNAs (data not shown). From this data we conclude that the value obtained by
dot-blot analysis is an underestimate of the trypsin gene copy number, prob-
ably due to non-uniform hybridization efficiencies between the cDNA probe
and various trypsin genes, whose exons exhibit sequence heterogeneity.
Therefore, we estimate that there are between 5 and 10 trypsin genes per
haploid mouse genome.
Transcriptional analysis of the elastase II and trypsin genes

The cloned genomic sequences and the cDNAs were used to study the
expression of the elastase II and trypsin genes. Since Ta is the only
trypsin gene among the cloned copies which has been shown to be transcribed
in the mouse pancreas, its DNA was used in all experiments.

The regions of the genomic clones which harbour elastase II and
trypsin mRNA sequences were determined by hybridizing radiolabelled elas-
tase II or trypsin cDNAs to filter bound restriction fragments of the appro-
priate genomic clones. This experiment localises the exon containing regions
within the cloned DNAs. The results obtained by hybridizing 32P-labelled
elastase II or trypsin cDNA to gel-fractionated restriction fragments of
XME4 and XMEI (elastase II) or XMT4 (trypsin), respectively, are shown in
Figure 7. Only the 2.4, 1.8 and 2.3kb Hind III fragments of XME4 and the 3.6
and 8kb Eco RI fragments of XMEI hybridize and therefore contain elastase II
exon sequences. The gene internal 1.6kb Eco RI fragment of XMEI does not
hybridize and, therefore, contains only intron sequences.

A single Eco RI fragment (2.9kb) of XMT4 hybridizes with the trypsin
cDNA probe. The lkb fragment which spans the Ta cap site gives a signal only
on very long autoradiographic exposures (data not shown) because the cDNA
contains only 28 nucleotides of hybridizable first exon sequence.
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cDNA (b) were hybridized to filter bound DNA fragments generated by digest-
ing a recombinant plasmid, containing the 3'-terminal 8kb Eco RI fragment of
the elastase II gene, with a variety of restriction endonucleases. DNA frag-
ments (A to K) were separated on a 1% agarose gel. The EtBr stained restric-
tion patterns and the corresponding autoradiograms are shown in lanes 1 and
2, respectively. The origin of the fragments is depicted in the map at the
top: Eco RI (R); Kpn I (K); Sac I (S); Sma I (Sm); vector sequences (V).
Exons are represented as black boxes; introns are shown as stippled boxes
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and numbered. Thin and thick lines represent 3'-flanking and vector
sequences, respectively. Numbers above the map are in percent and indicate
the relative polymerase loading on each fragment (see the text). The region
of transcription termination is indicated (T).

To determine where the polymerase II molecules initiate and terminate

transcription in vivo, the same filter bound restriction fragments of cloned

DNAs were also hybridized to 32P-labelled nascent RNA chains obtained by

run-on transcription in isolated pancreatic nuclei in vitro. The hybridiza-

tion signal obtained for each restriction fragment is an indirect measure of

the number of polymerase II molecules actively transcribing that fragment
[2, 20]. The results of run-on transcription on the elastase II gene are

shown in Figure 7. All elastase II restriction fragments which hybridized
with the cDNA also give strong signals with the nascent chain probe. As

expected, the 1.6kb intron fragment of XME1 now also gives a signal. The

2.4kb fragment, which contains the cap site 21 nucleotides downstream of the

5'-terminal Hind III site, hybridizes stoichiometrically with the nascent
chain probe. No hybridization is detected with the 6.5kb Hind III upstream

fragment indicating that transcription initiates at or very close to the

elastase II cap site. Transcription termination must occur somewhere within

the 8kb Eco RI fragment, since fragments further downstream do not

hybridize.
To localise more precisely the region(s) of transcription termination

in the elastase II gene, the polymerase loading was determined for restric-

tion fragments generated by further digestion of the 8kb Eco RI fragment,
which had been subcloned in pBR322. Figure 8 shows the result of hybridizing
nascent chains to filter bound restriction fragments of this subclone,
obtained by digestion with a variety of restriction enzymes. Signal
strengths were determined by quantitative densitometry. Values were

normalised to that of fragment D, which lies within the body of the gene.
The gene internal fragment E gives a lower signal than fragments D or F

because of hybrid instability between the nascent RNA chains and the DNA

sequence, which is highly AT rich (data not shown). Since fragment C does
not give a signal, termination of transcription is expected to occur some-

where in fragment I, whose 5' boundary lies 0.85 kb downstream of the

polyadenylation site.
Run-on analysis on the Ta trypsin gene yields a strong signal for the

2.9kb Eco RI fragment of XMT4 upon hybridization to nascent chains (Fig. 7).
In addition the lkb Eco RI fragment, which contains the trypsin cap site,
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TABLE 1. Quantitation of elastase II and trypsin mRNAs and nascent transcripts in the pancreas

Hybridization Total No. of Relative
probe cts/min in Cts/min Cts/min molecules promoter

cDNA1 (32P) hybridization hybridized2 per kb3 per cell' strengths

Amylase End- 16063 10363 (1.0 x 10 )
Elastase II labelled 5 x 105 3143 3572 3.5 x 104
Trypsin poly(A)+ 2229 2822 2.7 x 104
Protein L7 RNA 25 48 4.6 x 102

Amylase Nascent 2116 1365 (100)
Elastase II RNA chains 107 175 199 15
Trypsin elongated 95 120 9
Protein L7 in vitro 18 35 3

4ig aliquots of recombinant cDNA plasmid were heated to 80°C for 3 mins. in 50mM NaOH,
neutralised with 1/10 volume 0.5M HC1 / 0.5M Tris HC1 (pH 8.0) and spotted on Gene-screen
(NEN) membranes. Amylase cDNA plasmid is pMPa21 [1]; elastase II and trypsin cDNA plasmids
are pMPe7 and pMPt9, respectively (this paper); protein L7 cDNA plasmid is pL7 [49].

2 Filters were hybridized in formamide solutions at 42°C as described previously [19].
Sizes of cDNA inserts are: pMPa21, 1.55kb; pMPe7, 0.88kb; pMPt9, 0.79kb; pL7, 0.52kb.
The values for elastase II, trypsin and protein L7 mRNAs were calculated ysing the
previously determined number of amylase mRNA molecules per cell (1.0 x 10 ) as a standard [1].
The number of trypsin mRNA molecules per cell is a minimal estimate since several different
trypsin mRNA species may be synthesised in the pancreas (see text).

5 Promoter strengths were calculated from "cts/min per kb" and are expressed in percent,
relative to that of the Amy-2 a-amylase gene. The value for the trypsin promoter may
reflect the concerted activity of several genes.

and the 0.7 and 0.6kb Eco RI fragments, which are located downstream of the
polyadenylation site, yield a distinct signal. No transcription is observed
of sequences in the 1.1 or in the 4.8kb downstream fragments. These results
suggest that transcription initiates at or near the Ta cap site and contin-
ues downstream of the polyadenylation site. The 5.5 and 2.5kb Eco RI frag-
ments containing 5'-flanking sequences are weakly transcribed, but to a much
lower extent than the 2.9kb Eco RI fragment. This low level transcription
suggests that some initiation occurs upstream of the cap site. We have not
determined whether this is a general phenomenon for all trypsin genes or for
only a subset of them. Similar low level transcription has been reported of
sequences upstream of the mouse Amy-ia a-amylase cap site [20].

To estimate the relative transcription rate of the elastase II and
trypsin genes in the pancreas, we hybridized radiolabelled nascent RNA
chains elongated in vitro to dot blots containing elastase II and trypsin
cDNAs. a-amylase and ribosomal protein L7 cDNAs were included as controls
for pancreas-specific and housekeeping functions, respectively. The Amy-2a
a-amylase gene has been shown previously to be regulated at the transcrip-
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tional level [2]. Therefore, the signals obtained from hybridization to
elastase II and trypsin cDNAs were compared to the signal produced from

a-amylase cDNA. Nascent transcripts of the elastase II and trypsin genes
yield a 7- and 11-fold weaker hybridization signal, respectively, than
Amy-2a nascent chains (Table 1). These values reflect the different number
of polymerase II molecules engaged in transcription and are thus an indirect
measure of the relative efficiency of the elastase II and trypsin promoters.
The relative abundance of elastase II and trypsin mRNAs in the cytoplasm of
the exocrine pancreatic cell was estimated by hybridizing 32P-endlabelled
poly(A)+ RNA from pancreas to the respective cDNAs. The hybridization
signals obtained in this experiment were again compared to the signal
produced from hybridization to a-amylase cDNA, since the steady state level
of a-amylase mRNA in the pancreas has been determined previously [1]. The
elastase II and trypsin mRNAs both yield approximately 3-fold lower
hybridization signals than a-amylase mRNA (Table 1). Since the relative
hybridization signals obtained with poly(A)+ RNA and nascent chains are
comparable, promoter efficiency is the major factor in determining the
steady state levels of elastase II and trypsin mRNAs. The number of riboso-
mal protein L7 mRNA molecules is almost 20-fold lower than would be expected

from the relative promoter strength of the L7 gene. This suggests that the
[7 gene is regulated mainly at the post-transcriptional level in the mouse
pancreas.

DISCUSSION
The elastase II and trypsin mRNAs of mouse have only about 10% of

their lengths occupied by noncoding regions. Short 5'-noncoding regions
present on these mRNAs appear to be a common feature of pancreatic mRNAs,
since other pancreas-specific mRNAs such as those specifying mouse a-amylase
[16], rat chymotrypsin B [34] and carboxypeptidase A [35] all contain short
leader sequences. The functional significance of this finding remains
unclear since no obvious sequence conservation for hybridization to the 3'
end of the 18S rRNA [36] is observed between these mRNA species. It is

conceivable that the length of the 5'-noncoding region may influence mRNA

stability or translation efficiency. An exception to this rule is the rat

RNase mRNA, which contains both long 5'- and 3'-noncoding sequences [37].
However, secretory RNase is also expressed in the rat salivary glands [38],
and therefore its mRNA may not be specific to the acinar pancreas.

While the mRNAs for elastase II and trypsin are of similar length, the
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transcription units which encode these mRNAs differ greatly in their size

and structural organisation. The single copy elastase II gene is 11.2kb long
and is interrupted by seven intervening sequences. The exon-intron arrange-
ment closely resembles that of the slightly smaller rat elastase II gene
described by Swift and co-workers [39]. Indeed, the mouse elastase II mRNA
shares extensive sequence homology with its rat counterpart, and the
proteins derived from these mRNAs are 85% homologous (Fig. 1).

As many as ten. trypsin genes may exist in the haploid mouse genome.
The five cloned copies vary between 3.4 and 4.0kb in length, and all are

interrupted by four introns. DNA sequencing shows that the trypsin genes
share extensive sequence homology in the first exon and in the immediate 5'-
flanking region, but that the extent of homology is close to random upstream
of nucleotide position -200 (Fig. 6). Comparing individual gene sequences,
however, reveals that Tc and Td, the two closely linked copies, are more
related to each other than to either Ta or Tb. Moreover, the sequenced
region of Tb (see Fig. 6) is almost identical to that of Tel even within
intron regions (data not shown). These data suggest that the trypsin gene
family has evolved by multiple duplication events from a common ancestor. Tb
and Te may be the products of a recent duplication event, while the two
classes of trypsin genes would be the result of a more ancient separation.

Craik and co-workers [40] have isolated two trypsin genes of rat. The
exon-intron arrangement of the rat trypsin I gene is very similar to that of

Ta, whereas the rat trypsin II gene, which is more than 5kb long, has a
structure that is very different from any of the cloned mouse genes. In
addition, sequence analysis of the mouse trypsin Ta gene reveals signifi-
cantly higher homology to the rat trypsin I gene in the noncoding and
intronic regions, suggesting that Ta might be the mouse equivalent of the
rat trypsin I gene. While at least two trypsin genes are transcriptionally
active in the rat pancreas [31, 40], only the mRNA transcript of the Ta gene
has been isolated in mouse (Fig. 2). However, the ambiguous pattern obtained
from sequence analysis of primer extended cDNA may be the result of cDNA
synthesis on more than one trypsin mRNA (data not shown). The sequence
heterogeneity detected in the 5'-noncoding regions of various cloned trypsin
genes would give rise to trypsin mRNAs with different leader sequences. In
addition, RNase treatment reduced the signal given by the hybridization of
radiolabelled nascent RNA chains to Ta, but not to elastase II restriction
fragments (data not shown). These observations all suggest that more than
one trypsin gene may be active in the mouse pancreas.
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Mapping of nascent RNA chains indicates that transcription of the

elastase II and trypsin genes starts at their cap sites, while termination
of transcription occurs about 1 and 1.5kb downstream of their respective
polyadenylation sites. Two Bi elements are located on opposite strands in
the 3' region of the elastase II gene (Fig. 3). We do not know at the
present time whether these Bl elements are transcriptionally active. It is

conceivable that transcription termination of the elastase II gene may be
influenced by convergent transcription from the Bl element which is located
downstream of the termination region on the elastase II non-coding strand.
However, the Bl element which is located on the coding strand within the
last intron has apparently little or no effect on the polymerase loading of
the immediate downstream region. Previous work has shown that termination of
transcription in the mouse Amy-2a a-amylase gene occurs at multiple sites in

a region between 2.5 and 4kb downstream of the polyadenylation site [19].
The dilution of polymerase II molecules downstream of the elastase II
polyadenylation site suggests that transcription termination in this gene
also occurs at multiple sites.

Elastase II and trypsin mRNAs represent abundant transcripts in the

pancreas, each accumulating to about 30 000 copies per cell (Table 1). It is
not possible to compare directly the strengths of the elastase II promoter
and an individual trypsin promoter since we do not know how many trypsin
genes are transcriptionally active. However, the single copy elastase II
promoter is less than two-fold stronger than the concerted activity of the
trypsin promoters as measured by hybridization, and the levels of steady
state mRNA can be accounted for by these relative promoter strengths. This
suggests that the accumulation of elastase II and of trypsin transcripts in
the pancreas is regulated predominantly at the level of transcription. A
similar conclusion has been reached for the single Amy-la and the multiple
Am -2a a-amylase genes [2, 20; Table 1]. Thus, transcriptional regulation
appears to be a common mechanism for genes which express abundant products
of the pancreas. In contrast, the accumulation of rare and moderately abun-
dant mRNAs, which are expressed in several tissues, appears to be regulated
mainly at the post-transcriptional level [41]. Our finding, that the low
level accumulation of ribosomal protein L7 mRNA in the cytoplasm of acinar

pancreatic cells is the result of post-transcriptional regulation, is
compatible with this idea.

Several studies have characterised conserved sequences in promoter
regions which are involved in the transcriptional regulation of eukaryotic
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-130
Amy-2 ...GAAGAAC CATCATTGCTACT... 11

-119
Elas II ... GAAAACCAA r[OGAKCCAGCCCTTTATT... 7 (8)

-194
TaA AAG. 11 (8)

Tb ...AAGGAAA GTTCAGAAAATA .. 12

TcC AGG. 13

Td ...GAGAA GTGAAGAAGTAG... 12

CONSENSUS . . . cCaCAGcTGTGCT 13

Figure 9: Identification of a conserved sequence motif in the 5'-flanking
regions of the Amy-2a a-amylase, elastase II and trypsin genes of mouse. The
distance of these sequences from the cap site is indicated. The consensus
sequence of 13 nucleotides was derived by counting the number of identical
bases present at each position. Nucleotides which are homologous to the
consensus are boxed in the individual sequences. The extent of homology of
each sequence to the consensus is indicated on the right. Alternative align-
ments in the elastase II and T genes are designated by solid lines. Purine-
rich regions 5' to the sequence motif are denoted by broken lines.

mRNA genes (for a review, see ref. 41). Sequence analysis of the 5'-flanking
regions of the elastase II and trypsin genes reveals conserved TATA motifs

[43], but no CAAT boxes [44] or Spl binding sites [45]. A comparison of the

sequences upstream of the Amy-2a a-amylase, elastase II and trypsin genes

reveals a conserved sequence element, at similar positions relative to their

cap sites (Fig. 9). A closely related sequence element also occurs in front

of several pancreas-specific genes of rat [39]. In the rat chymotrypsin,
elastase I and amylase genes it is part of the pancreas-specific transcrip-
tional enhancer [46, 47, 48]. Deletion analysis of the mouse Amy-2a
a-amylase gene has revealed that the region -90 to -160, which contains this
conserved element, has the properties of a transcriptional enhancer whose
activity is indirectly dependent on glucocorticoid hormones (unpublished
observations). Therefore, the activity of the Amy-2a enhancer appears to

play a major role in determining steady state levels of a-amylase mRNA in
the exocrine pancreas of mouse. It is conceivable that this conserved
element is also involved in the observed transcriptional regulation of elas-
tase II and trypsin mRNA levels. The differential accumulation of a-amylase,
elastase II and trypsin mRNAs in the cytoplasm of pancreatic cells may thus
be the consequence of differential enhancer activities.
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