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Abstract

Genetic engineering has produced a transgenic insect-
resistant plant which produces a serine protease inhibitor
(Hilder et al., 1987). More insects can be targetted if a plant
can be made to produce thiol protease inhibitors. Hence this
project attempts to do some preliminary work - purification and
gene isolation of thiol protease inhibitors, which is necessary
before plants resistant to insects using thiol proteinases as
their digestive enzymes can be created.

It is known that cowpea seeds contain thiol protease
inhibitors. However, their protein sequences have never been
elucidated. In the first part of the project, j;,gmﬁ'attempted éb
obtain a pure thiol protease inhibitor. This was so that its
sequence could be determined partially to construct an oligo-
nucleotide probe to pick the gene coding for it from a cDNA
library. g

In the second part of the project, %é:ﬂﬁg}attempted to
isolate the gene coding for the bromelainAinhibitor of pineapple,
to clone it/yﬁf and to sequence it. Though the sequence of this

inhibitor has been known for years, its gene has never been

isolated or sequenced.
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PAGE
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saline sodium citrate
N,N,N’,N’-tetramethylethylemediaﬁine
Tris (hydroxymethyl) methylamine
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1: INTRODUCTION

1.1: Genetic Engineering to produce insect-resistant crops

Substantial crop losses occur each year due to attacks by
insect pests. These are largely controlled by spraying crops with
large quantities of agrochemicals, which is not only expensive
but can also have detrimental effects on ecosystems. Many
cultivars of crop species already exhibit resistance to pests to
some extent, but pest evolution forces the plant breeder to
continually produce new resistant varieties. Radical changes in
the type of resistance conferred are required. Some possibilities
have been proposed, involving transfer of genes or groups of
genes encoding the following to crop plants; antimetabolite
proteins such as lectins or enzyme inhibitors; viral coat
proteins; the enzymes chitinase and B-glucanase, the cell wall
protein extensin ; and bacterial insecticidal toxins, such as
that produced by Bacillus thuringiensis. Expression of these
products throughout the aerial parts of a plant may enhance
resistance but must occur without detrimental effects upon the
plant or to the consumer. One disadvantage of expressing an extra
gene could be a drain of the plant’s resources, hence decreasing
its yield, thus one can try to put_in a regulatable promoter
which switches on the gene only at a certain stage of development
when the plant is most susceptible or which expresses the foreign
gene only in a certain susceptible organ. Another possibility is
to have the gene triggered by a wound or by the infection itself.

A promising set of such genes is the wound-induced protease

inhibitors. After certain plants are wounded mechanically or by a




chewing insect, "protease inhibitor inducing factor" (PIIF) is
released and this induces the systemic synthesis of several
protein protease inhibitops. These inhibitors are directed
against insect and microbial proteases and hence protect the
plant (Ryan, 1981, 1988).

The bacterium B. thuringiensis produces toxins that are
toxic to specific insects, depending on the strain used. These
bacteria have been used as biological insecticides for over a
quarter of a century. The gene coding for its toxins has recently
been introduced into tobacco (Vaek et al., 1987) and tomato
(Fischoff, 1987). However, the limited range of pests against
which it is toxii/}éfis a great disadvantage.

A plant protein that can confer resistance to a wide range
of pests is the cowpea trypsin inhibitor. As its metabolic target
is the aatalytic site of an enzyme, the ability of the insects to
evolve a resistance mechanism based on mutation at this site
would be minimal. Furthermore, cowpea seeds are not toxic to
humans. It has been shown that when the gene encoding this
inhibitor is transferred to tobacco, the plant shows enhanced
resistance to its own insect pests (Hilder et al., 1987). Such
"protease inhibitors" may be able to make plants fight off a much
wider range of insects than do the toxins from B. tburingiensis.
A big advantage of transgenic plants that make their own
insecticides is that only insects that attack the plants are
affected. Such transgenic plants are now a possibility,
encompassing a wide range of plants, due to the rapid development

of new techniques in genetic engineering.



1.2: Genetic engineering

Genetic engineering is the artificial recombination of
nucleic acid molecules in the test tube, their insertion into a
virus, bacterial plasmid, or other vector system, and the sub-
sequent incorporation of the chimaeric molecules into the host
organism in which they are capable of continued propagation. The
basis of crop breeding is the transfer of genetic information
between plants in order to develop desired phenotypes. However,
genetic engineering allows directed and highly specific mani-
pulation of the genetic material. Recombinant DNA tgchnology also
broadens the possibilities of transferring genes between
unrelated organisms, and creating novel genetic information by
the specific alteration of cloned genes. It has not yet been
perfected to a sufficient level to allow it to be used routinely
as a tool in plant breeding but it is likely to become so within
the next few decades. The types of bfeeding situation in which
recombinant DNA would be of most value are those involving
transfer of a single or small group of genes from one organism to
an unrelated organism (even from outside the plant kingdom) where
such transfer cannot be achieved by conventional means.

Conventional plant breeding suffers from some drawbacks
when breeding for insect resistance in plants. Firstly in relying
on sexual fertilisation for improvement of a crop plant, the
breeder is limited 'in the gene pool he has available by the range
of plants with which it is sexually compatible. Secondly, con-
ventional plant breeding requires a long "investment" time. On
average, 12 generations of backcrossing are necessary following a

successful hybridisation of two varieties of small grain cereals.
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1.3: Methods of plant genetic engineering

Several different potentially useful systems of introducing
foreign genes into plants are currently under active |
investigation. Agrobacterium tumefaciens has provided an
effective DNA deliVéry system for the transformation of several
dicot species. Unfortunately, infection in monocots is greatly
reduced and apparently lacking in members of the‘Gramineae.
Because of the inability of A. tumefaciens to infect gramnineous
monocots which are the most important crop plants, exploratory
research in the development of other methods for the stable
transformation of grasses is being carried out by several groups.
A lot of emphasis is placed in transformation by direct delivery
of DNA into regenerable intact cells/protoplasts, meristems and
embryos. It should be recognized, however, that transformation of
one or more cells in multicellular structures will yield chimeral
plants that will require a great deal of efffort before being
useful for the production of pure lines containing the introduced
genes.

1.3.1: Agrobacterium tumefaciens

A. tumefaciens, a gram-negative soil bacterium, is the
causative organism of Crown Gall tumour, which it can incite upon
the aerial parts of most dicotyledonous plants. This property is
conferred upon the bacterium by the presence of a large Ti-
(Tumour inducing) plasmid. During the infection process, a
defined small part of the Ti-plasmid is transferred to the plant
cell, where it becomés inserted into the plant chromosome. This
small piece of transferred DNA, the T-DNA, encodes the functions

which are expressed as the tumourous phenotype - rapid growth and
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the production of opines (unusual tumour specific metabolites).
Both these properties are maintained when the tumours are
explanted~into tissue culture, where Crown Gall cells proliferate
without added phytohormones. Methods have been devised whereby
the gene responsible for causing tumourous growth has been
removed and foreign ones to be expressed added. Thus infected
plants will express the foreign genes and so will plants
regenerated from thié infecfed tissue.

However, regeneration of normal healthy plants expressing
the foreign gene is not achieved in all infected plant species.
Also, there is a problem of limited host range for the bacterium.
But the recent discovery by scientists at BioTechnica
International (Cambridge, MA) that Agrobacterium can transfer
plasmids other than Ti opens the possibility that its host range
can be extended. Researcﬁers have shown that the mobilization
functions of a small, wide-host-range bacterial plasmid (RSF1010)
can effectively substitute for the Ti plasmid’s 25 base pair
direct repeat T-DNA borders (considered essential for transfer to
occur)(Buchanan-Wollaston et al., 1987).

1.3.2: Plant virus vectors

As a means of introducing DNA into the genomes of
dicotyledonous plants, there is currently nothing to rival A.
tumefaciens. However, for some applications it may be useful to
use a non-integrating vector which replicates to high copy number
in each cell and disseminates throughout the organism when
introduced into a mature plant. Moreover, a vector for

monocotyledonous crops has not yet been developed. For these
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reasons the only two known groups of plant DNA viruses, the
Caulimoviruses and Geminiviruses are currently under
investigation. Researchers have shown that geminivirus-derived
vectors should also be useful for heritable gene amplification by
the integration of stable master copies of the vector into the
plant chromosomal DNA. Production of genetically engineered
plants with increased resistance to herbicides, insects or
viruses and increased yields of important plant products are
applications of potential commercial value.
1.3.3: Other possible vector systems

There are several other potential vectors for gene transfer
to plants. They are transposable elements, maize mitochondrial
elements, nuclear genomic components, RNA viruses and viroids.

1.3.4: Direct DNA delivery

These methods are advantageous in that they can be used with
any crop species.

Researchers have managed to stably transform tobacco
protoplasts with Ti-plasmid by incubating protoplasts and DNA in
the presence of polyet/vlene glycol with a post-incubation with X
high Ca++ concentration (Krens et al., 1982).

Another technique, electroporation, uses electrical pﬁlses
of high field strength to permeabilize cell membranes reversibly
so as to facilitate the transfer of DNA into cells. This has
resulted in stably transformed cells.

Direct DNA transformation into cereal protoplasts using

polyetiylene glycol treatment or electroporation has been reported
" for the monocotyledons wheat, Italian ryegrass, maize (Fromm et

al, 1986), Panicum sp. and .rice.
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The method of microinjection involves the introduction of
DNA solutions under pressure into cellular compartments with
miéroscopic pipettes. In one study (Crossway et al.,1986), cell
lines cultured from microinjected tobacco protoplasts were shown
to have integrated the foreign DNA sequences into the nuclear
DNA; the average transformation frequency depended on whether the
injections were intranuclear (14%) or cytoplasmic (6%).

All these direct methods share a big drawback: it is
difficult to regenerate mature plants from protoplasts of mono-
cotyledons. Where achieved, it is at low efficiencies. Re-
searchers have managed to regenerate transgenic rice plants
(Oryza sativa) (Kyozuka et al., 198&, Toriyama et al., 1988).
Others (Rhodes et al., 1988) have also managed to regenerate
transgenic maize plants by transforming them by electroporation
and growing them over feeaer or "nurse" cells. These, however,
were found to be sterile. Some other successful monocot regenera-
tions are for sugar cane (Srinivasan et al., 1986) and Polypogon
(Chen et al., 1987). The problem of regeneration of single cells
or protoplasts can, however, be totally avoided by introducing
DNA into whole tissues.

Researchers can introduce DNA into whole cells either by/pﬁf
using microprojectiles or by microinjection.

In the former method, the projectiles, small particles of
tungsten or gold coated with DNA, are accelerated by a particle
gun or electric discharge so that they penetrate the outer cell
wall and membrane of intact cells (Sanford et al., 1988). This
method has produced stably transformed cells of tobacco and maize

(Klein et-al., 1988a,b,c). Recently, Agrocetus, in Wisconsin
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(McCabe et al., 1988), produced fertile'transgenic soya bean
plants by shooting microprojectiles at meristems of immature soya
bean seeds. Approximately 2% of shoots derived from these
meristems via organogenesis were chimeric for expression of the
introduced gene.

Another method which has been suggested to traﬁsform cereal
plants without involving tissue culture techniques is by De la
Pena et al.,1987. They have injected DNA into developing floral
tillers of rye plants 14 days before the first meiotic metaphase
of the archesporial cells. Seeds were obtained by pair-wise
érossing of injected tillers from different plants. Some seeds
germinated into plants which expreséed the foreign DNA. The team
is confident that this transformation procedure can be extended
to other cereals, which have a premeiotic development equivalent
to that of rye.

Transgenic wheat plants have been obtained by another method
"in which mature wheat embryos take up DNA by imbibition (Schell,
1987).

Other methods that have potential include gene transfer into
pollen (Luo et al., 1988) and microinjection into cells of im-

mature embryos (Neuhaus et al., 1987).

1.4: Natural protease inhibitors

Plants, micro-organisms and animals contain a number of
proteins which have the property of forming reversible stoichio-
metric protein-protein complexes with various proteolytic
enzymes, thus bringing about competitive inhibition of their

catalytic functions.
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The proteolytic enzymes found in nature can be conveniently
subdivided into four main groups which are characterized by the
nature of their active sites and the reaction mechanism involved.
These are the serine proteases (e.g. trypsin, chymotrypsin); the
thiol or cysteine protéases (papain, bromelain, ficin); the met-
alloproteinases (carboxypeptidases A and B, and the aminopepti-
dases); and the aspartylproteases (pepsin and rennin). Nearly all
of these types of enzymes have been shown to be inhibited by
proteins or peptides isolated from the cells of animals, plants
and micro-organisms. In some cases the proteinase inhibitors
exhibit -a very narrow range of specificity, being capable of
inhibiting only one or two closely related proteinases, whilst
others of broad specificity are active against a wide range of
different enzymes.

In the plant kingdom ﬁost storage organs, such as seeds and
tubers, contain from 1 to 10% of their proteins as inhibitors of
various types of proteolytic enzymes {(Ryan, 1981), and some
fruits contain up to 50% of their proteins as inhibitors of se-
rine endoproteinases. The function of the inhibitors in Nature
appear to be twofold: (1) to prevent uncontrolled proteolysis
within cells, organelles or fluids where limited proteolysis is
important to biochemical or physiological processes, and (2) to
protect proteins of cells, fluids or tissues from foreign proteo-
lytic enzymes. The specific roles of most known proteinase inhi-
bitors, however, are not well understood.

1.5: Protease Inhibitors as defensive chemicals

Relatively high levels of protease inhibitors are syn-

thesized and stored in plant-tissues, where they can interact
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with plant pests or pathogens that attempt to consume them. The
effects of protease inhibitors on insect digestive enzymes were
first researched by Birk and her associates in the early 1960s,
From this and other research in many laboratories, it became
clear that the defensive role of proteinase inhibitors was only a
part of a complex interaction between the many defensive
chemicals that are present in plants and the predators and
pathogens that attack them. Plants have evolved various chemical
weapons of defense against their predators over the years. This
has included inhibitors of the digestive proteolytic enzymes of
the attacking pests (Broadway et al., 1986).

The digestive processes of higher animals, insects, and
microorganisms can differ considerably, both in the classes of
the enzymes utilized for protein digestion and in their specifi-
cities, Thus in considering inhibitory activity, the mechanistic
" class and the peptide-bond specificity of the protease must be
considered as well as structural aspects of the inhibitor that
determine its ability to interact specifically with the enzyme.
The association constant of the interaction must be of sufficient
magnitude to inhibit the enzyme effectively. Association
constants of most protease-inhibitor interactions are from 106M
to 1010M, and sometimes higher.

The amino acids that comprise the reactive sites of the
inhibitors have the potential to be changed by in vitro mutagen-
esis to produce new inhibitory specificities. This provides a
basis for future strategies to design various protease inhibitor

genes with different active sites to inhibit particular proteo-
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lytic enzymes of specific plant pests.

The serine and cysteine endopeptidases are considered to be
the most likely targets for inhibition by such engineered pro-
tease inhibitors. Both classes of enzymes have been identified in
guté of herbivorous insects, and both are secreted by various
microorganisms. Digestive roles in insects and microorganisms for
the other two classes of proteinases, aspartyl- and metallo- have
not been extensively studied and few of their inhibitors are

known.

1.6: Purification of protease inhibitors

The isolation and purification of proteinase inhibitors from
plants has iﬁvolved the full range of general techniques for the
separation of proteins, but in addition certain novel and special
methods have been employed. Many of the plant proteinase inhi-
bitors are extremely resistant to denaturation by heat and this
property has frequently been exploited. For example, several
isolation procedures include a pfeliminary step in which the
extract or homogenized suspension is heated at 80-100°C for
approximately 10 min during which period various contaminating
'proteins become precipitated and can be removed by filtration or
centrifugation. The inhibitors themselves are left essentially
unaltered by this process.

Another popular method of purification for these inhibitors
involveé affinity chromatography on columns containing the pro-
teinase enzymes bound to insoluble resins or polymerized dextrans
such as Sepharose. One of the attractions of this method is that

crude or only partially purified extracts of plant material may
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be applied to the columns at near neutral pH values. As the ex-
tract passes through the column the inhibitors form stable
compiexes with the immobilized proteinases and are retained on
the colummn during subsequent washing which removes most of the
other impurities. The inhibitors can then be released from their
complexes by lowering the pH and increasing the ionic concentra-
tion of the eluting buffer. Although this method of purification
is attractive because of its relative speed and specificity, it
does however suffer from the major drawback that partial pro-
teolysis of the reactive site of the inhibitor may occur. Such
cleavage of the reactive site results in the formation of modi-
fied forms of the inhibitor which can interfere with the further
purificafion, particularly if a multiplicity of iso-inhibiGrs are
involved.

Ion-exchange chromatogfaphy has been widely employed for the
separation of different proteinase inhibitors found in plant
extracts. The technique has also been adapted for use in the
presence of dissociating solvents such as 4M guanidine or 8M urea
and this has permitted the separation of the dissociated pro-
tomers {sub-units) of the many inhibitors which are normally
polymeric in their native form (Melville et al, 1972). The tech-
nique of iso-electric focusing has proved to be particularly
useful in separating the proteins of families of iso-inhibitors
where the individual components sometimes only differ from one

another by slight variations in their iso-electric (pI) points.

1.7: Cysteine protease inhibitors

It has been shown that the larvae of Cowpea Weevils (Gate-
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house et al., 1985), which thrive on cowpéas, and Colorado Potato
Beetles (Wolfson et al., 1987), which consume potato and tomato
leaves, employ cysteine proteases as important digestive enzymes.
Thus cysteine protease inhibitors have a strong potential to
control these insect pests as well as many others that might use
cysteine proteases as their digestive enzymes.

Inhibitors of cysteine proteases of animal origin have now
been studied in rather great detail, whereas not much is known
with respect to these inhibitors from plants. The presence of
inhibitors of cysteine proteinases has been demonstrated in bar-
ley, wheat, and rye seeds (Fossum, 1970), seeds of legumes (Gold-
stein et al., 1973, Rele et al., 1980), corn (K. Abe et al.,
1980, 1988), rice (M. Abe et al., 1985, 1987a, 1987b, 1988),
pumpkin seeds (Zimacheva et al., 1988) and potato tubers (Rodis
et al., 1984, Zimacheva et. al, 1984, Brzin et al., 1988). The
best studied inhibitor of cysteine proteases was isolated from

pineapple stem (Reddy et al., 1975).

1.8: Obtaining the gene

The first step towards producing transgenic insect-
resistant crops would be to isolate the gene for the inhibitor
from its native organism. When a protein has been known to
effectively affect insects and if it has been isolated and its
sequence known in full or partially, oligonucleotides to a few
consecutive amino acids of the proteins can be constructed. These
can be used to probe a ¢cDNA library or genomic library for the
gene or if the oligonucleotides are complementary to the ends of

the gene, they can be used to isolate the gene from the genome of
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the native organism by polymerase chain reaction (see below).
Once the gene has been isolated and further amplified by cloning
into bacteria, it can be sequenced or expressed in yeast and
studied in more detail before inserting into plants.

1.8.1: Polymerase Chain Reaction (PCR)

The polymerase chain reaction is capable of enriching a
specific DNA sequence by a factor of 106 within just a few hours,
hence greatly facilitating a variety of subsequent analytical
manipulations.

The polymerase chain reaction amplification involves two
oligonucleotide primers that flank the DNA segments to be ampli-
fied and repeated cycles of heat denafuration of the DNA, anneal-
ing of the primers to their complementary sequences, and
extension of the annealed primers with DNA polymerase. These
primers anneal to opposite strands of the target sequence and are
oriented such that DNA synthesis by the polymerase proceeds
across the region between the primers, hence doubling the amount
of that DNA segment. Since the amplified DNA segment is also
capable of binding primers, each successive cycle doubles the
amount of DNA synthesized in the previous cycle.

Previously, the polymerase used was the Klenow fragment of
Escherichia coli DNA Polymerase I. However, a recently discovered
thermostable DNA polymerase (Taq) purified from the thermophilic
bacterium, Thermophilus aquaticus , that can survive extended
incubation at 95°C has simplified the procedure tremendously
(Saiki et al., 1988). Thé process can now be automated as the
polymerase does not have to be replenished after the denaturation

step. The overall performance of the reaction is also improved by
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increased specificity, yield, sensitivity, and length of targets
that can be amplified.

A significant improvement in specificity is obtained when
the temperature of the primer annealing step is raised from 40°C
to 55°C. The optimal temperature for annealing, however, depends
on the template DNA and the oligonucleotide primers. This can be
determined only by trial and error.

The sensitivity of this method is very high. It has been
suggested that a single moleculg in 105 to 106 can be amplified.

Whereas the Klenow polymerase could not sustain the
exponential accumulation of DNA sequences much greater than
250bp, the Taq»pblymerase, in contrast, can readily effect the
synthesis of segments longer than 400bp. With longer primers and
longer extension times, this enzyme can even amplify genomic
target sequences‘longer than 3 kb.

1.9: Aims of project

As cysteine protease inhibitors are potentially useful in
conferring resistance to plants from insects and microorganisms
if expressed, this project atteﬁpts to accomplish the following:
(1) purify a cysteine protease inhibitor from cowpea that its
sequence might be known and hence its gene picked out from a
cowpea cDNA and hence genomic libraryf
(2) find out the gene sequence of another cyéteine protease
inhibitor (bromelain inhibitor from pineapple)} whose protein
sequence has already been elucidated (Reddy et al., 1975).

It is hoped that these genes may some time in the future be
inserted into plants to make them resistant to insects and micro-

organisms utilising cysteine proteases.
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CHAPTER I
MATERIALS AND METHODS
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2: MATERTALS AND METHODS

2.1: Materials

2.1.1: Chemicals and biological reagents

" Reagents, unless otherwise specified, were purchased from
BDH Chemicals Ltd., Poole, England. The following materials were
purchased from the designated sources.
Acrylamide
N,N’-methylene-bis-acrylamide
Ampicillin
Azo-albumin
BAPNA
BSA
Bromelain Inhibitor .
EGTA
Ethidium Bromide
L-Cysteine
Lysozyme
Papain
Papain—-Agarose )
SDS Molecular Weight Markers (Dalton Mark VII-L): Sigma Chemical
Co. Ltd., Poole, Dorset, England
Agarose: Bethesda Research Laboratories, Inc., Cambridge,
England.
Bacto-agar: Difco Laboratories, Detroit, Michigan, USA.
Calf intestinal alkaline phosphatase: Boehringer Corporation
Ltd., London.
DEAE cellulose: Whatman BioSystems Ltd., Kent, England.
DNA amplification reagents: GeneAmp, Perkin Elmer Cetus.
DNA from pineapple, oligonucleotides: a gift from Dr. Vaughn
Hilder
DH5 ot competent cells: Bethesda Research Laboratories Life

Technologies, Inc., Uxbridge, Middlesex, England.

Dialysis tubing: Medicel International Ltd., London.
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IPTG: Northumbria Biologicals Ltd., Northumberland, England.

Nick—-translation kit: Amersham Laboratories, Buckinghamshire,
England.

Nitrocellulose filters (BA85, 0.45mm): Schleicher and Schull,
Anderman and Co. Ltd., Surrey, U.K.

One-Phor-All Buffer Plus: Pharmacia LKB Biotechnology.

Plasmids: Boehringer mannheim GmbH, West Germany.

Restriction enzymes: Northumbria Biologicals Ltd.,
Northumberland, England.

Sephacryl 200, Sephadex G-50: Pharmacia AB, Laboratory Separation
Division, Uppsala, Sweden.

T4 DhA ligases: Boehringer Corporation Ltd., London.

TG2 cells: Amersham Laboratories, Buckinghamshire, England.

Trypticase Peptone: Becton Dickinson, Microbiology systems,
‘Cockeysville, USA.

X-gal: Northumbria Biologicals Ltd.,Northumberland, England.

Yeast extract: Oxoid Ltd., Basingstoke, Hampshire, England

3MM paper: Whatman Ltd., Maidstone, Kent, U.K.
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2.1.2: Buffers

2.1.2.A: Phosphate buffer

A stock of 0.2M Phosphate buffer, pH7.6 was made. This was
done by adding 43.5ml of 0.2M NazHPO4 to 6.5m1 of 0.2M NaH2P04.
To make larger volumes, a similar ratio was used, checking with a
pPH meter. On dilution to lower ionic strengths, it was made sure
that the correct pH was obtained by adding more of NaZHPO4 to
increase alkalinity or by adding more of NaH2P04 to increase

acidity.

2.1.2.B: Tris—HCl buffer

To make 50ml of stock 0.1M Tris-HCl buffer, 50ml of 0.1M
Tris solution was made and to this was added concentrated HC1,
drop by drop with stirring until the correct pH was obtained on

the pH meter.

2,1.2.C: TAE buffer

TAE buffer {(Alec's buffer) 10X
Tris base -------------- 48.5¢

Made up to pH 7.7 with glacial acetic acid and to 1 litre with
distilled water.

Running buffer

TAE buffer 1X

2.1.2.D: TE buffer

pH 7.6 TE buffer

Tris.Cl (pH 7.6) =====--~ 10mM
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EDTA (pH 8.0) ---==-==--- 1mM

2.1.2.E: TBE buffer

TBE buffer stock (5X)

Tris-borate ------------ 54g
Boric acid -=----------= 27.5¢g
EDTA (0.5M, pH8.0) ----- 20ml

Made up to 1 litre with distilled water. Diluted to 1X for

working solution.

2.1.2.F: G-50 buffer

NaCl ===-=—=mmmm—ommmm 2.63g
EDTA ---—--—=——mmmmmom 1.12¢
Tris.Cl —---=mmmmmmmmmmo 1.82¢g
SDS —=-—==-—mmmmmmmmmeeo 0.3g

Made up to 300ml with distilled water and HCl added to pH 7.5.

2.1.3: Solutions

2.1.3.A: Miniprep solutions

Solution 1

EDTA (0.2M) -======e--m- 5ml

Tris (1.0M, pH 8.0) ---- 2.5ml

D-glucose =-—-—=———==-=---- 0.9g

Made up to 100ml with distilled water. Made up fresh before use.
Solution 2 (NaOH - SDS)

NaOH (1M) --=w-me—m————— 2ml

SDS (20%) ---=-=====--=--- 0.5ml

Made up to 10ml with distilled water. The final solution was not

put on ice. This was to prevent the SDS from precipitating out.
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The solution was made fresh.
Solution 3 ( K(3M)Ac(5M) )

KAc (5M) ----===c-cemmm 6ml
Glacial acetic acid ---- 1.15ml

Made up to 10ml with distilled water.

2.1.3.B: S.0.C.

Trypticase peptone ----- 2.0g
Yeast extract ---------- 0.5¢g
NaCl (1M) -------- ——— iml
KC1 (1M) ------- —————— 0.25ml
MgCly, MgS0,(2M) -=----- 1ml
Glucose (2M) =-=-===--—--- 1ml

Made up to 100ml with distilled water. Stored in aliquots at 4°c.

2.1.3.C: Agarose beads (Agarose gel dye)

The gel dye for the agarose gels was made with the

following:

Glycerol ----cwecmeceaea—-- 3.125ml
Tris (50mM, pH 7.7) ---- 2ml
EDTA (0.2M, pH 8) ------ 0.5ml
Distilled water -------- 4.375ml
Agarose —-—--—-=————=——--- 20mg
Bromophenol blue =-==-=--- 10mg
Xylene cyanol -----—----- 10mg

The above mixture was auatoclaved and cooled, then squeezed

through a syringe with a fine needle attached.

28




2.1.3.D: RNase

To prepare a stock RNase solution that was free of DNase,
prancreatic RNase was dissolved at a concentration of 10mg/ml in
distilled water. This was heated to 100°C for 15min, allowed to
cool slowly at roomvtemperature, dispensed into aliquots, and

stored at -20°C.

2.1.3.E: Polvacrylamide gel solutions

Main gel stock (mini gel)

Acrylamide -----=-=--=----- 30g
bis-acrylamide --------- 1g

Made up to 100mls with distilled water.
Stacking gel stock

Acrylamide --~=--------- 30g
bis-acrylamide ---===--- 0.344¢g

Made up to 100ml with distilled water.

SDS Sample Buffer (2X)

Tris —---===--=--------- 4.844¢
SDS -----------—-m-e-—e- 4g
Sucrose --------=------- 20g

Made up to 100ml with distilled water and adjusted to pH 6.8.

Tris/SDS/Glycine Running Buffer Stock (10X)

Glycine --------======-- 141¢g
Tris ----=--==-------=--- 30g
SDS ---------=------——-- 10g

This was made up to 1 litre with distilled water. Diluted to 1X

for working buffer.
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Kenacid Blue R Stain
Kenacid R -==-==-=-=w-===-- lg
Methanol --------------- 11
Glacial acetic acid ---- 0.141
Made up to 2 litres with distilled water.
12.5% Main Gel
The main gels used were 12.5% gels. This was made by adding

the following (for 2 mini gels):

Main gel stock ------=-- 4.4m1
Tris (1M, pH 8.8) ------ 4.5ml
Distilled water ~-------- 1.96ml

This mixture was degased in a Buchner flask connected to a vacuum
generated by water pressure. Then the following was added:
Ammonium persulphate --- 0.3ml

(a freshly made

solution of 15mg/ml)

10% SDS --=-------=-—-—--- 0.12ml

TEMED ----=---=~-==—>--- 0.004ml

The TEMED was added just before the gel was poured as TEMED
starts polymerization.

Stacking Layer Gel

The following was mixed in a separate buchner flask:

Stacking gel stock ----- 1.0ml
Tris (1M, pH 6.8) ------ 1.25ml
Distilled water -------- 7.32ml

The mixture was degased then the following added:

Ammonium sulphate ------ 0.33g
(Freshly made

at 15mg/ml) )
10% SDS ——---=m==mmmm-mn 0.1ml



2.1.3.F: 10% SDS

10g of SDS was dissolved in 90ml of distilled water. This
was heated to 68°C to assist dissolution. The pH was adjusted to
7.2 by adding a few drops of concentrated HCl. The volume was

adjusted to 100ml. This was then autoclaved.

2.1.3.G: 20X SSC

NaCl -~-===———mo - 17.5¢g
Sodium ;itrate -==--~-=-= 8,8g
Distilled water -=------- 80ml

The pH was adjusted to 7.0 with NaOH and the volume adjusted to

100ml. This was then autoclaved.

2.1.3.H: PEG/NaCl

Polyethylene glycol 6000 --- 20g

Made up to 100ml with distilled water and sterilized by auto-

claving.

2.1.3.I: Chloroform

Chloroform ----- ———————— - 96ml
Isoamyl alcohol ---=-=-------- 4ml

The above is mixed and stored at room temperature in a closed

bottle.

2.1.3.J: Southern filter hybridization solutions

Denhardt’s solution (50X)

Ficoll -—=-=--memmmmeeeec 1g
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Made up to 100ml with distilled water and stored at
-20°c.

Prehybridization solution

50X Denhardt’s solution --=-----=--- 10ml
Denatured DNA (Boiled for 10min) -- 10mg
20X SSC ————cmmmm e - 15ml
10% SDS ==------=—m—mmmmm———mmmmmoee 1ml

Made up to 100ml with distilled water. Freshly prepared before
use.

Hybridization solution

50X Denhardt’s solution -------==-- 10ml

Denatured DNA (Boiled for 10min) -- 10mg

Denatured 32P—labeled probe

DNA (Boiled for 10min) --------—----- 0.5-1pug

20X SSC ——m e 15ml
10% SDS ——=—cmm e - 1ml

Made up to 100ml with distilled water.

2.1.4: Bacteriological Media

2.1.4.A: YT-amp-Xgal agar

YT agar (1X)

Distilled water -------- 1 000ml
Trypticase peptone -~--- 8g
Yeast extract ------~--~- 5g
NaCl -------—--rmcmm e 5¢g
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Bacto agar --~~----------- 15g

The above was put in a flask or Schott bottle and autoclaved at
lkg/cm2 and at 120°C for 15 minutes. After cooling till hand-hot
(approximately 70°C), ampicillin and Xgal were added to concen-
trations of 0.1lmg/ml and 0.04mg/ml respectively. Plates were
immediately pouréd.

Ampicillin stock solution

Ampicillin --===c—------ 0.2g

70% ethanol ------------ 20ml

This was stored at -20°C. 10ml of this was added per litre of YT
agar,

X-gal stock solution

Dimethylformamide ------ 10ml

This was stored at -20°C. 2ml of this was added per litre of YT

agar.

2.1.4.B: YT-amp media

YT media was made in a similar as above except that no
bacto agar was added. 10ml aliquots were put into universal
bottles and autoclaved with their caps loose. Once hand-hot,
0.1ml of ampicillin stock was added to each bottle and their caps

tightened. These were stored at 4°C till required.

2.1.4.C: 2X YT media

Double the amount of materials as 1X YT media was used. No

ampicillin was added.
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2.1.4.D: Glucose/minimal medium plates

MgSOy -=====-—-=------------o--—e 4.92g
Thiamine HCl --------=------wcwe-- 6.74¢g
CaCly ==-==—=====F-=-c---———-------- 0.29g
Glucose -----------------------o- 4g

The above reagents were each dissolved in 20ml of distilled water
and autoclaved and cooled before mixing aseptically with 20ml of
an autoclaved mixture of M9 salts and 3g of agar, using the

following volumes:

MgSOy (1M) ===-=---==---———eomo o 1ml
Thiamine HCl (1IM) ---==----reweu- 1ml
CaCly (0.1M) ---==-------omommoeo 1ml
Glucose (20%) ~----—---—cemuea- 10ml

M9 salts were made as follows:

NagHPO, —--====--m-mm=mmmmmmmn 6g
KH2P04 ————————————————————————— Sg
NH4C]. ———————————————————————— 1g
P o 0.5¢

Made up to 1 litre with distilled water and stored at 4°c.

2.1.4.E: H Plates

Trypticase peptone -------- 5g
NaCl ==m-m=mmmmmmmmmmm oo 4g
Bacto agar ---------------- 7.5¢

Made up to 500ml with distilled water and sterilized by auto-

claving. Plates poured when hand-hot.

2.1.4.F: H Top Agar

Trypticase peptone -------- 2.5¢



Bacto agar ----===--------- 2¢g
Made up to 250ml with distilled water and aliquoted into 50ml
lots in glass bottles. Sterilized by autoclaving and kept at 4°cC.

When ready to use, the agar was melted in a microwave oven.

2.1.4.G: Fresh cells/X-gal/IPTG mix

IPTG (100mM) -------=----o---mmm 40ul
X-gal (2% in dimethylformamide) --- 40ul
Log phase E. coli cells ------ 200u1

The X-gal and IPTG solutions was freshly prepared. Log phase E.
coli cells were prepared by innoculating 20ml of 2X YT media with

one drop of fresh overnight culture of TGZ2 cells. This was shaken

at 37°C for approximately 4h.
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2.2: METHODS

2.2.1: Protein Purification Methods

2.2.1.A: Extraction

One kilogram of cowpea seeds was ground in a blender and
suspended in 2.51 of 100mM Tris-HCl buffer, pH 7.5. This was left

overnight at 4°C with stirring from a metal propeller.

2.2.1.B: Centrifugation

This was done at approximately 20,000g, the centrifugal

field being calculated from the formula:

Centrifugal field (g) = 1 118 x 10°8 x R x N2

where R is the radius of the head and N is the number of rev-

olutions per minute. These were done in volumes of 250ml or 50ml.

2.2.1.C: Ammonium_ Sulphate Precipitation

This was done by adding the appropriate amount of ammonium
sulphate slowly with stirring from a magnetic stirrer. The amount
of ammonium sulphate required to reach the desired saturation was

read off the table (Appendix 1, Al.1, Dawson et al., 1986).

2.2.1.D: Dialysis

For dialysis of protein, 1 m lengths of large dialysis
tubing was cut and rinsed thoroughly, inside and out with dis-
tilled water. These were then boiled in distilled water for 10

mins., cooled and used immediately or stored in distilled water
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at 4°C. The tubing was always handled with gloves. The dialysis
was done by firstly filling the tubes with the material to be
dialysed, leaving an inch or two of empty space at one end to
ease osmotic pressure. Three knots were tied at each end to en-
sure no leakage of material. These filled dialysis tubes were
then immersed in more than 5X their volume of buffer (41 buckets
were ideal for this) and continuous stirring was achieved with a
magnetic stirrer. Frequent changes of the buffer was required and
around 2 days at 4°C was quite sufficient to get the ionic con-
centration of the material being dialysed down to the ionic con-

centration of the surrounding buffer or to get rid of ammonium

sulphatefgghfy

2.2.1.E: Ton Exchange Column

Resin preparation

Pre-swollen DEAE cellulose was used. Approximately 30g of
DEAE cellulose was weighed out and stirred with 180ml of 0.2M
| Phosphate buffer, pH 7.5 (Phosphate buffer at pH 7.5 is used
throughout). This was left overnight and the "fines", bits of
sloughed off cellulose which floats to the top of the beaker,
removed with a 10ml pipette. The wet settled volume of the resin
was measured in a measuring cylinder, allowing sufficient time

for it to settle using the formula:

t = nh
where "t" is time in minutes, h is the total height of slurry in
the measuring cylinder (cm) and n is a factor between 1.3 and
2.4. The supernatant was removed with any remaining fines to

leave a final volume consisting of the "wet settled volume" plus
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20% buffer.
Column Packing

A 20cm~-long column of diameter 1.5cm was packed. This was
done in an area free of draughts, direct sunlight and heaters and
done as quickly as possible to prevent convection currents in the
slurry. The tap of the column was first closed and the stirred
slurry quickly poured in. The tap was then opened to allow a drip
and the slurry topped up as soon as the buffer at the top of the
column was clear. This was repeated until the resin settled up to
a height of 20cm. lcm of clear buffer was left at the top to
prevent the column from drying.

Equilibration

The column was connected to a pump at the bottom. The top
was fitted with a tight cap connected to a plastic tubing that
was immersed at the other end in the bﬁffer to be passed through
the column. The level of the buffer haa to be higher from the
ground than the top of the column to ensure that the column never
ran dry. The buffer was pulled into the air-tight column at a
rate of 0.5ml per minute.

A buffer of a slightly higher ionic strength was first
passed through the column to ensure that the pH of the buffer
coming out of the column was the same as the pH of the buffer
going in (pH 7.5). After that, around three times the volume of
the column of buffer of the similar ionic strength and pH as the
buffer the protein was suspended in was poured through.

Loading and washing

After equilibrating, the protein sample was loaded and the
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pump connected to a uv-spectrophotometer and a fraction collector
respectively. Fractions of 2ml were collected. The uv-spectro-
photometer was connected to. a chart-recorder so that the peaks
showing on the chart could be correlated to the tubes in the
fraction collector.

| When all of the sample had been loaded, the column was
washed with a buffer similar to the equilibrating buffer and
similar to the buffer the protein was suspended in.
Eluting

Gradient elution was done with a small glass bridge, with

each of its 8cm-long arms immersed in buffers of differing ionic
concentration in 250ml beakers. One of the beakers had an ionic
strength of 0.5mM and another had 20mM buffer. The plastic tubing
leading to the column was put at the bottom of the beaker with
lower ionic strength and liquid sucked up through the glass
bridge with a syringe to connect the two different buffers.
Stirring in the 0.5mM buffer was échieved with a small magnetic
stirrer to ensure uniform increase of ionic concentration
throughout the buffer in the beaker. Elution was started when the

peak from the chart recorder leveled out.

2.2.1.F: Gel Filtration

A 10ml disposable pipette was used for the column (lengtﬁ
20cm, diameter 0.8cm). Sephacryl 200 was used as the resin. A

plug of steel wool was used to plug up the opening to prevent

e

resin from coming out. Resin preparation and column packing was
done as above. The column was equilibrated with 20ml of 0.1M

NH4HCO3'manually. The samplg was loaded manually when the level
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of buffer had just reached the resin. 0.5ml fractions were col-
lected manually in 1.5ml Eppendorf tubes. The pump could not be
used because such small fractions were being collected. 0.1M
NH4HCO3 was used to elute the sample once it had been loaded. The
fractions were examined one at a time on a spectrophotometer at

280nm wavelength for the presence of protein.

2.2.1.G: Papain Affinity Column

1ml of papain-agarose resin was put into a 2ml syringe
(length 1.5cm, diameter 0.9cm) with a piece of filter paper at
the bottom to prevent the resin from coming out. The column was
rigged up to the pump for equilibrating using 50mM Phosphate
buffer, pH 7.5 containing 25mM EDTA and 30mM 2-mercaptoethanol to
activate the papain. A flow rate of 0.18ml/min was used. The
column was made air-tight with parafilm wrapped tightly round the
top and the plastic tubing. Sample similar to that loaded onto
the ion exchange column was loaded onto this column. However, it
was brought up to 50mM first by adding the appropriate volume of
0.2M Phosphate bufferoggg‘EDTA and Z2-mercaptoethanol were added
to 25mM and 30mM respectively to maintain papain in the active
state. After loading, the column was first washed with the equi-
librating buffer followed by another 50mM Phosphate buffer con-
taining only 5mM EDTA to wash away the mercaptoethancl. Elution
was carried out using a 1.7 pH buffer consisting of 0.3M NaCl and

0.01M HC1.

2.2.1.H: BAPNA assays

These were done using the reagents as follows:

Papain (0.1mg/ml) --==----- e T e T 0.200ml




EDTA/L-Cysteine (37.25mg,30.25mg/ml respectively)------~-- 0.080ml.

BAPNA (0.87mg/ml) =========——mm oo m o momm e oo 1.000ml
Inhibitor fractions =-=-==-----c--cccmmcm e - various amts.
Others (eg. eluting buffer in inhibitor fractions) -- as required.
Phosphate buffer (O.lﬁ) ------- Py to top up to 4ml.

These were made fresh on the day required. Controls were done
without papain, without inhibitor and without papain or inhi-
bitor. The reaction mixtures were pre-incubated at 28°C for 10
minutes before BAPNA was added. At half-hourly intervals, absorb-
ance at 410nm wavelength was taken. A total of 2 to 21/2 hours of

incubaﬁion at 28° was done each time.

2.2.1.T: TCA precipitation

This was done to the protein fractions so that the protein
would become concentrated enough to be detected by polyacrylamide
gel electrophoresis. To the sample was added twice its volume of
60% TCA. This was stood on ice for lh. The samples were then
centrifuged at 4°C and the precipitates washed three times with
80% ethanol. The samples were then dried on a vacuum line and
redissolved in 2X SDS sample buffer to a concentration of 1 -
10pug/ul depending on how pure the protein was expected to bé. The
total amount of protein present was estimated from spectro-
photometer readings at 280nm, assuming lug of protein per 0.1
unit absorbance. This mixture was boiled for 10 minutes before
loading onto a polyacrylamide gel.

2.2.1.J: Polyacrylamidé gel electrophoresis

_Mini-gels

Two glass plates were held together with bulldog clips. This
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is to allow minimal contact of the gel with the air which might
preévent setting. A piece of rubber tubing was inserted between
the glass plates and round three sides to hold in the gel. The
main gel was pipetted in and a layer of water put on top to level
the gel out and to prevent contact of the gel with the air. After
the main gel had set, the water was poured away and the stacking
layer added as well as the well-former containing slots to form
wells. When this had set, the well-former and rubber tubing were
removed and the whole apparatus clamped to the reservoir using
two bulldog clips for the sides. Running buffer was poured into
the upper and lower reservoirs, checking for leaks, and air bub-
bles directly beneath the gel displaced with a syringe with a
bent needle. 10 - 15ul of protein samples were then loaded. Be-
fore loading, the protein samples were dissolved in 2X SDS sample
buffer to a concentration of 1 to 10ug/ul. This was boiled for 10
minutes, then 0.5ul of bromophenol blue added. After loading, a
drop of mercapt§ethanol was put into each well. A marker was run
beside the samples hence the molecular weights of the proteins
could be calculated from a graph of distance migfated vs leog mol.
wt. After the gel had been run at 90V for around 2h and the dye
front was near the edge of the gel, the gel was removed and the
stacking layer cut off with a razor. The bottom edge of the gel
containing sample 1 was cut at the corner for identification. The
gel was then soaked in kenacid blue stain overnight or longer,
then transferred to destain and finally to presocak before taking
photographs and drying between acetate sheets in a gel drier

conected to a vacuum pump.
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2.2.2: DNA Manipulation Methods

2.2.2,A: Polymerase Chain reaction

These was done at the different

42°c, 46°c, 48°C and 50°C. The reaction mixtures consisted of the

following:

C-terminal oligonucleotide (2ug/ul)--

N-terminal oligonucleotide (2ug/ul)--

Pineapple DNA (0.4ug/ul)
dNTPs mix (1.25mM each dNTP)

Reaction buffer

lul of Tagq DNA polymerase

annealing temperatures of

(final concentration was 5

units/assay) was added after the samples were heated to 95°C.

This was to make sure that all proteases that might have been

present in the DNA sample were first
100ul paraffin oil was then added to
The mixtures were put in 1.5 ml

coated on the outside with petroleum

inactivated. A layer of
prevent condensation.
Eppendorf tubes which were

jelly and put in an intel-

ligent heating block which was programmed as such:

Step 1: 95°C —---------ooooo Zmin
(1X) x0C-----mmmmm e 2min

720C cmmmmm e lmin
Step 2: 92°C -----------m-m- Imin
(28X) x0C —--—mm e Zhin

7200 mmmmmmme e lmin
Step 3: 92°C ----=------o--- Imin
(1X) x°C —-mmmmme - 2min




Step 2 was programmed to be repeated 28 times. x refers to
the temperature at which annealing was done which was the same
for all steps in a single experiment. The longer final extension
step was to ensure complete polymerization as the polymerase
might have become limiting as the amount of DNA increased. All

the steps could be accomplished within 5h.

2.2.2.B: Agarose Gel Electrophoresis

2% to 2.5% gels were used. 2% gels were to separate DNA
molecules within the range 3 - 0.1 kb and 2.5% gels were to
separate DNA molecules smaller than 0.1kb.

The apparatus to hold the gel was prepared by using vacuum
grease to stick the gel mould to a glass slab. The well former
was then balanced on one end such that it was approximately 1lmm
above the glass slab. The gel was prepared by dissolving the
vappropriate amount of agar (4g for 2% gels, 5g for 2.5% gels) in
a solution of 200ml 1X TAE. This was done by boiling them to-
gether with frequent shaking to prevent the agar from burning.
Once the agar had dissolved, the solution was allowed to cool and
when hand—hot-(approximately 70°C), 12ul of 10mg/ml EtBr was
added. After swirling, this mixture was poured into the apparatus
formed above. After hardening, the mould and well-former were
removed with the help of a razor and the glass slab with the gel
placed in the gel electrophoresis tank. This was then flooded
with 1X TAE buffer to 1lmm above the gel surface and the samples
loaded with 1/5th their volume of gel dye. The gel was run at 25V

overnight or at 80V during fhe day (approximately 5h)
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Photographs of the gel were taken with a polaroid camera

using uv light (Polaroid 667, ISO 3000 film).

2.2.2.C: Enzymatic restriction of DNA

Restrictions were done by adding 2ul of enzyme (5u/ul) and
2ul of the appropriate restriction buffer (10X) to the DNA sam-
ple. This was then made up to 20ul with distilled water and
incubated for over 3 h at 37°C. For miniprep DNA samples, 2ul of

img/ml RNase was added to remove any tRNA present.

2.2.2.D: Electroelution (Maniatis et al., 1982)

Preparation of bands

An agarose gel was run as normal énd the desired bands cut
out with a razor under uv light. Exposure to uv light was minim-
ised to prevent denaturation of DNA.
Preparation of Dialysis tubing

Small dialysis tubing of width lcm when flat was used. This
was cut into 10cm lengths and boiled for 10 minutes in a large
volume of 2% sodium bicarbonate and 1mM EDTA. The tubings were
then rinsed thorougly in distilled water. They were then boiled
for a further 10 minutes in 0.001M EDTA. After cooling, they were
stored at 4°C submersed in 70% ethanol. Before use, the tubing
was rinsed inside and out with distilled water. Gloves were used
to handle the tubing.
Electroelution

A dialysis tubing was clipped in the middle and the gel slab
inserted into one end with forceps. This section was then filled

with sufficient TBE buffer to cover the gel slab. The tubing was
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then clipped without leaving any space between the buffer and the
clip. The same thing was done for the opposite compartment. This
tubing was then immersed in some TBE in a minigel electrophoresis
tank. 100V was passed for 30min. The polarity of the current was
then reversed for 2min to release the DNA from the wall of the
dialysis bag. The dialysis bag was then carefully opened and the
buffer containing the eluted DNA recovered. The gel slab was
examined under uv light to make sure that all the DNA had eluted.
If not, a further few minutes of electroelution was required. The
bag was washed out with a small amount of TBE buffer at the end

to make sure no DNA was lost. The DNA was then purified.

2.2.2,E: Purification of DNA

To the DNA solution was added an approximately equal volume
of phenol. This was vortexed till an emulsion formed, then spun
for 2min in a microcentrifuge. The supernatant was transferred to
another tube and an equal volume of chloroform added. This was
vortexed and spun as above. To.the supernatant was added twice
its amount of 100% ethanol and 1/10th its volume of 3M NaAc to
enable precipitation. This was left precipitating at -20°C over-
night or at -80°C for one hour. The mixture was then centrifuged
for 20min and as much of the liquid as possible removed with a
pasteur pipette, taking care not tp remove the DNA pellet. 200ul
of 70% ethanol was added with vortexing and centrifuging to re-
move any remaining solutes., This was carefully removed and the
pellet vacuum dried in-a dessicator. The pure DNA was then resus-
pended in distilled water or TE buffer. When smaller volumes of

DNA had to be purified, TE buffer was added before the addition

46



of phenol to give a larger volume so that losses through the

separation of the aqueous and organic phases were minimized.

2.2.2.F: Ligation of DNA to Vector

Vector Preparation

The vectors used were pUC18 and M13mpl9. These were first
restricted at certain single restriction sites to form linear
lengths of DNA (see section 2.2.2.C). Then, 1ul of Calf
intestinal phosphatase (CIP) was added and incubation continued
at 37°C for 10 min. This was to remove the phosphate groups at
the open ends of the restricted DNA to prevent self-ligation. 2ul
of 500mM EGTA was then added to remove all traces of CIP. This
mixture was incubated at 65°C for 1h. The plasmid DNA was then
purified.
DNA preparation

The DNA to be inserted was restricted with the appropriate
enzyme using the method in section 2.2.2.C. High specific act-
ivity (HSA) Hind III restriction enzyme (40u/ul) was used for the
PCR amplified DNA. As the oligonucleotides used in the PCR had
attached Hind III cleavage sites at theif ends, this restriction
served only to restrict the ends of the DNA, hence leaving the
amplified gene intact.
Ligation reaction

The following reaction mixture was set up:

Vector (0.1ug/ul) -—-=---—--cc-—- 1ul

DNA sample (> O0.1lug/ul) ---=----=-e=-= 1ul

1/10 ATP ==mmemmm e e 1ul ? (7
10X Ligatioﬁ buffer ------ R e T 1ul l
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Ligase (0.25u/ul) ==—=—=---—=—==-co--uo-- 1ul

The above was made up to 10ul with distilled water. This was then
incubated at 12°C for more than 4 h. Two kinds of controls were
also set up, one without the DNA sample to ensure that the phos-
phate groups had been removed in the vector, and another without

the DNA sample or ligase.

2.2.2.G: Transformation with pUC 18

Commercially available DH5« competent cells of library effi-
ciency were used. These were claimed to give more than 1 X 108
transformants/ug supercoiled pUC19. 20ul of these were put into
Eppendorf tubes. All of the ligation mixture was then added and
the mixture shaken gently. This was then put on ice for 30 mins.
When the 30 minutes was up, the mixture was heat-shocked for 40 s
in a 42°C water bath, care being taken not to shake the tubes.
They were then placed on ice for a few minutes to stabilize be-
fore 80ul of S.0.C. was added. These were shaken at 225 rpm for 1
hour at 37°C to ensure that the ampicillin resistance genes were

expressed before plating out on YT-X-gal-amp plates.

2.2,2.H: Streaking

This was carried out whenever it was required to get indi-
vidual colonies or colonies from a single parent on a plate,
Sterile toothpicks or a metal loop were used. The metal loop was
flamed then cooled and the bacteria to be plated out picked up. A
zig-zag pattern was drawn on one edge of the plate and the loop
flamed again. After cooling, the loop was passed across one or

two of the previous lines and a zig-zag pattern drawn on a fresh
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edge of the plate. This was repeated one or two more times. In
the case of sterile tooth-picks, these were changed after each
line was drawn. They were tﬁen soaked in ethanol before discard-
ing. The plates were grown overnight at 37°C in an inverted posi-

tion.

2.2.2.1: Plasmid Isolation (Miniprep)

Bacteria propagation

To 10ml of autoclaved YT medium in Universal bottles was
added 100m1 of 10mg/ml ampicillin. Bacteria was added either from
its colony on a plate or from a previous miniprep (10ul is
sufficient). This was grown overnight at 37°C.
Plasmid purification

The bacteria were pelleted down in a high speed centrifuge
(30 000g for 10 min). The broth was poured off and the tubes
inverted for a few minutes on absorbant paper to dry the pellets.
200ul of 4mg/ml lysozyme in miniprep solution 1 was added, the
mixture was then vortexed and stood on ice for 30 minutes. Then
400ul of miniprep solution 2 was added. This was not vortexed but
gently shaken. This solution is meant to denature the proteins in
solution. After incubation for 5 minutes on ice, 300ul of solu-
tion 3 was added. This was incubated for 30 minutes on ice. This
solution got rid of any chromosomal DNA. The final solution was
spun for 30min at 4°C. The supernatant containing the plasmid
DNA was removed and the DNA purified and concentrated as before
(section 2.2.2.E), but excluding the addition of 3M NaAc as the

KAc present (solution 3) was sufficient to precipitate the DNA.
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2.2.2.J: Preparation of competent TG2 FE. coli cells

The E. coli host strain TG2 is used as it is strongly recom-
mended for transformation with M13. The method used to make com-
petent cells was a quick and easy method which produced competent
cells wih only a limited storage life (24h).

A single colony of TG2 was first picked from a glucose/
minimal medium plate. This was grown overnight in 10ml of 2X YT
medium at 37°C with shaking. 40ml of 2X YT media in a 250ml flask
was inJffoculated with 2ml of this overnight culture and shaken at
37°C for 2 hours to OD550~0,3. Tﬁe cells were then spun down
(3,000g for 5 min). These were then resuspended in 20 ml of ste-
rilized 50mM CaClz, pre-chilled on ice. After leaving on ice for
20 minutes, the cells were again spun down (3 000g for 2min).
They were theﬁ resuspended in 4ml of cold 50mM CaClz. As trans-
formation efficiency increases after standing on ice for a few

hours, the cells were left to stand for 3 hours.

2.2.2.K: Transformation with M13mpl9

300ul of competent cells were aliquoted into chilled 156ml
tubes. Approximately lng of DNA was added (4ul of the ligation
mixture in section 2.2.2.F gave good results), stirring the
cells whilst pipetting. The tubes were rolled gently for a few
minutes on ice then left to stand for 40 minutes (on ice). The
cells were heat-shocked at 42°C for 45 seconds, care being taken
not to shake the tubes. They were then placed on ice for 5 min
before plating out. To each tube was added 270ul of fresh cells/
X-gal/ IPTG mix. Then 3ml of molten H top agar was added (kept at

45°C). This mixture was mixed by rolling and immediately poured
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onto a prewarmed (37°C) H plate each. When set, the plates were
inverted and incubated at 37°C overnight. Clear plagques the next
day indicated tfansformation. These plaques could not be stored
as such so phage stocks were made. Single-stranded template DNA

was also directly prepared.

2.2.2.L: Preparation of 1ml phage stock

A single TG2 colony was picked from a glucose/minimalAmedium
plate and grown overnight in 10ml of 2X YT medium with shaking.
One drop of this was added to 20ml of fresh medium, and shaken at
37°C for 3 hours. 100ul -of this and a whole recombinant plaque
{using a sterile pasteur pipette for picking up) were added to
1ml of 2X YT media in a sterile 10ml culture tube. This was incu-
bated for 4 hours with shaking at 37°C. This was then transferred
to a Eppendorf tube and stored at 4°C, or long term at -20°C.
50ul of this could be used in place of the recombinant plaque in

section 2.2.2.M to produce plasmid DNA.

2.2.2.M: Double~stranded and single stranded template DNA

preparation from phage

‘5ml of 2X YT media in a sterile culture tube was inocu;ated
with 50ul of a fresh overnight culture of TG2 cells and a whole
recombinant plaque. This was incubated with shaking at 37°C for 5
hours. The cells were spun down (30 000g for 10min) and the su-
pernatant put into five 1.5ml Eppendorf tubes. These could be
used to prepare singlefstranded DNA immediately or kept at 4°c
for a few days. One of the 5 tubes was kept at -20°C as a stock
in case more DNA had to be prepared. The precipitate after cen-

trifugation was used for purification of double-stranded DNA by
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the miniprep method mentioned in section 2.2.2.I., cutting the
volumes by half.

To prepare single-stranded DNA from the 4 tubes, 200ul of
_PEG/NaCl was added to each tube, shaken, and left to stand at
room temperature for 15 minutes. This was then centrifuged for 5
minutes and the supernatant discarded. After a further 2 minutes
.of centrifugation, all traces of PEG was carefully removed with a
drawn out Pasteur pipette. 100ul of TE buffer was added to each
tube and vortexed for 30s to resuspend the pellet. DNA purifica-
tion was then carried out as mentioned in section 2.2.2.E. The
dry DNA pellets obtained were resuspended in TE buffer in a total
volume of 100ul (by transfer from tube to tube). This was centri-
fuged for five minutes and the supernatant transferred to a clean
tube. This was to remove any protein precipitate which would
affect the optical density reading. The amount of single-stranded
DNA present &as then estimated asimentioned below. The yield
from a 4ml culture should be around 16-40ug. The estimated sample
was ethanol precipitated and resuspended in TE buffer to give
lug/ul for subsequent sequencing with the autométic DNA seq-

uencer. At least 4ug was needed.

2.2.2.N: Estimation of concentration of DNA

(Maniatis et al., 1982)

lul of the sample to be estimated was added to 1ml of TE
buffer in a quartz cuvette and the OD at 260nm taken. 1 OD of
single stranded DNA was equivalent to 40ug/ml. The same reading
was equivalent to SOpg/ml of double-stranded DNA and to 20ug/ml

of oligonucleotides. The ratio OD260/OD280 showed how pure the
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DNA was. The ratio should be 1.8 for pure samples and less for
impure samples. In such cases, accurate quantitation was not

possible.

2.2.2.0: Southern Blot (Maniatis et al., 1982

This method is useful for locating DNA of a specific seq-
uence on an agarose gel. DNA fragments that have been separated
according to size by electrophoresis are transferred to a nitro-
cellulose filter, and immobilized. The relative positions of the
DNA fragments in the gel are preserved during their transfer to
the filter. The DNA attached to the filter is then hybridized to
32P-labeled DNA, and autoradiography used to locate the position
of any bands complementary to the radioactive probe.

After electrophoresis had been completed, the gel was trans-
ferred to a glass baking dish. First, two pieces of Whatman 3MM
paper were placed on top of a piece of glass such that they over-
" lapped each other. These were then placed inside a large baking
dish and elevated by rubber stoppers. The dish was filled with
10X SSC such that the ends of the paper were in constant contact
with it. On top of this, a few more sheets of paper were placed
(dampened with 10X SSC), then the agarose gel, with its front
side facing downwards. A piece of nitrocellulose filter (pre-
soaked in 2X SSC for a few minutes) was then placed in contact
with the gel. A few more sheets of paper (dampened with 2X SSC)
were placed on top of this followed by absorbant material such as
the filling of babies’ napkins. A glass slab and weights were
placed on top of this to ensure good contact between the diff-

erent layers. The objective was to set up a flow of liquid from
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the reservoir through the gel and the nitrocellulose paper, so
that the DNA fragments would be eluted from the gel and deposited
onto the nitrocellulose papér. The gel was surrounded with a
water~tight layer of Saran Wrap to prevent short circuiting of
fluid between the absorbant material above the gel and the 3MM
paper beneath it. After 2 days, the nitrocellulose filter was
marked for the wells on the gel and placed in between dry 3MM

paper. It was then dried for 2 hours under vacuum at 80°C.

2.2.2.P: Nick Translation

The DNA labelling kit from Amersham was used to prepare
radioactive probes. To 0.5-1ug of the DNA to be labelled was
added 10 ul of deoxynucleotide triphosphate mix (contains buffer,
dNTPs). Then 5ul of enzyme solution (contains DNA polymerase) was
added, as well as 5ul of 50uCi [32P] dCTP, The reaction mixture
was incubated for 3-4h at 15°C. After phenol extraction, the

- sample was poured through a Sephadex G-50 gel filtration column.

2.2.2.Q: Sephadex G-50 gel filtration column

Sephadex G-50 was swollen in G-50 buffer for 1 hour at 65°C.
The resin was then stood to cool at room temperature and the
column packed in a 5ml disposable pipette (length 15cm, diameter
0.7cm). The nick translated reaction mixture was then poured
through followed by more G-50 buffer. Fractions of 5 drops were
collected and tested for radiocactivity using a Geiger counter.
The samples were placed at a fixed distance from the counter in
turn and the reading(recorded. The first peak of high radio-

activity represented the labeled pUC18 whereas the second peak
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represented the free [32P] dCTP. On measuring the first peak on a
liquid scintillation counter, putting 5ul of the pooled fractions
in 1ml of water; a reading of 7.5x106 Cerenkov cpm/ug was ob-
tained (Cerenkov radiation is emitted when a charged particle
(beta particle, in this case), travels with a velocity greater
than that of light in a given medium (Rengan, 1986) ). This in-
dicated successful labeling. The pooled fractions were then used

for the hybridisation reaction with the nitrocellulose filter.

2.2.2.R: Hybridisation of nitrocellulose filter
Prehybridization

The baked filter was first immersed in 6X SSC for 2 minutes.
The wet filter was then slipped into a heat-sealable plastic bag.
0.2ml of prehybridization fluid warmed to 65°C was then added per

cm2 of filter. As much air as possible was squeezed from the bag

and the open end sealed with the heat sealer. The bag was incu-
bated for 4 or more hours in a plastic container weighed to the
bottom of a 65°C water bath.
Hybridization

The bag was opened after prehybridization by cutting off one
corner. As much prehybridization solution was squeezed out as
possible. The hybridization fluid was then added to the bag
(50,ul/cm2 of filter). As much air as possible was squeezed out of
the bag and the cut edge sealed. The bag was incubated as before
overnight.
Washing

The bag was cut along the length of three sides and imme-

diately submerged in a tray containing a solution of 0.1X SSC
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and 0.1% SDS. After five minutes at room temperature, the solu-
tion was changed for a fresh one. This was repeated again after
five minutes. The filter was then transferred to a plastic béx
containing fresh solution and incubated at 65°C for one and a
half hours, changing the solution after each half-hour interval.
After the final half-hour, 0.1% SSC solution was added instead.
This was to remove the SDS. After 5 minutes at room temperature,

the filter was placed on a sheet of Whatman 3MM paper and dried

at room temperature.

2.2.2.8: Autoradiography

The dried nitrocellulose filter mentioned above was taped to
; piece of Whatman 3MM paper, leaving a small border around for
marking with radioactive ink. After marking with the ink (a few
randomly placed dots ), it was put into a plastic bag sealed
round three edges. It was not totally sealed as air bubbles
trapped could alter the image on the film. This was then placed

in an X-ray film holder.

The X-ray film (Fuji film) was first activated by flashing
it for a short while. This was then placed on top of the nitro-
cellulose filter in the X-ray film holder and closed securely.
This was done in a dark room with only a red safety light on. The

holder was then left at -80°C overnight or longer.

2.2.2.T: Disposal of wastes

Any material that had been in contact with bacteria was
disinfected with 25% Chloros or autoclaved before re-using or
discarding. Any radioactive material was rinsed thoroughly under

running water until no longer radiocactive or soaked in Decon.
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3: RESULTS

3.1: PURIFICATION OF A THIOL PROTEASE INHIBITOR FROM COWPEA

The methods used were that of Rele et al.{(Rele et al., 1980)
with certain modifications as appropriate. The alkaline extract
of cowpea seeds was used and £he inhibitor attempted to be puri-
fied was designated "inhibitor C" in their paper. This was only
partially purified by them. However, others (Gatehouse et al.,
1985) have managed to get a single polypeptide inhibiting only
papain and not trypsin by a similar method. Therefore, it—wus-J
attempted to follow their work to get a pure thiol protease
specific inhibitor in sufficient quantity that its sequence might

be determined.

3.1: Steps in protein purification

Two methods were used to purify the protein. The initial
steps used were similar but later on, two different columns were
used -- a DEAE cellulose ionic exchange column and a papain
affinity column.

Steps in common

One kilogram of cowpea seeds were milled and extracted in
2.51 of 100mM Tris-HCl buffer, pH 7.5. This was done overnight
with stirring. The extract was then filtered through a piece of
muslin. 1.751 of extract was recovered and centrifuged at
20,000g, 4°C, in 250ml bottles for 30 min. The supernatant was
precipitated at 0.9 ammonium sulphate saturation overnight at
4°C. The solution was then centrifuged again as before. The pre-
cipitate obtained was resuspended in 800ml of 10mM Tris-HC1l, pH

7.5. This was put into large dialysis tubing and dialysed against
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the same buffer to remove the ‘ammonium sulphate. Centrifugation
was done as before. To the supernatant was added 2M acetic acid
till a pH of 5 was obtained. After centrifugation, the super-
natant was put into large dialysis tubing and these were immersed
for 3min in a large volume of.IOmM sodium acetate, pH 5, heated
up to 80°C. These tubes were then immediately cooled in chilled
water. The inhibitor was very unstable at pH 5 before heating and
it was essential to carry out acid precipitation and heating as
rapidly as possible. After cooling, the solution was centrifuged
to remove the denatured protein. Ammonium sulphate precipitation
was carried out again, this time at 0.95 saturation. This was
tﬁen centrifuged and the precipitate resuspended in 100ml of 50mM
Phosphate buffer, pH 7.5. This was brought down to 5mM by dia-
lysing against this buffer. After centrifugation, the fraction
was ready for the two columns. It was later discovered that there
was a misprint in the paper therefore another dialysis against

.-

0.5mM buffer was required before pouring through the columns.

3.1.2: Results from the ion exchange column

100ml of the fraction, having been dialysed against 5mM
buffer, pH 7.5, was poured through the DEAE cellulose column.
When 5mM Phosphate buffer was passed through to wash the colunmn,
there was a huge absorbance peak on the uv spectrophotometer.
Subsequent elution did not yield any peaks as all the protein had
passed through with the 5mM buffer. Hence, the washing peak frac-
tions were pooled together and dialysed against 0.5mM Phosphate
buffer. This was poured through the column and 3 peaks were ob-

tained altogether (fig. 1). The first peak was the washing peak,
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the second and the third were the peaks supposed to contain the
inhibitor. Unfortunately, due to a fault with the fraction coi—
lector, the third peak was lost, hence assays were done only on
the second peak.

Assay results

The 2ml fractions from the second peak were pooled together
and their absorbance at 280nm measured. This was found to be
0.083. BAPNA assays wefe done with 2ml and 2.72ml of this pooled
fraction. This implied a protein concentration of approximately
1.66mg and 2.26mg respectively, judging from its absorbance. Both
showed inhibition of 16.8% and 20.5% respectively (fig. 2, table
lg & 1b, fig. 3, table 2a & 2b).

Further purification

This protein (11.9ml of pooled fractions) was further puri-
fied by passing it through a Sephacryl 200 gel filtration column
Only one protein peak was obtained (fig. 4) The fractions from
this peak were pooled together and freeze-dried. 9mg of protein
was obtained and further enzyme assays were carried out on this,
‘using up to 2.1mg per assay. No inhibition, however, was ob-
served. This could be due to one of several reasons which are
discussed in the next chapter. On SDS polyacrylamide gel electro-
phoresis, this protein showed a single band at approximately

32,000 relative molecular weight (fig. 5, fig 6, table 3).

3.1.3: Results from the papain column

15ml1 of 0.5mM extract obtained previously was made up to
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lon exchange column -
enzyme assays

Absorbénce at 410nm

0.1
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0.02
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Time/min

- Control 1 —+— 2ml from peak 2 —K— Control2

Fig 2: DEAFE ion-exchange column - BAPNA assay rate graph
of 2ml of fraction from peak 2.
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Tube no.| Description

1 Control 1, with papain but
without inhibitor.

2 With inhibitor, 2ml of peak
2 from ion-exchange column.

3 Control 2, without papain
or inhibitor.

Table la: Reaction mixtures in fig. 2.

\ Saample 10 1 2 3 ’
fine
30 0,040 ] 0.037 0.018
60 0.062 | 0.057 |0.018
9 0.081 0.076 0.017
130 0.116 0.020
150 0,135 0.020
180 0,155 0.018
Rate (100nits/ain) | 7.81 6.50 0.00

Regression Ohtgut:
Constant 0,014772)0.017666

$td Brr of Y Est {0.002715]0.000408
R Squared 0.9970170.399780
No. of Observatio § 3
Degrees of Freedo { 1

I Coefficient(s) {0.0007811 0.00065
Std Brr of Coef. 10.00002110,000009

Table 1b: Absorbance of BAPNA assays at 410nm
& regression output of lines obtained.
From rates of change in absorbance, it
can be seen that tube 2 inhibits papain
by 16.8%.~1.66mg protein was present.

4
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enzyme assays
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"Control 1+ 2.72ml from peak 2

Fig 3: DEAE ion-exchange column - BAPNA assay rate graph
of 2.72ml1 of fraction from peak 2.
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Tube no.| Description

1 Control 1, with papain but
without inhibitor.

2 With inhibitor, 2.72ml of
peak 2 from ion-exchange
column.

Table 2a: Reaction mixtures in fig. 3.

\ Saaple no 1 2
Tine
0 0.017 | 0,024 T
30 0.041 0.041
60 0.063 0.055
90 0.083 0.069
139 0.10% 0.092
150 0.123 0.106
180 0.144 0.124
Rate {I10Units/uin) | 6.89 | 5.48

Regression Output:

Constant 0.019285]0.022845
Std Brr of Y Bst ]0.002463)0,002297
B Squared 0.99753810.996625
No, of Observatio i H
Degrees of Freedo 5 5

X Coefficient(s) ]0.000689}0.000548
Std Brr of Coef. 10.00001510.000014

Table 2b: Absorbance of BAPNA assays at 410qm
& regression output of lines obtalneq.
From rates of change in absorbance, 1?
can be seen that tube 2 inhibits papaln
by 20.5%. ~2.26mg of protein was present.
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Fig 4: Gel if‘iltration column - absorbance
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Log.size

T oo s

] 1 1

3 L :
0 1 2 3 4 5 6

Migration/cm

—E-Eqn 1 ~—t Eqn 2 "

Fig. 6:

Karker [Size/iv|Log.sige
vs log/m.wt. for marker

Nigration Nigration g ?
.20 | 66000] .81 7.5 | Jo0eI| ¢.4080| in fig. 5.
1,35 | 45000] 4.6532 {Calculated using eqn 1)

2,35 | 36000{ 4.5563

2.85 | 29000 4.4624 Table 3: Migration distances

32011240004 4.3802 & sizes of bands in
£,35 | 20100] 4.3032 . .
5.50 | 14200 4.1523 fig. 5. Regression
i . output of fig. 6.
Using first four points, Using last three points,
Regression Oufput: Regression Qutput:
Constant 5.079308 Constant 4.7096386
Std Brr of 7 Bst 0.008066 Std Err of ¥ Bst 0.030166
R Squared 0.998135 R Squared 0.966150
No. of Observations 4 No. of Observations 3
Degrees of Preedoa 2 Degrees of Freedon 1
I Coefficient(s) -0.21865 I Coefficient(s) -0.09909
Std Brr of Coef. 0.006682 Std Ber of, Coef. 0.018548

Rqn 1: g = -0.21865x + 5.079308  Ran 2: y =-0.09909x + 4.709636
68"




50mM with 0.2M Phosphate buffer. This was passed through the
column as mentioned in section 2.2.1.G. Three peaks were ob-
tained. The first one was obtained when the sample was put in;
the second one was obtained when washing buffer 2 was put in, and
the third was obtained when the eluting buffer was passed through
(fig. 7).

Enzyme assays

Peak 2 fractions were pooled together and called fraction 1
(ODygq 0.115); Peak 3 was divided into two and the first part of
the peak pooled together and called fraction 2 (ODZBO 0.156).
Fractions from the second part of the peak were pooled together
and called fraction 3 (OD280 0.083). BAPNA assays were carried
oyt on 2ml of these fractions. Fraction 1 (~2.30mg protein)
showed enhanced enzymic activity (39%) whereas fraction 2
(~3.12mg protein) and fraction 3 (~1.66mg protein) showed inhi-
bition of papain (33.5% & 48.9% respectively) (Fig. 8, table 4a &
4b). On TCA precipitation and polyacrylamide gel electrophoresis,
however, it was found that peaks 2 and 3 contained a number of
proteins including the one obtained through the ion exchange
column ( fig.9, fig. 10, table 5). A 52 000 m.wt. protein band
was clearly seen. As there was no more material to further
purify, the attempt was stopped there.

Just as a further confirmation to make sure that there was
inhibitory activity 'in the extract before pouring through the
column, assays was done on some of this solution dissolved in
10mM Tris-HC1l donated by Mr A. Remfry. Inhibition was observed
for the different volumes used of 0.5ml (32.9%), 1ml (96.0%) and

1.5ml (98.2%) (fig 11, table 6a & 6b).
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Papain affinity column -
enzyme assays

Absorbance at 410nm
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Fig 8: Papain affinity column - BAPNA assay rate
graph of 2ml of each fraction.
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Tube no. Description

1 Control 1, with papain but without
inhibitor.

2 2ml of fraction 1 from papain column.

3 2ml of fraction 2 from papain column.

4 2ml of fraction 3 from papain column.

5 Control 2, without papain or inhibitor.

Table 4b:

Table 4a: Reaction mixtures in fig. 8.

\ Saaple no 1 2 3 i
Tiae abs.

] 0.018 | 0.023 | 0,033 [ 0.028
30 0.036 | 0.044 | 0,039 | 0.035
60 0.050 { 0.067 | 0.050 | 0.045
90 0.066 | 0.089 | 0.062 | 0.05%
130 0,082 1 0.110 | 0,072 | 0.061
150 0.09¢ 1 0.128 | 0.082 | 0.066

Rate (10units/uin) | 4.93 | 6.87 | 3.28 | 2.50%

Regression Output;
Constant 0.019852]0.02411370.031149]0.02916

Std Err of V Bst [0.001772{0.00256310,00198410.00195
8 Squared 0,996922)0.996689]0.991349[0.98587
No. of Observatio b b b
Degrees of Preedo { 4 o

X Coefficient(s) |0.0004930.000687]0.000328)0.00025
Std Brr of Coef. 0.00001310.000019 {0.00001510.00001

Absorbance of BAPNA assays at 410nm

& regression output of lines obtained.
From rates of change in absorbance, it

can be seen that tube 2 enhances enzymic
activity by 39% whereas tube 3 & 4 inhibit
papain activity by 33.5% and 48.9% respec-
tively (contains ~2.30mg, 3.12mg & 1.66mg
of protein respectively).
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Log.size

6 —

4 ! i ] ] 1 1
0 1 2 3 4 5 6 7
Migration/cm
—&- Eqn 1 s
Fig. 10:
Gra§h of migration/cm
vs log/m.wt. f
Narker |[Size/av flog.size Band A Size/awllog.size in fig. 9. or marker
Higration Higration
3,80 | 660007 4.B19Y (major
5,25 | 450007 4.6532 band)
5.80 I 36000) 4.5563 4,65 | 51857( 4.7148
§.65 | 29000 4.4624
§.80 | 24000 4.3802 Band B {Sisze/bp|Log.size
Nigration
6,25 | 323391 ¢.5097

Using first three points,
Regression Output:

Constant §,310821
Std Brr of Y Bst 0.019376
R Squared 0.589409
No. of Observations 3
Degrees of Preedon 1

I Coefficient(s) -0.12817
Std Brr of Coef. 0.013260
Rqn 1: y = -0.12817x + §.31082]

{Calculated using eqn 1j

Table 5: Migration distances
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Extract before pouring through column
— enzyme assays

Absorbance at 410nm
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Fig. 11: Partially purified inhibitor before pouring

through column - BAPNA assay rate graph.
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Tube no. Description

1 Control 1, with papain but without
inhibitor.

2 0.5m1 of extract before pouring through
any column. -

3 iml of extract before pouring through
any column.

4 1.5m]1 of extract before pouring through
any column,

5 Control 2, without papain but with 1lml

inhibitor.

Table 6a: Reaction mixtures in fig. 11.

\ Sanple no 1 2 3 { 5
Tine abs.
0 0.017 | 0.037 | 0.052 | 0.067 | 0.085
30 0.044 | 0.051 | 0.060 | 0.069 | 0.057
60 0.07 | 0.071 | 0.072 | 0.075 | 0.060
90 0.095 | 0.087 | 0.082 | 0.080 | 0.063
120 0.118 | 0.10¢ | 0.082 | 0.08¢ | 0.061
Rate (10units/min) | 8.43 | 5.66 | 0.3¢ | 0.15 | 0.00

Regression OQutput:
Constant 0.036{ 0.0512 0.066f 0.0182} 0.0556

Std Bre of ¥ Bst 10.00141410.000966{0.001080{0.0014021{0,001673
R Squared (997928 10,99731510.983009/0.993079 10, 794117
No. of Observatio 5 5 5 5 5
Degrees of Preedo 3 3 3 3 3

000566 | 0.000347 0.0001510,000843 | 0.00006
000014 10.,00001010.00001110.000014 10.000017

I Coefficient(s)
Std Brr of Coef.

Table 6b: Absorbance of BAPNA assays at 410nm

& regression output of lines obtained.
0.5ml extract inhibited papain activity
by 32.9%, 1ml by 96% and 1.5ml by 98.2%.
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3.2: FINDING OUT THE GENE SEQUENCE OF A BROMELAIN INHIBITOR FROM

PINEAPPLE

Pineapple stem acetone powder is a rich source of compo-
sitionally similar but chromatographically distinct polypeptide
inhibitors of bromelain. The isoinhibitors have molecular weights
of 5 600, and they contain five disulfide bonds and about 50
amino acids each (ferlstein et al., 1973). Primary structural
analysis of one of the seven inhibitor fractions (VII) showed
extensive microheterogeneity (Reddy et al., 1975). At least five
isoinhibitors were present, each composed of two peptide chains
joined by disulfide bonds. These chains, designated A and B on
the basis of size, comprise 41 and 10 - 11 residues respectively.
On the basis of ionization properties and yields of the A and B
chains, one of the major inhibitor species in Fraction VII is the

covalently linked complex of the two chains shown:

A Chain (A-1): HZN-Asp-Giu-Tyr-Lys—Cys—Tyr—Cys-Ala-Asp-Thr-Tyr-

1 5 10
Ser-Asp-Cys-Pro~Gly-Phe-Cys-Lys-Lys-Cys-Lys-Ala-

15 ‘ 20

Glu-Phe-Gly~Lys-Tyr-Ile-Cys-Leu-Asp-Leu-Ile-Ser-

25 30 35

Pro-Asn-Asp-Cys-Val-Lys-COOH
40

B Chain (B-2): H2N—Thr—Ala—Cys-Ser-Glu—Cys-Val-Cys-Pro-Leu—Gln—

1 5 10

COCH
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The complete amino acid sequence of each of the five components
have been determined and the differences observed between the
~structures were accounted for by single substitiutions at four
sites in the sequence.

Jt—wasattempted to find out the gene sequence of the inhi-
bitor shown above. First, DNA from young tissue cultured pine- .
apple plants was extracted. Then oligonucleotides complementary
to the inhibitor’s A-1 and B-1 ends were constructed. It is pos-
tulated that both protein chain§ are coded for on a single strand
of DNA. DNA coding for the chains are separated by DNA coding
for the proper folding and cleavage of the protein. The con-
structed oligonucleotides were as shown:

A-1 N-terminus (179): 5’ -CGGAAGCTTGATGAATATAAATGTTATTGTGC
' Cc G ¢C G €C. C C

A-1 C-terminus (180): 5’ -CGGAAGCTTTTTIACACAATCATTIGG
C G G G

B-1 N-terminus (181): 5’ -CGGAAGCTTACIGCITGTTCIGAATGTGT
. C G C

B-1 C-terminus (182): 5’ -CGGAAGCTTTGIAAIGGACAIACACATTC
G G G C

where I = inﬁ%sine, which will base pair with A ,G ,C or T.
HindIII sites were attached at the beginning of each oligo (first
nine bases) to simplify ligation into a vector plasmid at a later
stage. These oligos were combined together in pairs with the
pineapple DNA and a polymerase chéin reaction carried out to
amplify the inhibitor gene. This amplified DNA was then cleaved
with HihdIII, as short overhangs (1-2bp) are usually generated by
PCR, and‘inserted into pUC18 cleaved with a similar enzyme (see

Appendix 2, A2.1, A2.2, for the nucleotide sequence and restric-
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tion sites of pUC18, Yanish-Perron et al., 1985). Competent
Escherichia coli bacterial cells (DH5x) were transformed with
this ligation mixture. The plasmids from the transformants con-
taining the correct gene were cleaved with Alul. The correct
fragment of DNA was then ligated to MlSmg%Q vector, using its
HincII for insertion (see Appendix 2, A2;3 &-A2.4, for the nu-
cleotide sequence and restriction sites of Mi3mp19, Yanish-
Perron, et al., 1985). Restriction with PstI and KpnI showed that
certain clear plaques contained the gene. Hence one of these with
the gene inserted in the HincII site was chosen and the single

stranded DNA sequenced.

3.2.1: Polvymerase Chain Reaction

An annealing temperature of 42°C was first tried. There was
no amplified band unique to a certain pair of oligos (fig. 12),
hence the experiment was repeated at a higher temperature of
50°C. This time round, the non—speéific DNA that had been ampli-
fied earlier was not amplified. However, there were two distinct
bands representing the amplified products of oligos 180 and 181
(fig. 13, fig. 14, table 7). One band (a) represented a size of
approximately 160bp which was just the appropriate size for the
gene. The other band (b) represented a size of approximately
390bp. This could be a tandem repeat of the gene. A clear band
(c) representing approximately 60bp was present in all tracks.
This could have been dimers of the oligos. Another amplification
at 46°C was carried out. The previous amplification containing
the DNA of interest was also reamplified at this temperature. No

non-specific DNA was amplified at this temperature, but the pre-
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Log.size

1 t 1 _

0 2 4 6 10
Migration/cm
—=—Eqn 1 ~—+ Eqn 2
¥arker |Size/bpiLog.site Migration|Size/bp|Log sire , .
Migration e Band A| .50 164] 2.2140 g;il‘,}]";f
1.80 1408 13,1486 Band € 8,30 g3 1.791 migration/cm

3.80 5171 2.7135 Oligosy  9.90 271 1.4289
{40 3961 2.5917 (Calculated using eqn 2)
5,90 | 225] 2.3522 Band B L0 | 391| 2,592
§.00 7% 1.8781 F(Calculated using eqn 1)

8.20 651 1.8128

Using first three points, Using last three points,

Regression Ouipub: . Regression Outpub:
Constant 3,530978 Constant 1.718688
Std Bre of 7 Bst 0.008839 Std Rrr of ¥ Est 0.011242
% Squared 0.999536 R Squared 0.999214
No. of Observations 3 ¥o. of Observations 3
Degrees of Freedom 1 Degrees of Freedom 1

Y Coefficient(s) -0.23148
Std Bre of Coef. 0.006239
Rap 2: v = -0.23148x ¢+ 3.718688

i Coefficient(s) -0.21331
Std Brr of Coef. 0.004581
Rep 1: 7 = -0,21331x + 3,830978

fig.

vs log/bp for
marker in fig.13.

Table 7:

Migration distances
& sizes of bands in
13. Regression

output of fig. 14.
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viously amplified DNA was amplified even more. However, the 390bp
band was lost (fig. 15, fig. 16, table 8). The ampiified DNA
from another PCR was digested with Hind III and run on a gel. The
160bp and the 390bp bands were cut out from the gel and the DNA

electroeluted out.

3.2.2: Cloning in pUC18

. pUC18 was used as the vector to clone the fragments in E.
coli. The vector was first cut with HindIII and ligated to the
fragments. Commercial competent cells (DH5« ) were transformed
with this ligation mix and platea on YT-X-gal-amp plates. Plasmid
DNA from white recombinant colonies were-isolafed by minipreps
and tested for the presence of the correct fragment ﬁsing a
variety of restriction enzymes, for example, EcoRI (fig. 17, fig.
18, table 9). Recombinant no. 2 contained an insert. HindIII was
unable to retrieve the fragments from the transformed bacteria
(fig. 19), hence Alu I (fig. 20, fig. 21, table 10)-was used. As
Alul cuts at the same site as HindIII, and a band corresponding
to a fragment of approximately 210bp was obtained, this band was
cut out and the DNA electroeluted to be cloned into M13mpl9 for

easy gene sequencing by the Sanger method (Sanger, 1979).

3.2.3: Cloning in M13mpl9

M13mpl9 vector DNA was prepared for insertion of the frag-
ment by restricting with Hinc II. This enéyme gives blunt ended
fragments, hence the 210bp fragment cleaved by Alul, which was
also blunt ended was inserted into this site. A commercial .PN97
strain of E. coli, TG 2, was transformed with this ligation mix.

Clear plaques indicated transformed bacteria hence minipreps
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Log.size

i { !

Regregsion Output:

Constant 3,582953
Std Brr of 1 Est 0.005949
R Squared 0.999787
¥o. of Observations {
Degrees of Freedon 2

i Coefficient(s) -0.11992
Std Ere of Coef. 0.001236

Rqn 1:y = -0.11992r + 3.582953

Table 8:

Migration distances
& sizes of bands in
fig. 15. Regression
output of fig. 16.
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0 2 4 6 8 10 12
Migration/cm
—— Eqn !

Varker {Size/bp|Log.sis Band & aigration | Size/bp |Log size Fig.16:
Migration [1.10 1791 2.2518 Graph of

.65 | 1408 3.1486 migration/cm

1.20 517) 2.7135 (Calculated using equation 1) vs log/bp for

8.20 1961 2.5977 marker in fig.l15.

10,30 225§ 2.3522







Log.size

2 L ) = 1 ! . ]
0 2 4 6 8 10 12
Migration/cm

S~ Eqn 1t —t+ Eqn 2

Harker |[Size/bp[Log.size Well[Heaviest band Size/bp [Log size Fig.18:
Migration no. fmigration Graph of
6.25 2027 3.3069 l 5.40 26391 3.4215 migration/cm
6.45 | 1904 3.2797 i 518 2850] 3.4549 vs log/bp for
7.10 15841 3.1998 3 5.40 2639 3.4215 marker in fig.l17.
1.60 1330 3.1239 { 5.55 25201 3.4014
8.80 983 ] 2.9926 {Calculated using eqn 1]
9.20 831 | 2.9196 Table 9:
10,35 564} 2.7813 Migration distances
& sizes of bands in
fig. 17. Regression
Using first four points, Using last three points, output of fig. 18.
Regreasion Output: Regression Output:
Constant 4,143765 Constant ’ £,339308
§td Brr of ¥ Bat 0.004801 Std Brr of 7 Est 0.008405
R Squared 0.997754 R Squared 0.997693
No. of Observations * 4 No. of Observations 3
Degrees of Freedom 2 Degrees of Freedoa 1
X Coefficient{s) -0.13375 I Coefficient({s) -0.15359
Std Brr of Coef, 0.004487 Std Brr of Coef. 0.007385

Rqn, 1: y = -0,13375x + 4.143765  Rqn 2: y= -0.007385x + 4.339308
87










Log.size

2
0 2 3 S
Migration/cm
—&— Eqn 1 —+— Eqn 2
¥arker |Size/bp|lLog.size Band A  [Size/bp|lLog.size gig'iléf
Higration Kigration migiation/cm
3.3% 20271 3.3069 9,00 A5 2,334 vs log/bp for
2.55 | 1904f 3.2191 P e 20
1.00 15841 3.1998 marker in fig.2
3.35 13301 3.1239
{.45 983 2.9926 .
le 10:
085 | 83| 2.91% ;?Zr:tion distances
§.10 5641 2.7513 (Calculated using eqn 2) & sizes of bands in

Using first four points,

fegresgion Qutput:
Std Brr of ¥ Bst

Constant

B Squared

fig. 20. Regression
output of fig. 21.

Using last three points,

Regression Outputs

3.743377 Constant
0.007613 Std Ber of ¥ Bst
0.994353 R Squared

No. of Observations

Degrees of Freedoa

X Coefficient{s) -0.18341
Std Ber of Coef.

0.009773
Bqn 1: 7 = -0.18341x ¢ 3. 4117

X Coefficient(s)
Std Bee of Coef.

3.624247
0.011318
0.995817
4 No. of Observations
2 Degrees of Preedoa

-0.14346

0.009298
Bqn 2: 3 = -0.14346x ¢+ 3.624247
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from these were tested for the correct fragment by restricting
with a mixture of Pst I and Kpn I. Most of the transformants gave
a cleaved fragment of a size corresponding to 190bp (fig. 22,
fig, 23, table 11). Single stranded DNA was prepared from one of
these. The DNA was suspended in 100ul of TE buffer and the OD at
'260nm of lu of this in TE buffer measured. An absorbance of 0.010
was obtained, implying approximately 40ug of purifi;d DNA. As the
OD at 280nm was 0.016, this meant that the DNA was not pure nd

the estimation of 40ug not reliablé. Hence it was reconcentrated

s

to 4ug/ul for sequencing by the automatic DNA sequencer.

3.2.4: The Gene Sequence Obtained

The gene sequence obtained was 169 béées_i;yg %fig. 24). It
did not correspond to the bromelain inhibitor ;;ne éought after.
The last 75-bases of the fragment corresponded to the 987th to
10615t bases of pUC18 (its kanamycin-resistance gene). There was
an additional TAG sequence before the M13 sequence started. Be-
fore these 78 bases, 91 bases of an unknown gene sequence was
present. 13 out of 19 bases in the beginning part of the sequence
showed homology to the 181 oligonucleotide mix and 10 out of 17
bases in the ending part of the sequence showed homology to the

180 oligonucleotide mix. Further experiments were done to find

out the source of contamination.

3.2.5: Source of contamination

It was strongly suspected that the source of contamination
came from the pineapple template DNA. A Southern blot was done of
a gel containing a track of PCR-amplified material. Controls were

pUC18 with and without the insert. This gel also clearly showed
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Log.size

l ! 1

2
0 2 3 4 5
Migration/cm
—H— Eqn 1 —+— Eqn 2
Fig.23:
Narker |Size/bpllog.size Insert A |{Size/bp|Log.size Gz.-aph o.f
migration/cm

Nigration
1.60 20271 3.3089
1.70 1904} 3.2797
2.00 1584] 3.1998
2.20 13307 3.1239
2.90 9831 2.9926
3.20 8311 2.919%

4.10 §64f 2.7513

Using first four points,
p ion ¢ )

Constant

§td Brr of Y Bst

R Squared

No. of Observations

Degrees of Freedom

I Coefficient{s) -0.29936
Std Ber of Coef, 0.017720

Bqn 1: y = -0.23936x + 3.788839

3,788839 Constant
0.008452 Std Bre of ¥ Bst
0.993040 R Squared

Higration
5,10 356] 2.551%

Ingert B ‘
Higration} Size/bp|Log.sizgl
6.50]  188] 2.2M4

{Calculated using eqn 2)

vs log/bp for
marker in fig.22.

Table 11: _
Migration distances

Using last three points, & sizes of bands in

Regression Qutput:

3.5604017
0.009910
0.996792
§ No. of Observations 3
2 Degrees of Freedon l

1 Coefficient(s) -0.19782
. §td Ber of Coef. 0.011221

Ban 2: 7 = -0.19783x + 3.560401
93
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3’-

Fig.

3'-

Fig. 24: Gene sequence of the DNA fragment
inserted into M13mpl9.

CTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAG
10 20 30 40 50 : 60

TCACGACGTTGTAAAACGACGGCCAGTGCCA - 5°
70 80 90

24a: The first 91 bases of the DNA fragment
Source not known.

\.

CTCTCCTGTTCCGACCCTTCCGCTTACCGGATACCTGTGCGCCITTTTCCCTTCGGGAA
100 110 120 130 140 150

GCGTGGCGCTTTCTCATGA - 5’
160

Fig. 24b: The last 78 bases of the DNA fragment.

Bases no. 92 to 166 correspond to
bases no. 987 to 1061 of pUC1S8.



that the insert in pUC18 was the PCR-amplified product (fig. 25).
The Southern blot hybridization and subsequent autoradiograph was
not successful, hence it was attempted to repeat the whole
experiment using a fresh batch of pineépple template DNA. How-
ever, an amplification at 50°C failed to give any amplified prod
ducts. An amplification at 50°C, using 20ng of pUC18 as template
DNA~was then attempted. The results were rather conclusive (fig. .?;wkﬂ°b”
26, fig. 27, table 12) as a 160bp band was present, hence proving

that the original pineapple DNA was contaminated with prokary-

otic DNA containing the kanamycin gene.
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Log.size

Migration/cm
—— Egnl —+ Eqn2
Yarker |Size/bp|log.size Band A |Size/bp|Log.size
Higration Migration Fig.27:
1.6% 2027] 3.3069% 1.70 157 2.1957 Gzl~§ph of
1.80 1904) 3.27917 migration/cm
2,10 15841 3.1998 vs log/bp for
2.35 1330 3.1239 ; .
k . 26.
320 1] 2 9996 marker in fig.26
3,50 831} 2.9196
{.60 5641 2.1513 (Calculated using eqn 2)
8,25 1251 2.0969

Using last three points,
Regression Output:

Using first four points,

Regression Output:
3,549235

Constant 3.149171 Constant

Std Brr of 1 Est 0,007349 Std Brr of ¥ Est 0,013396
R Squared 0,993844 R Squared 0.999282
No. of Observations { No. of Observations {
Degrees of Freedoa 2 Degrees of Preedoa 2
I Coefficient(s) -0.26412 I Coefficient(s) -0.17578

Std Brr of Coef. 0.014697 Std Brr of Coef. 0.003332

Bon 1: y = -0.26412x + 3.T49171 Rom 2: g = -0.17578x + 3.543235
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output of fig. 27.




CHAPTER IV
DISCUSSION
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4.1: Protein Purification

4.1.1: Method of Purification

At present the only method to purify thiol protease inhi-
bitors from the alkaline fraction of cowpea is the method des-
cribed. It is not a very good method, as the yield is very low-
2kg of seeds.gave only 3.2mg of impure protein for Rele et al,
1980. As alot of protein is needed for assays and feeding trials
on insects, a much better method>of purification is required,
hence the attempts on the papain affinity column. The column,
however, bound many proteins as seen in the gels (fig. 9, fig.
10, table 5) and no single band couid be narrowed down as the
inhibitor.

If enough of the pure inhibitor had been purified, its amino
acid sequence could have been determined. Complementary oligo-
nucleotide probes could then have been constructed to fish out
the gene. Once this had been done, the gene could be inserted
into an expression vector and expressed in yeast, hence much more
inhibitor could be obtained in this way and various other tests
done on it. If successful in disrupting the growth and physiology
of insects and micro-organisms, this gene could then be used to

generate resistant transgenic plants.

4.1.2: Assay Systen

The assay system used involved benzoyl-DL-arginine-p-nitro-
anilide (BAPNA) (Arnon, 1970), modified as in Methods. This sys-
tem is based upon the cleavage of an amide bond in the small

molecular weight synthetic substrate. The free amine is estimated
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by the spectrophotometric determination of the p-nitroanilide
formed during the hydrolysis of BAPNA. This assay system was
chosen because it was the most convenient and sensitive one
available. There are other systems that could be better like the
colorimetric assay for papain using Ac-Phe-Arg-Nan as substrate,
which allows the detection of minute quantities of papain (as low
as 0.lug) (Oliva et al., 1988) and the determination by titration
using Z-Phe-Arg-NMec as substrate (Brzin et al., 1988). However,
such substrates were not readily available.

As a result, alot of the partially purified protein had to
be used for assays, leaQing little for further purification or
other work. The modified assay systém used could not be made any
more sensitive as maximal periods of 3 h were used and minimal
amounts of BAPNA and papain. Any further alterations would have
led to greater possibilities of error. Furthermore, as readings
were taken from the same samples at intervals, a minimal volume
of 4ml was required to prevent dilution effects from the washed

cuvettes.

4.1.3: Results from the Ion-exchange Column

Gatehouse et al., 1986, obtained four elution peaks from
théif ion exchange column. Peaks 2 and 3 showed papain inhibitory
activity and no trypsin inhibitory activity. Peak 2 consisted of
two proteins when analysed by SDS-PAGE, of which one had ap-
proximately 32,000 m.wt. This was of the same weight as the protein
obtainéd from the gel filtration column after pouring through
peak 2 from the ipn—exchange column (fig. 5, fig. 6, table 3).

This, however did not show any inhibition whereas there was inhi-
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bitory activity in the fraction before pouring through (fig. 2,
table la & 1b, fig. 3, table 2a & 2b). As approximately same
amounts of protein were used as before, this showed that either
there was a trace amount of a second protein that was the inhi-
bitor or that the protein had lost its activity during the inter-
val between the two assays (15 days). As the sample was freeze
dried immediately after eluting from the gel filtration column (2
days after the first assay), it could also have been the freeze-

drying that inactivated the protein, if it is the inhibitor.

4.1.4: Results from the Papain Column

On Bapna assay, strong inhibitory activity was obtained from
the eluting>peak of this column (fig. 8, table 4a & 4b). SDS-PAGE
showed many faint bands but a strong band at 52,000m.wt. was
observed. This could be the main source of the inhibitory act-
ivity but could not be proved. The second washing peak showed
enhanced enzymatic activity. This could be due to the mercapto-
ethanol and EDTA present in thé solution or due to some papain

leaving the column.

4.1.5: Future Work

As have been shown in the results above, there certainly is
an inhibitor of cysteine proteases in coﬁpea. The problem is in
isolating it. If there were just a stretch of amino acids that
were known of this inhibitor, an oligonucleotide probe could be
constructed tg\iiiﬁ\fbsﬂggggxpgi;_lf the amino acid sequence of
the site of plant inhibitors that is responsible for their inhi-
bitory activity on cysteines were known, then this sequence could

be used to pick out cysteine inhibitor genes from any plant with
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a similar site. Such a common site has been known for years in
animals (Barrett, 1987) and have been shown to inhibit cysteines
when constructed synthetically (Teno et al., 1987). However, re-
cently it has been shown that this site also exists in a plant
cysteine inhibitor (Abe et al., 1987). In their work, a nearly
full-length cDNA clone for a cysteine proteinase inhibitor of
rice (oryzacystatin) was isolated and the amino acid sequence
deduced from it. It was found that it contained the sequence Gln-
Val-Val-Ala-Gly which was conserved among most members of the
cystatin superfamily (proteinaceous cysteine protease inhibitors
of animal origin). If the cysteine protease inhibitor gene in
cowpea contains a similar site, this five-amino-acid sequence
could be used to isolate it. The bromelain inhibitor, however, is

known not to contain this site.
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4.2: Gene Isolation

4.2.1: Reason of Contamination

The sensitivity of PCR-is its advantage as well as its
shortcoming. Trace amounts of contaminants can be detected by
this method (Lo et. al, 1988). They suggest the following stra-
tegy for detection of contamination. (1) A negative control
consisting of all PCR reagents minus the DNA template should be
included in every amplification. (2) A likely source of contam-
inant is plasmid DNA, which is in common use in the laboratory,
and such contamination can be proven by amplification with pri-
mers that span the vector-insert junction of such plasmid. The
precautions in (1) and (2) exclude contamination of the PCR re-
agents and plasmid contamination of the DNA template. However,
contamination of the template other than by the plésmid cannot be
excluded.

As it was not expected that a prokaryotic DNA containing a
kanamycin gene would have contaminated our template DNA, this
could not have been detected any earlier. Future work can be done
on the non-contaminated template DNA, but with a lower annealing

temperature because 50°C gave no amplification.
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SUMMARY

There were two aims to this:project. One was to get a pure
thiol protease inhibitor from cowpea seeds and the other to get
the gene sequence of a bromelain inhibitor from pineapple.

Two methods were tried to get a thiol protease inhibitor
from cowpea. One involved an ion-exchange column and another a
papain affinity column. The second peak from the ion-exchange
column showed slight inhibition of papain in the BAPNA assays
(16.8% for 1.66mg protein and 20.5% for 2.26mg protein, the
amount of protein being estimated from absorbance readings). On
further purification on a gel-filtration column, no inhibition
was observed. The third peak from the papain column was divided
into two and called fraction 2 and 3. Fraction 2, containing ap-
proximately 3.12mg of protein, inhibited papain activity by
33.5%, whereas fraction 3, containing approximately 1.66mg of
protein, inhibited papain activity by 48.9%. Both fractions
consisted of a mixture of proteins and there was insufficient
material for further purification.

The method used to get the gene sequence of the bromelain
inhibitor from pineapple was to first amplify the gene from its
genomic DNA using PgR. Two amplified fragments (~160bp and 390bp)
were obtained using the oligonucleotides coding for the C-
terminus of the long chain and the N-terminus of the short chain
of the bromelain inhibitor aé primers. The 160bp fragment was
inserted into pUC18 and cloned in E. coli. It was then inserted
into M13mpl9 and cloned before sequencing by the Sanger method.

The gene obtained was suspected to have come from a prokaryotic
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DNA containing a kanamycin-resistance gene. The most probable
source of this contaminant was from the pineapple template DNA

sample.

106




References

Abe, K. & Arai, S. (1985). Purification of a cysteine proteinase
inhibitor from rice, Oryza-sativa-L Jjaponica. Agric. Biol.
Chem. 49, 3349-3350.

Abe, K., Arai, S., Emori, Y., Kondo, H. & Suzuki, K. (1988). The
NHp-terminal-21 amino cid residues are not essential for the
papain-inhibitory activity of oryzacystatin, a member of the
cystatin superfamily - expression of oryzacystatin cDNA and
its truncated fragments in Escherichia éoli. J. Biol. Chem.
369, 229-232.

Abe, K., Emori, Y., Kondo, H., Suzuki,.K. & Arai, S. (1987b).
Molecular cloning of a cysteine proteinase inhibitor of rice
(oryzacystatin). J. Biol. Chem. 262, 16793-16797.

Abe, K., Kondo, H., Arai, S. {(1987a). Purification and
characterization of a rice cysteine proteinase-inhibitor.
Agric. Biol. Chem. 51, 2763-2768.

Abe, M., Arai, S., Kaﬁo, H. & Fujimaki, M. (1980). Thiol-protease
inhibitors occurring in endosperm of corn. Agric. Biol.
Chem. 44, 685-686.

Abe, M, & Whitaker, J.R. (1988). Purification and characteriza-
tion of a cysteine proteinase inhibitor from the endoséerm
of corn. Agric. Biol. Chem. 52, 1583-1584.

Arnon, R. (1970). Methods of Enzymology. vol 19. pp 226-244.
Academic Press.

Barrett, A.J. (1987). The cystatins: a new class of peptidase
inhibitors. TIBS 12, 193-196.

Broadway, R.M. & Duffey, S.S. (1986). Plant proteinase inhibitors:

mechanism of action and effect on the growth and digestive

107




physiology of larval Heliothis zea and Spodoptera exiqua. J.
Insect Physiol.32, 827-833.

Brzin, J., Drobnickosorok, M., Kotnik, M., Popovic, T. & Turk, V.
(1988). Inhibitors of cysteine proteinases from potato.
Biol. Chem. Hoppe-Seyler. 369, 233-238.

Buchanan-Weollaston, V., Passiato, J.E., Cannon, F. (1987). The

mob and ori T mobilization functions of a bacterial plasmid

promote its transfer to plants. Nature 328, 172-175.

Chen, D. & Xia, 2. (1987). Mature plant regeneration from
cultured protoplasts of Polypogon f&gax. Nees ex Streud.
Sci. Sinica 30B, 698-703. (original not seen, quoted from
Vasil, 1988). |

Crossway, A. Oakes, J.V,, Irvine, J.M., Ward, B. & Knauf, V.C.
(1986). Integration of fqreign DNA following microinjection
of tobacco mesophyll protoplasts. Mol. Gen.Genet. 202, 179-
185.

Dawson, R.M.C., Elliott, D.C., Elliott, W.H. & Jones, K.M.
(1969). Data for Biochemical Research. Clarendon Pfess,
Oxford.

De la Pena, A., Lorz, H. & Schell, J. (1987). Transgenic rye
plants obtained by injecting DNA into young floral tillers.
Nature 325, 274-276.

Fischoff, D.A. et al. (1987). Insect tolerant transgenic tomato
plants. Bio/Technology. 8, 807-813.

Fossum, K. (]970). Acta Pathol. Microbiol. Scand. Section B, 28,

741-754. (original not seen, quoted from Zimacheva et al.,

1988.)

108




Fromm, M.E., Taylor, L.P., & Walbot, V. (1986). Stable
transformation of maize after gene transfer by electroporation.
Nature 319, 791-793.

Gasser, C.S. & Fraley, R.T. (1989). Genetically engineering
plants for crop improvement. Science 244, 1293-12989.

Gatehouse, A.M.R., Butler, K.J., Fenton, K.A. & Fatehouse, J.A.
(1986). Partial characterization of a major proteolytic enzyme in
the larval gut of Callosobruchus maculatus. Entomol. Exp. Appl.
39, 279-286.

Goldstein, Z., Trop, M. & Birk, Y. (1973). Nature New Biol. 246,
29-30.

Hilder, V.A., Gatehouse, A.M.R., Sheerman, S.E., Barker, R.F. &

Boulter, D. (1987). A novel mechanism of insect resistance
engineered into tobacco. Nature 330, 160-163.

Klein, T.M., Fromm, M.E., Gradziel, T. & Sanford, J.C. (1988c).
Factors influencing gene delivery into Zea-mays cells by
high-velocity microprojectiles. Bio/Technology 6, 559-563.

Klein, T.M., Fromm, M.E., Harper, E.C., Maliga, P., Sanford, J.C.

& Svab, Z. (1988a). Stable genetic transformation of intact
Nicotiana cells by the particle bombardment process. Proc.
Natl. Acad. Sci. USA. 85, 8502-8505.

Klein, T.M., Fromm, M., Sanford, J.C., Schaaf, S., Sletten, M.,
Tomes, D. & Weissinger, A. (1988b). Transfer of foreign
genes into intact maize cells with high-velocity
microprojectiles. Proc. Natl. Acad. Sci. USA. 85, 4305-4309.

Krens, F.A., Molendi, J.L., Wullems, G.A. & Schilper, R.A.

(1982). in-vitro transformation of plant protoplasts with

109




Ti-plasmid DNA. Nature 296, 72-74.

Kyozuka, J., Hayashi, Y. & Shimamote, K. (1987). High frequency
plant regeneration from rice protoplasts by novel nurse
culture methods. Molec. Gen. Genet. 206, 408-413.

Lo, Y-M.D., Mehal, W.Z. & Flemming, K.A.(1988). False-positive
results and the polymerase chain reaction. Lancet #8612,
679.

Luo, Z.-x. & Wu, R. (1988). Plant Mol. Biol. Reporter 6, 165
(original article not seen, quoted from Gasser et al.,

1989.)

Maniatis, T., Fritsch, E.F. & Sambrook, J. (1982). Molecular
Cloning: A Laboratory Manual (Cold Spring Harbor, NY: Cold
Spring Harbor Laboratory Press).

McCabe, D.E., Swain, W.F., Martinell, B.J. & Christou, P. (1988).

Stable transformation of soybean {(Glycine max) by particle

acceieration. Bio/Technology 6, 923-926.

Meeusen, R.L. (1989). Insect control with genetically engineered
crops. Ann. Rev. Entomol. 34, 373-381.

Melville, J.C. & Ryan, C.A. (1972). Chymotrypsin Inhibitor I from
Potatoes: large scale preparation and characterization of
its subunit components. J. Biol. Chem. 247, 3445,

Oliva, M.L.V., Sampaio, C.A.M. & Sampaio, M.U. (1988).
Purification and partial characterization of a thiol
proteinase inhibitor from Enterolobium contortisiliquum
beans. Biol. Chem. Hoppe-Seyler 369, 229-232,

Perlstein, S.H. & Reddy, F.J. (1973). J. Supramol. Struct. 1,

249-254, (original not  seen, quoted from Reddy et al.,

110




1974.)

Reddy, M.N., Keim, P.S., Heinrikson, R.L. & Kezdy, F.J. (1975).
Primary structural analysis of sulfhydryl protease
inhibitors from pineapple stem. J. Biol. Chem. 250, 1741-
1750.

Rele, M.V., Vartak, H.G. & Jagannathan, V. (1980). Proteinase
inhibitors from Vigna unguiculata subsp. cylindrica. I.
Occurrence of thiol proteinase inhibitors in plants and
purification from Vigna unguiculata subsp. cylindrica. Arch.
Biochem. Biophys. 204, 117-128,.

Rhodes; C.A., Lowe, K.S., Ruby, K.L. (1988). Plant regeneration
from protoplasts isolated from embryonic maize cell
cultures. Bio/Technology 6, 56-60.

Rodis, P. & Hoff, J.E. (1984). Naturally occurring protein
crystals in the potato, inhibitor of papain, chymopapain and
ficin.Plant Physiol. 74, 907-911.

Ryan, C.A. (1981). Proteinase inhibitors. In The Biochemistry of
Plants, A Comprehensive Treatise vol. 6. (ed. P.K. Stumpf &
E.E. Conn), pp. 351-371. Academic Press, New York.

Ryan, C.A. (1989). Proteinase Inhibitor Gene Families: Strategies
"for Transformation to Improve Plant Defences Against
Herbivores. BioEssays 10, 20-24,

Ryan, C.A. (1988). Molecular biology of wound-inducible
proteinase inhibitors in plants. Plant Cell & Environment
11, 345-349.

Saiki, R.K., Gelfand, D.H., Stoffel, S., Scharf, S.J., Higuchi,

R., Horn, G.T., Mullis, K.B., Erlich, H.A. (1988). Primer-

111




directed enzymatic amplification of DNA with a thermostable
DNA polymerase. Science 239, 487-491.

Sanford, J.C. (1988) The Biolistic Process. Trends in Biotech. 6,
299-302.

Sanger, F., Nicklen, S. & Coulson, A.R. (1979). DNA sequencing
with chain terminating inhibitors. Proc. Natl. Acad. Sci.
USA.T74, 5463-546T7.

Schell, J.S. (1987). Transgenic plants as tools to study the
molecular organization of plant genes.Science 237, 1176~
1183.

Srinivasan, C. & Casil, I.K. (1986). Plant regeneration from
protoplasts isolated from protoplasts of sugarcane. J. Pl.
Phsiol. 126, 41-48.

Teno, N., Tsuboi, S., Okada, Y., Itoh, N. & Okamoto, H. (1987).
Amino acids and peptides: XV. Synthesis of Gln-Val-Val-Ala-
Gly and derivatives, a common sequence of thiol proteinase
inhibitors and their effects on thiol proteinase. 30, 93-98.

Topfer, R., Gronenborn, B., Schell, J. & Steinbiss, H.-H. (1989).
Plant Cell 1, 133. (original article not seen, quoted from
Gasser et al., 1989.)

Toriyama, K., Arimoto, Y., Uchimiya, H. & Hinata, K. (1988);
Transgenic rice plants after direcf gene transfer into
protoplasts. Bio/Technology. 6, 1072-1074,

Vaek, M., Reynaerts, A., Hofte, H., Jansens, S., De Beuckeleer,
M., Dean, C., Zabeau, M., Van Montague, M. & Leemans, J.
(1987). Transgenic plants protected from insect attack.

Nature 328, 33-37.

112




Vasil, I.K. (1988). Progress in the regeneration and genetic
manipulation of cereal crops. Bio/Technology 6, 397-402.
Wolfson, J.L. & Murdock, L.L. (1987). Suppression of Colorado
potato beetle growth and development by digestive proteinase
inhibitors. Entomol. Exp. Appl. 44, 235-240.

Yanisch-Perron, C., Vieira, J. & Messing, J.{(1985). Improved M13
prhage cloning vectors and host stains: nucleotide sequences
of the M13mpl8 and pUC18 vectors. Gene 33, 103-119.

Zimacheva, A.V., Ievleva, E.V. & Mosolov, V.V. (1984). Isolation
and characterization of inhibitors of cysteine proteinases
from potato tubers. Biokhimiya 49, 1153-1158. (original not
seen, quoted from Zimacheva et al., 1988.)

Zimacheva, A.V., Jevleva, E.V. & Mosolov, V.V. (1988) Cysteine
proteinase inhibitor from pumpkin seeds.Biochemistry-USSR

53, 640-645. (Translated from Biokhimiya 53, T740-746.)

113



P11l

‘' T® 39 uosmeg woaj paonpoadadt)
3J8Yyo uorivanies ajvydrns wnruowmmy :[°IV

‘(6961

Initial concentration of ammonium sulphate, % saturation at 0°C.

Final concentration of ammonium sulphate, % saturation at 0°C

20 25 30 35 40 45 50 55 60 65 70 75 80 8s 90 95 100

g solid ammonium sulphate to add to 100 ml of solution
0 10.7 136 166 197 229 26.2 295 331 366 404 44.2 483 523 56.7 611 659 70.7
5 80 109 139 168 200 23.2 266 300 336 373 41.1 450 49.1 533 578 624 67.1
10 54 82 111 14.1 17.1 20.3 236 270 305 342 379 418 458 500 544 589 636
15 26 5.5 83 113 143 174 207 240 275 310 348 386 426 466 510 555 600
20 0 27 5.6 84 115 14.5 17.7 21.0 244 28.0 316 354 392 433 476 519 56.5
25 0 27 5.7 8.5 11.7 148 182 214 2438 284 321 36.0 401 442 485 529
30 0 2.8 5.7 8.7 119 150 184 217 253 289 328 367 408 451 495
35 0 238 5.8 88 120 153 18.7 221 258 295 334 374 416 459
40 0 29 59 90 122 155 19.0 225 262 300 340 - 381 424
45 0 29 6.0 9.1 12.5 158 193 229 26.7 306 347 388
50 0 3.0 6.1 9.3 127  16.1 19.7 233 27.2 312 353
55 0 3.0 6.2 9.4 129 163 200 238 277 31.7
60 0 3.1 6.3 9.6 13.1 166 204 242 283
65 0 3.1 6.4 98 134 170 208 247
70 0 3.2 66 100 136 173 212
75 0 3.2 6.7 102 139 176
80 0 33 6.8 104 14.1
85 0 34 6.9 106
90 0 34 7.1
95 0 35
100 0
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TCACSCHYVTLOBTRATGACHE TRAAAACC TCTAACACATACAGC TCLCOBAGACOR TCACAGE TTATCTATAABCGBAT
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GCASATTETACTSASAS TECACCATATECERTOTRAA TACCECACABATBCE TAAMIGABAAAA T ACCACA TCABACACT

280 260 70 280 %0 300 310 320
ATTCBCCATTCASSC TRCECAAL THY TEBSAASEECEATCHSTSCOSOCC TCT TCAC TAT TACSCCASE TOGCAAAASAN

30 340 380 340 370 380 390 400
GBATSTECTECAABECEAT TAAST TRSE TAACSCCASEE TT TTCCCASTCACRACE T TOTAAMACGACABCCADTIAATT
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COASCTCESTACCTRBRBATCCTCTAGARTCBACC TECABECA YECAARC T TRGCS TAATCATBATCATAGC TRTYTCCT
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STOTRAMTTET TATCCUC TCACAAT TCCACACAACA TACBARCCBBAMICA T AAAG TOTAAAGCC TAR0B TACCTAATE
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ASTOAGCTAMCTCACAT TAAT TECHT TECBCTCACTOCCCACT T YCCAG TCOROAMMCCTATCOTBCCAGCTACATTAAT
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GAATCEOCCAACECECEABEASAROCHRT T TOCATATTAAOCACTC T

(34
TCCACTTCCTCACTCACTGACTCGLTOCOCYCO

730 740 730 760

700 %0
STCOT ICHBCTOHCIGCHABCHS TATCABC TCAC TCAAAGACEE

a4 800
TAATACOGT TATCCACAGAR TCABGABATAACBLABE

810 020 30 840 aso a70 as0
ATSY C CA CoT

MBOCCACATTACTOECATTTYTCCATABSCTCC

30 *40 30 %0
GGCAAMALCCLAACABGAC TATARABA TACCAGECE

avo 900 910 20
SCCTCCCTAACRAGCA T CACARRRATCBALAC TCAAG TCASABAT!

70 "0 90 1000 1010 1020 030 1040
TTTCCCOCTROAAMC TCCCTCRTECACTCTCCTAT TCCAACCC TACCAC T TACCOMATACC TATCCACCTYTCYCCCTYC
1050 1060 1070 1080 1

1110 1120
GOGAABCETIBCAC T TTICTCAATACTCACECTBTABBTATCTCAGT T

0%0
CRAOTEeTAGBTCET TCACTCCAAGLCTERACTATE
1130 1140 1150 1160 1170 80 1190 1200
TGCACSAACCCOLCE T TCAGCCCAACCHCTACACCTTATCCAATAACTATCATCT TAAOTCCAACCCEATAAGACAC BAC
1210 1220 1230 1240 1230 1260 1270 1280
TTATCRCCAC TRACABCAQCCAL YOG TARCADGAT TABCADADCOAGO TATE TAGGCAGTACTACAGAGT TC 1 TGARGTE
12% 1300 1310 1320 1330 1340 1330 1340
GTOACCTAACTACGOC TACAL TAGAAGGACAGTATTIOBTATCTECOC TCTOCTOAAGLCAGT TACCT TCGGAARAAGAD
1370 1380 1390 1400 1410 1820 1430 1440
"TTOGTASCYC ¥ TOATCCOOCAAACAAACCACCGC YBOTASCBOTOATT TTTYTAY TTOCAAGCAGCAGA T TACECOCAGA
1470 1480 1490 18500 1510 1320

1430 1440
AAAAAABOATCTCAAGAAGATCCTTTOATC TTTTCTACGGAOTCTGACAC TCAR TOOACBAARAC TCACOHT TAAGDGAT

1330 1340 1350 1360 1370 13680 1390 1600
TTTBBTCATOAGATTATCAARARRGAATCT TCACCTAGATCCT Y TTAART TRARAATOAABT T TTARATCAATCTARAGT A

1810 1620 1630 1440 1630 1

1470 1600
TATATOAQTAAACTTOGTCTOGACABT TACCAATECT TARATCAB TGABGCACCTATCT

660
CABCOATCTOTCYATYTCATTICA

1710 1720 1730 1740 1730 1762

1690 1700
TCCATABTTOCCTOACTCCCCOTCOVATABATAACTACBATACBRGAGBEGLC YTACCATC TGACCCCAGTOC TBCAATOA Y

1770 1780 L7%0 1800 1810 1820 1830 1840
ACCOCOABACCCACACTCACLAAC TCCABATTTATCAGCAATAARACCAGCCAGCCOGAAGOGCCAAGCOICABAMGTRATC

16830 1860 1870 1880 1890 1900 1910 1920
CTACAACTYTATCCOCCTCLCATCCAGTCTATTAAT TGY YOCCOGAAAGBC TAGAGTAAGTABT TCBCCARTTAATAGTTTS

1930 1940 1930 1960 1970 1980 1990 2000
COCAACBTTBT TOCCATTACTACABOCATCOTOOTOTCACOCTCATCOTTTAATATRACT TCATTCAGCTCCOBT TCCCA

2010 2020 2030 2040 2030 2060 2070 2080
ACOATCAAGACBABTTACATGATCCCCCATOT TRTACAAAARABLOGT TABC TCCTTCAATCCTCCOATCBT TATCAGAA

20%0 2100 2110 2120 2130 2140 2130 2160
BTAAGBTYHELCBCABTATTATCACTCATEATTATOACAGCACTBCATAATTCTCTTACTOTCATAGLCATCCATARBATOC

2170 2180 2190 2200 2210 2220 2230 2240
TYTTCTOTGACTORTAAATACTCAACCAAGTCAT TLTOAMMAATAGTOTATOCOOCGACCOAGT TACTCTTOCCCAACOTC

2230 2240 2270 2280 22%0 2300 2310 2320
AATACGAOATAATACCOCACCACATAGCAGAACT TTAARAGTOC TCATCAT TOGAMAACGT TCT TCOBOOCOAMAACTCT

2330 2340 2330 2360 2370 2380 2390 2400
CAAGBATCTTACCACTATTARGATCCAGT TCAATOTAACCCAC TCOTGLACCCARCTBATCT TCAGCATCTTITTACTTTC

2410 2420 2430 2440 2430 2460 2470 2480
ACCAGCATT TCTORE TBAGCAARAACAGIAAGACAAAR T BCCBCARRAAAGBOAATAABOGL GACACOBAAATRY TBAAT

24%0 2300 230 2320 2330 2340 2330 2560
' ACTCATACTCTTICCTYTITCAATATTATTGAAGCATTTATCAGOATTATTBTCTCATGAGCOBATACATATTTOAATATA

2370 2580 25%0 2600 2610 2620 2630 2640
TTTAGARAAA TARRCAAATABGBERT TCCOCGCACAT T TCCCLGARAAB TGCCALC TEACATCTARGARALCATIATTATC

2630 2640 2670 2680 2690 2700

270 2720
ATGACATTAACC TATARRAATAGOACATATCACGAGACCCTTTICGTC

Accl Aval

Hind)l Smal 45718 Bami
Hindll _Sphl _Pstl  Sali  Xbal BamHl_X™!  4uni  Sad  EcoRl

AGTGCCAAGCTTGCATGCCTGCAGGTCGAC TCTAG AGG ATCCCCGGGTACCGAGCTCGAATTCGTA
I
393 puC18

!
458
Aval

Banll Asp71g Smal
EcoRl  Sedd Kpni

Accl
Hindil
BamH! Xbal Sait Patl Sphl  Hindill

AGTGAATTCGAGCTCGGTACCCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTIGGCGTA
Loa puUC19
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CT?CWCGTEY‘T”TT”TOYYYWYOTYNThCAGCOCCmY TCADCAAT TAABCTCTAABCCA

230 260 270 260 290 300 310 320

TCCBCAAAAATBACCTCTTATCARARBEABCAAT TAARBATACTCTCTARTCCTBACCTET TAEGABTTTECTTCCABTCT

330 340 360 380 390 400

BBY'II:&YTTM‘IMTYWT“YYTMTCYYTN?YDCTCTTMTCTTTTTMTG:MTCC&Y
410 420

440 470 480
T YBCTN:TG‘\CYATMYQBYCWYMCTMTI‘ TTTBATTTATOUTCATTCTCATTTYCTARACTOT T TRARBCA

20 ) 3540 330 360
T?YWTTW?BMY“Y TTATGACBAT TCCBCABTAT TOGACBC TATCCABTCTARACAT TY TRCTATTACCCC

380 390 600 620 640
CYCYWT'CTTYTWCYC TCH:Y“Y‘I’ITN?TY?T“TCGTCBTCTBBTWYTAYB&T“BYG

450 660 670 &80 90 700 710 720
TYBCTCTTACTATECCTCATAATTICCTYTTTOBCATTATETATCTACATTAGTTGAATETOOTATTCCTAAATCTCAACTE
730 ? 760 770 780 790 800
ATOARATCTTTCTACCTBTAATAATOTTGTTCCOTTAGTTCOTTYTATTAACOTABATTTTTCTTCCCAACAYCCTOACTD

az2o0 a30 840 840 aro 880
BN\TMTBMCCMTTCTIMYCN“YMTMT YCRCMYBQTI’MABTTMY TAAACCATCTCARBCCCAATT

a%0 900 1m0 20 930 240 30 960
TACTACTCOTTCTBBYSTTCTCBTCABBGCAAGCCTTATTCACTOAATOABCABCTTTATTACGT TBATTTOEOTAATBA

990 1000 1010 1020 1030 1040
ATATCCEOTY YCTTBYCA‘\B‘“’TﬁCTCTTBAYBMBBTCMCThTWTG@TCTBTmeYC@TCTBTCCY

1070 1080 100 1o 1120
CTTYCM‘\OY‘MI’MTTCNTYCCCIY“TG&I YWCBYCTMMCTCBTTCCGETMGTWYWTC@

1130 1140 1130 1160 1170 180 1200
BBATTTCGACACAATTTATCABOBCOATEATACAAATCTCLATTATACTT TBTTTCBCM"Y“TM?C@YWTC

1210 1220 1230 1240 1250 1260 1270 12080
AAABATBABTBTTTTAGTBTATTCTTTCOCCTICTTTCAY TYVMTYWTBCC"TCGY“GTBMATTACBT“TVTT‘\CCC

1 1300 310 1320 1330 1340 1330
GTYITAAT TTYCCTCATBAA YCY'IMTCCYMCYCTBTMCCBVTOCTWCCVCDYTCCMYxYGT
1370 1380 1390 " 1400 410 1420 1430 1440

CTTTCOECTEL TOABGG TGACBATCCCBCAARABCOGBLLTT rmvccmocmccvcmceaccmmmmwnm

1430 14560 1470 1480 1490 1300 1310 1820
GCRTEBACOATARY YBT IBTCAT TATCOOCACAAC TATCOOTATCAABC TOTTTAABAAAT TCACCTCGANBCAAGL TO

1330 S40 1330 1360 1370 1380 19%0 1600
ATAAACCBATACAAT YMOCTCCY'IT"MCTTYT'IT TTYOGAGAT TTTCAALATBAARAAAT TATTATTCOCAAT

o110 1620 1630 1430 16460 1470 1680
TCCTTTAATTATVCCTTITCTAY ‘CTC“CYCCG:‘MI‘DTTM'I 19T TTABCARRACLCCATACABARAATTCAT

1690 1700 1710 1720 1730 1740 1730 1760
TTACTAACGTCTOOARMBACGACAAAAL T TTABATCAT TACOCTAACTATGABEO T TATCTETEOAATAC TACABOCOT T

1770 1780 1790 1800 1810 1820 1830 1840
GTAGTTTGTACTOO TOACOAAACTCABTET TACGOTACATAOATTCCTAT TEEACT TGC TATCCCTGAAMATAAGEC TAG

1830 1860 870 1880 1890 1900 1910 1920
TBOCTCTGAGR8TOGCART YCTMTB&:MT TCTEA0BGTAECOA TACTARACCTCCTOAO TACBATBATACACCTA

1940 1% 1940 1970 1900 1990 2000
YTCM‘“"\C‘ TATATCAACCCTCTCGACBOCACTTATCCBCC T88TAL TOAGCAARRCCCCACTAATCCTAARTCCT

2010 2020 2040 2030 2040 2070 2080
TCTCTTOAGBRATCTCAGCCTCTTAATACTTYCATET T TCABAATAATAGH T TCCBAAATABGCAGBOBBCATTAACTAT

2090 2100 2140 2120 2130 2140 130 21860
TTATACOOOCACTOT TMVCMDOCACN‘!N:CCCDT TAARACTTATTACCAGTACACTCCTATATCATCAAARGCCATOY

2170 2180 21%0 2210 2220 2230 2240
ATBACBCTTACTEBAACOOTAAAT TCABABAL TACACT TTCCATTCTOBCTTTAATOAMBATCCATTCOTTTOTBAATAY

2270 2280 290 2300 310 320
cu\aeccmrca-rcwaccreccrm1ocTeTwru:Tmrcrurmturmm

2330 2340 2380 2340 2370 2380 23% 2400
GGBTGATRACTCTAARGATEOCOBT TCTEADNGTAGCIGCTCTAASISARICTET TCCOATESTRECTCTERTTCCRSTE

2410 2420 2430 2440 24350 24460 2470 2480
ATTTTBATTATEBAAAADATBECAAACHC TAATAARBBOAEL TATBACCEAAATACLEATBAAMALASCECTACABTCTRAC

490 2300 2310 320 2330 340 S0 380
BCTAAABBCAAACT TBATTCTBTCACTACTBAT TACHBTBCTEGTATCOATEOTTTCAT TORTEACET TTCCHECCTTEC

2370 380 2390 2600 26 24620 2630 2040
TAATGETAATERTACTACTBATBATTTTECTBBCTCT MYTCWT*TMWNYMMTT

2660 2670 2600 2490 2710 2720
TAATGAATAATTTCCOTCARTATTTACCTTCCCTCCCTLAATCOBTT! BMTOTW""CTTYW AR

2740 2730 27860 2770 2780 a7v0 2800
CCATATBAATTTTCTAT TGAT TBTBACARAATAAALT TATTCCATAATATCTTTACATTTICTTTTATATETTECCALCTY

26810 20 2830 2840 2630 2860 2970 2000
TATBYATATATTYTCTACGTTTECTAACATACTECATAATAABBABTCTTAATCATECCABTTCTTTTEABTATTCCRTY

2890 2900 w10 2920 2930 2980 3990 2940
ATTATTBCATTTCCTLOBTTTCCTTCTROTAACTTTAOTTCOACTATCTACT TACTT TTCTTAAAAABSECT TCOBTAABA

2970 29680 2990 3000 3010 3020 3030 3040
TAGCTATTBCTATTTCATTBTTTCYYBCTCTTATTATTOROCT TARLTCAATTCTTATOBETTATCTCTCYBATATYABC

3030 3060 3070 3080 30% 3100 3110 3120
GCTCAATTACCCTCTGACTTTBTTCAGEATATTCABT TAAT TCTCCCOTCTAATACACTTCCCTETTYTTTATOTTATICT

3130 3140 3130 3170 3180 3190 3200
CYC?ETMCTBCTATYTTC&TTTYTG{\CGYTWTWTYTCYTATTTMTT“Y“?M‘I’AT’:T

3210 3220 3230 3240 3230 3260 3270 3200
GTTTATTTTOTARC TABCAAAT TABGC TC TOBAAABALAC TCOTTAGCATTEBTARBAT TCAGBATAMATTETAGC TR

3290 3300 3310 3320 3330 3340 3330 30
STECAAAATAGCAACTAATCTTBATTTARGACT TCAARACC TCCCECAAD TCOBGABOT TCOC TAAMACECCTCBCRTTC

3380 33%0 3400 3420 3430 3440
‘l’YMTW'WTTCT‘TQTCTB‘TTTETTRT!TTWTMTUT TCCTACOATBAMMATAAMAAC

3460 3470 3480 34%0 3810 320
BmYTEYTBYTCTCMTWTM‘MTTNTTTMYWTYCTTMT“TWTYQT‘I‘

3530 3340 3330 3360 3370 3300 IO 3400
TTEBTTICTACATECTCOTAART TAGGATOBBATATTATTTTTCTTET TCABBACT TATCTAT TOT TEATAAACARSSCAC

34810 3420 3430 3440 30 370 3400
aricrecar YmTBNlCATO"TBTTYA"'UTCﬂYmTCYWYTMTTTNC"‘YY.YC“T&YYTQM"TCY

3700 3710 3720 3730 3740 IO I760
CYYﬁT'ACYWCYCBMT”:TCTECTMAYT‘A'BTTWY TOTTAAATATOBCBAT TCTCAAT TAMBCCCTAL

3770 3700 37%0 3800 3810 3820 3830 3840
TOTTOAGCOTTOOCTTTATACTUGTAABAATTTETATAACSCATATRATACTAACABSCTTTTTCTAATAATTATOATT

3830 38460 3870 3860 3890 3900 3vio 320
CCOBYATTTATTCTTATTTAACGCCTTAT TTATCACACGATCOGTAT T TCAAACCAT TAAAT T TASE TCABAABATEAA
3930 3940 3980 3940 3970 3980 IO 4000
TTARCTAMMATATAT Y TOAAAAASTTTTCTCBCATTCTTTBTCT TACBATTOBAT TTRCATCABCATTTACATATASTTA
4010 4020 4040 4050 4060 4070 4080
T‘\TMCCWCCTQA@CWYYMYMTCYCYMTQ'MTYYTNY“TWQMYCVWVC
4090 4100 4110 4120 4130 4140 4100 4100
ABCOTCTYAATCTAAGCTATCBCTATBTTTTC TICY TTAATTAN YT TACABAABCAA

4170 4100 4190 4200 4210 4220 4230 4340
BOBTTATTCACTCACATATATTRATTTATETACTOTTTCCATTAAAAAABATAATTCAMTEAAATTET TAAMA TETRATTA

42460 4270 4290 4290 4300 4310
ATTTIOTY l'YCTYMTOT!’T'TTT“TQNWTYMMYMMMYMW"TT
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4330 4340 4330 43560 4370 4380 4400
BTARCTTIGATAT TCAAAGCAATCABGCGAATCCOTTATTIGT TTCTCCCBATETAARAGITACTAT TAC TATATATTCATC

4410 4420 4430 4440 4430 4460 4470 4480
TOACGT TAAACCTOAAAATCTACGCARTTTCTITATTICTBT YT TACATGCTAATAATTTTGATATGGTTBAT TICAATTC

4490 4300 4810 520 4330 4340 4380 4340
CITCCATAAT lCMMGIkIMICCMMTCm' TATATTGATBAATTOCCATCATCTBATAATCAGGAATATGAT

4370 4380 4390 4400 4620 44630 4640
GATARTICCGCTCCTTCTEATEATTICYTTET YWY“IMTO" TACTCAARCTTTTAARATTAATARCBTY TCE

44630 46460 4670 44680 4690 4700 4710 4720
GGRCAARBGATTTAATACBABTTAGTCGAATTATTTETAMRBTCTAATACTTCTAAATCCTCARATGTATTATCTATTBACE

4730 4740 4730 4760 4770 4780 4790 4800
GCTCTARTCTATTABTTOTTAGTACACCTAARGATATTTTRBATAACCT TCCTCARTYCCTTICTACTBTTAATTTECCA

4610 4820 46830 4840 4830 4860 4870 4880
ACTEBACCAGATATTEATTGAGEBTTTBATAT T TOAGAT TCARCAADG TEATBCTTTABATTYTTCATTTACTECTEECTC

4900 4910 4920 4930 4940 4950 4960
tcaacamecn:rar TOCAEBCOATOT TAATACTBACCOCCTCACCTCTETYTTATCTICTACTAGTEAT TCATTCaaTA

4970 4980 3000 3010 3020 3030
Y nursacearar11ueaectmcaartcacacanmactumaccancammtrarcramccacar

3060 3070 S080 30%0 3100 5110 3120
ATTICY mei TYCABGTCABARGRGTTCTATCTCTEYTGOCCABAATBTCCCTITTATTACTGOTCATaTAACTOATEA

3130 5140 3130 3160 3170 3180 3190 5200
ATCTOCCAATOTAAATAATCLCATTTCABACBATTOABCBTCAAAMTETABETATTTCCATEBAGCATTTYTCCTOTTECAR

3210 5220 39230 3240 4230 3260 8270 3280
TOACTEOCOGTAARTATTBT TCTAGATAT TALCAGCAAGGCCBATABTTTBABT TCTTCTACTCAGACARBTGATBTTATT

3290 5300 3310 3320 3330 3340 3330 3360
ACTAATCARABAAGTAT TGCTACAACBATTAATTTECETEATAEGACAGACTCTTTTACTCGATAGCC TCALTBATTATAA

3370 3380 a39%0 3400 3410 5420 3430 3440
AAACACTTCTCARBAT TCTRACETALCATTCCTOTCTAARATCCCT Y TARTCBACLTCCTOTTTABCTCCCACTCTBATY

35430 3460 3470 3480 3300 3310 3320
CW!TAIEBIM‘“TWYNYWYD‘MY'W

3330 3340 3330 3370 3380 3390 3600
IBTBBTNT‘m‘lwﬂ:Ym“:"m'WYCCYTICETTICTTCCCY‘CCYYTC

3410 3640 36460 8670 3480
YDWYVCW'" rcccwvcuoctcrmrmrcccvnmncwt TTAGTACT YTACGOCAC

3690 3700 10 3720 3730 3740 3730 3780
Cfcmm'lYOAI‘YMT“TNTTWIMTWVWYUTMWT7T'mel?m

a770 3780 a7%0 8800 3020 3830 3840
BTTE0ARTCCACATTCTTTAATABTA@ACTCTTOTT MTMVMCC‘AICVCNTAT TCTYT B

3830 3870 38680 38%0 35900 3910 9920
ATTTATAABBAATTT YWTTTWTM'T‘TMI@TWTWT

3940 3930 3%0 3%70 3980 6000
IDCYM'CTCIWYWMYWTOY VECCGYCTWT“TWWCCVB

4010 030 6070
aceccmtncmcwcrctccmanmv TCAT TM'MYWYYTCWYW

4100 4110 6120 6130 6140 6130 6160
WTWTYM'BYWTYNBCTMTMYYW'TV“'Y'AYEVYCCB

6170 6200 4210 4230 6240
BCTCATATOT TDYBTM'FBYWIWMV L] TWYAYMTMYTWV TCEAGCT

6260 &270 4200 6290 310 6320
mtmtmvcrmvwvmmtmt TMYNECGTCBTTYTMWGYCBYGNZ'BG

£330 8370 6360 6390 &H400
M'mi vacccmc TYARTCBLCCT 'DCMYCCCCCYTVGMYW‘MYWCCG

4410 4420 ~430 sAL0 SABO 480 )
CACCAATCACEC T TCCCAACARST TOCECAGCE TOAATOACEAA TRECECTT TECCTEAT TTCOBCACOMMNACERTRC

“re
64%0 6300 &%510 8320 46330 6340
ceem:reanmmcaarcvrccreaaoccoamcamcotcatcccctmrucmvmnmv

6370 4380 4390 4400 «610 6420 &40
BCOBCCCATCTACACCAACOTARCCTATLCCATTACGATCAATCCEBCCATT ‘BYYCMWIWT‘IIT‘A

64630 L&60 6670 L6690 6700 4710 4720
CTCBCTCACATTTARTET TBRYGMCTGBCYEWWYTQTTY TTBATEBCATTCCTATTRETT

6730 6740 6£730 4760 &770 6780 &7%0 &800
ARRARATBAGCTGAT T TAACARRRAT T TAACECAART T TTRACAAAATAT TAACB TTTACAAT TTARATATTTECTTATA
&810 6820 6830 4860 &880
CAATCTTICCTBTTYTTEOEACTT TTCY“TTlﬂm‘lﬂ?hfﬂnmﬂlﬂ“’l’TYYmT'm"TC

6890 6900 6910 4920 4930 6940 4930 V60
ATCBATTCTCTTETY TGCTCCAGACTCTCAGECAATEBACCTEATABCLT T TATABATCTCTCAARRATABC TACCCTCTC

6970 6£980 6990 - 7000 7010 7020 7030 7040
COBCATTAATTTATCABCTAGAACBOTTEAATATCATAT TBATEBTGAT T TBACTETC TCCOBCCTTYCTCACCCTTTTS

7030 7060 7070 7080 7090 7100 7110 7120
AATCTTTACCTAGACATTACTCABECATTBCATTTARAATATATEABEAT TCTAMAATTTTTATCCT TRCETTOAMATA

7130 7140 7160 7190 7200
AABGCT "C‘ICCCMTQVTWTCATMYBT1'TTT“TWTTT‘TYTAT‘TCTMTT'IA'Y

7210 7220 7230 7240 7230 7260 270 7280
BCTTAATTTTOCTARTTCTTTEBCCTTOCCTATATEGATTTATTGRATATY

Smal Accl
) Asp718 Xenial Hinan
,E(zc-Rl Sacl  Kpni .. BanHl Xt Saft Pslt Sph Hindin

ACGAA T TCGAGCTCGGIACCOGGGOA TN TCIAGAGTT LIACCIGUAGGCATGUEAAGCTTGGCAC T

i
o M13mp 18 G

Accl Smal
Hindil Xonal ASPTI8
Hindih __Sphl __Pst__ Sa __Xxbal  Bamti_—"" Kon Sacl  EcoRi

TACGCCAAGCTIGCAIGCOTOCAGGICGACTCTAGAGGATLL ((((.(.(.IN CGAGCICGAATTCACT
6228 M13mp 19

6293
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Enzyas Gite . Pas. Pos. Pos.
=z

AcclA (BTCBAC) ¢ 6263) 6263

AhallC (8GCECC) { 6000) 6000

Alul (ABCT) [} » 39 ¢ 24) 43 ¢ 140) 203
¢ 28) 229 ¢ 104) 333 ¢ 600) 933
{ 838 1447 by 2] 1316 { 1444) 29462
« 13 3278 « 33 3811 (4G4 4093
{1330 89423 (« 204) S3629 ¢ 331) 8%0
[} ”) 4083 ( 64) 117 ¢ 3) 212
4 28) 6237 43) 4262 ( €”s) 4373
¢ N 4484 (« 190) bbbS | 63) 6729
¢ 220) 949 ¢ 2 &976 ( 201) n7

AvalA (Ccceea) { 6246) 244

AvalC (CTCBEA) { 3824 3824

AvallA (GBACC) ¢ 3913) 3913

Ball ({T86CCA) « 307" 3079

BamH1 (GGATCC) t &251) 4231

BanlR <(88CALCC) { 38768) 3476 ¢ 434) 6130 ¢ 334 44464

Banlh {0BTACC) ( 6242) 6242

BaniIC {eacocc) t 6000) 6000

BanlD @araco) { 1248) 1248 ( 5228) 64746

BanliB (B8ABCTC) ¢ 6236) 6236

BanllD (B8ECTC) { 3642) 3642 )

Bavia (BCABC) « 931 931 { 4604) 3333 ( S18) 6031
¢ 303) o334 ¢ ™ 6427

Bovie {8crTac) { 1368) 1366 ¢ 1138) 2320 ¢ &11) 3131
t 1739) 4870 ¢ 1032) 3922

Bgll (GCCNNNNNGBC ) { b6430) 6430

Bglll (ABATCT) ¢ 6934) 4934

Clal (AYCGAT) { 2326) 2326 ¢ 4333) 6881

Dael {CTNAG) | « 233 233 (« B&W) 1090 ( 272) 1370
] 48) 1416 ¢ 367) 1783 63) 1048
L} 13 1841 1% 1876 ( 24) 1900
¢ 72) 1972 ¢« 42) 2014 ( 30)) 317
{ 13 2332 ¢« 13 2347 ( 19 2362
t 9% 3340 ¢ 43D) 4012 ¢ an 4039
[} p L2 4070 « 8 4092 ( 260) 4120
{ 1860) 4280 ( 6000 4880 ¢ 381) 95261
« &72) 9933 « 3TH) 6308 ¢ I 4907
« 133 7060 ¢ 1280) 7188

Dral (TTTRAR} « 189) 189 ( 283 472 ¢ 414%) 45621
t 2162) 6783 « 290) 7073

EcoR] {BAATTD) t 6£230) 6230

EcoRliA (CCABE) { 3940) 4940 ¢« 19&) 6136

EcoR1IB® (CCTEG) 4 1013) 1013 ( 9D 1963 ¢ 4032) 3997
{ 330) 327 ¢ 2N 6434

Fnullt «(Cace) ( 43) 43 ( 304) 347 (. 77THY I3 81:)
{ -14) 1173 ( 1290) 24465 ( 88Y) 3334
{ 34) 3408 (¢ 190) 3398 ( 333 3951
« 381 4312 ¢ 681) 4993 ( 49 3488
{ 24) 3312 « 20) 3332 ( 498) #0260
] 2) 030 ¢ 438) o688 43) o731

Fnud4Hl (GCNEC) (S A 20 931 ¢ A3M 1368 n 1393

Enzyme Bite

Pas. Pos. Poe.
Fru4Hl  (BCNEC) t a9 2284 ( 3) 2287 ( 24) 311
< 43) 2336 ( 164) 2320 t &11) 3t
{1739 4870 ( &29) 3499 « 14) 3313
< 22) 3333 ( 387 89922 ( 12Z9) #0314
« 303) 6334 kR 427
FokIA {GOATE) { 3I348) 3346 ( 3497) 7243
Fokld {CATCC) {239 239 ¢ 4121) 4360
HaelIA (GGCOCC) < &000) 4000
HaellB (ABCBCC) { 5338) 2538 « o) 3
HaelIC <8GCACT) { 6443) 6443
HaellD (ABCBCY) { 220" 2709 (¢ 329) Jo38
HaelII (BECC) ¢ 1393 1393 ( 649) 2244 ¢ 30%) 2333
¢ 2327 5000 ( 138 3238 ( 108) 3344
[} &9 S413 « 1 3724 « 214) 9938
{ ) 4036 ¢ 287 6293 { 102) 393
« umn 6312 ¢ 169 6681 ( 341) 7022
HgalA (BACEC) < 526) 326 ( 1837) 2163 ¢ W 2470
{ 738) 3236 ( 3450) &46Bs
HgalB {BCOETC) ( 4082) 4082 ( 1073) 1t
HgialA (BTECAC) ( 4742) 4742
HolalD (BABCTC) { 6238) 6234
HgialC (GBTBCTC) ( S54564) 3464
Hnhal {acec)» < 44) 44 { 988 1010 ¢ T4) 1084
. L4 ) 1176 ¢ 29%) 1449 ¢ 723) 2194
t 27 2446 (  244) 2710 ¢ 329) 303%
4 38) 3093 ¢ 1) 3407 ¢ 190) 3397
{« a8 4311 ( &83) 4994 ( 493) 3409
{ 13 3302 « N 3311 ¢ 22 3933
4 26) a339 « o) W7 ¢ A38) 4001
< a) 6029 ¢« -1 0% ( 331 642D
( 21) b448 ( LIY) 4361
HincllA (GTCBAC) ( 6283) 6263
HindlIl (AAGCTTY) ( &281) 4201
Minf#l {BANTC) t 138 136 ¢ 80) 216 ¢ 270) 490
¢ 23) Sit « 2 723 ¢ 1207} 2010
{ A8 24% ( 348) 2044 ( M) 3237
{ 160) 3417 « 3240 3741 ( %) 3837
t 238) 4073 ¢ 43) 4116 ¢ 232) 4348
t 77D 3119 ¢ 20%) 5328 ( 44) 3374
[ a3 3437 ¢ 32¢) 3763 ( 22) 37€7
( 233 4040 (¢ 221) 6261 ( 342) 6423
( 21) &86a ¢ " %03 ¢ 137 7040
Hpall {ccaa) ¢ 314) 314 (¢ &31) 963 ( 129) 1094
{« 82y 1923 ( 434) 2377 ¢ 18 393
( 1396) 2331 « 618) I3 ( A7) 3841
« 176) 4017 ( 1998) 8413 ( 843) 6138
[ " 6247 « 1) 442 ( 18) 4480
t 337 4837 « 123 6960 ¢ &0) 7020
HphlAa (GGRTEA) « 1379) 1373 ( 396) 1723 { 13m) 1908
{409 2397 (  144) 2341 ¢ 3 2000
¢ 3 2019 ¢« [3) 2023 « 2221) L o)

vev

cgrdwg I Jo $93TS uor30TI3s8Y
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Einzyme Bite Pas. Pas. Pos.

HphlA (BBTBA) « 270) 3116 ¢ 389) 3705 ( 241) 3948
{ A3 3979 ( 102%) 7004

HphlB {TCACC) { 1302) 1302 ¢ 1132) 2634 ( 2268) 4922
{ 2108) 7030

Kpnl (8ETACC) { 62420 6242

Mbol (BATC) < 1381) 1381 ¢ 332) 1713 ¢ 307 2220
( 4032) 6232 ¢ 133 6403 ¢ %) 4301
{ 434) 4933

MbollA  (BARBA) «a2an 2217 ( 1698) 3911 ( 2479) &390

MbollB (TCTTC) t 781 761 ( 3293) 4074 (  198) 4270
U &6b) 4936 ¢ 31@) 352354 ¢ 332) 3566
¢ "7 6303 ( 301) 6004

mllA (CCTC)» « 234) 224 (119 373 ¢ 187 360
3 27 387 &8) 433 ( 383) 1038
< 49) 1087 ( 14)) 1230 ¢ bb6) 1298
[ D 1317 a 1323 « 19) 1344
[} " 1418 ¢ 90) 1803 ¢ 3N 18%
] 48) 1944 ¢ ) 2019 ( 243 2262
« &) 2268 ( 408) 2672 4) 2676
. an 2093 (« 138) 3031 ¢ 289) 3320
[ h3D) 3331 ¢« 331 3702 ( &08) 43046
¢« 391 4697 74} 4771 ¢ 149 4920
! -1 4923 ( 421 9344 ¢ &9) 33
« 2863) 8680 (  340) 6020 ( 233 6233
« 217 6332 ( A2 6933

"1l (8AB8) (  484) 484 ( 141 623 ¢ T7A7) 1372
« 339 1731 ¢ 102) 1833 ¢« 1% 1848
¢ 19 1863 ( 19) 1a78 « 129) 2007
« N2y 2319 ¢ 13) 2334 ¢ -1 2349
[} 13) 2364 4) 2368 ¢ Y%7 3333
t 689) 4020 ( 79%) 4819 13) 4834
« 612 446 ( 94D 6393 ¢ 117) 4310
« 573 7083 ( 103 7190

Metl tyaceca) i 6428) 5424

MetIl {CCTNAGS) ( 6307) 6307

Nael {Gccasc) ( 3812) 3612

Narl {eacscc) { 6000) 4000

NcilA {CCCed) { 4246) 246

Nci 1D (CCo00) « 1923 1923 ( 4324} 4247 « 890) o837

Ndel (CATATE) « 2722) 2722 ¢ 1080) 3802 ( 3043} 6643

Nlalll (CAT@) t 149) 149 ( 47) 196 ¢ 910) 1106
« 193) 1299 ( 499) 1796 « 239 2033
¢ 123 2136 ( &9 2634 ( &7 3Isn
[} ar) 3610 ¢ 99) 3717 ( 1461) 3176
« 104)) 6221 -1 &276 ¢ 380) 6834

NlalVv {BONNCC) t 1061) 1063 ( 187) 1248 | 292) 1340
{ 100 1330 ¢« 232) 1602 ( 248) 2030
t 323 2373 ( 19 2391 ¢ 37132) 3643
[} 12) 3633 ( 20 3676 (190} 38464
« 134) 6000 ( 130) #130 ¢ 11D 6242
€ N 4231 ¢ 213 404 ( 12) 6476

Putl {Cracam) t 6269 6269

Pvul (CGATCA) { 6404) 6404

Pvull {CABCTO) { 3939 2999 ( ™" 4032 « 322) 4374

Real (BTAD) « 173 173 ¢ 107 200 {  741) 1021

Enzyme BOite Pos. Pos. fos.
Real (BTAL) { 143) 1164 ( 600 1768 ¢ 2n 1793
t "N/ 1888 ¢ 16) 1904 ¢ 63} 1949
( 163) 2132 ( 1338 3464 ( 201) 3667
< 222) 4189 ( 190) 4379 ¢« 1004) 3383
t 102 3483 ¢ 738) 6243 ( 5%9) o842
t 322 7164
Bacl 1GABCTC) { 62346) 6234
Ball {aTCaAC) t 6263) 4263
Bau®bl (BANCC) { 3723) 3723 ¢ 19%0) M3 « 24) 937
. { 438) 6393
BcrFl (CCNB8) ( 1013) 1013 ( 10) 1923 ¢« 42) 1963
{ 3973 M40 ( L 14] 5997 (139 6136
¢ 1100 6246 1 6247 ¢ @0} 327
¢ 127 4434 ( 38Y) 4837
8fanIA  (BATGC) ¢ ) 23 ( 383 380 (¢ %3 1333
( 3494) 4849 ( 1498) 6343 ¢ 13 4338
gfani® (BCATC) <« 397a) 3976
Beal {€ccseaa) t 4244) 6246
Snabl (TACATA) t 1267 1287
Sphl (BCATEC) t 6273) 6273
Teaql (TCBA) ( 33&) 338 (7900 1126 ¢ 381) 1307
. { 4431) 1948 ¢ 379) 2327 « 92an 3434
t 239 3493 ¢ WYL 44664 ( 1018) S6a82
« 3532) 6234 « 30) 6264 { 410) 882
Xbal {TCTAGA) { 6237) &237 !
XhollA (BBATCC) ¢ 6231) 6231
XhollBP (RBATCC) « 2219 2219
XhollD (REATCT) « 4934) 4934
Xanl (BAANNNNTTC) « 337 387 ¢ 22e8) 2443
These enzymes did not appear.....latll AcclD fAccIC AcclD AnallA
AhallB AhallD Apal Avald Avald
Avalld BanllfA BanlilC Bcll Bashll
Batxl Setell EcotV HgialD HMHincll®
HInclIIC HMHincllD Hpal Mlul Ncol
Not1l Nrul Netl Sacll Scal
Stul Tethiltl Xnol AholIC Amalll
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