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Nucleotide Sequence of a Proteinase Inhibitor I Gene
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ABSTRACT

Hybridization of DNA isolated from leaves of Russet Burbank portato with tomato ¢eDNA as
a probe revealed the presence of about ten inhibitor I genes in the genome. Screening of a
genomic library of Russet Burbank potato resulted in 1solation of seven different genomic
clones carrying inhibitor [ genes. One of the genomic clones, clone 2, contained two EcoRI
fragments of 3.4 and 1.8 kb in size, respectively, which were hybridized with the probe. The
nucleotide sequence of parts of the hybridizing EcoRI fragments revealed that they contain a
complere gene which codes for an open reading frame of 107 amino acids. It is interrupred by
two mterventg sequences of 502 and 493 bp, sitwated at the positions of codons 17 and 43,
respectively, of the open reading frame. Purative regularory sequences, TATAAA and
CCACT, were found at the 57 flanking region. In addition, a copy of a 100 bp repeat found at

a tomato inhibitor [ gene was idenufied.

INTRODUCTION

In potato, several proteinase inhibitors have been identified and studicd in soluble proteins of
tubers. As many as thirteen different species of inhibitors are thought to be in potato tubers,
representing 15 to 25% of the soluble proteins (Belitz ef al., 1971). Among them, at least five
diffcrent inhibitors arc heat-stable, three of which have been purifiecd and characterized
extensively (Ryan et al., 1976). They arc inhibitor I, inhibitor Il and carboxypeptidase inhibitor
(Cpn.

Inhibitor [ proteins with a specificity toward chymotrypsin are a mixture of heterogenous
pentamers of 40,000 daltons composed of subunits of 8,000 daltons which consist of two major
and two minor protomers (Melville and Ryan, 1972). Inhibitor [ represents about 2.5% of
soluble proteins in tubers of Russet Burbank potato (Ryan et al., 1976).

As wbers develop, inhibitor L proteins are synthesized and accumulate along with inhibitor II
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protcins. Furthermore, inhibitor I was found to be induced to accumulate in leaves when
damaged by chewing insects or mechanical wounding. Wound induction of inhibitor 1 genes
was also observed in leaves of tomato (Green and Ryan, 1972; Plunkete et al., 1982). The
induction of the inhibitor I genes in leaves of tomato and potato is considered to be mediated
systemically by a putative wound signal called the proteinase inhibitor-inducing factor (PIIF),
which turned out to be oligosaccharides fragmented from leaf cell walls during injury (Bishop
et al., 1981). Inhibitor [ is synthesized as a prepro-protein, which is post-translationally
processed and compartmentalized into the central vacuole (Shumway et al., 1976; Nelson and
Ryan, 1980).

In tobacco, however, inhibitor [ accumulates in leaves when placed in an environment of
complete darkness for scveral days (Kuo ef al., 1984). Inhibitor I was known to be homologous
with two isoinhibitors from barley secds (Svendsen et al., 1980) and an inhibitor from the lecch
(Seemuller et al., 1981).

In order to undcrstand the mechanisms by which e¢xpression of inhibitor I gencs is regulated
differentially in various solanaceous plants, information on the structurc of inhibitor [ genes is
essential. It will provide a chance for the identification of regulatory sequences involved in their
differential regulations. Also, the promoter identified will be used for further study by plant
transformation. Thercfore, we determined the copy number of inhibitor I genes in the genome
of potato and isolated the genes from a genomic library. One of them was characterized at the

nucleotide level in this report.
MATERIALS AND METHODS

Materials.  Potato (Solanum tuberosum cv. Russct Burbank) was used as plant material and
was grown in a green house. E. coli strain K802 was used as the host of bacteriophage and
JMI101 was used for cloning of DNA fragments. .

Restriction cnzymes, Erase-a-basc system, DNA sequencing kit, and nick-translation system
were purchascci from Promega and used as indicated by the manufacturer. Radioisotopes and
GeneScreen Plus membrane were purchased from New England Nuclear and nitrocellulosce
filter was from Fischer Scientific. Other chemicals were from Sigma Chemical Co.

DNA isolations.  Plasmid DNA was isolated from E. coli as described by Brush er al. (1985).
Genomic DNA from leaves of potato was isolated by the method of Dellaporta er al. (1984).
Phage DNA was isolated by the methods of Blattner er al. (1977) and Maniatis er al. (1982).

Screening of a genomic library. About 5X10° bacteriophage were screened by the method of
Woo (1979) from a Ecol-partial genomic library constructed with DNAs of Russet Burbank
potato which was a gift of D.M. Anderson of Phytogen Corporation, Pasadena, CA. E. coli
strain K802 was uscd as the host and nick-translated inserts of tomato inhibitor I cDNA clone,

pT-24 (Graham et al., 1985) was uscd as the probe.

Southern hybridization. =~ DNAs were digested with various restriction cnzymes, clec-
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trophoresed in agarose gels and transferred onto GeneScreen Plus by the method of Southern
(1975). Pretrcatment, hybridization and washing of filters were carricd out as described by
Wahl er al. (1979).

Molecular cloning.  EcoRI fragments of genomic clones were subcloned into pUCI9
(Yanisch-Perron e al, 1985) as described by Maniatis er al. (1982).

DNA sequencing.  Thc nucleotide sequence of an inhibitor I gene was determined by the
didcoxynucleotide chain termination method (Sanger ef al., 1977) in conjunction with universal
primers. Denatured plasmid DNAs were used as templates for DNA synthesis after uni-

directional deletions with exonuclease I and $1 nuclease by the protocol of Henikoff (1984).
RESULTS

Presence of inhibitor I genes as a multigene family in the potato genome. In order to determine
the copy number of inhibitor I genes in the potato genome, genomic DNAs digested with
various restriction cnzymes were hybridized with the insert of a tomato cDNA clone, pTi-24

(Graham et al., 1985). As shown in Fig. 1, multiple fragments were found to contain inhibitor 1
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Fig. 1. Derermination of the copy number of inhibitor T genes
on the genome of Russet Burbank potato. DNA  from
06—~ leaves was hybridized with radioactive inserts of a
tornato inhibitor [ ¢DNA clone (Graham-er al., 1985)
after digestions  with various restriction  enzymes.
Symbols: E, EcoRI; H, Hindll; B, BamHIL
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genes in the genome of Russet Burbank potato. EcoRI fragments hybridizing with the probe
arc 9.3, 8.4, 7.5, 6.9, 5.8, 3.7, 3.0, 2.5, 2.3, 1.8, 1.5 and 0.7 kb in size, respectively. The 3.7
kb EcoRI fragment may represent multiple bands as judged by its intensity.

Isolation of inhibitor I genes from a genomic library. Screening of an EcoRI-partial genomiic
library of Russct Burbank potato gave risc to seven different clones designated as clones 2, 6
11, 15, 25 and 28 which were hybridized with the tomato inhibitor T cDNA. DNAs isolated
from these clones were subjected to Southern hybridization after digestion with EcoRI. It
revealed the presence of two EcoRI fragments of 3.4 and 1.8 kb in sizc in clones 2 and 25, onc
framgent of 2.5 kb on clone 6, onc fragment of 2.4 kb on clones 11 and 16, two fragments of
6.9 and 5.8 kb on clone 15, and onc frament of 0.7 kb on clone 28, respectively (data not
shown). Of these clones, clone 2 was chosen for subcloning and sequencing of the EcoRI
fragments.

Primary structure of an inhibitor I gene in clone 2. The two EcoRI fragments on clone 2
which were hybridized with the probe were subcloned into the EcoRlIsite of pUCIS. Southern
hybridizations of plasmid DNAs of the subclones with a 5°- or 3’-specific probe revealed that
the 3.4 kb EcoR! fragment contains the 5° region of an inhibitor I gene while the 1.8 kb’
fragment contains the 3 region (data not shown). DNA sequencing of both ends of cach
framgent further localized the exact positions of the inhibitor I scquences on the EcoRI
fragments. On the basis of these results, the EcoRlI fragments were subjected to umdlrccuonal
deletions with exonuclease Il and S1 nuclease, folllowed by DNA sequencing as shown in Fig.

. The nucleotide sequence of part of the two EcoRI fragments on clone 2 is shown in Fig. 3.
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Fig. 2. Restricon map of clone 2 carrying a potato inhibitor I genc and the strategy for determiming the
nucleotide sequence. Two EcoRJ fragments of 3.4 and 1.8 kb m size hybridizing with the probe were
subcloned separately into the EcoRI site of pUCT9 and subjected ro exonulease Il and Sl nuclease
delctions as deseribed by Henikoff (1984) prior to scquencing. Horizontal arrows indicate the extent and
direction of sequencings. Solid boxcs indicare exons and open boxes indicate introns. Symbols: B, Bglll;
E, EcoRIl; H, Hindll.



June 1989 Lec & Park: Nucleotide Sequence of a Potato Inhibitor [ Gene 71

AT CTTGGCTATATATGAA'I'I‘TAGTATCA”IGTAGTGCTTATG’ITATITAEETACTITGGCTTCCA’I'IEAAAGCTAGC’ITATG'I'I‘A[;'IT AGGTACTITI'}EX
AGTAATTTTGAATGTAATTTTATTGCTTATTITTATTATTT IGGTAGE’T‘GTCAAATGTCAACCACTAAAGCTCGACCATGCCAG’ICGGTAAGAACA?EE
GAF\']'J'IIZCAAAGGAAAGAAGGGTCTTGGGCTI'ITAAAAAACCACTI‘AE;}\SX'I'ITTAAH'ITCI'ITAMAA}\TGAGCTTACAAATCCAACATG’]'ATI' IT Z%g
TATTTI\TAGATCTTCTATGTTATI'ITGTAACMTCTCC'['[TAAAATAZZRTTAAAAAAACCTA'I‘ATACMCTAGAAAATI'I‘AT AAACGACTATA AM%‘IJ'Z

450 sS00
AATCTCCCGCATTTACCCTTATCCAATTTATAATATACCGATTAGTGG TATTAGTG TATATGATGTGTCCCCCACACACAATACGTGAAT TAAATTTTCA

550 [is]
CTGTCCCTCCTCACTTCTCGTATGTAATTAAAAATATATCAAAACCTAATAATTTTTTCCT T TATC TICAAA TG TTCAACATG TG TTGTTAGACAECA

sLO ToD
C_')i‘\GTAAATAGTACATCACTAGTCACTACAATGAAGGCAACCTGTGC(j ATAAATTTATGTGATGCACTCATACAAATTCACTCAATTCCTICTACTCTT
750
TACAACTAAAAGAAA ATG GAG TTA AAG TTT GCT CAC ATC ATT GTT TTC TTT CTT CTT GEA ACT T/ GTTAGTACCCCCCTCCT
Met Glu lew lys Phe Ala His [le Ile Val Phe Phe Leu Leu Ala Thr

200 a50
CICTCTCTCTCTCTCTCTCTCTCTATATATATATATATATATATATATATATATATATATIGCAAGAATATTAT TAGAGTTGTAAATGATT TATATTTCT

[=lele] 250
TTTACGATATGGGGGTTAGGGTGTGTGTGTGEGEGGEAGETCACAAAGGATTTACCTTATACTATATATACATAAAAAAAAAAAG TTTGATCTTGTAAAT

1000 1050
ATAATGTGACTAACCGGCAAAACAGGTTCGAAAGGGAGACTTGTTCAATGACTTIGTCGATTGATATCCTTTTGCTGAAAAATTACATTATTTAGTGAAA

1100 1150
ATGTTGACTCTCTTAGTGAAAATTATATATTGACTCTCTTAGTGATAATG TTGGCTCTCCAGAGTTCGGATGAATCTCCTTCTACCC TIGCTIGTGCCAA
1200 1250
AAAATTITAGGCGTCATAATTTTCTGATAATC TAACTTGAAATGAGAAATACACTAATTGC TATTGAAATGTTTTITTTTTGGCAG/ CC TIT GAA
Ser Phe Glu

1200 1350
ACT CTC ATG GCA CGA AAA GAA AGC GAT GGA CCA GAA GTC ATA CAA CTT CTA AAG GAA TTT CAA TGC AAA G/ GTAAA
Thr Leu Met Ala Arg Lys Glu Ser Asp Gly Pro Glu Val Ile Gln Leu Leu Lys Glu Phe Gln Cys Asn

1400 1450
GITCTTTTAAAGGAATTIGCATTTTTAGCTICTCAAAAAAGAGCTTTTTTC TACTATTAAAAACACTTCTT CTTAAATCCTTGGCCAAACACTTC
1H00 1

550
AATTCTCTAAMTATACTTITTTAAATAAGAAGTCATTGTTGACTTTTCTGAGATTYGGCCAAACAAGATG TAGACTATTCAACTCTCGAAAATTTTATT

1600 1650
AGTTCAGTTGGTTAATTACCTAAAATTTTACATTATTAATAACGATCGAATTCTCCACTTAAAATCTCTTCCGCTACTCCCAC AAAAAAAAGTAT

1700 170

ATATCATGATICAACTCAATATCTGCTATTATAATAGCACATATAGAGTATATTATTC TIGTTCGTAATTIC TTTCTCTCATTATAATTAATTATTATGY

1800

GTATATGTAG/ GA AAA CTA AGG TGG CCA GAA CTT ATT GGT GTA CCA ACA AAG CTT GCT AAG GGG ATA ATT GAG AAG
Gly Lys Glu Arg Trp Pro Glu Leu Ile Gly Val Pro Thr Lys lLeu Ala Lys Gly 1le Ile Glu Lys

1850 18900

GAA AAT TCA CTC ATA AGT AAT GTT CAT ATA TTA TIG AAT GGT TCT CCA GTC ACA TTG GAT ATT CGT TGT GAT CGA
Glu Asn Ser leu |le Ser Asn Val His Ile Leu Leu Asn Gly Ser Pro Val Thr Leu Asp lle Arg Cys Asp Arg

1850
GTT CGT CTT TTT GAT AAC ATC TTG GGT TAT GTT GTA GAC ATA CCT GTG GTT GGT TAA TTAATGGATTAATATGGAAGTAAT
Val Arg leu Phe Asp Asn Ile Leu Gly Tyr Val Val Asp Ile Pro Val Val Gly sxx

2000 2050
TAAGCAGCCACATGTCAAAAAT AATAAGGETTAATGTC TG T TGATTATAATGTC TCCATGTACTC TTACTATAAATAATGARATAAATAAG TG TGGCTTA

ATTARATCCTTT lACA?:\TT(’ TGCATTACTTTGGCTGTT 1AAGTITGTI'I'GTATGATI'ITGATICGACA%AATTCCAAAAAGTAAACTAGGGTI'ITAATT
CTTGTCCTT GAATAGAEX%ATGTGGAATGTATCAAAAATGATATITAATCTI'GTA ATTITAAACA%EEY;EAGGTAGTAAATTAAAATTAAAAGAGTTATC
ATAAAAGAAAAAAMAE%ET AAACAAAGTAAGAAATAAAGTAAACAAACAAATTAAAACGCAG AG?E’T"RTITGACTTAATYGAATAMUYATGACCAA
ACGGC]'AAATGTCATGEEXETCTITCTTCGAAGTA'ITCAAATITATTATITATCAAT

Fig. 3. Nucleoride sequence of the inhibitor T gene. DNA scquences at the 57 flanking region which resemble
signals for transcriptional regulation of other cukaryotic genes are boxed. === 15 stop codon. A signal for
polyadenylation is also boxed at the 3° untranslational region. A scquence of about 100 bp in size
homologous to the direct repeat found ar the 57 flanking region of a tomato inhibitor I zene s underlined

(sce Fig, 4 for more details),
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It indicated that the two EcoRI fragments contain an inhibitor I gene with an open reading
frame of 107 amino acids interrupted by two intervening scquences of 502 and 492 bp in
length, tespectively, as compared with that of tomato inhibitor I gene (Grabam et al., 1985; Lee
et al., 1986). They are at the positions of codons 17 and 43 and are flanked with GT and AG,
as typical of other cukaryotic genes (Brown, 1984).

The region 57 from the initiation codon (ATG) includes two possible regulatory scquences,
TATAAA and CCACT, common to other cukaryotic genes (Breathnach and Chambon, 1981).
The 37 non-coding region contains the sequence, AATAAA, a typical sequence for poly(A)
addition (Wickens and Stephensen, 1984). The transcription start site was assigned to be “A” at
residuc 695 as compared with that of a tomato inhibitor 1 gene (Lec er al., 1986). Thus, these
results suggest that this inhibitor I gene may be a complete and functional gene.

The 57 flanking region of an inhibitor I gene of tomato revealed the presence of a direct
repeat of abour 100 bp long which may be involved in wound induction (Lee e al., 1986).
Therefore, the 57 flanking region of potato inhibitor I gene was searched for the presence of the
repeat. It revealed a copy of the repeat at the same region as R1 in tomato gene with about
90% homology. Another inhibitor I gene on a 3.7 EcoRI genomic fragment was characterized
at the nucleotide level previously (Cleveland ef al., 1987). The potato inhibitor [ gene was also
found to contain a copy of the repeat. Fig. 4 shows the comparison of the nucleotide sequence
of the repeat found in the inhibitor 1 genes of tomato and potato. The repeats include
homology to the core nucleotide sequence of enhancer clements, GTGGTTG (Laimins et al.,

1983) in addition to thc TATA and CAT boxcs.

Amino acid sequence of inhibitor I prepro-proteins. As shown in Fig. 5, the amino acid

Tomato R2 TCAAAACATAATCATATTTTTTTTCCTT ATCTTCAAATTGTTCAACATCTGGTTGTTAGACACAATT

el ol sl e ke cte o % =
IR T

R1 TCAAAACAT---GATAUU111ILCTTTAILIlLAAATTGTTCAACGT TGGTTGTTAGACACCACT

e WU W =
TETEREY ¥ = A

Potato 3.7- TCAAAACATAATCA ----- TTTTTCCTTT-TCTTCAAATTGTTCAACATGTGGTTGTTAGACACCACT

Aot e atente e & ol
ok ot o O + T

3.4- TCAAAACCTAATAA——*—]1“ULCTTTA!LIILAAATTGTTCAACATGTGGTT T TAGACACCACT]

O -1 a¢ 100 120

Tomato RZ -AATATGTAGTACCTCACTA------- CAATGAAGGACAAAAAAACTGAATAG
R1 -AGTACGTAGTATCTCACTA------- CAATGAAGGCAACCTTTGCQ
Potato 3.7-AGTACGTAGTATCTCACTA--—-——- CAATGAAGGCAACCTCTGCC

L

3.4-AGTAAATAGTACATC ACTAGTCACTACAATGAAGGCAACCTGTGCC

Fig. 4. Comparison of the ~ 100 bp repeat identified at the inhibitor 1 genes of tomato (Rl proximal to the
transcription start sitc and R2 present 440 bp upstrcam of the Rl) and porato (3.7 on the 3.7 kb and 3.4 on
the 3.4 kb fragments). Astrisks denote homology among the repeats. Enhancer core, CCCACT and
TATAAA scquences are boxed.
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Potato 1 Met Glu Leu Lys
Potato 2 = Met Glu Ser Lys
Tomato 1 Met Glu Ser Lys
Potato 1 Leu Met AlalAre
Potato 2 : Leu Leu AlalArg
Tomato 1 Leu Met AlalAre
Potato 1 H e
Potato 2 H e
Tomato 1 :  Ser Asntleu Met
Potato 1 : Leu Ala Lys Gly
Potato 2 = Leu Ala Lys Gly
Tomato Leu Ala Lys Glu
Potato Asn Gly Ser Pro
Potato 2 = Asn Gly Ser Pro
Tomato 1 : Ser Gly Ser Pro
Potato 1 Leu Gly Tyr Val
Potato 2 = Leu Gly Asp Val
Tomato Leu Gly Phe Val

Fig. 5. Comparison of the
sequences of their genes. Regions of difference are underlined. Potato 1 is the amino acid scquence

Lee & Park

: Nucleotide Sequence of a Potato Inhibitor I Gene
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100

Ile
Ile
Ile

amino acid sequences of inhibitor 1 prepro-protemns deduced from the DNA

deduced from the nucleotide scqunce of the inhibitor I gene present on 3.4 and 1.8 kb EcoRI fragments.

Potate 2 is that of from the inhibitor 1 gene on a 3.7 kb EcoRI fragment (Cleveland er al., 1987).

Tomaro 1 is that from a tomato inhibitor I gene (Lec er al., 1986). The reactive sites for chymortrypsin are

boxed. The cleavage sites of preproteins are indicared by arrows headed below (4) and those of

proproteins arc indicated by arrows headed above ().

sequence deduced from the nucleotide sequence of the inhibitor I gene was compared with those

of inhibitor I genes of tomato and potato (Lee ef al., 1986; Cleveland er al., 1987). Inhibitor 1

proteins of potato as well as tomato arc synthesized as a prepro-protein. Potato pre-inhibitor I

is short of four amino acids from that of tomato (Ser-Asn-Leu-Met). Since the mature inhibitor

I of potato cxhibits the N-terminal Lys-Glu-Phe (Richardson and Cossins, 1975), it indicates

that 36 out of 107 amino acids are lost as a result of post-translational processing, representing

34% of the original molecule. The signal scquence or transit peptide 1s composed of 23 amino

acids and exhibits hydrophobicity. It will be apparently cleaved before or during transport into

the central vacuole (Walker-Simmons and Ryan, 1977). The prepeptide is composed of 13
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amino acids which may be processed by a proteinase in the central vecuole. The reactive
(inhibitory) site on the inhibitor I synthesized from this gene was identified as Leu-Asp wheh is
the same with that of tomato while the reactive site of the other potato gene is Met-Asp
(boxed in Fig. 5). Two potato inhibitor I prepro-proteins share homology of 87% from cach

other while each one shares 80% with tomato inhibitor 1.

DISCUSSION

Proteinase inhibitors are usually found in sceds and tubers of plants (Laskowski and Kato,
1980). Protcinascs thar are inhibited by plant inhibitor proteins are serine proteinases such as
chymotrypsin and trypsin. Since proteinases inhibited by plant inhibitor protcins arc found to
be present in fluids or secrctions of animals and microorganisms, plants are thought to
synthesize inhibitor proteins as defensive chemicals (Ryan, 1981).

Inhibitor 1 proteins are present as multiple forms in tubers, suggesting that they may be
encoded by a family of rclated sequences. Genomic hybridization shown in Fig. 1 clearly
indicates that potato inhibitor I genes compose one of multigene famnlics in plants (Lec, 1988).
Since four protomcrs of inhibitor I proteins are different from cach other in amino acid
composition, they are considered to be encoded by different genes. About ten EcoRI fragments
were hybridized with tomato inhibitor I ¢cDNA (Fig. 1). Each fragment may contain a
complete or part of an inhibitor I gene. It is possible that some of inhibitor [ sequences are
malfunctional as pseudogenes. One possible explanation for the presence of scveral different
inhibitor genes in the potato genome is that different members of this gene family are regulated
by different environmental and developmental signals.

Screening of a genomic library of Russet Burbank potato resulted in isolation of EcoRl
fragments containing inhibitor I sequences. When compared with those identified by genomic
hybridization, the EcoRI fragments of genomic clones were included in the genomic fragments,
indicating that they arc indced genomic fragments containing inhibitor I genes. At lcast five
different gencs were isolated from the genomic library.

The nucleotide scquence of an inhibitor I gene showed that it contains all the putative
regulatory scquences, TATA and CAT boxes and a polyadenylation signal (Fig. 3). Furth-
ermore, the 57 flanking region upto about 500 nuclcotides from the initiation codon (ATG) of
this potato inhibitor I gene showed homology of over 80% with inhibitor I genes of tomato
and potato previously characterized, It contains a copy of a dircet repeat that is found at the
same region of tomato inhibitor I gene (Fig. 4). These suggest that the inhibitor I gene
reported here may be wound-inducible.

Tandomly repeated promoter elements have been commonly found in various cukaryotic
genes. Multiple copies of homologous clements have been shown to be required for full
transcriptional activity, and in some cascs bind to specific transcription factors (McKnight and
Tjian, 1986; Maniatis et al., 1987). The difference in the number of the repeat between tomato



June 1989 Lee & Park: Nucleotide Sequence of a Portato Inhibitor I Gene 75

and potato inhibitor I genes may reflect the mode of their differential expression. It is known
that tomato inhibitor [ genes are under strict wound induction while potato gencs are expressed
at low level in leaves without wounding. Patatin genes also showed the presence of a long
direct repeat at the 57 flanking region (Rocha-Sosa er al., 1989). The 100 bp repeat found at the
5 flanking region of inhibitor [ genes also contains a short sequence homologous to cukaryotic
and viral enhancer clements (Laimins er al., 1983). A similar sequenee present at the 5 flanking
region of the rbeS-3A gene coding for the small subunit of ribulose-bisphosphate carboxylase in
pea is known to direct light-regulated and cell-specific expression in transgenic tobacco (Aoyagi
et al., 1988; Kuhlemcicer ef al., 1988). The functionality of the repeat found at the 57 flanking
region of che inhibitor 1 genes remains to be investigated by gene transformation experiments
with dcletions of the region.

The amino acid sequences deduced from the coding regions of two inhibitor I genes so far
identified in potato were compared with that of a tomato gene (Fig. 5). It revealed that
heterogeneity between potato gences was found to be at the positions at which inhibitor |
protomers arc varicd (Richardson and Cossins. 1975). It indicates that they code for different
protomers. The two potaro genes showed the same level of divergence at the amino acid level
with the tomato gene, reflecting that they might have been in concerted cvolution. It is
presumed that conversion of proproteins to the marture inhibitor [ is mediated by a proteinase
present in the central vacuole of porato and tomato plants. The cleavage site in potato
proproteins is Leu-X or Gln-X but that in tomato proprotem is Asn-X (Fig. 5). The inscrtion
of four amino acids in the tornato proprotein may have provided a new cleavage site in the
tomato.

Inhibitor I genes are found to be regulated in different manners in various plants. Inhibitor I
genes are under developmental control in porato tubers while they are wound-inducible n
leaves of tomato and potato plants. In tobacco lcaves, they are expressed during sencscence. It
was found to be present in sceds of broad bean and barley and in the leech (Seemuller er al.,
1980). Therefore, inhibitor I is distributed widely in nature. It suggests that inhibitor | gencs
may have been gencrated before plant and animal diverged abour 1 billion years ago.
Characterization of inhibitor 1 gences of various organisms at the nuclcotide level may help to

understanding their evolutionary relationships.
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