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ABSTRACT

We have proposed in the previous study that the NON mouse is an
animal model suitable for studying human non-obese, non-insulin-
dependent diabetes mellitus, and we have shown that hypo-
insulinemia in the NON mouse was associated with reduced levels
of insulin mRNA in their pancreas. These results suggest that
structural alternation of the 1insulin gene may occur 1in this
mouse. In the present study, to corroborate this possibility, we
attempted to isalate and characterize the insulin gene of the
NON mouse. Comparison with structures of the insulin I and II
genes of the BALB/c mouse demonstrated that the NON mouse has
two non-allelic insulin genes, encoding separately insulin I and
II. The nucleotide sequences of the NON mouse insulin genes,
including 5’-transcriptional regulatory region and exon/intron
organization, do not differ from the reported sequences of the
insulin I and II genes of the BALB/c mouse. We can, however,
point out that about 100 base pairs additional sequence and 7
point mutations are involved in further upstream 5’-flanking
region of, and 3 point mutations in 3’-flanking region of the
insulin II gene of the NON mouse. We conclude that the reduced
expression of the insulin genes in the NON mouse is due to

neither the structural change in the known transcriptional




regulatory elements nor occurrence of the abnormal and unstable

insulin mRNA. Role of the 5’'-upstream additional sequence for

the insulin II gene expression remains to be elucidated.




INTRODUCTION

Diabetes mellitus is not a single disease but a group of hetero-
geneous disorders with common features due to deficiency of
insulin action(World Health Organization, 1985). Non-insulin-
dependent diabetes mellitus (NIDDM) is one of major types of
diabetes mellitus. NIDDM is expected from several clinical
findings to have a strong genetic basis in addition to environ-
mentally -affected conditions. Its exact pathogenesis, however,
remains to be elucidated, because of the difficulty to clarify
extent of contribution of both factors to an individual case of
NIDDM(Rossini, Mordes & Handler, 1988).

The NON mouse is a subline separated from the Jcl-ICR mouse
in the course of isolation of the NOD mouse that is known as an
animal model for insulin-dependent diabetes mellitus (IDDM)
(Makino, Kunimoto, Muraoka et al. 1980; Tochino, 1986). In the
previous study, we have characterized the NON mouse as follows;
(1)no obesity, (2)glucose intolerance but not overt diabetes,
(3)hypoinsulinemia, (4)no pathological findings including auto-
immune changes in pancreatic islets and the thyroid gland. These
characteristics appear to be similar to those of non-obese human
NIDDM, we have proposed that the NON mouse is an animal model

suitable for studying non-obese human NIDDM (Ohgaku, Morioka,



Sawa et al. 1988). Therefore, we anticipate that the study using
the NON mouse will be a major breakthrough to clarify the
pathogenesis of NIDDM. Furthermore we have demonstrated the
remarkably reduced levels of both insulin and preproinsulin mRNA
in pancreas of the NON mouse. In the analysis of restriction
fragment length polymorphism (RFLP) of insulin gene in the NON,
NOD, and Jcl-ICR mouse, we have observed an extra and weak
signal only in the BamHI-treated genomic DNA of the NON
mouse (Ohgaku et al. 1988). From these results, we suggested that
glucose intolerance in the NON mouse results from the reduced
expression of the insulin gene which may have an altered
structure especially in the transcriptional regulatory region.
In the present study, we isolated two non-allelic insulin genes
from the NON mouse, determined their nucleotide sequences, and

discussed about their features.




MATERIALS AND METHODS
Animal strains.
NON mice were provided from Shionogi Research Laboratories,

Osaka, Japan.

Materials.

N-Lauroylsarcosine, sodium salt, was obtained from Sigma,
St Louis, MO, U.S.A. Proteinase K was from Merck, Darmstadt,
B e REE . [ a—BZP}dCTP (111 TBq/mmol) was purchased from ICN

Chemicalis), Eevine:r ‘CALNU S . AL hnand | a—gSS]dATP 24N Bl y/mmeils)
was purchased from Amersham International plc, Amersham, Bucks,
U.K. Deoxyribonuclease 1 was from Pharmacia LKB Biotechnology
AB, Upsala, Sweden. Mbol and BstXI were from New England
Biolabs, Beverly, MA, U.S.A. Other restriction endonucleases,
DNA modifying enzymes were from NIPPON GENE, Toyama, Japan. Rat
preproinsulin I c¢DNA was a generous gift from Dr. Hiroshi
Okamoto, Department.of Biochemistry, Tohoku University School of
Medicine, Japan, who cloned and analyzed its sequence
unpublished data ).

Extraction of high-molecular-weight DNA.

High-molecular-weight genomic DNA was isolated from the mouse

liver =8 dese@ribed @lsewhere (Cox, Damjanov, Abanobi et gl.
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liver was immediately excised and rinsed in 0.9% (w/v) NaCl.
About 1 g of the tissue was put into nylon mesh(sample pack;
EIKEN, Tokyo, Japan), immersed in 7 ml of ice-cold 0.5 M EDTA,
(pH 8.0) and squashed gently with the blunt end of a spatula on
ice. Liver cells were suspended in 10 ml of 0.5 M EDTA, pH 8.0,
in a 50 ml Falcon polypropylene tube (#2070), and lysed by
addition of 0.1 ml of 10 mg/ml proteinase K and 0.25 ml of 20%
(w/v) sodium Lauroyl sarcosinate. After overnight incubation at
50°C, DNA was extracted 3 times with phenol/chloroform/isoamyl
alcohol (25:24:1, v/v), and subjected to dialysis until OD27O of
the dialysate is less than 0.05.

Construction of the genomic library of the NON mouse.

After partial digestion of high molecular weight genomic DNA
with MboI, DNA fragments having the sizes of about 20 kilobase
pairs (kbp) were isolated by sucrose gradient ultracentrifuga-
tion, ligated with the BamHI-treated Lambda Dash arms
(ISlea t agienies, San DhlegeR CANTRUIASHyAE) and assembled into phage
using the in vitro packaging kit (Amersham) by a standard pro-
tocol (Maniatis, 1982).

Isolation and subcloning of the genes encoding insulin I and II

from the genomic library of the NON mouse.

Using the nick-translated rat preproinsulin I cDNA as a probe,




approximately 6 X 10° phages of the amplified genomic library
was screened by plaque hybridization (Benton & Davis, 1977) with
slight modification as follows: nitrocellulose replicas were
incubated at 45°C overnight with prehybridizing solution
containing 50% (v/v) deionized formamide, 50 mM Tris-HC1l (pH
8.0), 1 M NaCl, 0.1% (w/v) sodium dodecyl sulfate (SDS), 5 mM
EDTA, 4 mM sodium phosphate, 5x Denhardt’s solution (1lx is 0.02%
(w/v) polyvinylpyrrolidone, 0.02% (w/v) Ficoll, 0.2% (w/vVv)
bovine serum albumin), and 200 pg of sonicated, heat-denatured
salmon testes DNA/ml. They were then hybridized with the probe
ISRl RS ot N ea e AISEECE S o D21 Rl anidl Fnaisihtelds Ware | AR CE it Ja!
slolfufthifon® fcoTrt auinksmew SIEOR - mYSWIE i s —HGI( p/H W8% [09)5 8 25 Wi mME Nay@ilil, = 20 1 A18%
SDS, 1 mM EDTA, 1 mM sodium phosphate, and 1x Denhardt'’s
solution for 6 h with several changes of the washing solution.
Phage DNA was prepared by glycerol step Ehe el BLE oG
centrifugation(Maniatis, 1982) and digested with EcoRI and
BamHI. After agarose gel electrophoresis, phage DNA was trans-
flerred™ tolnii R o celtlsttlio/siemNSislstieirit  Hhie SR Cesi Nivaisin v sitdiitzie dF o
rat preproinsulin I c¢DNA probe as described above. DNA fragment
containing putative preproinsulin gene were subcloned into
Bluescript KS(+) plasmid (Stratagene, San Diego). The

recombinant plasmid was propagated in Escherichia coli MC1061,




and isolated by alkaline lysis and polyethylene glycol preci-
pitation(Brush, Dodgson, Choi et al. 1985).

Construction of deletion mutants and nucleotide sequence deter-
mination.

Plasmid carrying the genomic DNA in both orientations were
isolated and subjected to preparation of serial deletion mutants
according to the method of Henikoff(1984). The appropriately
deleted inserts were selected and sequenced by the dideoxy chain
termination method(Sanger, Nicklen & Coulson, 1977). Synthetic
primers complementary to T3 and T7 promoter sequences, alkali—
denatured plasmid DNAs, and [a—BSS] dATP were used in the
reaction. 7-Deaza-dGTP (Boehringer Mannheim GmbH, Mannheim,
F.R.G.) was used instead of dGTP in the sequencing to avoid the

secondary structure problems.




RESULTS
After the screening, we obtained 5 positive clones. We subjected
these clones to Southern analysis using the radioactive cDNA
probe. One clone, ANins-I, showed 3 EcoRI fragments and a 1.4-
kbp. fragment was thybridiged wisth the probe. It the BamHI-
digestion, this clone showed a 5.3-kb fragment, which was formed
from the internal BamHI sites, and this fragment was hybridized.
Another, ANins-IT, displayed a 2.5-kb BamHI fragment, and this
fragment was hybridized with the cDNA probe( Fig. 1). From the
comparison of restriction maps of the BALB/c mouse preproinsulin
I and II genes(Wentworth, Schaefer, Villa-Komaroff et al. 1986),
we suggested that A Nins-I and A Nins-II clones carry putative
NON mouse preproinsulin I and II genes respectively.
For further restriction mapping and sequencing analysis, we
constructed plasmid subclones: pNins-I for the 1.4-kb EcoRI
fragment from ANins-I, and pNins-II with the 2.5-kb BamHI frag-
ment from ANins-II. The restriction maps and sequencing
strategies for the NON mouse pNins-I and II subclones are shown
31301 )l 0

Figure 3 shows the nucleotide and deduced amino acid

sequences of the pNins-I. Comparing with the preproinsulin I

gene of the BALB/c mouse, we suggested that putative trans-




cription initiation site was present at A of position 648.
Sequences for exon 1 (position 648 to 693), exon 2 (812 to 1209)
including polyadenylation signal (position 1190), intron (694 to
811), were identical to that of the BALB/c mouse preproinsulin I
gene. Thus, pNins-I encodes the NON mouse preproinsulin I gene.
The 5’-flanking sequence(position 1 to 647) was identical to
that of the BALB/c mouse preproinsulin I gene. This region

includes general promoter and enhancer elements: the TATA box

(position 624-629), the CAAT box (position 579-588), enhancer
core sequence (position 339-345), and also the beta cell-
specific enhancer elements: "Nir box", and "Far box" like

sequences (positions 542-549 and 416-423, respectively) as pre-
viously reported (Karlsson, Edlund, Moss et al. 1987). The
sequence for 3’-flanking region was also identical with that of
the BALB/c mouse preproinsulin I gene.

The structure of the pNins-II is shown in Fig. 4. The
putative transcription initiation site was present at A of
position 1061. Sequences for exon 1 (position 1061 to 1106),
exonesZA MBI 226N stor 2170, and e son B (BIEIRI6E Stael NSNS SinclhadEsne sthie
polyadenylation signal (position 2096), and intron 1 (position
1107 to 1224), and intron 2 (1428 to 1915) were all identical to

the reported structures of the BALB/c mouse preproinsulin II




gene. Thgs, pNins-II encodes the NON mouse preproinsulin II
gene. The 5’-transcriptional regulatory region (from trans-
cription initiation site to about 350bp upstream) was 1identical
with that of the BALB/c mouse preproinsulin II gene. But further
upstream, near the BamHI subcloning site, 7 point mutations were
foundia bt SifniseriFilonis: raithspeshisthitonsui568s s 21857 e 2614 8 B3ICHE Sanicdi iRl =l
substitution at 315, 1 deletion at between 124 and 125. And from
1 to 113 (1061bp to 948bp upstream of transcriptional initiation
site), the NON mouse preproinsulin II gene had 113bp additional
sequence was not reported in the BALB/c mouse preproinsulin II
gene. Three point mutations were also found in the 3’- flanking
region: 1 insertion at 2495, 1 substitution at 2365, 1 deletion
at between 2391 and 2392.

Furthermore, as would be expected from these results, the
deduced amino acid sequences of the NON mouse preproinsulins I
and II were identical with those of BALB/c mouse preproinsulins

I and II, respectively.




DISCUSSION

In the previous studies, we have presented that the NON
mouse 1is an animal model suitable for studying non-obese human
NIDDM. Furthermore, from the evidence for the reduced level of
preproinsulin mRNA in the pancreas of the NON mouse, we have
proposed a hypothesis that glucose intolerance in the NON mouse
is caused by the reduced synthesis of insulin due to possible
defect (Ohgaku et al. 1988). Several responsible sites of defects
may be possible: gene defects, reduced mRNA stability due to
changes in the exon/intron organization, the abnormalities of
splicing in maturation of mRNA, and decrease in transcriptional
efficiency due to an altered structure in cis- or trans-acting
factors.

In this study, we have shown that the NON mouse has two
non-allelic preproinsulin genes, I and II, and that their
exon/intron organizations are identical to those of the BALB/c
mouse. Thus, we exclude possibilities of gene defects and of
changes in the exon/intron organization.

Several cases of human diabetes, induced by the abnormal
insulin due to the point mutation of insulin gene, have been
reported (Kwok, Steiner, Rubenstein et al. 1983; Haneda, Chan,

Kwok et al. 1983; Nanjo, Sanke, Miyano e =1 OIZI6H) M ™ e




preliminary study, we have observed that the NON mouse insulin I
and II proteins are identical with those of normal Jcl-ICR mouse
with reversed-phase high-performance liquid chromatography
(HELE)(daita mnetshemnnd) . Furither confirmation tof the I resulits was
obtained from the present study, where no substitutions were
observed in the deduced amino acid sequences of NON mouse
ismsulsSINa il TL  (CESEES e alncdR AR i

In mammals, insulin gene expression is restricted to beta
cells of the pancreatic islet. The cis-acting regions of the rat
insulin genes have been located within about 350 bp of their 5’-
flanking region, 5’-transcriptional regulatory region(Walker,
Edlund, Boulet et al. 1983; Hanahan 1985). Two cell-specific
regulatory elements, an enhancer and a promoter, appear to be
operative in this region. Recent reports have demonstrated that
reductions of insulin gene expression result from mutations in
these elements(Karlsson et al. 1987, Crowe & Tsai, 1989; Hwung,
Crowe, Peyton et al. 1989). From these studies, it was possible
that mutations in 5’-transcriptional regulatory region can
reduce expression of the insulin gene in the NON mouse. Indeed
our RFLP study of NON mouse preproinsulin gene has demonstrated

that NON mouse preproinsulin gene has a unique RFLP in the

BamHI-digested DNA, which seemed to offer indirect evidence for




this possibility. In this study, we observed no structural
change in the known 5’-transcriptional regulatory elements in
both NON mouse preproinsulin genes. Accordingly, the reduced
expression of NON mouse preproinsulin genes is not the result of
the mutation in these elements. Since the NON mouse has no
internal BamHI site in preproinsulin I and II genes, the 1.7-kb
extra band with weak intensity observed in the NON mouse 1is
false positive.

Several mutations are found in the further 5’-upstream
flanking region and 3’-flanking region. Especially, an
additional 5’-flanking sequence which is not reported in BALB/c
mouse calls our attention. This sequence seems to be similar to
polymorphic region as reported in human insulin gene(Bell, Karam
SR teiss g8 SRR BIel] S SieR vl SR ey B 1198120 Msaind S ing Snait SR e prHos
insulin I gene(Winter, Beppu, Maclaren et al. 1987). The rela-
tionship between the length of polymorphic region of insulin
gene and the occurrence of diabetes in human has been
discussed(Bell, Horita & Karam, 1984; Rotwein, Chyn, Chirgwin et
Rl s SRS S Ehbig this polymorphic region is reported not to be
essential for insulin gene expression (Hanahan, 1985) and does

not have functional role for overall insulin secretion(Permutt,

Rotwein, Andreone et al. 1985). The possibility of the poly-




morphic region of preproinsulin gene to function as a cis-acting
fajchEieiEISH, however, has not been entirely excluded 1in
human (Takeda, Ishii, Seino et al. 1989). In rat, it has been
demonstrated that negative transcriptional regulatory (
"silencer" ) element is present between 2.0 and 4.0 kbp upstream
of rat preproinsulin I sequence (Laimins, Holmgren-Koenig &
Khoury, 1986). It 1is possible that the additional 113 bp
sequence is a '"silencer" element. To elucidate this possibility,
it is important to know the affected component of the two
insulin proteins in the NON mouse. Thereafter, expréssion study
using the reported additional region is needed. element or not.
We also found 3 point mutations in the 3’-flanking region
of preproinsulin II gene. From previous studies(Walker et al.
1983; Hanahan 1985), 3’-flanking region of the insulin gene does
not appear to have the enhancer activities to the gene
expression. We need, however, to examine enhancer activities in
this region and effect of 3 mutations. Furthermore, we cannot
exclude possibilities that abnormalities of the splicing or an
altered structure in trans-acting factor takes part in reduced

expression of the insulin gene expression and glucose

intolerance in the NON mouse. Thus, we need to elucidate these

possibilities in further study.
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Legends for Figures

Joal e L8

Electrophoresis and Northern blot analysis for genomic clones
ANins-I and MNins-II. The MNins-I digested with EcoRI(lane 1)
or BamHI(lane 2), and the ANins-II digested with BamHI(lane 3)
are analyzed by electrophoresis on 0.8 percent agarose gel,
which was stained with ethidium bromide, and then photographed
under UV illumination. lanes 4, 5 and 6 are the analysis of lane
1, 2 and 3, respectively, by Northern blot hybridization using
Rarbpie p rofiinshuElfiin SENCHINA Sprokels MolleienmiNarasiisz e nan Keirls) aike

indicated in kbp on the left side of the figure.

Figure 2:

Restriction maps and sequencing strategies of the subclones
pNins-I (a) and pNins-II (b). Nucleotide numbers are given at
the top. The deduced restriction endonuclease sites are shown.
Exons are indicated by solid boxes. Horizontal arrows indicate

the sequencing strategy.

Figure 3:

Nucleotide and deduced amino acid sequence of NON mouse prepro-

insulin I gene. Capital letters indicate exons and lowercase




letters are used for intron and 5’- and 3’-flanking sequences.

The number of nucleotide residues is indicated at the end of

each line. The deduced amino acid sequence is given below the

nucleotide sequence. Stop codon is indicated by "*xx" ., The

sequences of putative promoters, enhancers and the poly A signal

are underlined.

Figure 4:

Nucleotide and deduced amino acid sequence of NON mouse prepro-

insulin II gene. Capital letters, lowercase letters, and the

numbering of nucleotide residues are used as described in Fig.2.
The deduced amino acid sequence is given below the nucleotide
sequence. Stop codon is indicated by "*x*xx", Nucleotide
differences found in the BALB/c sequence are displayed beneath
the NON mouse sequence, and indicated by vertical arrows.

Deletions are indicated by dashes. The sequences of putative

promoters, enhancers and the poly A signal are underlined.
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gaattctgtaataactatatagaactcttictiatatatgctcaanattttacatgctagectticaggtacatatecttgggttgttgggtattgtagaagaa
tgtactacagggcttcagecccagtltgaccaatgagtgggctacggpgpgtttgtganagggagagatggagaagggagggaccattaagtaccttgetgectga
gltctgectttcctecteectetlgaggglgagetgggatectcatectgagttaagggcccagectatcaatgggaactgtgaaacagtccaaggggacatcaat

"Enhancer core sequence”
attaggtccctaacaactgcagtttecectggggaatgatgtlggaaaatgectcageccaaagectgaagaaggtctcaccttectgggacaatgtececectgetgg

”Far box” like sequence’
gaactggttcatcaggccatctggtecccttattaagactataataaccctaagactaagtagatgtgttgatgtccaatgactgetttctgcagacctag

"Nir box” like sequence’ CAAT box
caccaggcaagtgtttggaaactgcagettcagecectetggecatectgectaceccacecccacctggagaccttaatgggecaaacagcaaagtccaggg

TATA box
ggcagagaggaggltactttggaclataaagetggtgggcateccagtaACCCCCAGCCCTTAGTGACCAGCTATAATCAGAGACCATCAGCAAGcaggtat

gtactclcctcttitgggecctggctecececcageccaagacteccagecgactitagggagaatgtgggctectectecttacatggatecttttgetagectcaaccece

LtgcctatctttCAGGTCATTGTTTCAACATGGCCCTGTTGGTGCACTTCCTACCCCTGCTGGCCCTGCTTGCCCTCTGGGAGCCCAAACCCACCCAGGCT
MctAlalLculLeuValllisPheLeuProLeuLecuAlaLeuLeuAlaLeulrpGluProLysProThrGlnAla

TTTGTCAAACAGCATCTTTGTGGTCCCCACCTGGTAGAGGCTCTCTACCTGGTGTGTGGGGAGCGTGGCTTCTTCTACACACCCAAGTCCCGCCGTGAAG
PheValLysGlnliisLeuCysGlyProllisLeuValGluAlaLcuTyrLeuValCysGlyGluArgGlyPhePheTyrThrProLysSerArgArgGluV

TGGAGGACCCACAAGTGGAACAACTGGAGCTGGGAGGAAGCCCCGGGGACCTTCAGACCTTGGCGTTGGAGGTGGCCCGGCAGAAGCGTGGCATTGTGGA
alGluAspProGlnValGluGlnl,euGluLeuGlyGlySerProGlyAspLeuGlnThrLeuAlaLeuGluValAlaArgGlnLysArgGlyIleValAs
polyA signal
TCAGTGCTGCACCAGCATCTGCTCCCTCTACCAGCTGGAGAACTACTGCAACTAAGGCCCACCTCGACCCGCCCCACCCCTCTGCAATGAATAAAACTTT
pGlnCysCysThrSerlIleCysSerLeuTyrGlnLeuGluAsnTyrCysAsnkxx

TGAATAAGCaccanaaaanagagtlctataatgaatganaanaggattgtgtatatagacatectttttctectggcatttattctgatgttatcatactatt

aaaccattcttaggttggatgattatatnatcatgtatgangcttgtgataanaacaccaggaataattcaagtatctggaatte 1384

Fioure 3
b’: -
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ggatccccagtgagauccectcagcaaggeecctetygygcctcactatggtectgaggacaccecteccacactgeecctgatecttecttacecccatectgectgag

||||| ggatcc c t T

gggggacaaggagcagagagcaaggpgaccecacaattecgggtectagtgtectgtaasagecttgecggagggtagagttctagttcacacaaggecaccaagtgt

¥ \ ¥

tttlgectyggtigeceagganataggacag lgccanntcaggaacagaaagagt.cangganccececeaaccacteccangeggangectgaganaggtttigta
».s o —

gctggaatagagcatgcactaacagatggagacagetggetttgagetectgaagecaagtattacatatggagacttgetggecttcaggtgettatetty
ttattggatactgcaggaggatgtaccacagggcttcagetcagectgaceccccaagtgggatatgganagagagatagaggaggagggaccattaagtge
cttgctgcecclganttctgecttteccttectacctectgugagagagectggggactecggctgagttuagaacccagectatcaattggaactgtgaaacagtcca

"Enhancer core sequence”
agggacaaagatactaggtcecccaactgcaactticetggggaatgatgtggaanaaatgctcagecaaggacaaagaaagecatcacccactectggaacaat

gtceccectgctgtgaactgpgticatcaggccatcagggececcttgttangactctaattacecctaggactaagtagaggtgttgacgtccaatgagegett

"Nir box” like sequence CAAT box

telgecagacelageancengggnagtgtttggnnactgcagettcagececcetctggecatetgetgnecectacececacectggagececttnatgggtcanaca

TATA box
gcaaagtccagggggcagagaggaggtgctitggtectatanaggtagtggggacccagtuaACCACCAGCCCTAAGTGATCCGCTACAATCAAAAACCATC

AGCAAGcaggaaggtactecllctcagtgggectggeteccccagctaagacctcagggacttgaggltaggatatagectectectecttacgtgaaacttityg

ctatcctcaancccagcctatcttcCAGGTTATTGTTTCAACATGGCCCTGTGGATGCGCTTCCTGCCCCTGCTGGCCCTGCTCTTCCTCTGGGAGTCCCA
MetAlaLeuTrpMetArgPheLeuProLeuLeuAlaLeuLeuPheLeuTrpGluSerHi

Figure 4 (Part 1)
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CCCCACCCAGGCTTTTGTCAAGCAGCACCTTTGTGGTTCCCACCTGGTGGAGGCTCTCTACCTGGTGTGTGGGGAGCGTGGCTTCTTCTACACACCCATG
sProThrGlnAlaPheValLysGlnlisLeuCysGlySerllisLeuValGluAlaLeuTyrLeuValCysGlyGluArgGlyPhePheTyrThrProMet

TCCCGCCGTGAAGTGGAGGACCCACAAggLgagttctgecactgaattectgteecccagtgectaactacecctggttttecttcacacttgggacattgtaaa
ScerArgArgGluValGluAsplProGln

ttgtgtectaggtgtggagggtetegggataaccagggagtagggacacgtttetggggganagctagacatatgtaaacatggecagetgeccaggaatgag
taagaatcctgceccttaaggggleecttgpgtggtaglaacttgggacatgtgactagatececcaggataggtacctatttagggecctcatagagecactgeac
tgactgaagatgagtaggctitagaggccecatgtgteccatccatgaccagtgacttgtcccacaggecatgcaaccecctgecacectgcaggggttaaggge
cgugaaaacctggggtagltaggaggttgectecagectactecectgactggattttectatgtgtettigettetgtgetgetgatgecctggectgetetgac
acaacctccctggcaGTGGCACAACTGGAGCTGGGTGGAGGCCCGGGAGCAGGTGACCTTCAGACCTTGGCACTGGAGGTGGCCCAGCAGAAGCGTGGCA

ValAlaGlnLecuGluLeuGlyGlyGlyProGlyAlaGlyAspLeuGlnThrLeuAlaLeuGluValAlaGlnGlnLysArgGlyl

_ polyA signal

TTGTAGATCAGTGCTGCACCAGCATCTGCTCCCTCTACCAGCTGGAGAACTACTGCAACTAGACCCACCACTACCCAGCCTACCCCTCTGCAATGAATAA
leValAspGlnCysCysThrSerIleCysSerLeuTyrGlnLeuGluAsnTyrCysAsn**x

AACCTTTGAATGAGCuacaagtltgtgtgtglatgtgcatgtgecatatgtgggaccaggagacatgagtggeggctggtagggtagecacagettaatectate

tal.ctgccltagcecacnntagecccaltanangatctacccangacltlicltiltgglicececleltgcatceccagtliecleeclggeleececlgggcaceclecccaca

ggtacctgttagaccaaacctggaacatagacagttcctttcecccaagataaccaataccgtcaggtagecccataaccececcacecectgagtt-gteccgggag
a £
gatcatgacccccaccceccectgatgotictagectggatagaguagagectngaggtectttggaaggcatgggtgatggcagectaggagectgataatttattge

tctatagccttggatcee 2517

Figure 4 (Part 2)
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