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1
POLYPHENOL OXIDASE GENES FROM BANANA, TOBACCO & PINEAPPLE

The present invention relates to the isolation of genes encoding polyphenol
oxidase (PPO) from plants.

Browning of piant tissues often occurs foliowing injury or damage and this
generally results in spoilage of fruit and vegetables. Undesirable browning also
occurs during processing of plant materials to produce food or other products.
Steps are taken during transport, storage, and processing to prevent these
browning reactions. Often this involves the use of chemicals such as sulphur
dioxide but the use of these substances is likely to be restricted in the future due
to concerns about their safety and consumer acceptance. For example, the US
Food and Drug Administration banned the use of sulphite for most fresh fruit and
vegetables in 1986. The production of fruit and vegetable varieties with an
inherently low susceptibility to brown would remove the need for these chemical
treatments.

It will be understood that browning in plants is predominantly catalysed by
the enzyme PPO. PPO is localised in the plastids of plant cells whereas the
phenolic substrates of the enzyme are stored in the plant cell vacuole. This
compartmentation prevents the browning reaction from occurring unless the plant
cells are damaged and the enzyme and its substrates are mixed.

The prior art includes International Application PCT/AU92/00356 to the
present applicant which describes the cloning of PPO genes from grapevine,
broad bean leaf, apple fruit and potato tuber. This application recognises that
PPO levels in plants may be manipulated by increasing or decreasing expression
of PPO gene. The application also identifies two conserved copper binding sites
in PPO genes, designated CuA and CuB. However, the method described in
PCT/AUS2/00356 which was used to clone the PPO genes from apple and potato
involved the use of an oligo dT reverse primer for polymerase chain reaction
(PCR). Whilst the method is acceptable, in some tissues, it does not give rise to
a strong band of the predicted size or else it gives rise to many additional
products making it difficult to resolve the PPO fragment.

Accordingly, it is an object of the present invention to overcome or at least

alleviate one or more of the difficulties related to the prior art.
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In a first aspect of the present invention there is provided a method for

preparing nucleic acid encoding PPO, fragments and derivatives thereof, which

method includes
providing
a source of a polypeptide having PPO activity,
a first primer having a sequence corresponding to a first conserved
region of PPO, and
a second primer having a sequence corresponding to a second
conserved region of PPO orientation;

isolating RNA from the source of polypeptide having PPO activity;

treating the RNA to construct copy DNA (cDNA) therefrom; and

amplifying the cDNA so formed using the first and second primers.

Applicant has found that the method of the present invention, which
involves the use of a second primer based on PPO, means that there is less
likelihood that other (non-PPO) genes are amplified. Furthermore, the method of
the present invention dramatically increases the amount of genuine product
formed in most cases. Moreover, the added specificity provided by the second
PPO-based primer makes it possible to clone PPO more readily from certain
plants in which it was difficult to obtain a clone using one primer and oligo-dT.

In a preferred aspect of the present invention there is provided a method
for preparing nucleic acid encoding banana, tobacco or pineapple PPO,
fragments and derivatives thereof, which method includes

providing

a source of a polypeptide having banana, tobacco or pineapple PPO
activity,
a first primer having a sequence corresponding to a first conserved
region of banana, tobacco or pineapple PPO, and
a second primer having a sequence corresponding to a second
conserved region of banana, tobacco or pineapple PPO;

isolating RNA from the source of polypeptide having banana, tobacco or
pineapple PPO activity;

treating the RNA to construct copy DNA (cDNA) therefrom; and
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3
amplifying the cDNA so formed using the first and second primers.

The terms “nucleic acid encoding banana/tobacco/pineapple PPO”" and
“pananaltobacco/pineapple PPO gene” as used herein should be understood to
refer to a banana, tobacco and/or pineapple PPO gene or a sequence
substantially homologous therewith. For example, these terms include
sequences which differ from the specific sequences given in the Examples hereto
but which, because of the degeneracy of the genetic code, encode the same
protein. Applicants have found that there are families of PPO genes in most
plants. Thus, there are likely to be other PPO genes in banana, tobacco and/or
pineapple, in addition to those which have been isolated. These could be cloned
using the methods of the present invention. Thus, the terms "nucleic acid
encoding banana/tobacco/pineapple PPO" and " banana/tobacco/pineapple PPO
gene" should be understood to include banana, tobacco and/or pineapple PPO
genes other than those specific genes that have been isolated. The terms may
also include presequences such as chioroplast transit sequence as well as
sequences encoding mature PPO protein.

The term “derivative” as used herein includes nucleic acids that have been
chemically or otherwise modified, for exampie mutated, or labelled, or nucleic
acids incorporating a catalytic cleavage site.

The term "fragment" includes functionally active fragments of a PPO gene
which are capable of altering expression of the PPO genes. Examples of
alteration of the gene may include up-regulation or down-regulation of the gene,
coding of the gene, transcription of the gene, binding of the gene or stability of the
gene sequence.

The source of polypeptide having PPO activity is preferably a source of
polypeptide having banana or tobacco or pineapple PPO activity. The source of
polypeptide having banana PPO activity may be banana peel, preferably young
banana peel. More preferably the peel of young banana fruit. The source of
polypeptide having tobacco PPO activity may be tobacco leaves, preferably
young tobacco leaves. The source of polypeptide having pineapple PPO activity
may be pineapple fruit, preferably the flesh of the pineapple fruit, more preferably

the flesh of pineapple fruit exhibiting blackheart disorder.



10

15

20

25

30

WO 98/53080 PCT/AU98/00362

4

The RNA may be isolated by any suitable method including extraction for
example with a detergent such as CTAB, use of an oligo-dT spun column as
described in PCT/AU92/00356 and PCT/AU96/00310 the entire disclosure of
each application which is incorporated herein by reference, or use of a
commercially available kit such as the PolyATtract 1000 system from Promega
Corporation.

The step of treating the RNA to construct cDNA according to this aspect of
the present invention may inciude

treating the RNA with reverse transcriptase and an adapter primer to form
cDNA.

The adapter primer may be an oligonucleotide adapter primer including the
following sequence or part thereof:

5-GACTCGAGTCGACATCGATTTTITTITITTTITTIITIT-3
The step of treating the RNA to construct cDNA according to this aspect of

the present invention may include

treating the RNA with reverse transcriptase and a reverse primer to form
cDNA.

The adapter primer may be replaced with a reverse primer having a
sequence corresponding to a conserved region of PPO genes including the
following sequence or part thereof:

REV2 :5’-GCCTGCAGTT[TCITC[AG]TC[AGITAGAA-3’

The first primer has a sequence corresponding to a first conserved region
of PPO. Preferably the first primer has a sequence corresponding to at least a
portion of or in close proximity to a first copper binding site of PPO. The second
primer has a sequence corresponding to a second conserved region of PPO.
Preferably the second primer has a sequence corresponding to at least a portion
of or in close proximity to a second copper binding site of PPO. More preferably
the first primer has a sequence corresponding to at least a portion of or in close
proximity to one of the CuA or CuB binding sites of PPO, and the second primer
has a sequence corresponding to at least a portion of or in close proximity to the
other of the CuA or CuB binding sites of PPO.

The first and second primers may be degenerate. The first primer may
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include one of the following sequences or part thereof:

GENS : 5-GCGAATTCGATCCIACITT[TC]GC[GT]TTICC-3".
GENS9 : 5GCGAATTCTICA[TCITG[TC]GCITA[TC]TG-3'.
GEN10: 5GCGAATTCTTICCIT[TA][TCITGGAA[TC]TGGG-3'.

The second primer may include the following sequences or part thereof
REV1 : §-GCCTGCAGCCACATIC[TG][AG]TCIAC[AG]TT-3.
REV2 : 5GCCTGCAGTT[TC]TCIAG]TC[AG]TAGAA-3'.

The cDNA may be amplified using the polymerase chain reaction (PCR).

Those skilled in the art will appreciate that if the Cu binding sites are
internal, the nucleic acid isolated will be a fragment of the PPO gene lacking 3’
and ' termini. However, it is possible to determine the compiete nucieic acid
sequence of the PPO gene and to prepare or isolate nucleic acid encoding such
PPO or antisense to such PPO.

Accordingly, in a further aspect of the present invention there is provided a

method for preparing nucleic acid encoding the 3' end of PPO, which method

includes
providing
a source of polypeptide having PPO activity
a primer in sense orientation; and
an adapter primer;
isolating RNA from the source of polypeptide having PPO activity;
treating the RNA to construct cDNA therefrom; and
amplifying the cDNA so formed using the primers.
In a further aspect of the present invention there is provided a method for
preparing nucleic acid encoding the 5’ end of PPO, which method includes
providing
a source of polypeptide having PPO activity,
an anchor,
primers in antisense orientation; and
an anchor primer;
isolating RNA from the source of polypeptide having PPO activity;
treating the RNA to construct cDNA therefrom;
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6
attaching the anchor to the 5" end of the cDNA so formed; and

amplifying the cDNA using the primers.

The source of polypeptide having PPO activity is preferably a source of
polypeptide having banana or tobacco or pineapple PPO activity. The source of
polypeptide having banana PPO activity may be banana peel, preferably young
banana peel. More preferably the peel of young banana fruit. The source of
polypeptide having tobacco PPO activity may be tobacco leaves, preferably
young tobacco leaves. The source of polypeptide having pineapple PPO activity
may be piﬁeapple fruit, preferably the flesh of the pineapple fruit, most preferably
the flesh of pineapple fruit exhibiting blackheart disorder.

The RNA may be isolated by any suitable method including extraction for
example with a detergent such as CTAB, use of an oligo-dT spun column as
described in PCT/AU92/00356 or PCT/AU96/00310 the entire disclosure of each
patent application which is incorporated herein by reference, or use of a
commercially available kit such as the PolyATtract 1000 system from Promega
Corporation.

The step of treating the RNA to construct cDNA according to this aspect of
the present invention may include

treating the RNA with reverse transcriptase and an adapter primer to form
cDNA.

The adapter primer may be an oligonucleotide adapter primer including
one of the following sequences or part thereof:
5'-GACTCGAGTCGACATCGATTITTITITITTITITITT-3

The adapter primer may be replaced with a reverse primer having a

sequence corresponding to a conserved region of PPO genes including the
following sequence or part thereof:
REV2 :5-GCCTGCAGTT[TC]TC[AGITC[AG]TAGAA-3’
The primer in sense orientation may be a banana, tobacco or pineapple
PPO specific primer.
The adapter primer may include the following sequence or part thereof:
5-GACTCGAGTCGACATCGA-3'.

The primers in antisense orientation may be banana, tobacco or pineapple
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PPO specific primers.

The anchor may be of any suitable type. The anchor may be attached by
ligation for example using T4 RNA ligase. The anchor primer should be capable
of hybridizing with the anchor.

The cDNA may be amplified using PCR.

Those skilled in the art will appreciate that using the methods of the
present invention it is possible to determine the complete nucleic acid sequence
of the PPO gene of interest and to prepare or isolate nucleic acid encoding such
PPO or antisense to such PPO.

In a further aspect of the present invention, there is provided a nucleic acid
encoding banana PPO or antisense to banana PPO, fragments and derivatives
thereof. Preferably the nucleic acid has the sequence shown in Fig. 1, 2, 3 or 4,
fragments and derivatives thereof, and substantially homologous sequences.

In a further aspect of the present invention, there is provided a nucleic acid
encoding tobacco PPO or antisense to tobacco PPO, fragments and derivatives
thereof. Preferably the nucleic acid has the sequence shown in Fig. 5, 6 or 7
fragments and derivatives thereof, and substantially homologous sequences.

In a further aspect of the present invention, there is provided a nucleic acid
encoding pineapple PPO or antisense to pineapple PPO, fragments and
derivatives thereof. Preferably the nucleic acid has the sequence shown in Fig.
8, 9 or 10 fragments and derivatives thereof, and substantially homologous
sequences.

The nucleic acid may be prepared by a method as hereinbefore described.

The nucleic acid may be modified, for example by inclusion of a catalytic
cleavage site.

In a further aspect of the present invention there is provided a method for
preparing a recombinant vector including a nucleic acid encoding banana PPO or
antisense to banana PPO, fragments and derivatives thereof, which method
includes

providing

nucleic acid encoding banana PPO or antisense to banana PPO,

fragments and derivatives thereof; and
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a vector; and

reacting the nucleic acid and the vector to deploy the nucleic acid within
the vector.

In a further aspect of the present invention there is provided a method for
preparing a recombinant vector inciuding a nucleic acid encoding tobacco PPO or

antisense to tobacco PPO, fragments and derivatives thereof, which method
includes

providing
nucleic acid encoding tobacco PPO or antisense to tobacco PPO,
fragments and derivatives thereof; and
a vector; and
reacting the nucleic acid and the vector to deploy the nucleic acid within
the vector.
in a further aspect of the present invention there is provided a method for
preparing a recombinant vector including a nucleic acid encoding pineapple PPO

or antisense to pineapple PPO, fragments and derivatives thereof, which method
includes

providing
nucleic acid encoding pineapple PPO or antisense to pineapple
PPO, fragments and derivatives thereof; and
a vector; and
reacting the nucleic acid and the vector to deploy the nucleic acid within
the vector.
The nucleic acid may be prepared by a method as hereinbefore described.
The nucleic acid may be modified, for example by inclusion of a catalytic
cleavage site.
The vector may be a plasmid expression vector. For example Bluescript
SK* has been found to be suitable. Alternatively, the vector may be a binary
vector. The recombinant vector may contain a promoter, preferably a constitutive
promoter upstream of the nucleic acid.

The cloning step may take any suitable form. A preferred form may
inciude
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fractionating the cDNA, for example on a column or a gel;

isolating a fragment of the expected size, for example from the column or
gel; and

ligating said fragment into a suitable restriction enzyme site of the vector,
for example the EcoRYV site of a Bluescript SK* vector.

In order to test the clones so formed, a suitable microorganism may be
transformed with the vector, the microorganism cultured and the polypeptide
encoded therein expressed. The microorganism may be a strain of Escherichia
coli, for example E.coli DH5 has been found to be suitable. Alternatively,
appropriate vectors may be used to transform plants.

In a further aspect of the present invention there is provided a recombinant
vector including a nucleic acid encoding banana PPO or antisense to banana
PPO, fragments and derivatives thereof, which vector is capable of being
replicated, transcribed and translated in a unicellular organism or aiternatively in
a plant.

In a further aspect of the present invention there is provided a recombinant
vector including a nucleic acid encoding tobacco PPO or antisense to tobacco
PPO, fragments and derivatives thereof, which vector is capable of being
replicated, transcribed and translated in a unicellular organism or alternatively in
a plant.

In a further aspect of the present invention there is provided a recombinant
vector including a nucleic acid encoding pineapple PPO or antisense to pineapple
PPO, fragments and derivatives thereof, which vector is capable of being
replicated, transcribed and transiated in a unicellular organism or aiternatively in
a plant.

The nucleic acid may be prepared by a method as hereinbefore described.

The nucleic acid may be modified, for example by inclusion of a catalytic
cleavage site.

The vector may be a plasmid expression vector. For example Bluescript
SK* has been found to be suitable. Alternatively, the vector may be a binary
vector. The recombinant vector may contain a promoter, preferably a constitutive

promoter upstream of the nucleic acid encoding banana, tobacco or pineapple
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PPO or antisense to banana, tobacco or pineapple PPO, fragments and
derivatives thereof.
The microorganism may be a strain of Escherichia coli, for example E.coli
DHS has been found to be suitable.

In a further aspect of the present invention there is provided a method of
decreasing the level of PPO activity in a plant tissue, which method includes
providing |
a nucleic acid encoding banana PPO, a modified nucleic acid
encoding banana PPO, or a nucleic acid antisense to banana PPO,
fragments and derivatives thereof; and
a plant sample; and
introducing said nucleic acid into said plant sample to produce a
transgenic plant.
In a further aspect of the present invention there is provided a method of
decreasing the level of PPO activity in a plant tissue, which method includes
providing
a nucleic acid encoding tobacco PPO, a modified nucleic acid
encoding tobacco PPO, or a nucleic acid antisense to tobacco PPO,
fragments and derivatives thereof; and
a plant sample; and
introducing said nucleic acid into said plant sample to produce a
transgenic plant.
In a further aspect of the present invention there is provided a method of
decreasing the level of PPO activity in a plant tissue, which method includes
providing
a nucleic acid encoding pineapple PPO, a modified nucleic acid
encoding pineapple PPO, or a nucleic acid antisense to pineapple PPO,
fragments and derivatives thereof; and
a plant sample; and
introducing said nucleic acid into said plant sample to produce a
transgenic plant.

PPO activity may be decreased by the use of sense constructs
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(cosuppression). Alternatively the nucleic acid may include a sequence encoding
antisense mRNA to banana or tobacco or pineapple PPO or a functionally active
fragment thereof. Alternatively the nucleic acid may encode banana or tobacco
or pineapple PPO or a functionally active fragment thereof and incorporate a
catalytic cleavage site (ribozyme). The nucleic acid may be included in a
recombinant vector as hereinbefore described. In a preferred aspect, the nucleic
acid may be included in a binary vector. In a further preferred aspect, the
introduction of a binary vector into the plant may be by infection of the plant with

an Agrobacterium containing the binary vector or by bombardment with nucleic

acid coated microprojectiles. Methods for transforming banana, tobacco or

pineapple with Agrobacterium are known to those skilled in the art and are

described in, for example, May et al., Bio/technology (1995) 13:486-492;
Michelmore et al., Plant Cell Reports (1987) 6:439-442, and Curtis et al., Journal
of Experimental Botany (1994) 45:1141-1149, the entire disclosures of which one
incorporated herein by reference. Methods for transforming banana, tobacco or
pineapple by bombardment with DNA coated microprojectiles are known to those
skilled in the art and are described in, for example, Sagi et al., Bio/technology
(1995) 13:481-485, the entire disclosure of which is incorporated herein by
reference.
In a further aspect of the present invention there is provided a method of
increasing the level of PPO activity in a plant tissue, which method includes
providing
a nucleic acid encoding banana PPO or a fragment thereof; and
a plant sample; and
introducing said nucleic acid into said plant sample to produce a
transgenic plant.
In a further aspect of the present invention there is provided a method of
increasing the level of PPO activity in a plant tissue, which method includes
providing
a nucleic acid encoding tobacco PPO or a fragment thereof; and
a plant sample; and

intfroducing said nucleic acid into said plant sample to produce a
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transgenic plant.
In a further aspect of the present invention there is provided a method of
increasing the level of PPO activity in a plant tissue, which method includes
providing
a nucleic acid encoding pineapple PPO or a fragment thereof; and
a plant sample; and
introducing said nucleic acid into said plant sample to produce a
transgenic plant.
The nucleic acid may be included in a recombinant vector as hereinbefore
described. In a preferred aspect, the nucleic acid may be included in a binary
vector. In a further preferred aspect, the introduction of the binary vector into the

plant may be by infection of the plant with an Agrobacterium containing the binary

vector or by bombardment with nucleic acid coated microprojectiles.

The plant may be of any suitable type. However the method is particularly
applicable to banana, tobacco or pineappie.

In a further aspect of the present invention there is provided a transgenic
plant, which plant contains nucleic acid capable of modifying expression of the
normal banana PPO gene.

The plant may be of any suitable type. Preferably, the plant is banana.

In a further aspect of the present invention there is provided a transgenic
plant, which plant contains nucleic acid capable of modifying expression of the
normal tobacco PPO gene.

The plant may be of any suitable type. Preferably, the plant is tobacco.

In a further aspect of the present invention there is provided a transgenic
plant, which plant contains nucleic acid capable of modifying expression of the
normal pineapple PPO gene. |

The plant may be of any suitable type. Preferably, the piant is pineapple.

The nucleic acid may be as hereinbefore described.

In a still further aspect of the present invention there is provided a piant
vaccine including nucleic acid encoding banana PPO or antisense to banana

PPO, fragments and derivatives thereof.

In a still further aspect of the present invention there is provided a plant
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vaccine including nucleic acid encoding tobacco PPO or antisense to tobacco
PPO, fragments and derivatives thereof.

In a still further aspect of the present invention there is provided a plant

vaccine including nucleic acid encoding pineapple PPO or antisense to pineapple

PPO, fragments and derivatives thereof.

The present invention will now be more fully described with reference to
the accompanying Examples. It should be understood, however, that the
description following is illustrative only and should not be taken in any way as a

restriction on the generality of the invention described above.

IN THE FIGURES :

FIGURE 1:The BPPO2 cDNA nucleotide sequence and derived protein sequence

encoding part of a banana PPO protein.

FIGURE 2:The BPPO8 cDNA nucleotide sequence and derived protein sequence
encoding part of a banana PPO protein.

FIGURE 3:The BANPPO34 cDNA nucleotide sequence and derived protein

sequence encoding part of a banana PPO protein.

FIGURE 4:The BANPPO35 cDNA nucleotide sequence and derived protein

sequence encoding part of a banana PPO protein.

FIGURE 5:The TOBPPO6 cDNA nucleotide sequence and derived protein

sequence encoding part of a tobacco PPO protein.

FIGURE 6:The TOBPPO25 cDNA nucleotide sequence and derived protein

sequence encoding part of a tobacco PPO protein.

FIGURE 7:The TOBPPO26 cDNA nucleotide sequence and derived protein

sequence encoding part of a tobacco PPO protein.
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FIGURE 8:The PINPPO20 cDNA nucleotide sequence and derived protein

sequence encoding part of a pineapple PPO protein.

FIGURE 9:The PINPPO2 cDNA nucleotide sequence and derived protein

sequence encoding part of a pineapple PPO protein.

FIGURE 10:The PINPPOFL cDNA nucleotide sequence and derived protein

seguence encoding a pineapple PPO protein.

EXAMPLE 1: Cloning Banana Peel PPO genes

Total RNA was isolated from the peel of young banana fruit. Fruit tissue
(3g) was frozen and ground to a fine powder in liquid nitrogen with a coffee
grinder then added to 20 ml of extraction buffer (2%
hexadecyltrimethylammonium bromide (CTAB), 2% polyvinyl pyrolidone, 100 mM
Tris-HCI, pH 8.0, 256 mM EDTA, 2 M NaCl, 0.05% spermidine, 2% p-
mercaptoethanol) at 65°C. The extract was mixed with 20 ml of chloroform / 1AA
then centrifuged for 20 minutes at 5,000 RPM and the aqueous phase was re-
extracted with chloroform / IAA.  The aqueous phase was filtered through
Miracloth and 0.25 volumes of 10 M LiCl were added then the sample was
incubated overnight at 4°C before centrifuging for 20 minutes at 8,000 RPM. The
supernatant was removed and the pellet was resuspended in 0.5 ml of 1 M NacCl,
0.5% SDS, 10 mM Tris, pH 8.0, 1 mM EDTA. The RNA was extracted once with
an equal volume of chloroform / IAA and 2 volumes of ethanol was added. After
incubation for 40 mins at -70°C the solution was centrifuged for 15 minutes at
10,000 RPM . The supernatant was removed and the pellet was rinsed with 80%

ethanol, drained, and dried. The pellet was resuspended in 50 pli of steriie water.

First strand cDNA was synthesised from 10 pg total RNA with reverse
transcriptase as described in Ref 2, utilising an oligo-dT primer adapter (Ref 1) :
B26 : (5-GACTCGAGTCGACATCGATTTTTTITTITITTITITT-3)
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Oligonucleotide primers were designed based on known plant PPO DNA
sequences. Comparison of a number of PPO sequences from a range of
different plants allowed identification of the conserved regions of the gene, which
are mostly in or near the regions which encode the two copper binding sites, CuA
and CuB (2). Forward primers designed around the CuA site (GEN8, GEN9 and
GEN 10) and reverse primers designed around the CuB site (REV1 and REV2)
were synthesised :

GENS8 : (6'-GCGAATTCGATCCIACITT[TCIGC[GTITTICC-3")

GEN9 : (6-GCGAATTCTICA[TCITG[TCIGCITA[TC]TG-3")

GEN10 : (5'-GCGAATTCTTICCIT[TA][TCITGGAA[TCITGGG-3")

REV1 : (6'-GCCTGCAGCCACATIC[TG][AG]TCIAC[AG]TT-3"
REV2 : (5-GCCTGCAGTT[TC]TC[AG]TC[AGITAGAA-3")

The first strand reaction was amplified by the polymerase chain reaction (PCR)
essentially according to the method of Frohman (1) using GEN and REV primers,
each at a final concentration of 1 uM (2). Amplification involved an initial program
of 2 cycles of denaturation at 94° C for 1 min, annealing at 37° C for 2 min, a slow
ramp to 72° C over 2 min and elongation at 72° C for 3 min, followed by 33 cycles
of denaturation at 94° C for 1 min, annealing at 55° C for 1 min, and elongation at
72° C for 3 min. A sample of the amplified DNA was run on an agarose gel and
stained with ethidium bromide to determine the size of the PCR products. The
remainder was run on a low melting point agarose gel and the bands of interest

were excised. DNA was purified from the agarose with a QlAquick PCR
Purification kit (Qiagen).

The purified DNA was cloned into Eco RV-cut Bluescript SK* vector (Stratagene)
which had been T-tailed with Taq Polymerase and the ligated DNA was
introduced into E. coli DH5a by electroporation. Recombinant clones which had
an insert of the predicted size were selected and their DNA sequence was

determined by automated sequencing. Two putative banana PPO clones
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(BPPO2 and BPPO8) were identified based on their homology to known plant
PPO genes.

The 3'-end of BPPO2 was cloned using a primer designed to the sequence of
BPPO2 :

BANSF : (5-GTTGCTCTTCTTAGGCTCGGCTTAC-3)
at a final concentration of 1 uM and a B25 adaptor primer:

B25 : (6-GACTCGAGTCGACATCGA-3))
at a final concentration of 0.1 pM (ref 1). Amplification involved 35 cycles of
denaturation at 94° C for 1 min, annealing at 55° C for 1 min, and elongation at
72° C for 3 min. A sample of the amplified DNA was run on an agarose gel and
stained with ethidium bromide to determine the size of the PCR products. The
remainder was run on a low melting point agarose gel and the bands of interest

were excised. DNA was purified from the agarose with a QlAquick PCR
Purification kit (Qiagen).

The purified DNA was cioned into Eco RV-cut Bluescript SK* vector (Stratagene)
which had been T-tailed with Tag Polymerase and the ligated DNA was
introduced into E. coli DH5a by electroporation. Recombinant clones which had
an insert of the predicted size (1150 bp) were selected and their DNA sequence
was determined by automated sequencing. Two putative banana PPO clones
(BANPPO34 and BANPPO35) were identified based on their homology to known
plant PPO genes. The sequence of BANPPO34 was identical to that of BPPO2.

EXAMPLE 2: Cloning Tobacco Leaf PPO genes

Total RNA was isolated from young leaves (1-3 cm long) of glasshouse grown
plants. Approximately 2 g of frozen leaf material was ground to a fine powder in
liquid nitrogen then extracted in 15 mi of extraction buffer (50 mM Tris-HCI, pH
9.0, 150 mM LiCl, 56 mM EDTA, 5% SDS and 0.6% pB-mercaptoethanol) by
shaking vigorously in a 50 ml screw cap tube for 1-2 minutes. Approximately 15

ml of phenol / chloroform / IAA (25:24:1) was added and the homogenate was
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mixed then centrifuged for 15 minutes at 5,000 RPM, 4°C. The upper aqueous

phase was removed and re-extracted twice with phenol / chloroform / IAA and
then once with chloroform / IAA and then centrifuged for 10 minutes at 5,000
RPM, 4°C. The supernatant was removed, LiC| was added to a final
concentration of 2 M and the mixture was incubated overnight at 4°C. After
centrifuging for 10 minutes at 8,000 RPM, 4°C the supernatant was removed and
the pellet was resuspended in 6 ml of 0.4 M LiCl then 2 mi of 8M LiCl was added
and the mixture was incubated overnight at 4°C. The mixture was centrifuged for
10 minutes at 8,000 RPM, 4°C, the supernatant was removed and the pellet was

resuspended in 0.5 mi of sterile water and centrifuged briefly to remove any
insoluble material.

mMRNA was isolated from the total RNA using a PolyATtract kit (Promega). First
strand cDNA was synthesised from 10 pg total RNA or 2 ng mRNA with reverse
transcriptase as described in Ref 2, utilising an oligo-dT primer adapter (Ref 1) :
B26 : (5-GACTCGAGTCGACATCGATTTTTTTITTITTITTITTTII-3)
The first strand reaction was amplified by the polymerase chain reaction (PCR)

essentially according to the method of Frohman (1) using GEN and REV primers

described in Example 1, each at a final concentration of 1 uM (2). Amplification
involved an initial program of 2 cycles of denaturation at 94° C for 1 min,
annealing at 37° C for 2 min, a slow ramp to 72° C over 2 min and elongation at
72° C for 3 min, followed by 28 cycles of denaturation at 94° C for 1 min,
annealing at 55° C for 1 min, and elongation at 72° C for 3 min. A sample of the
amplified DNA was run on an agarose gel and stained with ethidium bromide to
determine the size of the PCR products. The remainder was run on a low melting
point agarose gel and the bands of interest were excised. DNA was purified from

the agarose with a QlAquick PCR Purification kit (Qiagen).

The purified DNA was cloned into Eco RV-cut Bluescript SK* vector (Stratagene)
which had been T-tailed with Tag Polymerase and the ligated DNA was
introduced into E. coli DH5a by electroporation. Recombinant clones which had

an insert of the predicted size were selected and their DNA sequence was
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determined by automated sequencing. Three putative tobacco PPO clones
(TOBPPO6, TOBPPO25 and TOBPPO26) were identified based on their
homology to known plant PPO genes.

EXAMPLE 3: Cloning Pineapple PPO genes

Mature pineapple fruit were treated to induce blackheart disorder by holding the
fruit for 17 days at 12°C then for 4 days at 25°C. Flesh showing blackheart
symptoms was dissected from the fruit, frozen in liquid nitrogen and ground to a
fine powder in a pre-cooled coffee grinder. To isolate total RNA 10 g of the
powder was ground in a mortar and pestle then extracted with 30 mi of
homogenisation buffer (100mM Tris-HCI, pH9.0, 200mM NaCl, 15 mM EDTA,
0.5% sarkosyl and 1% pB-mercaptoethanol), 30 mi of phenol and 6 mi of
chloroform / IAA. The mixture was stirred in a beaker, 2.1 ml of 3M NaAc (pH
9.2) was added and the mixture was kept on ice for 15 minutes then centrifuged
for 15 minutes at 8,000 RPM, 4°C. The upper aqueous phase was removed and
an equal volume of isopropanol was added. The mixture was incubated for 30
minutes at -70°C then centrifuged for 20 minutes at 8,000 RPM, 4°C in Corex
tubes. The supernatant was removed and the pellet was rinsed with 70%
ethanol and centrifuged for 5 minutes at 8,000 RPM, 4°C. The ethanol was
removed and the pellet was air dried then resuspended in 0.75 ml sterile water
and centrifuged to remove any insoluble material. LiCl was added to a final
concentration of 3 M and the mixture was incubated overnight at -20°C then
centrifuged for 30 minutes at 15,000 RPM, 4°C. The pellet was rinsed with 70%
ethanol, centrifuged briefly, drained and air dried. The pellet was resuspended in

75 pl sterile water and centrifuged to remove any insoluble material.

Oligonucieotide primers were designed based on known plant PPO DNA
sequences. Comparison of a number of PPO sequences from a range of
different plants allowed identification of the conserved regions of the gene, which
are mostly in or near the regions which encode the two copper binding sites, CuA

and CuB. Forward primers designed around the CuA site (GEN8, GEN9 and
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GEN 10) and reverse primers designed around the CuB site (REV1 and REV2)
were synthesised :
GENS : (5'-GCGAATTCGATCCIACITT[TCIGC[GTITTICC-3))
GENQ9 : (§-GCGAATTCTICA[TCITG[TCIGCITA[TC]TG-3")
GEN10 : (5-GCGAATTCTTICCIT[TA][TC]TGGAA[TCITGGG-3")

REV1 : (5'-GCCTGCAGCCACATIC[TG][AG]TCIACIAG]TT-3"
REV2 : (6'-GCCTGCAGTT[TC]TC[AGITC[AGITAGAA-3")

First strand cDNA was synthesised from 10 pg total RNA with reverse
transcriptase as described in Ref 2, utilising the REV2 primer :
REV2 : (5-GCCTGCAGTT[TC]TC[AGITC[AG]TAGAA-3")

The first strand reaction was amplified by the polymerase chain reaction (PCR)
essentially according to the method of Frohman (1) using the GEN and REV
primers described in Example 1, each at a final concentration of 1 pM (2).
Ampilification involved an initial program of 2 cycles of denaturation at 94° C for 1
min, annealing at 37° C for 2 min, a slow ramp to 72° C over 2 min and elongation
at 72° C for 3 min, followed by 33 cycles of denaturation at 94° C for 1 min,

annealing at 55° C for 1 min, and elongation at 72° C for 3 min.

A sample of the amplified DNA was run on an agarose gel and stained with
ethidium bromide to determine the size of the PCR products. The remainder was
run on a low melting point agarose gel and the bands of interest were excised.
DNA was purified from the agarose with a QlAquick PCR Purification kit (Qiagen).
The purified DNA was cloned into Eco RV-cut Bluescript SK* vector (Stratagene)
which had been T-tailed with Tag Polymerase and the ligated DNA was
introduced into E. coli DH5a by electroporation. Recombinant clones which had
an insert of the predicted size were selected and their DNA sequence was
determined by automated sequencing. A putative pineapple PPO clone

(PINPPO20) was identified based on its homology to known plant PPO genes.
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First strand cDNA was also synthesised from 10 ug total RNA with reverse

transcriptase as described in Dry, 1.B. and Robinson, S. P (1994), utilising an
oligo-dT primer adapter (Ref 1) :

B26 : (5'-GACTCGAGTCGACATCGATTTITTTTTTITTITITITT-3)
This first strand reaction was amplified by the polymerase chain reaction (PCR)
essentially according to the method of Frohman, M.A. (1990) using GEN9 and
GEN10 primers :

GENQ9 : (5-GCGAATTCTICA[TC]TG[TC]GCITA[TC]TG-3")

GEN10 : (5-GCGAATTCTTICCIT[TA][TCITGGAA[TC]TGGG-3")
at a final concentration of 1 uM and a B25 adaptor primer :

B25 : (5'-GACTCGAGTCGACATCGA-3")

at a final concentration of 0.1 uM (Frohman, M.A. (1990); Dry, 1.B. and Robinson,

S.P. (1994)) Amplification involved a program of 33 cycles of denaturation at 94°

C for 1 min, annealing at 55° C for 1 min, and elongation at 72° C for 3 min.

A sample of the amplified DNA was run on an agarose gel and stained with
ethidium bromide to determine the size of the PCR products. The remainder was
run on a low melting point agarose gel and the bands of interest were excised.

DNA was purified from the agarose with a QlAquick PCR Purification kit (Qiagen).

The purified DNA was cloned into Eco RV-cut Bluescript SK™ vector (Stratagene)
which had been T-tailed with Tag Polymerase and the ligated DNA was
introduced into E. coli DH5a by electroporation.‘ Recombinant clones which had
an insert of the predicted size were selected and their DNA sequence was
determined by automated sequencing. Two putative pineapple PPO clones
(PINPPO1 and PINPPO2) were identified based on their homology to known

plant PPO genes. The sequence of PINPPO1 was found to be nearly identical to
that of PINPPO20.

The 5-end of PINPPO1 was obtained using a 5-RACE system for rapid
amplification of cDNA ends, Version 2.0, from GIBCO-BRL, according to the
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manufacturer's instructions. Specific oligonucleotide primers based on the
sequences of PINPPO1 and PINPPO2 were used :
PINE 1 : 5-ATATCACCTGTCGGTACATGACGGC-3'
PINE2 : 5-GTGCCATTGTAGTCGAGGTCAATCA-3'

A number of clones were sequenced and one, 5PINA, was found to be nearly

identical to PINPPO1 in the overlapping regions.

A full-length pineapple cDNA clone was isolated using a primer designed to the
5-end sequence of SPINA :

| S5PIN1 : (5-CCAGTGCCTGGTTTAGGTGTATTCAC-3)
and used with the B25 adaptor primer as described above to amplify cDNA
prepared from blackheart-induced pineapple fruit RNA. Amplification involved a
program of 33 cycles of denaturation at 94° C for 1 min, annealing at 55° C for 1

min, and elongation at 72° C for 3 min.

A sample of the amplified DNA was run on an agarose gel and stained with
ethidium bromide to determine the size of the PCR products. The remainder was
run on a low melting point agarose gel and the bands of interest were excised.

DNA was purified from the agarose with a QlAquick PCR Purification kit (Qiagen).

The purified DNA was cloned into Eco RV-cut Bluescript SK* vector (Stratagene)
which had been T-tailed with Tag Polymerase and the ligated DNA was
introduced into E. coli DH5a by electroporation. Recombinant clones which had
an insert of the predicted size (2.2kbp) were selected and their DNA sequence
was determined by automated sequencing. A pineapple PPO clone (PINPPOFL)
was identified based on its homology to the PINPPO20, PINPPO1 and 5PINA
clones. The sequence of PINPPOFL was found to be nearly identical to that of
PINPPO20, PINPPO1 and 5PINA in the overlapping regions.
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herein.
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CLAIMS:

1. A method for preparing a nucleic acid encoding banana, tobacco or
pineapple PPO, fragments and derivatives thereof, which method includes
providing
a source of a polypeptide having banana, tobacco or pineappie
PPO activity,
a first primer having a sequence corresponding to a first conserved
region of banana, tobacco or pineapple PPO; and
a second primer having a sequence corresponding to a second
conserved region of banana, tobacco or pineapple PPO; and
isolating RNA from the source of polypeptide having banana,
tobacco or pineapple PPO activity;
treating the RNA to construct copy DNA (cDNA) therefrom; and
amplifying the cDNA so formed using the first and second primers.
2. A method according to claim 1 wherein the source of polypeptide is selected
from the group including banana peel; tobacco leaves and pineapple fruit for
banana, tobacco and pineapple PPO respectively.
3. A method according to claim 1 or 2 wherein the first primer has a sequence
corresponding to at least a portion of or in close proximity to a first copper binding
site of a banana, tobacco or pineapple PPO.
4. A method according to any one of claims 1 to 3 wherein the second primer
has a sequence corresponding to at least a portion of or in close proximity to a
second copper binding site of PPO.
5. A method according to claim 3 or 4 wherein the copper binding site is one of
CuA or CuB binding sites of banana, tobacco or pineapple PPO.
6. A method according to any one of claims 1 to 5 wherein the first primer is
selected from any one of the following sequences or part thereof:
GENS : 5-GCGAATTCGATCCIACITT[TC]GC[GTITTICC-3.
GEN9 : 5GCGAATTCTICA[TC]TG[TC]GCITA[TC]TG-3'.
GEN10: 55GCGAATTCTTICCIT[TAJ[TCITGGAA[TCITGGG-3'.
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7. A method according to any one of claims 1 to 6 wherein the second primer
is selected from one of the following sequences or part thereof:
REV1: 5-GCCTGCAGCCACATIC[TGJAG]TCIAC[AG]TT-3.
REV2 : GCCTGCAGTT[TC]TCIAG]TC[AG]TAGAA-3'.
8. A method according to any one of claims 1 to 7 wherein the treating of
RNA to construct cDNA includes treating the RNA with reverse transcriptase and
an adapter primer to form cDNA or treating the RNA with reverse transcriptase
and a reverse primer to form cDNA.
9. A method according to claim 8 wherein the adaptor primer is an
oligonucleotide adapter primer including the following sequence or part thereof:
5'-GACTCGAGTCGACATCGATTITTITITTITITITTIT-3
5-GACTCGAGTCGACATCGA-3'.

10. A method according to claim 9 wherein the adaptor primer is replaced with

a reverse primer having a sequence corresponding to a conserved region of PPO
genes including the following sequence or part thereof:
REV2 :5-GCCTGCAGTT[TCITC[AG]TC[AG]TAGAA-3’
11. A method for preparing nucleic acid encoding the 3' end of PPO, which
method includes
providing
a source of polypeptide having banana, tobacco or pineapple PPO
activity;
a primer in sense or antisense orientation; and
an adapter primer;
isolating RNA from the source of polypeptide having PPO activity;
treating the RNA to construct cDNA therefrom; and
amplifying the cDNA so formed using the primers.

12. A method for preparing nucleic acid encoding the 5’ end of PPO, which
method includes

providing
a source of polypeptide having banana, tobacco or pineapple PPO
activity,

an anchor,
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primers in antisense orientation; and

an anchor primer;
isolating RNA from the source of polypeptide having PPO activity;
treating the RNA to construct cDNA therefrom;
attaching the anchor to the 5’ end of the cDNA so formed; and
amplifying the cDNA using the primers.
13. A method according to claim 11 or 12 wherein the source of polypeptide is
selected from the group including banana peel, tobacco leaves and pineapple
fruit for banana, tobacco or pineapple PPO respectively.
14. A method according to any one of claims 11 to 13 wherein the step of
treating RNA to construct cDNA includes an oligonucleotide adapter primer
including one of the following sequences or part thereof:
5-GACTCGAGTCGACATCGATTTTITITTTITTITTITITIT-3
5-GACTCGAGTCGACATCGA-3.

15. A method according to claim 14 wherein the adaptor primer is replaced

with a reverse primer having a sequence corresponding to a conserved region of
PPO genes including the following sequence or part thereof:

REV2 :5-GCCTGCAGTT[TC]TC[AG]TC[AG]TAGAA-3'
16. A nucleic acid encoding banana PPO or antisense to banana PPO,
fragments and derivatives having the sequence shown in Fig. 1, 2, 3 or 4,
fragments and derivatives thereof, and substantially homologous sequences.
17. A nucleic acid encoding tobacco PPO or antisense to tobacco PPO,
fragments and derivatives thereof having the sequence shown in Fig. 5, 6 or 7,
fragments and derivatives thereof, and substantially homologous sequences.
18. A nucleic acid encoding pineapple PPO or antisense to pineappie PPO,
fragments and derivatives thereof having the sequence shown in Fig. 8, 9 or 10,
fragments and derivatives thereof, and substantially homologous sequences.
19. A nucleic acid according to any one of claims 16, 17 or 18 inciuding a
catalytic cleavage site.
20. A method for preparing a recombinant vector including a nucleic acid
encoding banana, tobacco or pineapple PPO or antisense to banana, tobacco or

pineapple PPO, fragments and derivatives thereof, which method includes
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providing
nucleic acid encoding banana, tobacco or pineapple PPO or

antisense to banana, tobacco or pineapple PPO, fragments and

derivatives thereof; and

a vector; and

reacting the nucleic acid and the vector to deploy the nucieic acid

within the vector.
21. A method according to claim 20 wherein the nucleic acid is according to
any one of claims 16, 17 or 18.
22. A method according to claim 20 or 21 wherein the vector is a plasmid
expression vector selected from Bluescript SK* or a binary vector.
23. A recombinant vector including a nucleic acid encoding banana PPO or
antisense to banana, tobacco or pineapple PPO, fragments and derivatives
thereof, which vector is capable of being replicated, transcribed and translated in
a unicellular organism or in a plant.
24. A recombinant vector prepared by the method according to any one of
claims 20 to 22.
25. A method of increasing the level of banana, tobacco or pineapple PPO
activity in a plant tissue, which method includes
providing

a nucleic acid encoding banana, tobacco or pineapple PPO or a fragment
thereof; and

a plant sample; and
introducing said nucleic acid into said plant sample to produce a transgenic plant.
26. A method according to claim 25 wherein the nucleic acid is according to any
one of claims 16, 17 or 18.
27. A method of decreasing the level of PPO activity in a plant tissue, which
method includes
providing

a nucleic acid encoding banana, tobacco or pineapple PPO, a modified
nucleic acid encoding banana, tobacco or pineapple PPO, or a nucleic acid

antisense to banana, tobacco or pineappie PPO, fragments and derivatives
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thereof; and

a plant sample; and
introducing said nucleic acid into said plant sample to produce a transgenic plant.
28. A method according to claim 27 wherein the nucleic acid is according to any
one of claims 16, 17 or 18.
29. A method according to claim 26 or 27 wherein the PPO activity is decreased
by using sense constructs (cosuppression) or by including a sequence encoding
antisense or RNA to banana, tobacco or pineapple PPO or a functionally active
fragment thereof.
30. A method according to any one of claims 27 to 29 wherein said nucleic acid
is introduced into said plant sample via an Agrobacterium or by bombardment
with a nucleic acid coated microprojectile.
31. A transgenic plant, which plant contains a nucleic acid capable of modifying
expression of the normal banana, tobacco or pineappie PPO gene.
32. A transgenic plant according to claim 30 including a nucleic acid according
to any one of claims 16, 17 or 18.
33. A plant vaccine inciuding a nucleic acid encoding banana, tobacco or
pineapple PPO or antisense to banana, tobacco or pineapple PPO, fragments

and derivatives thereof.

34. A plant vaccine according to claim 33 including a nucleic acid according to

any one of claims 16, 17 or 18.
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: Sequence of BPPO2

CACTGTGCGTATTGTGATGGCGCCTACGACCAGATCGGCTTCCCCAACCTCGAGCTCCAA

GTGACACGCATAACACTACCGCGGATGCTGGTCTAGCCGAAGGGGTTGGAGCTCGAGGTT
H CA Y CDGAYDOQTIGT FUPNUILETULQ

GTCCACAACTCCTGGCTCTTCTTCCCTTGGCACCGCTTCTACCTCTACTTCCACGAGAGG

CAGGTGTTGAGGACCGAGAAGAAGGGAACCGTGGCGAAGATGGAGATGAAGGTGCTCTCC
V H N S WL F F P WHURVF Y L Y F HE R

ATCCTCGGAAAGCTCATAGGCGACGACACTTTCGCCCTCCCTTTCTGGAACTGGGACGCG

TAGGAGCCTTTCGAGTATCCGCTGCTGTGAAAGCGGGAGGGAAAGACCTTGACCCTGCGC
I L. 6 K L I 6D D TVF A L P F WN W D A

CCCGGCGGCATGAAGCTGCCGTCGATCTACGCCGACCCTTCGTCCTCGCTCTATGACAAG

GGGCCGCCGTACTTCGACGGCAGCTAGATGCGGCTGGGAAGCAGGAGCGAGATACTGTTC
P G GM K L P S I ¥ A DZP S S S L Y D K

TTTCGCGACGCCAAGCACCAGCCGCCAGTCCTCGTCGACCTCGACTACAACGGAACCGAC

AAAGCGCTGCGGTTCGTGGTCGGCGGTCAGGAGCACGCTGGAGCTGATGTTGCCTTGGCTG
F R DA K HQ P P V L VD LD Y NG T D

CCTAGTTTCACCGACGCAGAGCAGATCGATCAGAACCTCAAGATCATGTACCGGCAGGTG

GGATCAAAGTGGCTGCGTCTCGTCTAGCTAGTCTTGGAGTTCTAGTACATGGCCGTCCAC
P 8 F T DA E Q I D QNTLIXTIMYR Q V

ATCTCCAACGGCAAGACGCCGTTGCTCTTCTTAGGCTCGGCTTACCGTGCCGGCGACAAC

TAGAGGTTGCCGTTCTGCGGCAACGAGAAGAATCCGAGCCGAATGGCACGGCCGCTGTTG
I §s N GG K T P L L F L G S A Y R A G D N

CCAAACCCCGGCGCGGGCTCGCTCGAGAACATACCACACGGCCCCGTCCACGGGTGGACT

GGTTTGGGECCGCGCCCGAGCGAGCTCTTGTATGGTGTGCCGGGGCAGGTGCCCACCTGA
P N P G A G S L ENTIPHGU?PV HGWT

GGCGACAGAAGCCAACCCAATCTCGAGGACATGGGCAACTTCTACTCCGCGGGGCGCGAL

CCGCTGTCTTCGGTTCGGTTAGAGCTCCTGTACCCGTTGAAGATGAGGCGCCCCGCGCTG
G bR S Q P NLEDMGNDNUVF Y S A G R D

CCTATCTTCTTCGCCCACCATTCAAATGTCGATCGCATGTGG

GGATAGAAGAAGCGGGTGGTAAGTTTACAGCTAGCGTACACC
P I F F A HHS NV DI RMMW -

120

180

240

300

360

420

480

540
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Sequence of BPPOS8

TTGCCGTTTTGGAATTGGGACGCGCCCGGCGGCATGAAGCTGCCGTCGATCTACGCCGAL

AACGGCAAAACCTTAACCCTGCGCGGGCCGCCGTACTTCGACGGCAGCTAGATGCGRCTG
L P F WNWUDA AUPGGMM I KTULUP S I Y A D

CCTTCGTCCTCGCTCTATGACAAGTTTCGCGACGCCAAGCACCAGCCGCCGEGTCCTCGTC

GGAAGCAGGAGCGAGATACTGTTCARAGCGCTGCGGTTCGTGGTCGGCGGCCAGGAGCAG
P S 8§ §s L. Y DK F RDA AIZKUHZOQUPUPV L V

GACCTCGACTACAACGGAACCGACCCTAGTTTCACCGACGCAGAGCAGATCGATCAGAAC

CTGGAGCTGATGTTGCCTTGGCTGGGATCAAAGTGGCTGCGTCTCGTCTAGCTAGTCTTG
b L b Y NG TUD P S F TDAZETUGQTIDOGQN

CTCAAGATCATGTACCGGCAGGTGATCTCCAACGGCAAGACGCCGTTGCTCTTCTTAGGC

GAGTTCTAGTACATGGCCGTCCACTAGAGGTTGCCGTTCTGCGGCAACGAGAAGAATCCG
L XK I M Y R Q V I 8 NG K TP UL L F L G

TCGGCTTACCGTGCCGGCGACAACCCARACCCCGGCGCGGGCTCGCTCGAGAACATACCA

AGCCGAATGGCACGGCCGCTGTTGGGTTTGGGGCCGCGCCCGAGCGAGCTCTTGTATGGT
S A Y R A G DNUPNUPGA AG S L EN I P

CACGGCCCCGTCCACGGGTGGACTGGCGACAGAAGCCAACCCAATCTCGAGGACATGGGC

GTGCCGGGGCAGGTGCCCACCTGACCGCTETCTTCGGTTGGGTTAGAGCTCCTGTACCCG
H G P V H G W TG DIR S Q P N L EDMG

AACTTCTACTCCGCGGGGCGCGACCCTATCTTCTTCGCCCACCATTCAAATGTCGATAGC

TTGAAGATGAGGCGCCCCGCGCTGGGATAGAAGAAGCGGGTGGTAAGTTTACAGCTATCG
N F Y S AGRD P I F F A HUHS NV D 8

ATGTGG

60

120

180

240

300

360

420
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: Sequence of BANPPO34

GTTGCTCTTCTTAGGCTCGGCTTACCGTGCCGGCGACAACCCAAACCCCGGCGCGGGLTC

CARCGAGAAGAATCCGAGCCGAATGGCACGGCCGCTGTTGGGTTTGGGGCCGCGCCCGAG
L L. F L G S A Y RAGDNUPNUPGN AG S

GCTCGAGAACATACCACACGGCCCCGTCCACGGGTGGACTGGCGACAGAAACCAACCCAA

CGAGCTCTTGTATGGTGTGCCGGGGCAGGTGCCCACCTGACCGCTGTCTTTGGTTGGGTT
L E NI P HG P V HGWT TG DU RNGQUPN

TCTCGAGGACATGGGCAACTTCTACTCCGCGGGGCGCGACCCTATCTTCTTCGCCCACCA

AGAGCTCCTGTACCCGTTGAAGATGAGGCGCCCCGCGCTGGGATAGAAGAAGCGGGTGGT
L E D M GNF Y S A GRUDUPTI F F A H H

TTCAAACGTCGACCGCATGTGGTACTTGTGGAAGAAGCTCGGCGGGAAGCATCAGGACTT

AAGTTTGCAGCTGGCGTACACCATGAACACCTTCTTCGAGCCGCCCTTCGTAGTCCTGAA
S NV D RMMW Y L W K K L G G K H Q D F

TAACGATAAGGACTGGCTCAACACCACCTTCCTCTTCTACGACGAGAATGCTGACTTAGT

ATTGCTATTCCTGACCGAGTTGTGGTGGAAGGAGAAGATGCTGCTCTTACGACTGAATCA
N b K D WL NTTPFULF Y D EDNA ADTUL V

TCGAGTCACCCTCAAGGACTGCTTGCAGCCGGAGTGGCTTCGTTACGATTACCAAGACGT

AGCTCAGTGGGAGTTCCTGACGAACGTCGGCCTCACCGAAGCAATGCTAATGGTTCTGCA
R v T L K D CUL Q P E WL R Y D Y Q D V

CGAGATCCCGTGGCTGAAGACCCGGCCGACTCCCAAAGCCTTGAAGGCGCAGARAACCGC

GCTCTAGGGCACCGACTTCTGGGCCGGCTGAGGGTTTCGGAACTTCCGCGTCTTTTGGCG
E I p W L K T R P T P XK A L K A Q K T A

AGCGAAAACACTGAAAGCTACAGCAGAGACGCCGTTCCCGGTGACGCTGCAATCCGCGGT

TCGCTTTTGTGACTTTCGATGTCGTCTCTGCGGCAAGGGCCACTGCGACGTTAGGCGCCA
A X T L KA TAUE TP F P VT UL Q S A V

GAGCACGACGGTGAGGAGGCCCAAGGTATCGAGGAGCGGCAAGGAGAAGGAAGAGGAAGA

CTCGTGCTGCCACTCCTCCGGGTTCCATAGCTCCTCGCCGTTCCTCTTCCTTCTCCTTCT
s T T v R R P K VvV S R S G K E K E E E E

GGAGGTCCTCATCGTGGAGGGGATCGAGTTCGACCGCGACTACTTCATAAAGTTCGACGT

CCTCCAGGAGTAGCACCTCCCCTAGCTCAAGCTGGCGCTGATGAAGTATTTCAAGCTGCA
E v L I v E G I E F D RD Y F I K F D V

CTTCGTGAACGCCACCGAGGGTGAGGGCATCACGCCGGGCGCCAGCGAGTTCGCGGGCAG

GAAGCACTTGCGGTGGCTCCCACTCCCGTAGTGCGGCCCGCGGTCGCTCAAGCGCCCGTC
F V N A TE G E G I T P G A S E F A G S8

CTTCGTCAACGTCCCGCACAAGCACAAGCACAGCAAGAAGGAGAAGAAGCTGAAGACGAG

GAAGCAGTTGCAGGGCGTGTTCGTGTTCGTGTCGTTCTTCCTCTTCTTCGACTTCTGCTC
F V N v P H K H KH S K K E K KL K T R
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GCTCTGCCTGGGGATCACTGACCTGCTCGAGGACATCGGGGCCGGAGGACGACGACAGCGT

721 ~wmmmmmm - domm Fom - Frmmmm - Frmmm + 780
CGAGACGGACCCCTAGTGACTGGACGAGCTCCTGTAGCCCCGCCTCCTGCTGCTGTCGCA
b L ¢L. I TDILULEDTIG ATEUDUDTUDS V -

GCTCGTCACCATCGTCCCGARAAGCCGGARAGGGCAAGGTGTCGGTCGCCGGCCTCCGCAT

781 --------- +--m----—- R tmm e ————— dmm Fommm + 840
CGAGCAGTGGTAGCAGGGCTTTCGGCCTTTCCCGTTCCACAGCCAGCGGCCGGAGGCGTA
b L v T I VP KA G K G KV sS vV AGUL R I -

CGATTTCCCAAATTGAAGTAATACTATATATTTCTACTACCTATCAAGGAAAATAAMAGC

841 ----m---- t--------- fommmm .- e e LR R + 900
GCTAAAGGGTTTAACTTCATTATGATATATAAAGATGATGGATAGTTCCTTTTATTTTCG
b D F PN * S N T I Y F Y Y L S R K I K A -

CGCACCATCGTAACAAAAAARAAAA
901 ----mm--- - - 925
GCGTGGTAGCATTGTTTTTTTTTITT
b A P S * Q K K K -

MAP of: bpo34 check: 1607 from: 1 to: 925 August 22, 1997
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Sequence of BANPPO35

GTTGCTCTTCTTAGGCTCGGCTTACCGTGCCGGTGACCAGCCTAACCCCGGCGCGGGATC

CAACGAGAAGAATCCGAGCCGAATGGCACGGCCACTGGTCGGATTGGGGCCGCGCCCTAG
L L F L G S A YRDAGDIOGQU?PWNUPGAG S

CATCGAGAACATGCCGCACAACAACGTGCACTTGTGGACCGGCGACCGCACCCAGCCCAA

GTAGCTCTTGTACGGCGTGTTGTTGCACGTGAACACCTGGCCGCTGGCGTGGGTCGGGTT
I ENM P HDNNVHTULWTGUDIRT Q P N

CTTCGAGAACATGGGCACCTTCTACGCGGCGGCGCGCGACCCCATCTTCTTCGCCCACCA

GAAGCTCTTGTACCCGTGGAAGATGCGCCGCCGCGCGCTGGGGTAGAAGAAGCGGGTGGT
F E N M G T F Y A A A RDUPTI F F A H H

CGCCAACATCGACCGAATGTGGTACCTGTGGAAGAAGCTCAGCAGGAAGCACCAGGACTT

GCGGTTGTAGCTGGCTTACACCATGGACACCTTCTTCGAGTCGTCCTTCGTGGTCCTGAA
AN I DI RMMWY L WK KL S R K H Q D F

CAATGACTCGGACTGGCTCAAAGCTTCCTTCCTCTTCTACGACGAGAACGCCGACTTAGT

GTTACTGAGCCTGACCGAGTTTCGAAGGAAGGAGAAGATGCTGCTCTTGCGGCTGAATCA
N D S D WL KA S F L F Y DEDNA AUDTUL V

TCGGGTCACGGTCAAGGACTGCTTGGAGACCGAGTGGCTGCGCTACACGTACCAAGACGT

AGCCCAGTGCCAGTTCCTGACGAACCTCTGGCTCACCGACGCGATGTGCATGGTTCTGCA
R v T Vv X D CL ETEWULR Y T Y Q D V

GAAGATCCCATGGGCGAACACCCGACCGACTCCCAAGCTCGCCAAGGCGAGGARAGCCGG

CTTCTAGGGTACCCGCTTGTGGGCTGGCTGAGGGTTCGAGCGGTTCCGCTCCTTTCGGCC
K I P WAINTIRUPTUPIKIULAI KA AIRIKAG

CAGCAGATCGCTGAAAGCCACCGCGGAGGTGCAGTTCCCTGTGACGCTGGAATCCCCGGT

GTCGTCTAGCGACTTTCGGTGGCGCCTCCACGTCAAGGGACACTGCGACCTTAGGGGCCA
S R S L K A TAEV Q F P V TUL E S P V

CAAAGTGACGGTGAAGAGGCCCAAGGTGGGGAGGAGCGGCAAGGAGAAGCGAAGATGAGGA

GTTTCACTGCCACTTCTCCGGGTTCCACCCCTCCTCGCCGTTCCTCTTCCTTCTACTCCT
K v T v. X R P KV GR S G K E K E D E E

GGAGATACTCATAGTGGAGGGGATCGAGTTCGACCGCGACTACTTCATCAAGTTCGACGT

CCTCTATGAGTATCACCTCCCCTAGCTCAAGCTGGCGCTGATGAAGTAGT TCAAGCTGCA
E I L I v E G I E F D R D Y F I K F D V

CTTCGTGAACGCGACGGAGGGCGACGGCATCACGGCCGGGGCCAGTGAGTTCGCCGGCAG

GAAGCACTTGCGCTGCCTCCCGCTGCCGTAGTGCCGGCCCCGGTCACTCAAGCGGCCGTC
F v N A TE G'D G I T A G A S E F A G 8

CTTCGTGAACGTCCCGCACAAGCACAAGCACCGCAAGGATGAGAATAAGCTGARGACGAG

GAAGCACTTGCAGGGCGTGTTCGTGTTCGTGGCGTTCCTACTCTTATTCGACTTCTGCTC
F vV N vV P H X H K HURIKUDENI KUL XK T R
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GCTGTGTCTGGGAATCACCGACCTGCTCGAGGACATCGGCGCGGAGGACGACGACAGCGT

CGACACAGACCCTTAGTGGCTGGACGAGCTCCTGTAGCCGCGCCTCCTGCTGCTGTCGCA
L ¢ L I TDUL L EDTIGA AETDT DTDS V

GCTCGTCACCATCGTGCCGAAGGCAGGCAAAGGAAAGGTGTCCGTCGGCGGTCTTCGGAT

CGAGCAGTGGTAGCACGGCTTCCGTCCGTTTCCTTTCCACAGGCAGCCGCCAGAAGCCTA
L v T I v P KA G K G KV S V G GG L R I

TGACTTTTCCAAGTGAGGAAATAAAAGAATTCACGTGCCGTGCCTGCTTTCAATGTACGA

ACTGAAAAGGTTCACTCCTTTATTTTCTTAAGTGCACGGCACGGACGAAAGTTACATGCT
D F S K * G N K R IHV P CULUL S M Y E

ATAAAATAAGAGTGCATCATCACCGACCATGGTTCTACTTTAAAAAAAAAAAAAAANARRA

TATTTTATTCTCACGTAGTAGTGGCTGGTACCAAGATGAAATTTTTTTTTTTTTTTTTTT
* N XK $s A § S P T MV L L * K K K K K

MAP of: bpo35 check: 1637 from: 1 to: 960 August 25, 19957
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: Sequence of TOBPPO6
GATCCGACGTTTGCGTTGCCATATTGGAACTGGGATCATCCARAGGGCATGCGTTTGCCA

CTAGGCTGCAAACGCAACGGTATAACCTTGACCCTAGTAGGTTTCCCGTACGCARACGGT
D P T F A L P Y WDNWUDHP K GMU RUL P

CACATGTTTGATCAACCAAACGTGTACCCTGATCTTTACGATCCAAGACGTAACCAAGAA

GTGTACAAACTAGTTGGTTTGCACATGGGACTAGAAATGCTAGGTTCTGCATTGGTTCTT
H M F D Q P NV Y P DL Y D P R R N Q E

CACCGCGGTTCTGTAATCATGGACCTTGGTCATTTTGGTCAAGACGTGAAAGGAACTGAC

GTGGCGCCAAGACATTAGTACCTGGAACCAGTAAAACCAGTTCTGCACTTTCCTTGACTG
H R G S Vv I M DL GHF G Q DV K G T D

TTGCAAATGATGAGCAATAACCTTACTCTAATGTATCGTCAAATGATTACCAATTCACCA

AACGTTTACTACTCGTTATTGGAATGAGATTACATAGCAGTTTACTAATGGTTAAGTGGT
L Qg M M S N NL T L M Y R QM I TN S P

TGTCCACAACTCTTTTTCGGTAAGCCATATTGTACGGAAGTTGGACCCARAACCAGGGCAG

ACAGGTGTTGAGAAAAAGCCATTCGGTATAACATGCCTTCAACCTGGGTTTGGTCCCGTC
c p QL F F G K P Y C TEV G P K P G Q

GGAGCTATTGAAAACATCCCTCATACTCCTGTCCACATTTGGGTTGGTAGTAAGCCTAAT

CCTCGATAACTTTTGTAGGGAGTATGAGGACAGGTGTAAACCCAACCATCATTCGGATTA
G A I E NI PH T PV HTI WV G S K P N

GAGAATAACTGTAAAAACGGTGAAGATATGGGAAATTTCTATTCAGCTGGTAAGGATCCT

CTCTTATTGACATTTTTGCCACTTCTATACCCTTTAAAGATAAGTCGACCATTCCTAGGA
E NN C K N G EDMGNF Y S A G K D P

GCTTTCTATAGTCACCATGCAAATGTAGATCGCATGTGGACAATATGGAAAACATTAGGA

CGAAAGATATCAGTGGTACGTTTACATCTAGCGTACACCTGTTATACCTTTTGTAATCCT
A F Y S H HA NV DRMWTIWIKTUL G

GGAAAACGCAAGGACATCAACAAGCCAGATTATTTGAACACTGAGTTCTTTTTCTACGAC

CCTTTTGCGTTCCTGTAGTTGTTCGGTCTAATAAACTTGTGACTCAAGAAAAAGATGCTG
G K R X DI N K P DY L NTEF F F Y D
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": Sequence of TOBPPO25

TGCACTGTGCGTATTGCAACGGTGCTTACAAAATTGGTGGCARAGAGTTACAAGTCCATT

ACGTGACACGCATAACGTTGCCACGAATGTTTTAACCACCGTTTCTCAATGTTCAGGTAA
H ¢CA Y CNGA AYI XK I G G K E L Q V H F -

TCTCGTGGCTTTTTTTCCCTTTTCATAGATGGTACTTGTACTTCTATGAAAGAATCTTGG

AGAGCACCGAAAAAAAGGGAAAAGTATCTACCATGAACATGAAGATACTTTCTTAGAACC
S WL F F P FHRW YL Y F Y EZ RTIUL G-

GCTCTTTAATTAATGATCCTACTTTTGGTTTGCCATATTGGAACTGGGACCATCCAAAGG

CGAGAAATTAATTACTAGGATGAAAACCAAACGGTATAACCTTGACCCTGGTAGGTTTCC
s L I N D P TV F G L P Y WDNWDUH P K G-

GCATGCGTATACCTCCCATGTTCGATCGTGAAGGGTCTTCCCTTTACGACGAAARACGTA

CGTACGCATATGGAGGGTACAAGCTAGCACTTCCCAGAAGGGAAATGCTGCTTTTTGCAT
M R I P PMVF DI REGS S L Y DEIKUR N-

ACCAAAGTCACCGTAATGGAACCATAATTGATCTTGGTCATTTCGGTCAAGAAGTCCARAA

TGGTTTCAGTGGCATTACCTTGGTATTAACTAGAACCAGTAAAGCCAGTTCTTCAGGTTT
Q S HR NG T I I DL G HVF G Q E V Q T -

CAACTCAACTGCAGCAGATGACTAATAACTTAACTATAATGTATCGTCAAATGATAACTA

GTTGAGTTGACGTCGTCTACTGATTATTGAATTGATATTACATAGCAGTTTACTATTGAT
T ¢ L. Q QM T NNILTTIMYU®RQMTI T N-

ATGCTCCTTGCCCCTTGCTCTTCTTTGGTCAGCCTTACCCTCTAGGAACTGATCCCAGTC

TACGAGGAACGGGGAACGAGAAGAAACCAGTCGGAATGGGAGATCCTTGACTAGGGTCAG
A P CPLL F F G Q P Y P L G T D P S8 P -

CAGGGATGGGCACTATTGAARACATCCCTCATACTCCTGTCCACATTTGGGTTGGTAGTA

GTCCCTACCCGTGATAACTTTTGTAGGGAGTATGAGGACAGGTGTARACCCAACCATCAT
G M 6 T I ENTI PHTU®PV ETIWUV G S R-

GGCTTGATGAGAATAATACGAAACACGGTGAGGATATGGGTAATTTTTACTCGGCCGGTT

CCGAACTACTCTTATTATGCTTTGTGCCACTCCTATACCCATTAAAAARTGAGCCGGCCAA
L D ENNTKXKHGEDMGNU F Y S A G L -

TAGACCCGCTTTTCTATTCCCATCACGCCAATGTGGACCGGATGTGGTCCGAGTGGAARG

ATCTGGGCGAAAAGATAAGGGTAGTGCGGTTACACCTGGCCTACACCAGGCTCACCTTTC
D P L F Y S HHANUVIDI RMMWS E W K A-

CCTTAGGAGGGAAAAGAAGGGATCTCACGCACAAAGATTGGTTGAACTCCGAGTTCTTTT

GGAATCCTCCCTTTTCTTCCCTAGAGTGCGTGTTTCTAACCAACTTGAGGCTCAAGAAAA
L 6 G K R RDULTHIKDWULDN S E F F F -

TCTACGATGAAAA
--------- +--- 673
AGATGCTACTTTT

Y D E -
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Sequence of TOBPPO26

TGCATTGTGCGTATTGCAACGATGCTTACACAATGGGTGACCAAAAGTTACAAGTTCACC

ACGTAACACGCATAACGTTGCTACGAATGTGTTACCCACTGGTTTTCAATGTTCAAGTGG
H ¢CA Y CND AYTMGD QK L Q V H Q-

AATCGTGGCTTTTCTTCCCGTTTCATAGATGGTACTTGTACTTCTACGAGAGAATCTTGG

TTAGCACCGAAAAGAAGGGCAAAGTATCTACCATGAACATGAAGATGCTCTCTTAGAACC
S w L F F P FHRW YL Y F Y EUR I L G-

GCTCCCTCATCGATGATCCAACTTTTGCTCTGCCATATTGGAACTGGGACCATCCAAGCG

CGAGGGAGTAGCTACTAGGTTGAAAACGAGACGGTATAACCTTGACCCTGGTAGGTTCGC
s L I DD PTV FAUL P Y WNWUDH P S G-

GCATGCGTTTGCCTGCTATGTTCGATGTCGAAGGTTCTTCCCTCTACGATGCAAGACGTA

CGTACGCAAACGGACGATACAAGCTACAGCTTCCAAGAAGGGAGATGCTACGTTCTGCAT
M R L P A M F DV EG S S L Y D AU RIR N-

ATCCACATGTCCGTAATGGAACCATAATCGATCTTGGTTTTTTCGGTGATGAAGTCAARA

TAGGTGTACAGGCATTACCTTGGTATTAGCTAGAACCAAAARAGCCACTACTTCAGTTTT
P HV RNGTTI I DL G F F G D E V K T-

CTAATGAARATACAGATGATAACTAACAACTTAATTCTAATGTATCGTCAAATGATAACTA

GATTACTTTATGTCTACTATTGATTGTTGAATTAAGATTACATAGCAGTTTACTATTGAT
N E I @ M I T NDNILTI L MY R QM I T N-

ATGCTCCATGCCCGCTGTTGTTCTTCGGAGAGCCTTACAGATTCGGATCTAAACCCAATC

TACGAGGTACGGGCGACAACAAGAAGCCTCTCGGAATGTCTAAGCCTAGATTTGGGTTAG
A p CPL L F F GE P Y RF G S K P N P -

CGGGGCAGGGAACCATTGAAAACATTCCTCATACTCCGGTTCACATTTGGACTGGTACTG

GCCCCGTCCCTTGGTAACTTTTGTAAGGAGTATGAGGCCAAGTGTAAACCTGACCATGAC
G Q 6 T I E NI P H TP V HI WTG T V-

TGCGGTGTACGGATTTGGGTAATTGTGTGCCATCATACGGTGAGGATATGGGTAATTTCT

ACGCCACATGCCTARACCCATTAACACACGGTAGTATGCCACTCCTATACCCATTAAAGA
R ¢C T DL G N CV P S Y GE DMGNF Y-

ACTCAGCTGGTTTAGACCCAGTTTTTTACAGCCACCACGCCAATGTGGACCGCATGTGGA

TGAGTCGACCAAATCTGGGTCAAAAAATGTCGGTGGTGCGGTTACACCTGGCGTACACCT
S A G L D PV F Y S HHA ANUVDURMW N -

ATGAATGGAAAGCACTAGGAGGGAAAAGAAGGGATCTCACAGACAATGATTGGTTAAACT

TACTTACCTTTCGTGATCCTCCCTTTTCTTCCCTAGAGTGTCTGTTACTAACCAATTTGA
E W K A L G G K RRDULTUDNUDWIUL N S -

CGGAGTTCTTTTTCTACGACGAAAA

GCCTCAAGAAAAAGATGCTGCTTTT
E F F F Y D E -



10

15

20

25

30

35

40

45

50

55

60

WO 98/53080

FIGURE 8

61

121

181

241

301

361

421

481

541

601

661

PCT/AU98/00362

10/15

: Sequence of PINPPO20

TGCATTGTGCGTACTGCGACGGCGCGTATGACCARATCGGCTTCCCCGATCTCGAGATCC

ACGTAACACGCATGACGCTGCCGCGCATACTGGTTTAGCCGAAGGGGCTAGAGCTCTAGG
H ¢CA Y CDGAYDOQTI G F P DULETI Q-

AGATCCACAACTCGTGGCTCTTCTTTCCTTGGCACCGGTTCTACCTCTACTTCAACGAGC

TCTAGGTGTTGAGCACCGAGAAGAAAGGAACCGTGGCCAAGATGGAGATGAAGTTGCTCG
I H N S WL FF P WHURPF Y L Y F NZE R-

GCATACTCGGGAAACTTATCGGCGACGACACGTTCGCGCTGCCTTTCTGGAACTGGGACG

CGTATGAGCCCTTTGAATAGCCGCTGCTGTGCAAGCGCGACGGAARGACCTTGACCCTGC
I L G K L I 6D DTVF AL P F WDNWD A-

CGCCGGGGGGCATGCAGTTCCCGTCTATCTACACGGACCCTTCATCCTCGCTATATGACA

GCGGCCCCCCGTACGTCAAGGGCAGATAGATGTGCCTGGGAAGTAGGAGCGATATACTGT
P G G M Q F P S I Y TD P S S 8L Y D K-

AGCTGCGTGATGCGAAGCACCAGCCGCCGACTTTGATTGACCTCGACTACAATGGCACCG

TCGACGCACTACGCTTCGTGGTCGGCGGCTGAAACTAACTGGAGCTGATGTTACCGTGGC
L R DA KHOQUPUPTULIDULUDYNGT D-

ATCCTACCTTCTCCCCTGAAGAACAGATTAACCACAACCTCGCCGTCATGTACCGACAGG

TAGGATGGAAGAGGGGACTTCTTGTCTAATTGGTGTTGGAGCGGCAGTACATGGCTGTCC
p T F 8 P E E Q I N HNILAUV M Y R Q V-

TGATATCCAGTGGAAAGACACCAGAGCTGTTTATGGGCTCAGCGTACCGCGCCGGTGACC

ACTATAGGTCACCTTTCTGTGGTCTCGACAAATACCCGAGTCGCATGGCGCGGCCACTGG
I s s G K TP EUL F MG S A Y R A G D Q-

AGCCTGACCCCGGCGCAGGTTCTGTAGAGCAGAAGCCGCACGGCCCGGTGCATCTGTGGA

TCGGACTGGGGCCGCGTCCAAGACATCTCGTCTTCGGCGTGCCGGGCCACGTACACACCT
P D P G A G SV EQ K P HG P V HV W T-

CAGGTGATCGCAACCAGCCCAATCGCGAAGACATGGGCACGCTCTACTCGGCGGCGTGGG

GTCCACTAGCGTTGGTCGGGTTAGCGCTTCTGTACCCGTGCGAGATGAGCCGCCGCACCC
G D RNQUPNIRETIDMSGTU LY S A A W D-

ACCCCGTTTTTTTCGCACACCACGGCAACATCGACCGCATGTGGTACGTGTGGAGGAACC

TGGGGCAAAAAAAGCGTGTGGTGCCGTTGTAGCTGGCGTACACCATGCACACCTCCTTGG
P V F F A HHGNIUDI RMMMWYV W RN L-

TTGGCGGCAAGCACCGCAACTTCACCGACCCCGACTGGCTCAACGCGTCCTTCCTGTTCT

AACCGCCGTTCGTGGCGTTGAAGTGGCTGGGGCTGACCGAGTTGCGCAGGAAGGACAAGA
G G K HRNVFTDPDWILNM ASVF L F Y-

ACGACGAAAA

TGCTGCTTTT
D E -
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: Sequence of PINPPO2

TTGCCGTTTTGGAATTGGGACGCGCCGGGGGGCATGCAGATCCCGGCCATCTACGCCGAC

AACGGCAAAACCTTAACCCTGCGCGGCCCCCCGTACGTCTAGGGCCGGTAGATGCGGCTG
L P F WNWUDAUPGGMOQTIUPATI Y A D

GCTTCGTCCCCGCTCTACGACAAGCTGCGCAATGCGAAGCACCAGCCGCCGACTTTGGTC

CGAAGCAGGGGCGAGATGCTGTTCGACGCGTTACGCTTCGTGGTCGGCGGCTGAAACCAG
A 8§ §$ P L Y D KL RN AIKUHUGQUPUPTULV

GACCTCGACTACAACGGCACCGACCCGACCTTCACCCCTGAGCAGCAGATCGCCCACAAC

CTGGAGCTGATGTTGCCGTGGCTGGGCTGGAAGTGGGGACTCGTCGTCTAGCGGGTGTTG
D L b Y NG TD P TVF TP E Q Q I A H N

CTCACCATCATGTACCGACAGGTGATATCCGGCGGGAAGACGCCGGAGTTGTTTATGGGC

GAGTGGTAGTACATGGCTGTCCACTATAGGCCGCCCTTCTGCGGCCTCAACAAATACCCG
L T 1 MY R Q VI S GG K TUPEULT FMG

GCGGCGTACCGCGCGGGCGACGCGCCAGACCCGGGCGCAGGCACTCTAGAGCTCGTGCCG

CGCCGCATGGCGCGCCCGCTGCECGETCTGGGCCCGCGTCCGTGAGATCTCGAGCACGGT
A A Y R A G D AUPUDUPGA ASOGTULE L V P

CACAACACGATGCATTTGTGGACCGGCGACCCCAACCAACCCAACGACGAAGACATGGGC

GTGTTGTGCTACGTAAACACCTGGCCGCTGGGGTTGGTTGGGTTGCTGCTTCTGTACCCG
H N TMHUL WT G D PN QP NDETDMG

ACGTTCTACGCGGCGGCGCGGGACCCCATCTTCTTCGCCCACCACGGCAACGTCGACCGL

TGCAAGATGCGCCGCCGCGCCCTGGGGTAGARGAAGCGGGTGGTGCCGTTGCAGCTGGCG
T F Y A A A RDUP I F F A HHGN V DR

ATGTGGTACGTGTGGCGGAAACTCGGGGGCACGCACCGCGATTTCACCGACCCCGACTGG

TACACCATGCACACCGCCTTTGAGCCCCCGTGCGTGGCGCTAAAGTGGCTGGGGCTGACC
M WY V WR KL GG THU RDVF TD P D W

CTCAACGCGTCCTTCCTCTTCTACGACGAGAACGCGCAGCTCGTCCGCGTCAAAGTAARG

GAGTTGCGCAGGAAGGAGAAGATGCTGCTCTTGCGCGTCGAGCAGGCGCAGTTTCATTTC
L N A S F L F YDEN AU QT LV R V K V K

GACTGCTTGAGCGCCGACGCGCTGCGGTACACGTACCAGGACGTCGACATCCCGTGGATC

CTGACGAACTCGCGGCTGCGCGACGCCATGTGCATGGTCCTGCAGCTGTAGGGCACCTAG
D CL S ADAVLIRYTY QD VDI P W I

AGTGCGAAGCCGACGCCGAAGAAAACACCGGGGGGCGCTGCGCCTTCCACGACAGAGGCT

TCACGCTTCGGCTGCGGCTTCTTTTGTGGCCCCCCGCGACGCGGAAGGTGCTGTCTCCGA
S A K p T P K K T P G GAAUP S T T E A

ATATTTCCGGTGGTGCTGGATAAGCCGGTGAGCTCTACGGTGGCGAGGCCGAAGACGGGG

TATAAAGGCCACCACGACCTATTCGGCCACTCGAGATGCCACCGCTCCGGCTTCTGCCCC
I ¥ P VV L DX P VS S T VAR P K T G
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AGGAGTACTGGGGAGGAGGAGGTGTTGGTGGTGGAGGGAATCCGAGCTGGACAAGGACGTG

721 —-mmeemem Fo-mmmmmm - - Ll e Fmm +--------- tommmm e + 780
TCCTCATGACCCCTCCTCCTCCACAACCACCACCTCCCTTAGCTCGACCTGTTCCTGCAC
a R S T GG E E E V L V V E G I E L D K D V -

GCCGTGAAGTTCGACGTGTATATAAACGCGCCGGACAACGAAGGGGTGCGGCCGGAGGCG

78l -—----m-- L ikl Fommm e R - Fomm - + 840
CGGCACTTCAAGCTGCACATATATTTGCGCGGCCTGTTGCTTCCCCACCCCGGCCTCCGC
a AV X F DV Y I NAPDNETGV G P E A -

AGCGAGTTCGCAGGGAGCTTCGTCCAGGTGCCGCACAAGCACAAGARGGGGAAGAAGGAG

841 --------- Fommmmmmm - R ket o tom-mmm - tommm o + 800
TCGCTCAAGCGTCCCTCGAAGCAGGTCCACGGCGTGTTCGTGTTCTTCCCCTTCTTCCTC
a S EF A GS F V Q VP HXHI K K G K K E -

AAGGCGAGGATTAAAACGACGCTCAGGCTCGGGATAACGGACCTGCTCGAGGACATCGGC

201 --------- tommmmmm - tommmmmm e fmmm e oo e + 960
TTCCGCTCCTAATTTTGCTGCGAGTCCGAGCCCTATTGCCTGGACGAGCTCCTGTAGCCG
a K A RTIIKTTULURULGTITUDULULETDTI G -

GCCGAGGACGACGAGAGCGTGCTCGTCACGCTCGTGCCGAGGATAGGCGAGGGGTTGGTC

961 --------- F-—mmm - e R o Fomm e + 1020
CGGCTCCTGCTGCTCTCGCACGAGCAGTGCGAGCACGGCTCCTATCCGCTCCCCAACCAG
a A E DD E S VL V TUL VPURTIGEG GTULV -

AAGGTTGGTGGGCTAAGGATCGATTTCTCCAAGTGATCAGCAGCAAATTAACTATACATG

1021 ----=---- dmmmm - —— o - L it tom - + 1080
TTCCAACCACCCGATTCCTAGCTAAAGAGGTTCACTAGTCGTCGTTTAATTGATATGTAC
a K v 6 66 L R I DU F S K *S A AN * L Y M -

AAAGTAAAAAAAATTGCATTTACCTACCTATAGAAGAGAATAARATGCGTATGTAATCTGC

108l ~w---mmmm~ dmmm - hmmm e B tommm - Fmm - + 1140
TTTCATTTTTTTTAACGTAAATGGATGGATATCTTCTCTTATTTACGCATACATTAGACG
a K v X K I A F T Y L *#* KR I N A Y V I C -

CCCATTTGTCACTTTTAATTTCTCGAGCGTGTTCTGAATGAGAGTTGCATGCATGCGCGC

1141 --------- Fmmmm—m - R - R Ll + 1200
GGGTAAACAGTGAAAATTAAAGAGCTCGCACAAGACTTACTCTCAACGTACGTACGCGCG
a p I ¢C H F * F L E RV L N E S CMH A R -

AGCCATAATGCCTGGTATAGTGTAGTAGTTTAGGCGTGGATACGTATAACGTACGTATGC

1201 «--we-em- tmmmmmm e Fmmm - R TR dmmmmmm e et + 1260
TCGGTATTACGGACCATATCACATCATCAAATCCGCACCTATGCATATTGCATGCATACG
a S HNA WY S VVV * A WIURTIT YV C -

ATGTATAAGGAATAATGATGAGTTTACTATGCAAAAAAAAAAAAARAAAAAAARNAARAAA

1261 --------~ h=mmm—m——- trmmmmm— - e dmmmmm o tommeme - 1319
TACATATTCCTTATTACTACTCAAATGATACGTTTTTTTTTTTTTTTTTTTTTTTTTTT
a M ¥ K E * * * vV Y ¥ A K K K K K K K K -
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FIGURE 10 : Sequence of PINPPOFL
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CGGTATCGATAAGCTTGATCCAGTGCCTGGTTTAGGTGTATTCACTATGGCCACCCTCTC

GCCATAGCTATTCGAACTAGGTCACGGACCAAATCCACATAAGTGATACCGGTGGGAGAG
G I b KL D PV P GL G V F TMOATL 8

TAAACTAGCTTCCCAACCAATAACACCTCCACTCTCCCCGCTCCCTCCTTTGCATGCTCC

ATTTGATCGAAGGGTTGGTTATTGTGGAGGTGAGAGGGGCGAGGGAGGAAACGTACGAGG
K L A s Q P I TP UPUL S P L P P L H A P

TTCTCTCACCAAAAGCTTCACCACCACCTTCCTCTCCCCTGTAGGGGTCCCAAACCACCC

AAGAGAGTGGTTTTCGAAGTGGTGGTGGAAGGAGAGGGGACATCCCCAGGGTTTCGTGGG
s L T K S F T T TV F L S P V G V P N H P

CGTCATAAGATCTCATGCAAATCTAAGGAGCAACAAGAGAATGCCGACAAGCCTGCGGGC

GCAGTATTCTAGAGTACGTTTAGATTCCTCGTTGTTCTCTTACGGCTGTTCGGACGCCCG
v I R S HA NL RSN KU RMU&PT S L R A

CGCATCGCCCGCCGCGACCTACTCCTGGGCCCTCGGCGGGCTTTACGGTGCCACCACTGG

GCGTAGCGGGCGGCGCTGGATCGAGGACCCGGGAGCCGCCCGARATGCCACGGTGGTGACC
A S P A ATY S WALGGU LY G ATT G

GCTCGGCCTCAACCGTCGAGCGGCCGCCGCCCCTATCCTGGCTCCCGACCTCTCAACTTG

CGAGCCGGAGTTGGCAGCTCGCCGGCGGCGGGGATAGGACCGAGGGCTGGAGAGTTGAAC
L G L NRPRAAADAUPIULAWPUIDILSTC

TGGGCCGCCTGCCGACCTCCCTGCCTCCGCCCGACCGACAGTTTGCTGCCCGCCATACCA

ACCCGGCGGACGGCTGGAGGGACGCGAGGCGGGCTGGCTGTCAAACGACGGGCGGTATGGT
G p P ADULPASA ARZ®PTVYVYCCUPUPY Q

ATCCACCATCATCGACTTCAAGCTCCCCCCGCGATCTGCTCCGCTTCGCGTCCGGCCTGC

TAGGTGGTAGTAGCTGAAGTTCGAGGGGGGCGCTAGACGAGGCGAAGCGCAGGCCGGACG
s T 1 I D F KL P P R S A P L R YV R P A

GGCCCACTTGGTTGACGCCGACTACCTGGCCAAGTATAAGAAGGCGGTCGAGCTCATGAG

CCGGGTGAACCAACTGCGGCTGATGGACCGGTTCATATTCTTCCGCCAGCTCGAGTACTC
A H L V D ADYUL AU K Y K KAV ETL MR

GGCCCTGCCGGCCGACGACCCGCGCAACTTCGTACAGCAAGCGARAGTGCACTGTGCGTA

CCGGGACGGCCGGCTGCTGGGCGCGTTGAAGCATGTCGTTCGCTTTCACGTGACACGCAT
A L P A DDUPU RNV FV Q Q A KV HC A Y

TTGCGACGGCGCGTATGACCAAATCGGCTTCCCCGATCTCGAGATCCAGATCCACAACTC

ARACGCTGCCGCGCATACTGGTTTAGCCGAAGGGGCTAGAGCTCTAGGTCTAGGTGTTGAG
¢ p G AYDOQTI G F P DU LE I Q I H N S

GTGGCTCTTCTTTCCTTGGCACCGGTTCTACCTCTACTCCAACGAGCGCATACTCGGGAA

CACCGAGAAGAAAGGAACCGTGGCCAAGATGGAGATGAGGTTGCTCGCGTATGAGCCCTT
WL F F P WHURUPFYUL Y S NEUR I L G K
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ACTTATCGGCGACGACACGTTCGCGCTGCCTTTCTGGAACTGGGACGCGCCGGGGGGCAT

TGAATAGCCGCTGCTGTGCAAGCGCGACGGAAAGACCTTGACCCTGCGCGGCCCCCCGTA
L I 6D DTPFAULUPVF WNWDA AUPG G M

GCAGTTCCCGTCTATCTACACAGACCCTTCATCCTCGCTATATGACAAGCTGCGTGATGC

CGTCAAGGGCAGATAGATGTGTCTGGGAAGTAGGAGCGATATACTGTTCGACGCACTACG
Q F P 8 I Y T D P S S8 S L Y D K L R D A

GAAGCACCAGCCGCCGACTTTGATTGACCTCGACTACAATGGCACCGATCCTACCTTCTC

CTTCGTGGTCGGCGGCTGAAACTAACTGGAGCTGATGTTACCGTGGCTAGGATGGAAGAG
K H Q P P TL I DIL DY NGTUDZP T F S

CCCTGAAGAACAGATTAACCACAACCTCGCCGTCATGTACCGACAGGTGATATCCAGTGG

GGGACTTCTTGTCTAATTGGTGTTGGAGCGGCAGTACATGGCTGTCCACTATAGGTCACC
P E E Q I N H N L AV M Y R Q V I 8 8 G

AAAGACGCCAGAGCTGTTTATGGGCTCAGCGTACCGCGCCGGTGACCAGCCTGACCCCGG

TTTCTGCGGTCTCGACAAATACCCGAGTCGCATGGCGCGGCCACTGGTCGGACTGGGGCC
K T p EL FM G S A Y RAGUDOQUP D P G

CGCAGGCTCTGTAGAGCAGAAGCCGCACGECCCGGTGCATGTGTGGACAGGTGATCGCAA

GCGTCCGAGACATCTCGTCTTCGGCGTGCCGGGCCACGTACACACCTGTCCACTAGCGTT
A G &S V EQ K P HG P V HV W T G D R N

CCAGCCCAATCGCGAAGACATGGGCACGCTCTACTCGGCGGCGTGGGACCCCGTCTTCTT

GGTCGGGTTAGCGCTTCTGTACCCGTGCGAGATGAGCCGCCGCACCCTGGGGCAGAAGAA
Q P N R EDMGTUL Y S A A WDUP V F F

CGCACACCACGGCAACATCGACCGCATGTGGTACGTGTGGAGGAACCTTGGCGGCAAGCA

GCGTGTGGTGCCGTTGTAGCTGGCGTACACCATGCACACCTCCTTGGAACCGCCGTTCGT
A H H GG N I DI RMW Y V W RNUDL G G K H

CCGCAACTTCACCGACCCCGACTGGCTCAACGCGTCCTTCCTGTTCTATGATGAGAATGC

GGCGTTGAAGTGGCTGGGGCTGACCGAGTTGCGCAGGAAGGACAAGATACTACTCTTACG
R N F T D P D WL NA S F L F Y D EN A

GCAGCTCGTCCGTGTTAAAGTAARAGACTGCTTAGAGGCCGACGCAATGCGGTACACATA

CGTCGAGCAGGCACAATTTCATTTTCTGACGAATCTCCGGCTGCGTTACGCCATGTGTAT
Q L V. R Vv X v XD C¢CL EADAMMZR RY T Y

CCAGGATGTAGAGATCCCGTGGCTCAAAGCAAAGCCGACGCCAAAGAGCGCCCTACAGAA

GGTCCTACATCTCTAGGGCACCGAGTTTCGTTTCGGCTGCGGTTTCTCGCGGGATGTCTT
Q DV E I P WL KA K P TP K S A L Q K

GATAAAGAGCAAGGTATCGACGCTGAAGGCAACACCAAGGGGGACGACGACTACCACAGC

CTATTTCTCGTTCCATAGCTGCGACTTCCGTTGTGGTTCCCCCTGCTGCTGATGGTGTCG
I XK §s K vs T™0L KATUPIRGTTTT T T A

AGAGACTACATTTCCGGTGGTGCTGGATAAGCCGGTGAGTGCAACAGTGGCTAGACCGAA

TCTCTGATGTAAAGGCCACCACGACCTATTCGGCCACTCACGTTGTCACCGATCIGGCTT
E T T ¥ P V VL D K P VS A TV A R P K
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GGCCAGGAGGAGTGGGAAGGAGAAGGAAGAAGAGGAGGAGGTGTTGGTGGTGGAGGGAAT

CCGGTCCTCCTCACCCTTCCTCTTCCTTCTTCTCCTCCTCCACAACCACCACCTCCCTTA
A R R S G K E K EEZEEEVL V V E G I

CGAGTTGGAGAAGGACGTGTTCGTGAAGTTTGATGTGTATATAAACTCGCCGGAGCACGA

GCTCAACCTCTTCCTGCACAAGCACTTCAAACTACACATATATTTGAGCGGCCTCGTGCT
E L E XK DV F V K F D VY I NS P E H E

AGGGGTGGGGCCGGAGGCGAGTGAGTTCGCAGGGAGCTTCGTCCACGTGCCACACAAGCA

TCCCCACCCCGGCCTCCGCTCACTCAAGCGTCCCTCGAAGCAGGTGCACGGTGTGTTCGT
G v G P EASEFAG S F V HV P H K H

CAAGAAGGCGAAGAAGGGGAAGGAGATGGCCAGGATGAACACAAGGCTTAAGCTCGGGAT

GTTCTTCCGCTTCTTCCCCTTCCTCTACCGGTCCTACTTGTGTTCCGAATTCGAGCCCTA
K K A K K G K EMARMNTIRIULI KTILGI

AACGGACCTGCTCGAGGACATCGGCGCTGAGGACGACGAGAGCGTGCTCATCACGCTCGT

TTGCCTGGACGAGCTCCTGTAGCCGCGACTCCTGCTGCTCTCGCACGAGTAGTGCGAGCA
T D L L EDIGAZEUDUDES VL I TUL V

GCCCAGGAGCGGCAAGGGAATGGTGAAGGTTGGAGGGCTAAGGATTGATTTCTCCAAGTG

CGGGTCCTCGCCGTTCCCTTACCACTTCCAACCTCCCGATTCCTAACTAAAGAGGTTCAC
P R S G K GMV KV G 66 L R I DVF S8 K *

ATGAGCATATTGTGAAGAGAAAATTTGCATTTACCGCCCTATAGAATCGAAAAATTGCGT

TACTCGTATAACACTTCTCTTTTAAACGTAAATGGCGGGATATCTTAGCTTTTTAACGCA
* A Y C E E K I ¢ I ¥ R P I E S KN C V

ATATGTCCCATTATTGTTTTTTTTATTCTTCAAGCGTATTCAGAATAAGAGTTGCGTGCA

TATACAGGGTAATAACAAAAAAAATAAGAAGTTCGCATAAGTCTTATTCTCAACGCACGT
Yy v p L L F FL F F KRI QNI K S C V H

TGCACGCATGCAGCCATGTTGTTGTAGTCGATATGTGGGGTATGTTTGGATCAGGGATAA

ACGTGCGTACGTCGGTACAACAACATCAGCTATACACCCCATACAAACCTAGTCCCTATT
A R MOQ?P CCCSU RY V G Y V W I RTUDN

TGATGTGAACTTTGAATTAATTATTACACTCTGAGAATARATTAGAGAGTTTATTATGCA

ACTACACTTGAAACTTAATTAATAATGTGAGACTCTTATTTAATCTCTCAAATAATACGT
D v N P?" EL I I T L * E * I R EF I M Q

AGTTGCTTGGTGTAATAGATATTCAACATTGTTTCCTATACATCTTTTTTTGGAAGAAAA

TCAACGAACCACATTATCTATAAGTTGTAACAAAGGATATGTAGAARAAAAACCTTCTTTT
vV AW CNU RY S TULF P I HULUVFUL EE K

TTTTTTTTTTTTTTTTAGCTA
K K K K K 8 -
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