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Abbreviations

AA
ATP
ATPasc
BCIP, X-phosphate
bp

BSA
cDNA
DEPC
DIG
DNA
DNase 1
dATP
dCTP
dGTP
dNTD
dTTP
dUTP
DTT
EDTA
EBr

g

g
h

11EPES
IPTG
kb

kDa

amino acid(s)

adenosine triphosphatc

ATP hydrolysing enzyme
5-bromo-4-chloro-3-indoyl-phasphate

base pair{s)

bovine scrum albumin

complementary DNA

diethy! pyrocarbonare

digoxigenin

2" deoxyribonucleic acid

deoxyribonuclease I

2' deoxyadenosine triphosphate

2" deoxycytidine triphosphate

2" deoxyguanosine triphosphate

2" deoxy (nucleotide) triphosphate

2" deoxythymidine triphosphate

2' deoxyuridine triphosphate

dithiochreitol

ethylene diamine tetra-acetic acid (disodium salt)
ethidium bromide

gram

centrifugal force equal to gravitational acceleration
hour

4-(2-hydroxyethyl) piperazine-1-ethanesulfonic acid
isopropyl-b-1)-thio-galactopyranoside

kilobases

kiloDaltons




Klenow

{

M

mg
mM
min
ml
MOPS
mRNA
ng

nM
nm
NTB
oD
ORF
PCR
PEG
pH
polyA+
ppi
RNA
RNasc A
RP49
rpm
SDS
Tris
tRNA
UTR

Klenow fragment of E. coli polymerase 1
litres

molar

milligram

milliMolar

minutes

millilitres
3-morpholinopropanesulfonic acid
messager RNA

nanograms

nanmolar

nanomeires

4-nitro blue etrazolium chlotide
opticul density

open reading frame

Polymerase chain rcaction
polyethylene glycol

acidity [-log]0(Molar concentration of H* ions)]
poly adenosine tailed RNA molecule
pyrophosphate

ribonucleic acid

ribonuclease A

ribosomal protein 49 (Drosophila)
revolutions per minute

sodium dodccyl sulphate

Tris (hydroxymethyl) aminomethanc
transfer RINA

untranslated region

units

I1




uv
V-ATPase
vhal4d
vhal6
vha68-1
vha68-2
Vol

Xgal

nCi

ul

ultraviolet

vacuolar H*-transporting adenosine triphosphatase
gene encoding V-ATPase F-subunit in Drosophila.
gene encoding V-ATPase E-subunit in Drosephila.
gene encoding V-ATPasc A-subunit in Drosophila.
gene encoding V-ATPase A-subunit in Drosophila.
volume
5-bromo-4-chloro-3-indolyl-b-D-galacropyranoside
microCuries

microlitres

micrograms

three prime

five prime
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Summary

Over the last few years, thousands of lines casrying lethal P-element insertions have
been produced by the Drosophila community, which must presumably have inactivated
a large number of essential genes. This thesis describes a fast and efficient approach to
correlating cloned genes with mutant fly lines carrying P[lzcW] insertions in the second
chromosome (Torok er l, 1993). We have made use of the fact thac P[zeW] contains
a plasmid replicon to cstablish a collection of rescued plasmids containing genomic
DNA flanking sites of transposon insertion, Plasmids representing a total of 18306 lines
were individually rescued, and pooled in batches of 10 and 100. Pools of 100 plasmids
were screened by hybridisation with ¢DNAs corresponding to cloned second
chromosome loci. Hybridising pools were then narrowed down to single plasmids by a
process of subdivision and rehybridisation, and corresponding mutant lines were
obrained. Initial screening with 40 cDNAs has detected positive hybridisation for
more than 10 genes. Mutations for 7 genes have been confirmed, of which insertions in

genes encoding the A and c subunits of Drasophila V-ATPase are included,

V-ATPase is 2 proton pump made of multiple subunits. The genes and cDNAs for A,
E, and F subunits of V-ATPase have been cloned from Drosophila melanogaster via
homology with the corresponding Manduca sexta genes. vha68-1 and vha(68-2, genes
encoding two isoforms of V-ATPase A subunit, have also been isolated and sequenced.
Bath isoforms are composed of a polypeptide of 614 amino acids with a predicted
molecular mass of 68.4 kDa and 68.3 kDu respectively. The vha68-2 gene is
punctuated by four introns. The chromosomal location of both genes is at 34A on the
second chromosome. Northern analysis of total RNA reveals that both isoforms are
expressed in a similar pattern. ‘L'hey are ubiquitously expressed in head, thorax and
abdomen of the adult fly. Developmental Northern blots of embryo, larvae, pupae and
adult total RNA show general expression, but at a much reduced level during

metamorphasis. A fly line (25/8) carrying a single P[lzcW] insertion in »5268-2 was
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isolatcd by screening pools of rescued plasmids. The transposon is inserted into the
first intron, in front of the translation start codon of »£4268-2. The enhancer detector
reporter genc carried by the P-element (B-galactosidase) was gencrally activated, but
particularly strongly in cthe gut and Malpighian tubes of both larvac and adults. The
insertion largely reduces the transcript of the #h268-2 isoform which leads to a
homozygous lethal phenotype at first instar larvae, The homozygous lethal phenotype
can be reverted by 'jumping out' the insertion. Imprecise excision or internal deletion
of the P-clement created a set of novel hypomorphic or null alleles, with phenotypes
which range from the first instar larvae lethal, as in che original P-element insertion

line, to sub-lethals of different phenotype.

A gene and a ¢cDNA encoding the E subunit of V-ATPase have been characterised.
The gene contains three small introns. Its deduced translation product has 226 amino
acids and a molecular weight of 26,1 kDa. »4226 is prescnt as a single copy at
cytological position 83B1-4 on the third chromosome and gives rise to an mRNA
specics of 2.3 kb, with an expression pattern similar to that of vha68. A fly line carrying

a single lethal P[lze W] insertion within vh226 gene has been identified.

The deduced translation product of the cDNA (vhal4) for the F subunit is a 124
amino acid polypeptide with a molecular mass of 14 kDa, vhzi4 is present as a single
copy at cytological position 52B on the second chromosome, and gives rise to an
mRNA species ol 0.65 kb. Unlike v5268 and vh226, the vhal4 transcript shows
relatively little variation during development and between adult head, thorax and

abdomen, suggesting that the F subunit is a velatively ubiquitous component of the

V-ATPase.
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Chapter 1

Introduction

L.1 Drosophila melanogaster

The fruit fly Drosophile melanogaster has a lot to offer as an experimental organism. It has
a distinguished history as a subject of classical genetic analysis. Many of the major
principles of genetics, principles that we tend to take for granted, were established by
work with D. melanogaster (Ashburner, 1989b). A large number of casily recognisable
genetic markers, a generation time of only 10 days, simple culture methods and a large
body of literature and technical information arc readily available to the investigator.
Additionally, establishing the chromosomal location of a newly-cloned gene is
particulasly straightford, as the salivary gland polytene chromosomes are large and easy o
map. This means that a newly discovered gene can be reconciled rapidly with the sum of
existing knowledge of the Drosophila genome (Dow, 1994; Dow er al, 1996).
Transposable elements, and in particular the enhancer trap P-clement, have played a
pivotal role as mutagens, as molecular tags, and as germ-line transformation vectors
(Rubin, 1988; Kaiser, 1995; Sentry and Kaiser, 1995). D. menalogaster is now widely
used not only in classical and molecular genetics but also in rescarch on more complex

phenomena, such as those of developmental biology and ncurobiology.

My PhD project will use Drasophila to address the issues of (i} svstematic site-selected P-
clement mutagenesis of second chromosome genes and (ii) the molecular genetic analysis

of genes encoding V-ATPase subunits.




1.2 The P-element of Drosophila

A large number of transposable clements are known to exist in Drosophila melanogaster,
of which the P-element family is the most heavily exploited. P-clement technology has
revolutionised Drosophila molecular genetics, noc only in terms of providing important
insights into the mechanism of eukaryotic transposition, but also use as important tools
for gene transfer, insertional mutagenesis, enhancer trapping and gene cloning (See

Kaiser, 1990; Kaiser, 1993 and Kaiser ez #f., 1995 for recent reviews).

1.2.1 P-element Biology

P-clements are a family of transposable elements found in Drosaphila melanogaster, They
have been shown to be the causal agents of P-M hybrid dysgenesis, a syndrome whose
craits include high rates of sterility, mutation, and chromosomal rearrangements (Fngels,
1987; Engels, 1989; Rio, 1990). P-element transposition is genetically regulated,
oceurring at very high frequency only in the progeny from a cross between males of a 'P
strain’ and females of an "M strain', The distinguishing characteristics of P strains are that
their cggs have "P cytotype", a condition that results in repression of P-element
transposition, and that they carnry autonomous 2.9 kb full-length P-elements which
encode transposase. Transposition in a P- strain is repressed by a product of the full-
length P-elemenc itself, thus the P-element is normally quiescent but becomes highly
mobile in the progeny of females that lacks sepressor (Black e /., 1987; Engles ez al.,
1990). M srrains, by contrast, lack autonomous P-¢lements, and lay eggs thar are
permissive for P-clement wansposition (M cytotype). No dysgenic traits are observed in
the progeny of the reciprocal M male by P female cross or in the progeny from P x P or
M x M crosses. Morcover, as transposition is restricted to cells of the germline,

phenotypic results are not observed until further generations.




The first P-element to be cloned was a defective element, identified by virtue of having
distupted the white locus. The defective element was then used as a molecular probe vo
clone a complece element which was further confirmed for its transpositional acrivity
when injected into embryos of a M strain - it transposed from a plasmid into the
Drosgphila genome (Spradling er al, 1982). Molecular analysis indicated that the P-
elements present in P- strains could be divided into two classes; a class of full-length
2.9kb elements and a heterogeneous class of internally deleted P-elements (Figure 1.1), P-
clement sequences required in ¢is for transposition are contained within 138 bp at the 5'
end and 150 bp at the 3" end. These include 31 bp terminal inverted repeats. Full-length
P-elements include four long open reading frames encoding an 87 kDa transposase, the
activity of which is restricted to the germline due to differcntial splicing becausc the third
intron is not removed in somartic cells. (Rio, 1991; Handler ¢z 24, 1993). Ap elemcnt
with the third intron removed (A2,3) is able to transpose in somatic cells but lacks the
capacity to establish a P- cytotype (Laski, ¢t 2/, 1986). Internally dcleted clements of
various lengths can occur in both P- strain and M strains as well. Though unable wo
produce acrive transposasc, such clements can nonetheless be mobilised in the presence of

full-length elements.

When P-elements transpose they excise from che donor site and leave behind a double-
sttanded break, repair of which appears to require a template (Figure 1.2; Engcls ez al,
1990; reviewed by Sentry and Kaiser, 1992; Weaver, 1995). Excision of the P-clement
can either be 'precise’ or 'imprecise’. 'T'he phenomenon of precise and imprecise excision
could be explained by a doublc-stranded break repair model (Engcls ez 2/, 1990; Gloor er
al., 1991; Daniels and Chovnick, 1993). Sister chromatids or homologous chromosomes
of the broken molecule are used as templates for repair. If the remplate contains the P-
clement, double stranded repair will mostly produce a chromosome identical in
appearance to the donor chromosome prior to transposition. In such a case, P-element
sequences seem to have been rerained at the donor site. In a few cases, however, repair

can be interrupted, resulting in the generation of nonautonomous P-element deletion
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Figure 1.1 Structure of P-elements. The full length 2.9 kb P-clement has four long OR¥'s
separated by introns, The P-element is bounded by 31 bp inverted repeats (large
arrowheads). Insertion of a P-element causes an 8 bp targer site duplication (Small
arrowheads). Germline transcripts, spliced as shown, provide functional transposasc.
Somatic transcripts, which retain the intron between exon 2 and 3, encode a prematurely
truncated and thus non-functional transposasc. Internally deleted P-elements do not
produce functional transposase and thus non-autonomous, but they retain cis-acting
determinants that allow their mobilisation in the presence of a transposase source. A2,3
elements, from which the third intron has been removed by iz vitro manipulation and
produce transposase in both germline and somatic tissues (Diagram kindly provided by

Dr. Kim Kaiser).
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Figure 1.2 Model for template-dependent gap repair following P-clement excision.
Excision of a P-element {open bars) induces a double-strand break that can be subject to
widening by exonucleases. Frec 3' ends invadc the template duplex, which scrves as a
substrate for DNA synthesis. In the left panel, the template is a second copy of the P-
induced allele, most commonly provided by a sister chromarid. The result is restoration
of a P-element at the locus. Less frequently, the template can be a wild-type allele present
on a hemologous chromosome (centre panel). This will give the impression of precise
cxcision. Interruption of the repair process, in this case where the sister chromatid is the
template, followed by pairing of partially extended 3’ ends, may give the impression of an
'imprecise excision’ (right panel). This can take the form of internal deletion of the P-
clement, or more extremely a deletion that extends inco flanking DNA, usually when the
template is a wild-type allele present on a homologous chromosome. (Diagram kindly

provided by Dr. Kim Kaiser).




derivatives. A different result is obtained if the template does not contain the P-element
(i.e. is a wild-type allele) at the site corresponding to the P-element donor site. In this
case, double stranded break repair restores the donor site to its wild-type pre-inscrtion
sequence; thus appearing as if the P-element had excised precisely from the donor site.
Loss of sequences flanking a P-element, together with some or all of the element itself,
would result from incomplete repair of a gap that had been widened by exonuclease
activity. The involvement of double-strand gap repair was also suggested by the [act that
reversion frequencies for heterozygous P-element inserrion mutants are 100 times higher

than thase for homozygous mutants (Engels ez 4/, 1990).

1.2.2 Germ-line transformation

Introduction of cloned and manipulated genes into the germline DNA is a valuable tool
for analysing many problems in Dresophila molecular genctics. The P-element transposon
was first engineered as a transformation. vector and used for the generation of transgenic
flies by Rubin and Spradling in 1982, A plasmid construct bearing a nonautonomous P-
element, into which the gene of interest had been inserted, was injected into embryos
undergoing the transition between syncitial and cellular blastoderm (Figure 1.3). P-
element DNA injected into the pole region can become internalised during
cellularisation, and can transpose to the genome. Transposition is not frequent on a per
molecular basis, but nonetheless provides acceptable transformation efficiencies. Newly
integrated elements in the germ cells will be inherited by the progeny of individuals that

survive the injection,

An autonomous P-element provides its own eransposase. P-elements engincered as vectors
dispensc with this ability, but retain sequences required in ¢is for transposition. In this
respect they resemble the defective elements (Kaiser ef 2/, 1995). It is therefore necessary
to provide transposase from another source. L'ranspose can be supplied in a number of

ways: co-injection of an element thar produces transposase but that cannot itself
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Figurc 1.3 Germ-line transformation. A plasmid construct bearing a nonauronomous I-
element, into which the gene of interest has been inserted, is injected into young M
cytotype embryos prior to the cellularisation of the germline. P-element DNA injected
into the embryo can become internalised during cellularisation, and can transpose to the
genome. Transformed individuals can then be recovered in the surviving progeny; usually
the cransposon of interest carries a phenotypic marker to allow identification of

transformations. (Diagtam kindly provided by Dr. Kim Kaiser).




transposc - €.g. a wings-clipped element (Karess et @/, 1984); co-injection of purified
transposase (Kaufman ez 4l., 1991); injection of the a construct into embryos that express
transposase endogenously, such as the carrying the P[ry* A2,3] (99B) element which
generates high levels of transposase activity without establishing a P cytotype. Generation
of a line with a stable insertion of the construct requires selection againsc A2,3 in a
subsequent generation. A dominant marker on the Plry+A2,3] (99B) chromosome makes
it possible to select stable transformed progeny that have lost the transpose source by
segregation. Transformed individuals can then be recovered in the surviving progeny, and
usually the transposon of interest carries a phenotypic matker to allow identification of
transformants. Markers that rescue a visible phenotypic defect, such as loss of eye colour
(rosy, white, vermilion), loss of body pigmentation (yellow), or abnormal eye
morphology (rough) are easily scored (Bingham er a/., 1989; Ashburner, 1989b; Fridell ez
al., 1991; Patton et al,, 19925 Lockett er al, 1992). Alternatively, #dh and neomycin-
resistance genes confer the ability to survive on selective media (Goldberg er 4/, 1983;
Steller er #l, 1985). The frequency with which transformants are recovered appears
inversely related to transposen length (Spradling, 1986). Nonetheless, transformation

with cosmid sized pieces grearer than 40 kb can achieved (Haenlin et «/., 1983).

There can be pronounced position effects on the expression of genes contained wichin a
P-clement transformation construct. It is advisable to obtain lines containing a number of
independent insertions. These can be generated either as primary transformants, or
via remobilisation of a construct by a cross that provides A2,3. P-element transposition is
non-random with respect to insertion site. Morcover, sequences conrained within a P-
element construce can have a pronounced effect on insection specificity (Kassis ez 2/,
1992). Markers in the P-element can themselves be sensitive to position effects. Levels of
tmatker expression may be a useful guide to whether a transgene will be expressed at a

reasonable level (Kaiser ¢z 4/, 1995).
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Other transposable elements, such as hobo, minos, have been successfully transferted into
germ-line of Drosophila (Blackman et al, 1989; Loukeris et al, 1995a). And a
transposable element in Drosaphila hydi has been transferred into medfly (Loukeris ez /.,

1995b).

Germ-line cransformation experiments have had two major impact on Drosephila
molecular genctics: firstly, P-element vectors can be used to transform cloned genes to
rescue a mutant phenotype to prove that a DNA fragment carries the corresponding
gene; secondly, genes manipulated # vitro can be reintroduced into the animal and its

biological consequences assayed in vivo.

1.2.3 Remobilisation of P-elements

Three events (local jumping, precise and imprecise excision) would happen when the P-

element was supplied with a transposase:

Local jumping

Recent evidence indicates that mobilisation of P-elements in the female germline leads to
a high frequency of insertion within a hundred kb or so of the donor site (Tower ez 4/,
1993; Lhang et af., 1993). P-element transposition is not always accompanied by loss of
the donor element (Golic, 1994; Johnsonschlitz ef 2., 1993). It may thus not be easy to
scorc a local jump based on the marker that the transposon contains. Site-sclected
mutagenesis by PCR may be the most cfficient approach (Kaiser ef 2/, 1990; Littleton ez
al., 1993). In case of more than one P-clement, segregation might separate the insertion

of incercst from others (Kaiser ez al., 1995},

K




Prosophila Enhancer trap Drosophila
enhancer element gene

Figure 1.4 Enhancer-trapping. (A) A first gencration enhancer-trap element inserted
within a Drosophila gene, The pattern and timing of cxpression of the reporter, fcZ, is
dependent upon the specific genomic context in which it is integrated. white™ is a marker
that confers red eye colour in a white genetic background, and thus allows flies
containing new insertions to be recognised. The ampicillin resiscance determinant (anp/®)
and £. coli origin of replication (Orz) facilitate plasmid rescue of flanking sequences. (B)
A GAL4 enhancer tiap element. The patcern and timing of GAL4 expression is similarly
context dependent, and can be used to drive expression of a secondary reporter gene
linked to the GAL4-responsive promoter, UASG (Diagram kindly provided by Dr, Kim

Kaiser).
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Precise and imprecise excision

Reversion of a P-induced mutation by precise loss of the transposon may be the only
unambiguons means of demonstrating that a phenotypic change is indeed the
consequence of a lesion in a tagged or targeted gene (Kaiser er @/, 1995). Such losses can
be selected following remobilisacion of the P-element, preferably from a background in
which it is the only P-clement remaining. Remobilisation can also result in imprecise
excision, leading to the generation of a range of new allcles of varying severity (Voclker ¢#
al., 1984; Tsubota et 2l., 1986; O'Hare ¢z 2L, 1987; Salz ez al., 1987). Once a P-element

lies close to rather than within genes of the intetest, imprecise excision may be a necessary

step in further analysis ( Kaiser, 1990).

1.2.4 Enhancer-trap element

An enhancer-trap element is a modified P-element, closc to onc end of which lies a
"teporter’ gene (Figure 1.4). Due to the lack of a transcriptional enhancer, the reporter
has a negligible level of intrinsic expression. In order for it to be expressed at a significant
level, the cransposon must insert close to an endogenous Drosophila enhancer. Reporter
activity in a line with only one insertion thus reflects the temporal and spatial expression

characteristics of a flanking gene (O'Kane and Gehring, 1987; Dorn et 2/, 1993).

Firsc generation enhancer-trap elements contain the reporter gene /acZ, encoding the
enzyme B-galactosidase. The presence of B-galactosidase activity in a tissue can be
detected simply by its conversion of the chromogenic substrate X-gal. In addition to the
reporter gene, enhancer trap elements carrying a marker gene such as white enables flies
with insertions to be recognised, and most include sequences that allow plasmid rescue of

the flanking DNA.
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P[lzc W) is a widely used enhancer-trap element of the first generation. It is 10.6 kb long
which carries the lacZ, beta-lactamase and mini white genes (Bier et al., 1989). The LadZ
gene permits detection of gene expression pattern by staining with X-gal. The mini-white
gene permits rapid scoting of flics heterozygous or homozygous for a P[lzeW] insertion.
PllacW) contains a bacterial origin of replication and the beta-lactamase gene coding for
ampicillin resistance at the 3' end - this feature permits casy cloning of DNA flanking the

insertion site (Cooley ez 24, 1988; Hamilton ez af, 1991; Guo et al,, 1996¢).

One potential disadvancage of the first generation enhancer trap elements is that they
express B-galactosidase fused to the N-terminal nuclear localisation signal of the P-
element transposase (Bier ez &/, 1989). Nuclear staining has its uscs but precludes
visualisation of cell architccturc, a particular problem in the study of cells with long

processes, such as ncurons (Kaiser ez 2/, 1995; Yang ez al, 1995).

A second generation enhancer-trap element P[GALA4] has now been developed (Fisher ez
al., 1988). Instead of B-galactosidase the reporter of P|GAL4] is a yeast transcription
factor that is functional in Drosaphila, and that can be used to direct expression of other
transgenes placed under the contro! of 2 GAL4-dcpendent promoter (UASG). A cross
between a fly with a P[GAL4] insertion and a fly containing UASG-lacZ, for cxample,
causes 3-galactosidase to be expressed in a pattern that reflects GAL4 activity. Unlike the
nuclear localisation signal in the first gencration enhancer trap, GAL4 can nicely detect
the signals in whole cells, including the long processes in neurons (Yang ez 2/, 1996). A
another particularly attractive feature of this system is that any UASG-transgenc
construct can be used in conjunction with any P[GAL4] line. (Sentry ef L, 1993; Sentry

et al., 1994a; Sentry et al., 1994b; Sweeney et al., 1995).
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Figure 1.5 P-clement mutagenesis. P sctrain males, carrying autonomous and non-
autonomous P-elements, are mated with M strain females. The fertilised eggs are of M
cytotype, allowing P-clement transposition to occur in the developing germlinc. As a
result, each germline ccll contains a new configuration of P-elements. Phenotypic
consequences arc observed in subsequent generations. (Diagram kindly provided by Dr.

Kim Kaiscr).
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Figure 1.6 A controlied P-element mutagenesis strategy. Birm-2, a strain with 17
internally deleted P-elements on each of its second chromosomes, mated with a strain
containing the A2,3 clement. The P-elements are mobilised by the A2,3 wansposase in ,
germline cells of F1 males. Each of their spern1 has a different spectrum of new insertions.
Selection against the transposase source in the Fy generation ensures that new insertions

remain stable (Diagram kindly provided by Dr. Kim Kaiscr).
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1.2.5 P-element mutagenesis

P-elements are particularly useful as mutagens because of their high transpesition
frequency and the availability of strains without P-elements, The latter property allows
backcrossing to eliminate all P-elements from a line other than the one in the gene of
interest. A typical protocol would be as follows: P strain males and M strain females are
mated, leading to the induction of P-element transpositions in the germline of their
progeny. 'lhese progeny are bred and their offspring are screened or sclected for

mutations in the gene of interest (Kidwell, 1987; Figure 1.5 ).

The most efficient general mutagenesis strategy (Figure 1.6) involves crossing
Birmingham 2, a strain with 17 internally deleted P-elements on each of its second
chromosome {Engels ez 2/, 1987), with a strain in which A2,3 has become irreversibly
inserted near to the dominant eye phenotype locus Dr (Robertson et 4, 1988); an
immaobile source of transposase linked to a dominant marker simplifies selection for loss
of transposase in subsequent generations, Unlike crosses invelving wild-type strains, the
direction of the above cross is irrelevant. Eggs laid by A2,3 temales have M cytotype, One
disadvantage of using A2,3 is transposase activity in the soma. This reduces the viabiliry

of dysgenic individuals. The problem can be minimised by performing the cross at 16°C.

The generation of strains containing only a single marked P-element has many
advantages as a method of mutagencsis (Zhang and Spradling, 1994). Phenotypic and
molccular analyses of new mucations are greatly simplified. The mutant genc can be
mapped, cloned and reverted. New alleles could be generated by imprecise excision of the
P-clement. A drawback with marked elements is their size; they are invariably much
larger than unmarked elements, and so transpose at lower frequencics. In addition, the
onc or few copics of the marked P-clement per genome make the targer-mutagenesis less
efficient. Nonetheless, large collections of single P-efement insertions, many plasmid-

rescuable, are being assembled through the collective efforts of the internarional
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Drosaphila community (e.g. Cooley ez al.,, 1988; Torok et al., 1993; P. Deak, personal
communication). It is thus increasingly likely that a colleague or stock centre will hold a
line with a marked P-clement in the region of one's target gene. Site-selected
mutagencsis, either by PCR or by plasmid rescue, provides a means of screening such
collections en masse. In sitw hybridisadon to polytene chromosome can be used to
confirm that a P-element indeed lies in the region to which a mutant maps. Sequencing

the rescued plasmids would reveal the exact position of the P-element insertion.

1.2.6 Site-selected mutagenesis

Although traditional genetics telies on the cloning and characterisation of a pertinent
gene after a recognition of a mutant phenotype, a large number of novel genes have been
cloned by virtue of their DNA sequence homology to a already known genes or on the
basis of an interesting expression pattern. Only rarely, however, has such a gene been
found to correspond to a pre-existing Drosophila muration. It is cherefore desirable for a
reverse genetics approach to find a corresponding mutant from the cloned gene. One
such approach is site-selected mutagenesis, a means of identilying Drosophila lines with DP-
element transposons inserted within or near to target genes by eicher PCR { Ballinger ef 2/
1989; Kaiscr ez al, 1990) or iz plasmid rescuc (Hamilton er 2/, 1991; Hamilton, 1994,

Guo et al., 1996¢)

PCR-based screen for P-element insertion events

The PCR method amplifies a specific region of the target gene lying between a gene
specific primer and a newly inserted transposon {defined by a transposon-specific primer)
(Figure 1.7). Insertions arc detected initially within a population of flics, and are then
followed as specific amplification products while the population is subdivided. Detection
at the molecular rather than the phenotypic level facilitates fast and efficient screening
and can be performed on heterozygous individuals (Ballinger ez a/ 1989; Kaiser er 4/,

1990; Banga et al., 1992). A similar approach has been adapted for screening natural
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Figure 1.7 Site-selected mutagenesis. Juxtaposition of a P-element and a target gene
uniquely provides a template for amplification between a gene-specific primer (GSP) and
a transposon-specific primer based on the P-element 31bp inverted repeat. Open boxes
represcnt cxons of a hypothetical Drosophila gene (1Diagram kindly provided by Dr. Kim
Kaiser).
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Figure 1.8 Plasmid rescue. DNA is isolated from a line with a single engineered P-
element (here an enhancer-trap clement) containing an £. coli origin of replication (or7)
and a drug-resistance determinant (#mpR), The DNA is cleaved with an appropriate
restriction enzyme, ligated under conditions that favour intra-molecular ligation, and
used to transform E. cof. Plasmids recovered from ampicillin-resistant colonies contain
Drosophila DNA from adjacent to the site of P-element insercion (Diagram kindly

provided by Dr. Kim Kaiser).
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populations of D. melanogaster to obtain P-elernent insertions in or near the target gene

(Clark ef al., 1994).

Site- selected mutagenesis vz Plasmid rescue

P-elements engineered to contain a plasmid origin of replication and a drug-resistance
determinant allow one-step recovery of Drasophily genomic DNA flanking the site of
insertion (Figure 1.8). This procedure is known as plasmid rescue (Pirrotta ez 4/., 1986;

Steller et al., 1986). Genomic DNA from the flies with the engineered P-element such as

PllzcW] and P[GALA4], is digested with an appropriate enzyme that cuts the polylinker in
the P-elcment and somewhere in the flanking DNA. This enzyme is subsequently
inactivated and the fragments are cloned as plasmids allowing them to be transformed
into E. cofi. Only those £. coli containing the plasmids can survive in the medium with
antibiotics. Such rescued plasmids can also be used for a form of site-sclected mutagenesis
(Hamilton ez 2/, 1991; Guo et al., 1996c). A pool of plasmids rescued from a population
of flies with different insertion sites contains sequences representative of every flanking
region. Hybridisation between the pool and a specific cDNA/genomic DNA clone is

diagnostic of an insertion in or near the gene of interest.

.
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1.3 V-ATPase

1.3.1 Proton pumps

Proton pumps (Ht-ATPases) function in biological energy conversion in every known
living cclls and they fall into three types. One belongs o the family of P-ATPases which
is integral membrane proteins and operates with a phospho-cnzyme intermediate (Nelson
1992a). Na*t/K*-ATPases and gastric F1*-ATPascs are notable membets of the P-ATPasc
family. The function of this proton pump is primarily in the plasma membrane of plant
and fungal cells and in specialised mammalian cells such as partietal cclls in the stomach.
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The other families of F-and V-ATPases operatc without an apparent phospho-enzyme
intermediate (Pedersen er #f, 1987; Nelson, H. e af, 1989; Nelson er 2f, 19924;
Bowman et 4f., 1993), F- and V-ATPases are more universal proton pumps and at least

one of them is present in every living cell {(Nelson, 1992a).

F-ATPase and V-ATPase share a common structure and mechanism of action and have a
common evolurionary ancestry. F-ATPases function in eubacteria, chloroplasts and
mitochondria, and V-ATPase is present in archaebacteria and the vacuolar system of
eukaryotic cells. Eukaryotic F-ATPases are confined to the semiautonomous organelles,
chloroplasts and mitochondria that contain their own genes encoding some of the F-
ATPase subunits. F-ATPase is also vital for every known eubacterium acting in
photosynthetic or respiratory ATP formation and/or in generating proton-motive-force
(pmf) by the reaction of ATP dependent proton pumping. In contrast, V-ATPases are
composed only of nuclear gene products and are present in organelles of the vacuolar

system and in che plasma membrane of specialised cells (Nelson, 1992a).

One of the most notable distinctions between F- and V-ATPases is in their function in
ATP formation. While the primary function of FH-ATPases in cukaryotic cells is to form
A'l'P ar the expense of pmf generated by electron transport chains, the main function of
V-ATPases is to generate a pmf at the expense of AT and to cause limited acidification
of the intcrnal space of several organelles of the vacuolar system. The pmf generated by
V-ATPases in organelles is utilised as a driving force for numerous secondary uptake
processes. Several metabolic processes that take place in the internal membrane netwark
of enkaryotic cells may be dependent or influenced by the function of V-ATPase (Nelson
1994).
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1.3.2 Structure of V-ATPase

V-ATPases are multi-subunit protein complexes built from distinct catalytic and
membrane sectors (Figure 1.9). The catalytic sector (V1) contains six different
polypeptide donated as A, B, C, D, E and F (Nelson, 1992a; Nelson, 1994; Nelson ¢ 4.,
1994; Grif er af,, 1994a; Graham ez #l, 1994b; Nelson ez al., 1995; Guo e al, 1996b).
The stoichiomctry of these subunits excluding F was determined to be 3:3:1:1:1,
respectively (Arai ef al., 1988; Supek ez af., 1994). The function of the catalytic sector is
to provide the ATP binding site and to caralyse the ATP formation and/or ATPase
activitics of the enzymes. The main function of the membrane sectors is to conduct
protons across the membranc. A proteolipid (subunit ¢) is confirmed to present in the
membranc scctor of all the V-A'lPase. A stoichiometry of six proteolipids per enzyme has
been reported for V-ATPases from clathrin-coated vesicles and plant vacuoles (Azai ef al.,

1988; Jones et al., 1995).

Tt was only since 1988 that cDNAs and genes encoding subunits of V-ATPases were
cloned and sequenced (Bowman et 2/, 1988; Zimniak e 2/, 1988; Hitsch ¢ 2/, 1988;
Mandel er 2/, 1988). The sequences revealed valuable information on the structure,
function and evolution of the various subunits as well as the evolution of F- and V-
ATPascs (Nelson, N. et af,, 1989; Nelson 1994). It became apparent that subunits A and
B of V-ATPases and subunit B and o of F-ATPases evolved from a common ancestral

gene.

The proteolipids of F- and V-ATPases also evolved from a common ancestral gene. The
proteolipid has been found to be the principal protein component of gap junctions, at
lcast in invertebrates. (Finbow ei 2/, 1992; Finbow and Pitrs, 1993; Finbow er «f,
1994a), thus subunit ¢ of V-ATPase was also called ductin. Gap junctions are aggregartcs
of paired connexon channels that allow the intercellular movement of cytoplasimic solutes

up to Mr. 1000 within tissues of metazoan animals (Finbow ez 4/, 1994Db).
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Figure 1.9 Schematic subunit structure of V-ATPase. The catalytic vector (VO0) is
composed of A, B, C, D, E, F, G subunits, the membrane sector (V1) is composed of
subunit a, ¢, Ac 115, Ac 48 and Ac 39. Genes encoding subunit A, B, C, D, E, Acl15,
Ac 48, Ac39 and the proteolipid (subunit c) has been cloned from chromaffin granules.
Genes encoding subunit A, B, C, D, E, F, G and c has been cloned from M. sexta. More

V-ATPase subunits are likelyto exist. (This diagram is modified from Nelson's (1994)

and Dow's).




An analogy to the membranc scctor of F-ATPases suggests that additional subunits
should function in the membrane sector of V-ATPases. While the membrane sector of
the archacbacterial V-ATPase may be composed only of the proteolipid (Denda ez 4f.,
1990) the membrane sector of mammalian V-ATPase may composed of at least five
diffcrent subunits (Zhang et @, 1992; Nelson, 1992a). The genes or cDNAs encoding
four of the subunits (M115, M45, M39 and proteolipid) have been cloned and
sequenced from bovine, yeast and several other sources (Wang er 2/, 1990; Perin et af,,
1991; Bauetle et /., 1993). More subunits may function in proton conduction through

the membrane and/ot in the assembly of the V-ATPase membrane sector.

A novel 13 kDa subunic of V-ATPase has been cloned from yeast (VimalOp) Manduca
(subunit G}, and bovine (M16) (Iepier ez «l, 1996; Supekova ez al, 1996). The deduced
protein is significantly homologous to the b subunit of bacteriul F-ATPases, but contains
no apparent transmembrane scgment in ics N terminus, While Vinal0p in yeast behaved
like a V-0 subunit, the Manduca sextz 13 kIDa subunit behaved like a V1 subunir, since it
could be stripped from the membrane by treatment with the chaotropic salt KI and by
cold inactivation, thus this subunit was considered to be a new member of the catalytic

sector (V1) and was designated as subunit G (Lepier e 2/, 1996)

Gene disruption experiments in yeast that led to a complete loss of V-ATPase activicy
gave no indications for multiple isoforms in Saccharomyces cerevisiae {(c.g. Nuomi et al.,
1991; Toury, 1990}. Also, in other fungi only one gene per subunit has been identified
(Gogarten et al., 1992b). However, In the case of human, animal and higher plants,
different genes encoding the same subunit type have been found. Two isoforms have
been reported for A subunit from hunan, chicken and plants (van Hille ¢ af, 1993b;
Hernando ez @l, 1995; Gogarten er 2/, 1992b); B subunit in human and bovine
(Bernasconi ez al, 1990; Puopolo er al, 1992; Nelson ez 2l 1992; Berkelman es «f.,
1994); E subunit in Mammal (Hemken ez 2/, 1991}, c subunit in yeast and maize

(Umemoro et af., 1991; Vieveck er 2l., 1996) and 100-kDa subunit in bovine (Peng ez 4.,




1994). The presence of different isoforms might allow differential targeting and

regulation of ccll-, organelle- or plasma membrane- specific V-ATPases.

1..3.3 Plasma membrane V-ATPase

V-ATPases usually reside in the membranes of acidic organelles. However, they are also
present in the plasma membrane of several cell type. Although having a similar structure
and subunit constitutes as that of endomembrane V-ATPase, the plasmid membrane V-
ATPases in arthropod and vestebrate cells share several features that are not generally
observed in the V-ATPases in intracelfular membranes (Bowman et 2/, 1993; Gluck,
1992). Plasmid membrane V-A'l Pases are present at high densities, far greater than the
densities on intracellular membranes. However, the amplification of plasma membrane
V-A'l'Pase is limited to specific cell types. In insects, high densities of V-AlTPase on the
plasma membrane are observed in the midgut goblet cell and the enveloping cells of
sensilla (Klein ef @/, 1991a, 1991b). Similarly, high densities of plasma membrane V-
ATPase are found in the mitochodria-rich cell of toad bladder (Brown er /., 1987) and
frog skin (Harvey, 1992), in the intercalated cells of the mammalian kidney collecting
tubule (Brown ez af., 1988; Brown, 1992; Cluck ¢z 2f, 1992a; Ghuck e 24, 1992b; Gluck
et af., 1994), in insect Malpighian tubules (Dow, 1994; Garoyoa et @/, 1995) and in
insect midgut (Wieczotek ef 2/, 1989). In bone only the osteoclast cells have the

immunocytochemically detectable plasma membrane V-ATPase (Baron, 1994).

1.3.4 Functions of V-ATPase

V-A'l'Pase is a proton pump required for acidification of many types of eukaryotic
vacuole. These include lysosomes, plant and fungal vacuoles, synaptic vesicles, coated
vesicles and Golgi (Nelson, 1992a). The participation of V-ATPascs in numerous aspects
of endacytosis, secretion and soxting has been amply recognised (Forgac, 1989; Mellman

er al., 1986; Lukacs et al., 1996). In fungi, plants and most animal cells, V-ATPases
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energise selected intracellular membrane compartments of the vacuolar system, acidifying
the interior of these compartments and providing an electrochemical driving force for the

transport of solures (reviewed by Nelson, 1992a; Nelson, 1994).

V-ATPase functions not only in the vacuolar system bur also in the plasma membrane of

specialised cells. The roles of V-ATPase in kidney function and bonc reabsorption is well
understood. The kidney plays a vital role not only in cleaning the body of waste products
but also in the acid-base balance of mammals. Hydrogen ion excretion involves several
processes including bicarbonate reabsorption, carbonic anhydrase activity and regulared
pumping of protons across the plasma membrane by V-ATPase. In epithelial cells of the
proximal urinary tubule, V-ATPase is present in the apical membranc and functions in
protan secretion. In the collecting duct V-ATPase may be found either in apical or
basolateral membranes of specialised intercalared cells. These cells shuttle V-ATPase
berween intracellular vesicles and the plasma membrane in response to changes in the
acid-base balance of the animal. Tt was shown that the distribution of V-ATPase, in apical
or basolateral membranes of intercalated cells, changes during adaptation to acidosis or
alkalosis. The cells increase the number of V-ATPase enzymes in their apical membranc
during acidosis and decrease their number during alkalosis. Therefore, V-ATPase plays a

major role in maintaining pH homeostasis in mammals and other animals (Gluck, 1992).

The involvement of V-ATPase in bone reabsorption has been well reviewed by Baron ¢
al. (1994). Bone reabsorption is necessary for bone growth, remodelling and repair.
Osteoclasts are multinucleated and highly motile cells that migrate between the bone and
bone marrow and function in bone reabsorption. They attach to the mineralised bone
matrix forming a close space to which hydrolytic enzymes arc sccrcred. The optimal
activity of these enzymes require low pH which is provided by V-A'l'Pasc located in the
part of the plasma membrane in contact with the bone. And protons are required for the
release of each calcium ion from the mineral. The osteaclast V-ATPase provides all

protons necessary for calcium reabsorption. The pharmacological value of studying the
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Figure 1.10 Generalised model for insect epithelia. An apical plasma-membrane V-
ATPase pumps proton out of the cell. These are exchanged for alkali metal cations (Na*
or K*) to produce a net ATP-dependent flux. Entry through the basal plasma membrane
is not defined in the basic model, but is thought to be viz channels, cotransports or

ATPases in various insect tissues (Diagram kindly provided by Dr. Julian A. T. Dow).




ostcoclast V-ATPase is apparent because a specific slow down in its activity may prevent

the onset of osteoporosis.

The plasma mcmbrane V-ATPase in vertebrate cells functions primarily for proton
transport. [n contrast, The plasma membrane V-ATPases of insects generate a membrane
potential, which is used to drives an electrogenic K+/F* antiporter operating in parallel
in the same membrane {Wieczorek, 1991; Wieczorek, 1992; Klein, 1992; Wieczorek and
Harvey, 1995), This "Wieczorek model” for the K* pump in insece midgut is now
generally accepted for all insect epithelia which appear to have an apical, electrogenic
pump for sodium or potassium. Essentially, it is that an apical plasma membranc V-
ATPase energises an exchanger more or less similar to che vertebrate Nat/H* exchanger,
and that this coupling is normally so tight that on a macroscopic scale, the ion pumped
appecars to be the metal ion, rather than the proton (Figure 1.10). Unlike the vertebrate
use of the pump in kidney epithelium and plasma membrane, the V-ATTPasc does not
appear to be used directly to acidify the extracellular space; rather, it is used as a driving
force, employed to move a different ion (Dow, 1994; Azuma er af.,, 1995). In M. sexia
midgut this results in extreme alkalisation of the lumen of the midgut o pH>11 (Dow,
1984; Dow, 1986; Dow, 1989; Dow, 1992). Similarly, V-A'l'Pases are the primary
driving force generating a membrane potential which drive salt and water fluxes in the
Malpighian tubules and the rectum (Moffett, 1992). The V-ATPase-gencrated membrane
potential in the enveloping cells of the sensillum drives the signalling currents initated by

activation of the sensory cells (Klein, 1992).

However, the "Wieczorek” mode! has recently been challenged by an aleernative
explanation, based on the insensitivity of electrical measurements of the insect wichogen
sensilla to amiloride or harmaline (Kippers and Bunse, 1996). On this basis, they argue
that no exchanger exists and that the apical V-ATPase is primarily a proton ATPasc, but
with the additional ability to transport alkali metal cations. Given that the intracellular

pH is 7, and chat intracellular K* is around 100mM, even if the pump were 10°:1




selective in favour of H+ over K*, under normal conditions the o ions would be
transported at nearly equal rates (Dow ez 2l, 1996), However, given that an exchanger
has been demonstrated functionally in Manduca midgut (Azuma e al, 1995}, this

alternative model requires further supporting evidence.

In addition to the straightward endosomal acidification, an increasing number of cellular
processes are being shown to be dependent on V-ATPase function (reviewed by Dow &
al., 1996). Polycomb may be modulated by hemizygosity for vha35, a gene encoding a
proton pump B subunic (Davies er zl, 1996); V-ATPases have been implicated in the
regulation of cytoplasmic pH (Dow ez 2., 1996); the protcolipid subunit of V-ATPase
was implicated as the main structural protein in gap junctions (Finbow, 1992) and in
neurosccretion of acetycholine (Birman ez 2/, 1990); V-AT'Pases have also been found to
colocalise with calcineurin, an important Ca%*-sensitive phosphatase, suggesting an
importanc role for V-ATPases in regulating intracellular calcium (Garrettengele ez a4/,
1995; Tanida et 4/, 1995). Three transmembrane subunits of the V-ATPase (proteolipid,
Ac39 and Acl16) were found to coexist with synaptobrevin and synaptophysin in rat
synaptosome (Galli ez 2/, 1996), and the 39 kDa subunit of the V-ATPase has been
identified as a synaptic-vesicle binding protein (Siebert ef 2., 1994). These observations
further suggest a role of V-ATDase in the neurotransmission. It is also possible that some
human genetic discase may be associated with haploabpormality for a V-ATDase gene
(Goldstein e af, 1991; Baud er 4l, 1994; Mears ¢t af., 1995; Gottlieb er #l., 1995;
Koralnik, 1995; DeFranco et af., 1995).

1.3.5 Matational analysis of V-ATPases

The yeast 5. cerevisize V-ATPase closely resembles the V-ATPascs from other fungi,
plants and animals, both in its overall structure and in the sequences of the subunit genes
that have been cloned (Anraku er 2f, 1992; Kane, 1992). Yeast has been used as a model

systemn for mutational analysis of V-ATPasc, Mutation for the 100, 69, 60, 42, 27, and
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17 kDa subunits have been constructed (Kane, 1992; Liu et al., 1996). Deletions in any
of these subunit genes yield a well-defined set of phenotypes, which includes a complete
loss of vacuolar acidification, absence of all ATPase activity in isolated vacuoles and
failure to grow in media buffered to neutral pH (Nelson and Nelson, 1990). Mutations
in the A'lPase subunits also result in precursor accumulation and missorting of both

soluble and membrane vacuolar proteins (Yaver ez 2/, 1993; Ho ez al., 1993).

Gene replacement in yeast has been a powerful method to generate V-ATPase null
mutants, but such approaches are not yet feasible in higher eukaryotes (Gogarten et al.,
19922), and yeast V-ATPases mainly play endomembrane role (Dow, 1994). As an
alternative approach, Gogarten er a/ (1992a) used antisense mRNA to inhibit genc
expression of V-ATPase A subunit in higher plants. Carrot root cells were transformed
with the coding or 53' noncoding regions of the carrot V-ATPase A subunit cDNA cloned
in the antisense oricntation. Regenerated plants containing the antisense constructs
exhibited altered leaf morphologies and reduced cell expansion. It was inferred that the
antisense constructs specifically blocked expression of a tonoplast-specific isoform of the
V-ATPasc A subunit in carrot. The degree of antisense mRNA inhibition is variable in
different tissues and rarely completely block the gene. Moreover, in some animals,
antisense mRINA has not been so successful. As a solution vo this problem, Drasophila
may provide an ideal model organism for murational analysis of genes encoding different
subunits of V-ATPases (Dow, 1994; Davies ¢f /., 1996, Dow ¢t 4l.,, 1996). A pilot scudy
for gene inactivation shows that transpasable P-elements can be casily inserted into the
Drasophila ductin vhal6 gene. Although without phenotypic consequences, these can
serve as a starting point for generation of null alleles (Finbow ez 2, 1994a). vha55, the
gene encoding the B-subunit of Drosophila V-ATPasc has been cloned recently.

Inactivation of the gene reveals a larval lethal phenotype (Davies er 2/, 1996).
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1.4 The aim of this project

The aim of this project is to clone and characterise genes encoding A, E, F subunits in
Drosophila V-ATPase and subsequently inactivate these genes. The mutagenesis work
began with a large scale plasmid rescue of PlzeW)] lethal insertion lines (generated by the
laboratories of Istvan Kiss and Peter Deck in Hungary) and was followed by screening for
the specific mutations. The target genes, apatt from components of V-ATPase, will also
include a range of neurotransmittet receptors, neuronal kinases, e 2/ . Once a muration is
isolated, a detailed molecular, physiclogical and behavioural study will subsequently

follow to address the funciions of the genes.
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Chapter 2

Materials and Methods

2.1 Drosophila

The main Drosophila stocks used in this work are described below:

Strain/Genotype Reference

Oregon R Lindsley and Zimm, 1992
Canton S Lindsley and Zimm, 1992
w; Sb P{ ry*A2,3)/TM6 Robertson ct al., 1988

Mutations used are listed in Appendix 3.

Flics were routinely raised on Glasgow medium. Culture temperature was 25°C, unless
otherwise srated. A grape juice agarose medium was used to obtain eggs. Third instar
larvae, used for iz sitw hybridisation to polytene chromosomes, were reared on a rich

medium,.

Glasgow medium: 10 g agar, 15 g sucrose, 30 g glucose, 35 g dried yeast, 15 g maize

meal, 10 g wheat germ, 30 g treacle, 10 g soya flour per litre of water,

Grape juice agarose medium: 19.8 g agarose, 52.2 g glucose, 26 ¢ sucrose, 7 g dried

yeast, 3% (v/v) red grape juice (Saleway) per litre of water,

Rich medium: 100 g glucose, 100 g dried yeast, 20 g agar per litre of water.
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2.2 E. voli, plasmids and bacteriophages

The E. coli strains used in this work are all derivatives of E. coli K12. They are listed

below with their genotypcs:

strain Gzenotype

Reference

XL1-Blue recAl, endAl, gryA96, thi-1, hsdR17, supLdd.

Bullock (1987)

NM621 hsdRmerA, merB,sup B4, recD1009. Whitraker er 4/,
1988
DH5w F~s deoR, phol, sup E44, bsdR17, recAl, endAl, Gibco BRL

ayrA96, thi-1, relAl

Plasmids and bacteriophages used in this study, other than those whose construction is

described elsewhere, are listed below.

Plasmids/ Description Source/ Reference
Bacreriophage
pBR#p49 EcoRI-HindlIll fragment of the O'Connell &

Drosophila ribosomal protein
49 gene in pBR322

Rosbash, 1984

pBluescript®HSK+" - Mead et af., 1985
PllacW] Whole P[/zeW] sequence Bier et al., 1989
EMBL3 A Vector for genomic DNA Frischauf ez #/.,1983
2.3 E. coli Growth medium

L-Broth: 10 g Bacto-tryptone (Difco), 5 g yeast extrace (Difco), 10 g

NaCl, per litre of water and adjust to pH 7.0 with NaOH.

L-Agar As L-broth with thec addition of Bacto-agar {(Difco) to 1.5%.
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BBL Broth 10 g trypticasc peptone (BBL), 5 g sodium citrate, made up to
1 litre with distilled H2O.

BBL agar: As BBL broth with the addition of Bacto-agar to 1.5%.
BBL top agarose As BBL broth with the addition of gel quality agarose to 0.7%.
2xY'1" Broth: 10 g Bacta-tryptone (Difco), 10 g yeast extract (Difco), 5 g

NaCl made up to 1 litre with distilled H2O

p—Broth 20 g Bacro-tryptone (Difco), 5 g veast extract (Difco), 4.93 g
MgSO4, 0.58 g, NaCl, 0.37 g KCI, made up to 1 licre with
distilled HpO

All culcure media was sterilised by autoclaving at 120°C for 15 min at 15 psi. Where

required, L-broth and BBL top agar were supplemented with 10 mM MgSQO4 for growth

of bacteriophage lambda and its derivatives.

2.4 Antibiotics and indicators

Ampicillin, at a final concentration of 100 pg/ml (100 mg/m! stock sotution in sterile
distilled water) was added to broth or agar to select transformed F. coli. When necessary,
tetracycline, at a final concentration of 7.5 pg/ml {15 mg/ml stock solution in absclute
ethanol), was added to broth or agar. 5-bromo-4-chlore-3-indolyl-B-D-galactopyranoside
(X-gal) and isopropyl-B-D-thiogalactopyranoside (IPTG) were added to molten agar
{(50°C) in order to detect recombinant clones, X-gal was dissolved in dimethylformamide
and IPTG in sterile distilled water. Both werc stored at -20°C as 20 mg/ml solutions, and

used at a final concentration of 20 pg/ml.
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2.5 Competent cells and transformarion

2.5.1 Preparation of competent cell

CaCl; method

This method is modificd from that of Hanahan (1985). 20 ml of L-broth was inoculated
with 0.4 ml of an overnight culture of XL.1-Blue, and grown with aeration at 37°C until
cells had entered the logarithmic growth phase (ODggp=0.4-0.6). The cells were then
pelleted at 4000 g for 5 min at 4°C in a bench-top centrifuge, the supernatant removed,
and the resulting pellet resuspended in 10 ml icc-cold 100 mM CaCly solution, After a
20 min incubation on ice, the cells were repelleted as above, and then suspended in 2 ml
ice-cold 100 mM CaCly, Competent cells were either used fresh, or frozen for later use

after adding 25% of glycerol .

RbCl method

A single colony was picked off a freshly streaked LB agar plate and dispersed in 20 ml of
@-broth. The culture was incubated with agication overnight. 4 ml of the overnight
culture was added to 200 ml of @—Broth and incubated at 37"C with agitation in a 2 litre
flask until ODggg=0.5. The cells were then pelleted at 1300 g for 10 min at 4°C. The
pellet was resuspended by gently shaking in 50 ml pre-chilled RF1 buffer and incubated
on ice for 30 min. Cells were pelleted again as above and then resuspended in 15 ml of
chilled RF2 buffer. The competent cells, after being flash frozen in liquid nitrogen, were

stored at ~70°C for later use.

RF1
Compound Concentration Amount/litre
RbCl 100 mM 12 g
MnCl,.4H20 50 mM 99¢g
Potassium acetate 30 mM 30 ml (1 M stock pH 7.5)
CaCl3.2H>0 10 mM 15¢
Glyceral 15% (W/V) 150 ¢
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Adjust the pH to 5.8 with 0.2 M acetic acid. Sterilise by filtration through a pre-rinsed

0.22 i membrane.

RF2
Compound Concentration Amount/litre
MOPs 10 mM 20 ml (0.5M stock pH7.5)
RbCL 10 mM 12g
CaCl3.2H20 75 mM g
Glyccrol 15% (W/V) 150 g

Adjust pH to final pH 6.8 with NaOH (if necessary) and sterilise by filtration through a

pre-rinsed 0.22 y membrane.

Competent cells for eletroporation

4 ml of fresh overnight culture was added to 400 ml of L Broth at 37°C with vigorous
shaking to an OD=0.5-0.7. The cells were pelleted at 4°C in cold centrifuge bottles in a
cold rotor at 2000 g for 10 min. The pellets were gently resuspended in 400 ml of ice-
cold 10% glycerol and repelleted as above. The step was repeated twice with the pellet
being resuspended in 200 ml of ice-cold 10% glycerol for the first repeat, and in 100 ml
of ice-cold 10% glycerol for the second repeat. Finally the cells were resuspended in 1.5-2
ml of ice-cold 109 glycerol. This suspension of competent cells can be used fresh or can

be frozen in aliquots in liguid nitrogen and stored at -70°C.

2.5.2 Transformation of E, coli

50-100 ng of DNA in a volume up to 10 pl was added to 200 i of competent cclls and
left on ice for 15 min. The mixture was subjected to 2 heat-shock at 42°C for 90 seconds
and quickly chilled on ice for 4 few mininutes. 'L'he cells were either plated immediately,
or after incubation in 800 ul 2XYT with agitation at 37°C for 0.5 -1 hr., onto L-agar
plates containing the appropriate antibiotics and indicators. The plates were incubated

overnight at 37"C to select for transformants.
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Electroplation was performed according to the manual provided with that L, cols Pulser
apparatus (BIO-RAD). 40 pul of the cell suspension was mixed with 1 to 2pl of DNA in
a cold, 1.5 ml polypropylene tube and left on ice for 0.5-1 min. Immediately after

electroplation the mixture was plated on an ampicillin selective plate.

2.6 Nucleic Acid Isolation

2.6.1 Plasmid DNA

Large scale plasmid isolation was carried out by the alkaline-lysis method of Biznboim
and Doly (1979) as described in Sambrook et al. (1989). Small scale plasmid preparations
were madc by the alkaline-lysis or boiling method (Sambrook er af, 1989), or with the
Magic!™ DNA purification system (Promega) using the protocol recommended by the

Iman LIELCI_'LI rer.

2.6.2 Bacteriophage A DNA

Isolarion of A DNA was performed by a modification of the protocol of D. Chisholm

(1989).

Host Cell Preparation

1 ml of an overnight culture of NM621 was added into 100 ml of L-broth to grow until
ODgoo was =0.3 (about 3hrs). The cells were pelleted and resuspended in 10 mM
MgSO 4 to a final ODggo=1.

Growing Lamda Lysates
2X106 phage was added to 500 ul (4X108) of plating cells. The culture was incubated at

37°C for 30 min to allow the phage to be absorbed to the bacteria. The mixture was then
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added to 37 ml of NZCYM in a 250 ml flask and grown with vigorous shaking undil lysis

was apparent (12-15 hrs),

Isolation of Phage

‘The above mixture was transferred to Falcon tubes containing 100 pl chloroform with
thorough shaking, 370 p! of nuclease solution ( 50 mg DNAse 1, 50 mg RNAse A, in 10
ml of 50% glycerol, 30 mM NaOAc, pH 6.8; stored at -20°C} was added and the
mixturc was incubated at 37°C for 30 min. 2.1 g of NaCl was added and the mixture
shaken gently until the salt was dissolved. Debris was pelleted (4000 rpm, 20 min, 4°C)
and 3.7 g PEGB000 was added to the supernatant. The sample was placed on ice for 1
hr after the PEG had dissolved at room temperature. The phage were pellered (10,000
tpm for 20 min at 4°C ) and resuspended in 500 pl of phage buffer. This phage
suspension was mixed with an equal volume of chloroform and the phases separated by

centrifugation.

Isolation of Phage DNA

The aqueous layer was transterred inta a new Eppendorf and 20 pl 0.5M EDTA, 5 ul of
20% SDS, and 2.5 pl proteinase K (10 mg/ml) were added. After incubation at 65°C for
30 min, the supernant was extracted with phenol and then with chloroform. DNA was
precipitated and dissolved in 300 pl of TE. Yields for EMBL3 derivatives were generally
50-100 pg,

2.6.3 Drosophila DNA

Rapid single fly DNA isolation for PCR

Single-fly DNA was prepared by the method modified from Gloor, G and Engels, W
{1991). A single fly was homogenised in an 1.5 ml Eppendorf microcentrifuge tube with
an micropestle in 50 pl of homogenisation buffer (10 mM Tris-HCI, pH 8.3, 1 mM
EDTA, 25 mM NaCl, 200 pg/ml Proteinase K, from a 20 mg/ml stock solution in sterile
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distilled water). And after incubation for 30 mins at 37°C, the homogenatc was then
heated to 95°C for 2 min, 2 pl of the homogenate was used directly in a 20 pl volume of

PCR reaction.

Genomic DNA isolation from adult flies

Adult genomic DNA was prepared by a modification of the method of Hamilwon ez al.
(1991). 15-20 flies were homogenised in a 1.5 ml Eppendorf microcentrifuge tube with a
motorised pestle in 400 pl of lysis buffer (80 mM NaCl, 5% sucrose, 0.5% SDS, 50 mM
EDTA, 100 mM Tris-HCl pH8.5). Following 30 min at 70°C, KOAc was added to a
final concentration of 0.6 M, and the tube was placed on ice for 30 min. Debris was
pelleted by centrifugation at 4°C for 15 min, and genomic DNA present in the
supernatant was carefully removed to a fresh tube, The following stage (A, B, or C) is

slightly variable according to the quality requiremencs for the DNA:

(A} The supernant was cxtracted once with an equal volume of phenol, once with an
equal volume of phenol/CHCI3 (1:1) and finally with an equal volume of CHCI3. The
DNA was then precipitated with 0.6 volume of isoprapanal. The pellet was washed with

70% ethanol, dried and resuspended in 50 pl of TE wicth RNasce A at 20 pg/ml.

(B) 0.5 volume of PEG solution (13% PEG8000, 1,6 M NaCl) was added to the
supernant, mixed well and cenwrifuged at 4°C for $ min. The pellet was washed with

70% ethanol, dried and resuspended in 100 ul of TE.

(C) The supernant was pelleted with 0.6 volume of isopropanol and washed with 70%
ethanol, dried and resuspended in 100 pl of TE.

Genomic DNA purified by cither method (A) or method (B) can be cleaved by
restriction enzymes for genomic Southern blot analysis. Genomic DNA prepared using

(O) suffices for plasmid rescue.
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2.6.4 Drosophila RNA

Total RNA was isolated using TRIzolT™ (Gibco BRL). 40 adult flies {or the same
volume of larvae, pupae or embryos) were homogenised in a 1.5 ml Eppendorf wich 1ml
of TRIzol™ reagent and left at room temperature for 5 min. 0.2 mi of chloroform was
added, mixed well and incubated ar room temperature for 2-3 min. The mixture was
centrifuged at 12000 g at room temperature for 15 min. The aqueous phase (about 600
wl } was carefully temoved to a fresh 1.5 ml Eppendorf and 500 !l of iso-propancl was
added. After incubation at room temperature for 10 min, the sample was centrifuged at
4°C for 10 min and washed with 70% EtOH. The pellec of total RNA was dissolved in

40 pl of RFW (RNase free warter}). 40 adult flies can resulc in 200 -300 ug of total RNA.

2.7 Quantification of nucleic acids
¢ ;;;

For quantitating the amount of DNA or RNA in a sample, readingj‘;’were taken at
wavelengths of 260 nm or 280 nm. An OD260 cortesponds to 50 u’gfml for double
stranded DNA, 40 ug/ml for RNA and 33 ug/mi for oligonucleotides. When samples had
limiting concentrations of DNA (<250 ng/ml), the quantity of DNA was estimated by
spotting the sample and known standards onto the surface of a 1% (W/V) agarose gel
containing EtBr (0.5 pg/ml). The gel was photographed using short-wavelength UV
illumination (254 nm) and the concentration of the DNA sample was cstimated by
comparing the infensity of fluorescence in the sample with those of known DNA

concentration standards.
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2.8 Labelling nucleic acids

2.8.1 32P labelling of DNA

Labelled gel-purified fragments or {inearised plasmids were prepared by random priming,
a method slightly modified from Feinberg and Vogelstein (1984). Briefly, to 5-100 ng of
denatured DNA {in 27 pl of distilled water), 10l of 4X random priming buffer, 3 ul of
[@-32P] dCTP (30uCi; 3000 Ci/mmole ) and 1 pl of Klenow DNA polymerase (5 U/pl)
were added. The mixture was then incubated for 1 to 4 hr. Probes were purified by
Sephadex G50 (Pharmacia) chromatography, in columns prepared from disposable 1 ml
sytinges (Sambrook et 2l., 1989).

The 4x Random priming buffer is "home -made" based on the original recipe. The
random priming mix is made from three individual components (solutions 1 to 3).
These are mixed together to make a batch of random priming buffer that is then

aliquoted and stored at -20°C.

Solurtion 1: Mix®* Iml
B-mercaproethanol Sul
100mM each of dA, dG, dT 5ul

®*; 1.25 M Tris HC] pH 8.0 and 0.125 M MgCl;,
Solution 2: 2 M Hepes pH 6.6
Solution 3: Hexanucleotides ac 90 OD units per ml. The

Pharmacia 50 OD unit aliquots of hexanucleotides were

dissolved in 0.55 ml water.
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4x buffer solution 1 solution 2 solution 3
ratio 2: 5: 3

for 0.5 ml 100 pl 250 ul 150 pl

2.8.2 DIG-labelling of DNA

Fragments used to generate probes were excised from the appropriate vector and
separated by agarose electrophoresis. 200 ng of this gel purified fragment (See Section
2.9.1) was then used to produce each DIG labelled probe. Briefly, the DNA was
denatured at 100°C for 5 min and quickly chilled on ice before addition to the labelling
mixture. Distilled water was added to make a volume of 20 pl and the sample incubated
at 37°C overnight. The reaction was stopped by the addition of 2 ul of 0.2 M EDTA
(pH8.0) solution. The probe was precipitated by adding 2.5 ul of 4 M LiCl and 75 ul
prechilled (-20°C) ethanol followed by incubation at -70°C for 30 min. The probe was
then pelleted and resuspended in T (pIH8.0).

2.8.3 Nick translation

Labelled plasmid DNA was prepared by nick translation (Sambrook ez «f., 1989). Brielly,
2.5 pl of 10X Nick Translation Buffer (0.5 M 1%is-HCl, pH 7.5, 0.1 M MgSO4, 1 M
DTT, 500 pg bovine serum albumin; fraction V; Sigma), 20 nmole cach of dATP,
dGTP and dTTP (Pharmacia) and 50 pCi; 3000 Ci/mmole of [0~32P] dCTP were
added to approx 0.5 pg of plasmid DNA and the volume was made up to 21.5 ul with
distilled water. After chilling (0°C) the mixture, 2.5 pl of DNase I (10 ng/ml in ice-cold
1X Nick Translatcion Buffer containing 50% glycerol) and 2.5 U of E. coli DNA
polymerase 1 were added. The reaction was then incubated for 60 min ar 16°C and
stopped by the addition of 0.04 volumc of 0.5 M EDTA, pH 8.0. For probes for

chromosomal iz situ hybridisation the reaction was performed in the presence of 1 mM

biotin 16 dUTP (Boeringer Mannheim). A trace [0=32P1dC'EP (10 pCi) was also added
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progression of the synthesis reaction. The precipirated probe from 500 ng of cDNA
plasmid was resuspended in 75 pul of chromosomal é# situ hybridisation solution (0.6 M
NaCl, 50 mM NaPO4, pH 6.8, 5 mM MgCly, 0.02% ficoll, 0.02% bovine serum

albumin, 0.02% polyvinylpyrrolidone).

2.9 Electropharesis

2.9.1 Agarose gel clectrophoresis for DNA

This method was performed as described in Sambrook er 2, 1989. DNA was
electrophoresed in agarose in 1X TBE {90 mM Ttis, 90 mM boric acid, pH8.3, 2 mM
EDTA). The marker was a 1 kb ladder (Gibco BRL). DNA fragments were purified
from 1% (w/v) LMP (Low Melting Point agarose, Gibco BRL) agarose gel in 1X TAE
(40 mM Tris-acetate, pH 7.6, 1 mM EDTA), using the MagicI™ DNA purification

system from Promega, or by using the silica suspension method (Boyle and Lew, 1995).

2.9.2 Denaturing agarose gel electrophoresis for RNA

Prior to electrophoresis, RNA samples (up to 5 pl) were denatured by the addition of 10
i of formamide, 2 pl of 5X MOPS buffer (200 mM MOPS, pH 7.0, 50 mM sodium
acetate, 5 mM EDTA, 11 M formaldchyde), 3.5 pl of formaldehyde (12.3 M), 1 ul of
EtBr (1mg/ml stock), and heated to 70°C for 5 min. Prior to loading, 2.5 pul of loading
dye (30% (w/¥) Ficoll 400, 1 mM EDTA, 0.25% (w/v) bromophenol blue, 0.25% (w/v)
xylene cyanol) was added. The RNA was electrophoresed in 1% (w/v) agarose
formaldehyde gel (Sambrook er @/, 1989), using 1X MOPS, with constant circulation

from anode to cathode chambers in order to maintain a constant pH.




2.9.3 Polyactylamide gel for DNA sequencing

Products of DNA sequencing reactions were separated on denaturing polyacrylamide
gels: 6% (w/v) acrylamide (Acrylamide: N, N'-methylenebisacrylamide, 19:1), 7 M urea,
in 1X TBE. Polymerisation was initiated by the addition of 1 ml of 10% (w/v)
ammonium persulfate and 50 pl of TEMED (N, N, N', N', ~tetramethylenediamine) to
150 ml of 6% acrylamide/urea mixture. The gel was allowed to polymerise overnight
before use. Samples were denatured for 5 min at 80°C and then loaded onto the gel. Gels
were run for various lengths of time, depending on the size of DNA to be resolved, and
then dried for 1-2 hr at 80°C on Whatman 3MM paper under vacuum.

Autoradiography was carried out without intensifying screens at room temperature.

2.10 Nucleic acid hiybridisation

2.10.1 Southern bloiting and hybridisation

Agarose gels containing DNA were cransferred to nylon membranes (Hybond-N), by
capillary action and fixed to the membrane by UV treatment as instructed by the
manufaceurer (Amersham UK), DNA/DNA hybridisation was carried out at 65°C in
hybridisation solution {5X SSPE, 10X Denhart's solution, 1% SDS, 0.005% sodium
pyrophosphatc and 100pug/ml of denatured sonicated salmon sperm DNA} or in Church
buffer (7% SDS, 1% BSA, 1 mM EDTA, 0.25 M NapHPO4 pH 7.2). Filters were pre-
hybridised at 65°C for at least lhr before addition of the denatured radioactive probe
(105-106 cpm/ml of hybridisation solution) and hybridised for berween 4 hr and
overnight according to the type and amount of DNA on the filters. After hybridisation,
the blot was then washed ar 65°C in 2x SSPE, 0.1% SDS for 30 min; 0.5x SSPE, 0.1%
SDS for 30 min; and finally in 0.1x SSPE, 0.1 % SDS for 30 min. The washed filcers




were covered in Saran WiapT™ and then subjected to autoradiography between

intensifying screens at -70°C.

2.10.2 Northern blotting and hybridisation

Agarose formaldehyde gels containing RNA were transferred to reinforced nitroccllulose
(Hybond C*) by capillary action. RNA was fixed to the membranc by UV treatment as
instructed by the manufacturer (Amersham UK). Pre-hybridisation and hybridisation was
carried out at 42°C in RNA hybridisation buffer (50% formamide, 5X SSPE, 2X
Denhardt's solution and 0.1% SDS) or at $5°C in Church buffer (7% SDS, 1% BSA, 1
mM EDTA, 0.25 M Na;HPO4, pH 7.2). Filters were pre-hybridised for at least 3 hr
before addition of the denarured radioactive probe (107-106cpm/ml hybridisation
solution) and then hybridised for a minimum of 16hr. The blots were washed at 42°C
(or 55°C if the hybridisation was in Church buffer) in 2x SSC, 0.1% SDS for 30 min;
0.5x SSC, 0.1% SDS for 30 min; and finally in 0.1x SSC, 0.1% SDS for 30 min. The
washed filters were then covered in Saran Wrap™ and exposed to Fuji X-ray film for 1-3

days. Size was determined with respect to an RNA ladder (Gibco BRL).

2.11 Oligonucleotide synthesis

Oligonucleotides were synthesised by the solid state method on an Applied Biosystems
Inc. PCR-MATE 391 DNA Synthesiser, employing phosphoramidite chemistry. After
ammonium hydroxide cleavage and deprotection, oligonucicotides were evaporated to
dryness under vacuum and resuspended in water or TE. Typically primets were 18-31 nt

in length having about 50% G+C composition (Appendix 2)
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2.12 DNA sequencing

Sequencing of double-stranded DNA was catried our by the dideoxy chain-termination
method recommended in the Sequenase Version 2.0 manual supplied by the

manufacturers (United States Biochemical Corporation).

2.13 PCR

Generally PCR reactions were casried out on 100-200 ng of template DNA in 20 pl of
50 mM KCl, 10 mM Tris-FCl (pH 8.3 at room temperature), 1.5 mM MgClps 0.01%
(w/v) Triton X-100®, 200 um dATP, 200 um dCTP, 200 um dGTP, 200pum dTTP,
primers {each at between 0.33-1 uM) and 1 unit of 7zq polymerase {Promega). Samples
were overlaid with an equal volume of mineral oil (Sigma) and PCRs were performed in a
Hybaid Thermal Reactor (Hybaid) with an initial denaturation step of 3 min at 94°C,
followed by a three step routine that consisted of 1 min annealing at 55-60°C, extension
at 72°C for 3 min and denaturation at 94°C for 1 min. A total of 30 cycles were carried
out, followed by a teturn to 35-60°C for 5 min, a further 20 min extension step at 72°C,

and a retuin to room temperatute.

2.14 In sit hybridization to polytene chromosomes
Salivary gland chromosome squashes were prepared as described by Ashburncr (1989).

Chromosomes were probed with a biotinylated, random-primcd DNA. probe, and

hybridisation was detected using streptavidin-conjugated alkaline phospharase.
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2.15 Tsolation of cDINA and genomic clone

A AZapIl (Stratagene) and 2 NM 1149 (Dorssers and Postmes, 1987) oligo-dT' primed
¢DNA library representing the heads of eyes absent Drosophila (S.R.H. Russell,
unpublished) was used to screen for cDNAs encoding Dresophila V-ATPase A, E, and F
subunir. Probes were cither Dig-labelled or {0-32P] labelled, random-primed probes of
the cDNAs encoding the A, E, and F subunit of Maduca V-ATPas. To isolate genomic
DNA clones a D. melanagaster genomic DNA library in the vector EMBL3 was screencd
by plaque hybridisation with an [0—32P] labelled random-primed cDNA probe, Positives
were purified by second or third round of screening. Genomic DNA fragments were

subcloned in pBluescript SK-.

2.16 Generation of unidirectional deletions for rapid DNA sequencing

Generation of unidirectional deletions was with the Erase-a-Base system (Promega), using
the method described by the manufacturer. The Erasc-a-Base system is designed for the
rapid construction of plasmid subclones containing progressive unidirectional deletions
of inserted DNA, thus allowing efficient sequencing of large DNA. fragments. The
systemn makes use of the ability of exonucleaselll (Exoll) to digest DNA from a 5’
protruding or blunt end, while leaving a 4 base 3" protruding end or an o—
phosphorothioate filled end intact. The uniform rate of digestion of the cnzyme allows a
series of deletions of increasing sizc to be made by removing timed aliquots from the

reaction. See Section 6.3.2 and Promega's protocols for detailed procedures.

46




2.17 Plasmid rescuc and mutation screening

The laboratory of Istvan Kiss in Szeged (Hungary) has generated approximately 2300 fly
lines with homozygous lethal mutant of a P[lacW| clement on the second chromosome,

which were balanced over CyO (Torék et al,, 1993)

Genomic DNA was prcpared by a modification of the method of Hamilton et af,
(1991} (see Section 2.6.3) and resuspended in 50 ul of 1X React 2 buffer (50 mM Tris-
HC, pH 8.0, 10 mM MgCly, 50 mM NaCly) by heating at 70°C for 15 min. After
cooling to room temperature, another 50 |l of React 2 buffer was added, together with
10 units of EroRI, and the tube was placed at 37°C for 3-4 hours. Digestion was halted
by heat-inactivation at 70°C for 15 min, and, after cooling to room temperature, ligation
was initiated by adding an equal velume of 2x modified ligase buffer (10 mM MgCly, 4
mM ATP, 20 mM DTT, 30 mM Tris-HCl pH 7.4) and 0.5 pl T4 DNA ligase

(Promega, 3 u/pl).

Competent £. coli (DH5a or XL1-blue) were prepared using the RbCl method (Secrion
2.5.1). 200 pl of competent cells were mixed with 40ul of ligated DNA, placed on ice for
15min, heat-shocked at 42°C for 90 sec, again placed on ice for 5 min, and then mixed
with 0.5 ml of 2xYT broth. The culture was shaken at 37°C for 1 hr, diluted into 25 ml
of LB containing ampicitlin at 150 pg/ml, and then shaken overnight at 37°C.
Approximartely 80% of overnight cultures showed evidence of growth. 1ml from cach
25ml culture was stored at -70°C in the presence of 20% glycerol. As a check on
contamination, plasmid TYNA isolated from 50ul of sampled overnight cultures was

characterised by gel electrophoresis.

The remainder of the overnight culture (24 ml) was mixed with cultures representing
nine other P[/zcW] lines, and plasmid DNA was prepared by the alkaline lysis method

and the resulted DNA was resuspended in 1 ml of TE. Portions of each pool were then




mixed to make poal of plasmids representing 100 lincs for screening (See Chaprer 3 for

detail).

2.18 Histochemical Staining and Immunocytochemistry

B-Galactosidasc cxpression in larval and adult tissues was detected by X-Gal staining
(method modified from Bellen er 2/, 1989). Adults or larvae were dissected in 1X PBS
and tissues were fixed in 1% glutaraldyde for 10-15 min. After washing with 1X PBS

twice, tissues were stained in X-gal solution overnight.

Embzyo staining required more steps. Embryos were collected from yeasted apple/grape
juice agar plates and dechorionated by dipping into 50% bleach (sodium hypochloritc
solution, Safeway's bleach, freshly ditured 1:1) for 90 seconds. After washing with water,
the embryos were fixed in a mixturc of 0.35 ml 4% paraformaldehyde in 1X PBS and
0.7 ml n-heptanc for 15-20 minutes at room temperature. The embryos were then
washed at least twice with 800 ul 1XPBS + 0.1%Triton X-100 and stained in X-gal

solution until the colour appeared.

For saining with anti B-Galactosidase primary antibodies the tissue was fixed in 4%
paraformaldehyde (in 1 X PBS) for 15 mins and washed twice in 1 X PBS, 3% triton X-
100 and then preincubated in PAT (1 X PBS, 1% BSA, 1% Triton X-100) for 1 hour.
The primary antibody, at a dilution of 1:2000 in PAT and 3% normal goat serum, was
added and incubated overnight. The tissue was tinsed several times in PBS then reacted
with an FITC-cojugated secondary antibody (1:250 for | hour), After washing in PAT,

the tissue was then mounted in VectaShield for detection.

2.19 Isolation of viable revertants and new alleles with P-element excision

Once a specific mutation line is isolated, it is necessary to isolate a viable revertant to

prove the lethality is due to the insertion. If the insertion is on the 2nd chromosame,
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female mutants are crossed to males carrying Sb, A2,3 on their third chromosome over
the TM6b balancer. This cross yiclds FO "jumpstart” male carrying both P[zcW} and the
A2,3 element, and thus the P{/zc W] will be mobilised. The crossing scheme is shown in
Figure 2.1. Where the insertion is not within the gene, but at a sitc near the gene, local
jumping combined with the strategy of PCR screening can identify other insertions
within the targec gene. The P-element loss may be precise or imprecise (Klambt ez 4/,
1992; Tower et f, 1993). The identification of viable revertants proves that lethality was

due to the P-element insertion.
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Figure 2.1 Scheme for isolation of viable revertants and deficiency strains. P[W*] srands

for the P[lac W], [-] stands for loss of the s+ marker.

The numbers of adults with phenotypes A, B and C were recorded.




If the numbers of A, B and C are equal, there has been a clean reversion of the

homozygous lethal phenotype.

If che number of type C is less than A and B, it suggests that type C are suffering
deleterious effects following remobilisation, i.c. a new allele with internal deletion within

the original P-element or imprecise deletion of the gene,

If C=0, it is likely to be a new lethal allele due to deletion caused by imprecise excision or

by internal deletion within P{/acW].

T'he survival efficiency of homozygous [w-]/u+]can be further evaluated by the {ollowing

Cross.

yw [w] + yw wl +
o] ] 3 ; — x OCF ; ;

yw o + yw CyO +

o e

CyO [w]

The number of adules with phenotypes D and E was recorded.

IfE=D/2, there has been clean reversion.

If 0<E<ID/2; then the excision event has had some deleterious cffects,

If E=0; then it is a new lethal allele with imprecise delerion or internal deletion of the P-

clement,




2.20 Determination of lethal phase of the mutations

In order to determin the developmental phase for lethalities the original Cy( balancer
was replaced with a modified CyO balancer marked with a copy of y*. Embryos were
collected overnight from y w; PllacW1{y*CyO lemales crossed with yw; Pllac W/y*+ CyO
males (See the following cross scheme). Eggs were laid out on an apple juice agar plate
and incubated at 25°C. At regular intervals over a 48 hour period, the plate was
examined to determine how many larvac had hatched. The phenotype of the larvae was
determincd by examination of their mouth hooks, homozygous y larvae possessing gold

brown mouth hooks while heterozygous y* larvae have brown/black mouth hooks.
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Hence, offsprings with phenotype D and T can be distinguished as eatly as first instar

larvae, allowing the lethal stage of the homozygous flies to be determined.
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Chapter 3

Site-Selected Mutagenesis of the Drosophila Second

Chromosome viz Plasmid Rescue of Lethal P-Element

Insertions

3.1 Summary

This chapter describes a fast and efficient approach to correlating cloned genes with
mutant phenotypes in Drasophiln. We make usc of a large collection D. melanoguster lines
with recessive lethal inscrtions of a P[lacW] transposon on their second chromosome.
Within this collection there must clearly be many insertions corresponding to Drosophilz
genes that have been cloned and characterised, but for which mutant phenotypes have yet
to be identified. We have madc usc of the fact that P[/zc W] contains a plasmid replicon
to establish a collection of rescued plasmids containing genomic DNA flanking the sites
of transposon insertion. Plasmids representing a total of 1836 lines were independently
rescued, and pooled in batches of 10 and 100. Pools of 100 plasmids were screened by
hybridisation with ¢cDNAs corresponding to cloned second chromosome loci.
FHybridising pools were then narrowed down to single plasmids by a process of

subdivision and rebybridisation, and corresponding mutant lines were obtained.

3.2 Introduction

Many cloned Drosophila genes have yert to be correlated with a murant phenotype. Site-
selected transposon mutagenesis (SSM) is a reverse genetics solution to this problem. As
originally described it involves the usc of PCR between gene- and transposon-specific
primers to identify individuals in which a P element transposon had inserted in or close
to a target gene (Ballinger and Benzer, 1989; Kaiser and Goodwin, 1990; Bunga e 4,

1992). The sensitivity of PCR allows a new insertion to be detected initially within a
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population of mutagenised flies, after which it can be followed, as a specific amplification
product, while the population is sub-divided. A similar strategy has been applied to
mutagenesis of Caenorbabdiiis elegans (Rushforth ez al, 1993; Zwaal et al., 1993) and

maize {Das and Martienssen, 1995).

P elements engineered to contain a plasmid origin of replication and a drug-resistance
determipant allow a different form of SSM, involving plasmid rescue of DNA flanking
the site of insertion (Figure 3.1; Hamilton ez #/, 1991; Hamilton and Zinn 1994; Guo et
al., 1996G¢). Poals of plasmids are created, each representing a population of flies with
differenc insertion sives. Hybridisation between a paol and a specific cDNA/genomic
DNA fragment is diagnostic of an insettion in or near to the gene of interest. The
relevant pool is then narrowed down to a single hybridising plasmid, and thus to the
corresponding Dresophila line, by a process of subdivision and re-hybridisation

(Hamilton et @l., 1991; Guo ¢t 4., 1996c),

Generation of large numbers of P element insertion lines is labour-intensive, as is their
maintenance. In any case, only a small fraction of all new P element insertions is
associated with phenotypic consequences. Thus, SSM tends to involve relatively transient
collections of lines that are discarded or dispersed soon after screening. Even allowing for
simultaneous screening with a number of target genes, this tends to reduce the generality
of SSM, Further, plasmid rescue SSM tends to be performed on pools of lines (Hamilton
et al,, 1991; K. Basler and E. Hafen, personal communication), rather limiting the
amount of plasmid DNA that can be generated per individual fine, and inevitably leading
to misrepresentation of the individual plasmids. If time and resources allowed, it would

clearly be preferable to rescue cach line independently.

A recent large scale sereen for P|lzeW) transposon insertions on the D. melanogaster

second chromosome forms the background to a means by which some of the above
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Figure 3.1 Overview of the plasmid rescue strategy. The essential scructure of the P[lacW)
transposon is shown at the top of the figure. Each line is maintained as a 'balanced lethal’
in which only one of the pair of second chromosomes carries a recessive lethal P[lacW)
insertion. ‘I'he other second chromosome, the balancer CyO, confers a dominant visible
phenotype (curly wings), is homozygous lethal, and suppresses recombination. Balanced
lethal fines are thus easily maintained, since viable progeny have the same chromosomal
constitution as their parents (see Ashburner 1989). P[lzc W] contains an ampicillin
resistance determinant (empR) and a plasmid origin of replication (or#). This plasmid
replicon is scparated from the rest of the transposon by a unique site for EcoRI. Rescued
plasmids therefore contain DNA extending to the right of the transposon up to the
nearest flanking FeoR1 site {complete digestion), or to a more distant site (partial
digestion). Full arrows in anticlockwise direction show the order in which particular steps

were carried out. Dashed arrows show source of plasmid DNA for sccond and third

rounds.
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problems can be overcome. 2308 independent recessive lethal mutations and 403 'semi-
lethal” mutations were gencrated, cach of which was saved in the form of a balanced lethal
stock, and the lethal phase determined (Tér6k er i, 1993}, P-induced lethals, though
infrequent, must almost by definition correspond to insertions within genes. Inevitably

the collection is likely to include many cxamples of genes that have been 'hit’ more than
once. There is also an unexpectedly high frequency (= 50%) of lethals that do not
coincide with an inserted P element (Kiss, I person, Com., 1996). Nevertheless, the
collection represents a substantial proportion of the 2000 or so lethal complementation
groups estimated to be present on the second chromosome (13/48 of the lethal
complementation groups within the 1.8 Mb 34D-36A region, for cxample; Spradling es
al., 1995). Morcover, e¢ven non-lethal insertions are uscful starting points for the
secondary muragenesis of flanking loci. The lines will be maintained in Szeged

(Hungary}, and possibly in other stock centres, for the conceivable future.

3.3 Plasmid Rescue

P[/zcW}, a modified P element transposon 10.6 kb in length, was designed as an
enbancer-trap element (Bier ez af, 1989). It carries a luc” reporter gene, the eye-colour
marker white*, and a plasmid replicon with poly-linker (Figure 3.1). Insertion wzthin a
Drosophila  gene of such a large element might be expected often to have significant
consequences for gene expression (Spradling e# @/,1995). Plasmid rescue using the
enzyme FeoRI was attempted independently for 2210 of the lines of T6r8k ef af., (1993),

as described in Marterials and Methods.

Independent rescue and transformation allowed each transformant to be propagared
without the risk of competitive growth. Rescue was successful in the case of 1836 of the
2210 lines {83%). Recalculated in the context of available in sizar hybridisation data
(Refer Encyclopaedia of Drosophila), this corresponds to 77% rescue of lines containing a

single P{lzcW] element, and 89% rescue of lines containing more than one P{lacW)
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element, Because we were concerned that such a large scrics of transformations could
present a contamination problem, small scale plasmid preparations of at least 500
rransformants were analysed by agarose gel electrophoresis. Plasmid sizes varied
considerably, with no evidence of contamination at any stage (not shown). Since most
lines conrain just one P{lzcW] transposon {data not shown; Tordk e af, 1993), rescue
usually involved a single flanking region. Partial cleavage of genomic DNA by EeoRI can
give risc to a series of related plasmids, however, and it is also possible for unrelated ZeoRI

fragments to be 'co-cloned'.

A 25 ml culture was generated for each P[lzcW) line, and a small quantity was put into
long-term storage in the form of a glycerol stock, The remainder was pooled together
with cultures representing nine other lines, and plasmid DNA was isolated. Equal volume
samples of ten such plasmid preparations were then mixed to create effective pool sizes of
100 plasmids. The amount of plasmid DNA generated will be sufficient for many

screenings.

3.4 Screening

Plasmid DNAs in each of the 19 pools of 100 plasmids are separated in twenty slot
agarose gels (Figure 3.2). The final slot is used for hybridisaticn controls and size
markers. To screen for an insertion in the vicinity of a cloned gene, a blot of the gel is
hybridised with a relevant c<DNA or genomic DNA fragment. If the fragment has been
cloned using a vecror that contains plasmid sequences, it is cssential that che fragment be
gel-isolated before use. Here we show the results of screening several interesting
Drosophila genes, of which vha68-2 and ductin are the genes encoding  Drasaphila V-
ATPase subunit A and ¢ respectively.

i
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Figure 3.2 19 pools of 100 plasmids separated by electrophoresis in a 0.8% agarose gel.
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3.4.1 vha68-2, the gene encoding V-ATPase A-subunit

Figure 3.3 are results of screening with a vh268-2 cDNA fragment representing the gene
encoding subunit A of the Drosophile vacuolar ATPase (See Chapter 5). Bands of
hybridisation are seen in three lanes of 100 plasmids (Figure 3.3A). Onc such band was
foliowed through subdivision to the relevant ten batches of ten plasmids (Figure 3.3B},
and was eventually narrowed down to a single glycerol stock (Figure 3.3C). Detailed

analysis of this P[lec W/ insertion line is reported in Chapter 5.

3.4.2 Ductin, the gene encoding the V-ATPase c-subunit

Ductin, the 16 kDa proteolipid c-subunit of V-ATPase is the major component of the
vacuolar H*-A'Pase membrane sector, responsible for proton translocation (Meagher ez
al., 1990; Finbow et al., 1994). Scrcening the pool of rescued plasmids found lines 16/1
and 76/16 hybridised to the genomic DNA probe (Figure 3.4). Line 16/1 has an
inscrtion in the second intron (Figure 3.7A). Although the rescued plasmids from linc
76/16 can hybridise to the ductin probe, the sequence near the P element do not align to
ductin genomic DNA sequence. It is likely that the inscrtion in line 76/16 is near the
gene, but outside of the reported genomic DNA sequence (GenBank accession no.
X77936). Further analysis of these two lines is being carried out by Miss Shirley Graham

in this department.

3.4.3 CalpA, the gene encoding calpain

CalpA is a highly tissue-specific calpain gene from Drosophila, specifically expressed in a
small set of nerve, midgut and blood cells { Theopold ez 24, 1995). This calpain is
involved in the dynamic changes in the embryonic cytoskeleton, cspecially actin-related
structures, during early embryogenesis prior to cellularization (Emori and Saigo, 1994).

The gene is located at 56C-D on the second chromosome. Using CafpA cDNA as a
60
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Figure 3.5 Screening for insertions in CalpA, a Drosophila calpain homolog. (A) Two

pools of 100 plasmids showed cross-hybridisation with Ca/pA cDNA probe (lanes 15,
17). (B) Screening the ten pools of ten plasmids corresponding to lane 15 and 17 by dot
hybridisation, further narrowed down these particular insertions to dots 5 and 1
respectively. Dot 11 is the former pooled 100 as control. (C) A further round of dot

hybridisation eventually identified two single glycerol stocks (Dot 4 and dot 6). Dot 11

is the former pooled 10 as a control.




probe to screen the pool of rescued plasmids found the 15th and 17th lanes showed
positive hybridisation (Figure 3.5 A). Subdivision by DNA dot hybridisation assigned the
two positive bands to two individual lines: 145/23 and 169/13 (Figure 3.5 B, C). Line
162/14 has an insertion between CalpA and hu-li-tai-shao (Ding et al., 1993) It is likely
the insertion is at the regulatory region of CalpA. However, insertion in line 145/23 is in
the nearby gene, hu-li-tai-shao (Figure 3.7 B). Further analysis is carried out by Dr.
Philippe Rosay in this laboratory. He is trying to remobilise the P-clements into the

CalpA gene.

3.4.4 DCO the catalytic subunit of cAMP-dependent protein kinase

DCO is the gene encoding the catalytic subunit of cAMP-dependent protein kinase
{Kalderon and Rubin 1987; Figure 3.6). The DCO cDNA was used as probe to screen
the pool of rescued plasmids and bands of hybridisation are seen in three lanes of 100
plasmids, One such band was followed through subdivision to the relevant ten batches of
ten plasmids, and was eventually natrowed down to a single glycerol stock from line

8/4. The insettion is within the first intron. (Figure 3.7C).

3.4.5 Syb, a gene encoding synaptobrevin

Synaptobrevin is a major constituent of the membranes of synaptic vesicles. Syé is a
Drosophila gene encoding an isoform of synaprobrevin that abounds in non-neuronal
cells, The Syb transcripts show no enrichment in the nervous system and are present in
very carly cmbryos, well before ncurogencesis. The greatest concentration  of Syé
transcripts has been found in cells of the gur and Malpighian tubules. It has been
suggested that Syb may be involved in membrane trafficking and in the secretion of

digestive enzymes (Chin z¢ 24, 1993). Iawever, the precise function of Syb is unknown.
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TCCATCAGCTGTTTGACACTTCGACACGATCGAAAGT'CGCCTCCTCTCGCITTCITIGCCA

| Figure 3.7 Inserdon in ductin, CalpA and DCO. (A) Insertion in gene of ducrin, the
subunit ¢ of V-A'TPase (GenBank accession no. X77936); (B) Tnscrtions in or near gene

encoding calpain. ( GenBank accession no. X78555, Z46891, Z46892) (C) insertion in

DO, the caralytic subunit of cAMP-dependent protein kinase (GenBank accession no.

X16969). Arrow on P-clement denates the sense of P-/ecZ reporter gene.
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Figure 3.8 Screening for insertion in syb, the gene encoding synaptobrevin (A) One
pool of 100 plasmids showed cross-hybridisation with a syb cDNA probe (Lane 8). (B)
Screening the ten pools of ten plasmids corresponding to lane 8 further narrowed down
this particular insertion to two pools of 10 (Lane 3 and 5). (C) Subdivision of the pool

of 10 in lane 5 eventually assigned the positive band to a plasmid isolated from a single

glycerol stock (lane 5).
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p958.s TTGTTATTTCATCATGGCTCAGCGCACAAAAGCAAGGA
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114270 ACAACGAGTAAGTGGTGGAAGTCCATCGAATCAACAGGCTCAGCGCACAAAAGCAAGGA
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p958.s AAATCCCATACAGTGACGTCACCTGCGTCATATGGGCCACAGCGAACCGGAAGTAAAGTC
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Figure 3.9 Insertion in Syb. (A). Alignment of sequence of rescued plasmid p958 from
mutant line 77/5 to syb genomic DNA sequence. (B) Position of insertion in syb, the

gene encoding synaptobrevin (Chin ef @/, 1993; GenBank accession no. L14270)




The filter with rescued plasmids was screened with a Syb cDNA probe (provided by Dr.
Cahir O'Kane in Cambridge} and lane 8 showed positive hybridisation {Figure 3.8A).
After subdivision of this pool of plasmids of 100 plasmids, lanes 3 and 5 show positive
hybridisation (Figure 3.8B). Subdivision of the two lanes identified that the two plasmids
from line 75/2 and 77/5 showed cross-hybridisation to the Sy probe. The sequence
flanking the site of insertion in line 77/5 is identical to part of Sy gene. The cxact
position of p[leeW] is in the second intron (Figure 3.9A, B; Chin ez 4/ ., 1993).
However, the insertion in line 75/2 is not relevant to Syb. 'F'he hybridisacion of the
plasmid from line 75/2 is duc to a Syb fragment co-cloned during plasmid rescue.

Repeated rescued plasmids from this line do not hybridise to the Syb probe.

Southern blotting of 77/5 and Canton S genomic DNA probed with Syé cDNA detected
a 3.4 kb FcoRI band in addition to the wild type 5.1 kb band (Figure 3.10A). The band
shift is due to the P-element insertion. Northern blotting showed a reducrion of Syb
RNA in the P[{zcW]/+ heterozygotes (Figure 3.10 B). Homozygous flies usually died
shortly during the stage of the first instar larvae. Remobilising of the P-element produced
many revertants and new allcles. Reversion indicated that the lethal phenotype was
indeed caused by the P-clement insertion. Further examination of the defecr of the Syé
mutant is being carrying out collaboratively with Dr. Cahir O'Kane's group in

Cambridge.

3.4.6 KLP388, a mirotic kinesin-related protein

KLP38B (Kinesin-Like-Protein-at-38B) is a new member of the kinesin superfamily in
Drosophila. KLP38B was isolated through its binding o the catalytic subunit of type 1
serine/threonine phosphatase (PP1) in the two-hybrid interaction trap. Seven lines with
PlacW) insertions in the intron of KLP388 were isolated (Figure 3. 11). Sce Alphey er o/

. {(1996) for detailed analysis of these mutants.
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Figure 3.10 Southern blot and Northern blot analysis of Syb mutant (A) Southern blot
of Syb mutant line 77/5 showing a band shift duc to P[/ecW] inscrtion, The first lanc is
| Canton S genomic DNA, the second lane is line 77/5 genomic DNA, cut by EeoRI,
probed with Syb cDNA. (B) Northern analysis of Sy mutant line to show the reduction
of RNA transcript. Total RNA, isolated from adult Canton § and 77/5, was hybridised
with Syb ¢cDNA and #p49 as a controel for loading. Lanc 1, Canton S 15 pg; Lanc 2,
Canton S 30 pg; Lane 3, 77/5 15 g Lane 4, 77/5 30 g Lane 5, 25/8 15 pg; Lanc 6,
25/8 30 g,
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Figure 3.11 Screening for insertions in the gene of KLP38B. Six pools of 100 plasmids
showed cross-hybridisation with KLP8B probe (lane 1, 3, 4, 5, 6, 10). Subdivision of the
pools of plasmids with positive hybridisation signals further narrowed down these
positive signals to 7 particular insertion lines: 8/2 (lane 1), 49/13 (lane 1), 39/3 (lane 3),
48/5 (lane 4), 57/2 (lane 5), 86/23 (lane 10).




3.4.7 PP2A4-28D, the genc encoding protein phosphatase 2A.

PP2A4-28D is a gene encoding protein phosphatase 2A in Drosophila. The line 98/22
which carricd a P[/zcW] insertion in 251 bp upstream of the inidating AT'G. By excision
of the P-element, it has been proved that this insertion had caused the lethality . A
mutational analysis has been performed in Dr. Pavtritia Cohen's group in Dundee

(Snaith ez 2/ ., 1996).

3.4.8 Mutartions in other genes

Aparct from the murations reported above, we have presently correlated each of the
following cloned genes to P[lzcW] mutanc lines. D-Gy!, a gene encoding « G protein ¥
subunit (Ray et al., 1994); shaw, a Shaker cognate gene (Butler e 4., 1989: Butler ez 4!

.+ 1990); Drongo and 5 other genes.

3.5 One-step screening

As an alternative to screening pools of plasmids, we have used a one-step screening
procedure involving grids of colonies ¢reated by a robotic device. The entire grid is
visualised by hybridisation with a 35§ probe for the plasmid replicon, while individual
colonics corresponding to particular inscrtion sites arc visualised with a 32P probe specific
to the gene of interest (not shown). This one step screening work was done by Mrs, Ann

Gillan in collaboration with Zeneca,

3.6 Verification

Once an individual glycerol stock has been identified as containing the hybridising
plasmid, the corresponding balanced lethal line is obtained from the stock collection in
Szeged. At this stage it is crucial ro verify that the plasmid and Drosaphila line do indeed

correspond. This can be easily done by repetition of plasmid rescue. In the case of the




insertion reported in this chapter, plasmids of identical size and bybridisation
characteristics were rescued again from the identified fly lines (data not shown). Were
some unrelated EeoR] fragment to have been 'co-cloned' during the initial rescue, it is

highly unlikely thac the same event would occur a second time,

To confirm that identifled lines each contain only a single insertion, we hybridised the
blot of mutant genomic DNA with a P[/zc W) specific probe, All the 4 lines tested

appeared to contain only one insertion (Figure 3.12).

Other important concerns are whether the P element has indeed inserted within the
target gene {a 'genc-specific’ probe may unexpectedly hybridise to other sites in the
genome), and whether insertion is truly the cause of lethality. In the case of the genc for
subunit A of the Drosophila vacuolar ATPase, the rescued plasmid hybridised in situ to a
single polytene chromosome band corresponding to the known location of the gene and
sequencing of the rescued plasmid showed insertion within the first intron of »4268-2
gene, loss of which is associated with reversion of lethality (see Chapter 7). Similar work

was or is being carried out for other mutant lines.

In total, approximately 40 cDNA fragments corresponding to sccond chromosome genes
have been used as probes. Positive hybridisation signals were seen in 13 cases and in seven
cases shown to represent genuine insertions within or near to target genes {Lable 3.1). In
five of the seven cases, P|lzcW] insertion had eccurred 5' to the reported coding
sequence. In the other two cases, insertion occured within the intron. That P elements

prcfer to inscrt ncar to the 5' ends of gencs has been observed in other studies (Spradling

et al ., 1995).
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Figure 3.12 Southern blot of genomic DNA of the P[/zcW] insertional lines to show
the single insertion. Each lane is genomic DNA isolated from 10 flies, digested by EcoRI,
hybridised with the 1.9 kb fragment of P[lzcW) that correspond to pBluescript. lane 1:
Canton § wild type; lane 2: 25/8, with insertion in vha68-2; the gene encoding subunit
A of V-ATPase; lane 3: 16/1, with insertion in ductin, the gene encoding subunit ¢ of V-
ATPase; lane 4, 77/5, with insertion in Syb, the gene encoding synaptobrevin; lane 5,
8/4, with insertion in DCO, the gene encoding the catalytic subunit of cAMP-dependent

protein kinase.




Table 3.1 Summary of screening results

Target gene Accession| First | Verifie Reference
no. round d -~

vha68-2 U59147 3 3 Chapter 3, 4

ductind X77936 2 2 Chapter 3

DCOd X16969 6 12 Chapter 3

PP2A-28D X55199 1 1 Snaith et al ., 1996.
KLP38B T s Alphey et al ., in

preparation

Syb L14270 2 1b | McCabe et al ., 1996.
CalpA 746891 2 2 Rosay et al ., unpublished
vhal4 7226918 1 ob Guo et al ., 1996.
D-G’}‘—I 4 Ray etal ., 1994

Shaw 3 Butler et al ., 1989
o—adaption 1 1 Nick Gay in Cambradge
Cliper 1 1 Chunyang Bai in New York
La 1 P. Tolias in New York
? gene 1 1 P. Wes in Crag Montell lab
| 3 gene 5 Myles Axton in Oxfod
A2l 2 B. Srinivasan in Purdue
A22 1 B. Srinivasan in Purdue
6356 DNA 0 B. Retinker

LRL1-5 5 genes 0 M. Cann in Cornell
2a9 0 C. Coelho in Koln
32c2 0 C. Coelho in Koln

47cl 0 C. Coelho in Koln
G808 0 Y. Grau in France
CAM-kinase-like gene 0

Simon's 51 0

Simon's 123 0

Serotonin recepter 2A 0

Serotonin recepter 2A 0

Gf alfa 0

Gs alfa 0

Igloo 0

pbprp-5 0

PKC 0

PKG-2cDNA 0

PLC 0

NPY recepter 0

muscarinic 0

acetylcholine recepter

4 Only one of the six putative insertions was chosen for further subdivision. b One first
round hybridisation signal was a ‘co-cloning’ artefact. € No first round signal. d Genes for
which P element insertions has been previously described (Finbow ez a/ ., 1994; Skoulakis

etal., 1993).
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3.7 Discussion

The strategy described here perinits rapid identification of mutant lines corresponding to
specific cloned genes. This is illustrated by Figure 3.3, detailing the identification of a
line with a P element insertion in the gene for subunit A of the Drosophile vacuolar
ATPase. Three novel and important features of this stracegy are as follows. First, we
carried out plasmid rescuc independently for cach of many lines. Plasmid rescue from
pools of lines {e.g. Familion ¢r 2/., 1991) leads to misrepresentation both because
transformation efficiency varies with the size of rescued plasmid, and because it is difficult
to avoid competitive growth. By allowing each transformant to gtow independently we
avoided misrepresentation, and were able vo generaie sufficient plasmid DNA for
screening with any number of target genes. Second, unlike previous examples of SSM by
plasmid rescue, the lines described here were generated with the intention of creating and
maintaining only lethal insertions of P[/zc W] (lethals represent only a small proportion of
all P element insertions). Though homozygous chromosomal lethality turned out to be
assoclated with P element insertion in only approximately half of the lines, even non-
fethal insertions can be useful for secondary mutagenesis. Third, there is 2 commitment
to maintain the entire collection of balanced lethal lines in Szeged for the conceivable
future. This is unlike most previous site-selected mutagenesis experiments, in which lines
were discarded soon after screening, and were thus unavailable to the wider research

community.

Approximately one in four cases of screening with cDINA probes has proved successful.
cDNA probes will often fail to detect an insertion in a targer gene, merely because che
rescucd plasmid contains no transcribed scquences. Such occasions will arise when an
EcoRI site lies between the transposon and the nearest exon. It would of course have been
preferable to rescue cach line using a range of different enzymes, and to rescue DNA on
both sides of the transposon. This would have been prohibitively labotious, however. A

simpler way to increase the probability of a 'hit' is via screening with genomic DNA




fragments representing non-transcribed in addition to transcribed sequences (though not

a [ragment that contains repetitive DNA sequences).

Even so, one should not expect all second chromosome genes to be represented by
P[lacW] insertions within the Szeged collection since: a) P[lzeeW] mutagenesis was not
carried out to saturation; b} not all Dresophile genes are good targets for P element
insertion; ¢} not all Drosophila genes correspond to lethal complementation groups.
Where a pre-existing mutation cannot be found, it may prove fruitful to probe with
genomic DNA more distant to the gene of interest, and thereby detect an insertion in a
nearby gene. Such an insertion could be used for 'local jumping', an elevated race of
transposition within 100 kb or so on either side of a ‘donor’ P element (Tower e 4/ .,

1993; Zhang and Spradling, 1993).

Once one has obtained a line with a single P{lec W] transposon within the gene of
interest, it is necessary to verify that the insertion is indeed the cause of the mutant
phenotype. Spontaneous recessive lethal mutations are common within Drosophila
populations and can become fixed on the same balanced chromosome as a P clement. It
is thus essential ro demonstrate, as for the #5268-2 insertion, that remobilisation of the
inserted transposon can lead to reversion of the phenotype. Even then it may not be a
simple matter to deduce, just from a single allele, the precise role of the gene and irs
preduct in Drosophila development or physiology. Remobilisation can also result in
imprecise 'excision’, however, and thus generation of a range of new alleles of varying
severity {(c.g. Klambt ez af ., 1992). The presence of an eye colour marker (white) on
Pllac W] makes loss of the transposon easy to score. Further, P[/lzc W] was designed as an
enhancer-trap element, the /zcZ component serving as a reporter for gene expression in
the vicinity of the insertion site (Bier ez @/ ., 1989). The pattern and timing of §-

galactosidase expression may provide useful information concerning the tissue-specificity

and developmental regulation of gene expression.




The collection of P clement lethal mutants generated by Térik ez 2/, (1993) 1s finding
many uses in Drosophila genctics and genome mapping. As described here, it provides a
simple means of correlating a cloned Drosophila gene with a mutant phenotype.
Sufficient plasmid DNA has been prepared to allow screening for many targets. An added
dimension would be provided by performing large scale correlation of cDNA library
clones with the Szeged lines. This would provide access to many as yet unknown, but

nonetheless essential, Drosophila genetic loct,

One simple way this could be carried out is as follows. Probes of rescued plasmids could
be labelled and used to screen a cDNA libraty vo correlate individual clones within the
Drasophila cONA library to the corresponding fly lines bearing P[/zc W] insertions. The
whole rescued plasmids could be labelled for screcning cDNA library in vector, such as
lambda NM1149, which shares no sequence homology with the P-clement sequence in
the rescued plasmids. Each pair is highly likely to represent a mucarion of a gene, and,
alternatively, imprecise excision will generate mutations where the initial insertion does

not. The cDNA library can be screened as arrays of plaques laid out in a rectangular grid

by a robotic device.

.......




Chapter 4

Characterisation of v4268-1 and vha68-2, the Genes
Encoding Two Isoforms of V-ATPase A Subunit in
Drosophila

4.1 Summary

vha(8-1 and vha68-2, genes encoding two isoforms of the V-ATPasc A subunit in
Drosaphila melanogaster, have been cloned and sequenced. Both isoforms are composed
of a polypeptide of 614 amino acids with a predicted molecular mass of 68417 Da and
68338 Da respectively. The coding scquences of the cDNAs for the two isoforms share
85.5% identity while the translated proteins are 90.7% identical. The gene vh268-2 is
punctuated by four introns. /» situ hybridisation of the cONA of v£268-1 to salivary
gland chromosome squashes reveals only one band at 34A on the second chromosome,
suggesting that the two genes are at the same location. Northern analysis of total RNA
reveals that both isoforms are expressed in a similar pattern. They are expressed in head,
thorax and abdomen of the adult fly. Developmental Northern blots of embryo, larvae,
pupae and adult total RNA show general expression, but ar a much reduced level during

metamorphosis.

4.2 Tntroduciion

V-ATPases, found in all eukaryotic cells, are required for the acidification of intracellular
organelles such as lysosomes, endosomes, the Golgi apparatus, sccretary vesicles, and
clathrin-coated vesicles, as well as plant and fungal vacuoles (Nelson, 1992a). They are
also located in the apical membrane of cells specialised in I* secretion, such as

osteoclasts (OCs), kidney intercalated cells, and insect midguc (Baron e af, 1994;




Brown, ¢t al, 1987; Blair ez af,, 1989; Dow, 1994). Although the organclle and plasma
V-ATPases appear similar in composition, it is clear that cells can diffcrentially rarget
these enzymes and thereby regulate the pH of the various intracellular comparcments
and luminal spaces (Hernando ez af, 1995). The mechanisms for this targeting is
accomplished remains unclear, but several hypotheses have been proposed. The simplest
hypothesis is the putative existence of organelle- or cell-specific isoforms of particular V-
ATPase subunit. Only one gene per subunit and per genome has been identified in S.
cerevisige and other fungi (Gogarten ef al., 1992). Gene disruption experiments in yeast
that led to a complete loss of V-ATPase activity gave no indications for multiple isoforms
in 8. cerevisiae (Umemoto et al., 1990; Neumi et al., 1991; Foury, 1990). And only a
single gene encoding subunit A from M. sexta (Grif er al., 1992) and bovine (Pan et 4/,
1991). However, two isaforms of subunit A have been reported from plant, human and
chicken (Gogarten ef «/., 1992b; van Hill ¢f al, 1993; Hernando et 2/, 1995). In higher
plants, two genes encoding the A subunit differ by the size of an intervening sequence.
The two genes exhibit a coding region of the same length but differ in the length of the
intron (Gogarten et al., 1992b; Stark er 2/, 1995). In human the VAG8 isoform of V-
ATPase subunit A is expressed in all tissues whereas the expression of a sccond isoform,
HO68, has been found only in osteoclastomas, tumours enriched in osteoclasts (van Hill
et al., 1993). In chicken, alternative splicing of a single gene generates two polypeptide
isoforms of the A subunit. However, both isoforms seems to be ubiquitously expressed
(Hernando er 4/, 1995). The purative cxistence of different isoforms of particular V-
A'lPase subunits and thus the specific assembly of different isoforms of some of the
subunits may allow differential targeting and the regulation of cell-, organelle- or

membrane-specific V-ATPases.

All of the V-ATPases purified to date share similar functions and structural features
(Forgac, 1989). They are multimeric proteins with at least three common subunits: a
catalytic subunit A, a regulatory subunit B, and a proton channel subunit ¢ with relative

molccular masses of approximately 70,000, 60,000 and 17,000 respectively (Grif ef af,,
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1992). cDNAs and genes encoding subunit A were first cloned from plant (Zimnial ez
al,, 1988), fungi (Bowman ef 2/, 1988) and the archaebacterium Sulfolobus acidocaldarins
{Denda er al, 1988). It immediately became apparent that the enzyme that functions in
ATP-synthesis in archacbacteria is also @ V-ATPase, and that subunit A is homologous to
the B subunit of F-ATPases. 1t was also revealed that a S. cerevisize gene invelved in
trifluoperazine resistance, cloned the same year, encodes a larger protein that undergoes
protein splicing to give the mature subunit A {Shih er 4/, 1988; Hirata ez a/., 1990; Kane
et al., 1990). Aligning the amino acid sequences of A and B subunits from various sources
produced a wealth of information. The conserved glycine-rich loop in the A-subunit was
implicated as a primordial common structure for nucleotide binding. It is thought that

the A subunit, as the B subunit of F-ATPase, is the catalytic subunits of the V-ATPasc.

A cDNA encoding an M. sexta V-ATPase A-subunit has been previously cloned by
screening a larval midgur ¢cDNA expression library with monoclonal antibodies to the
midgut plasma membrane subunit A (Grif e# 2/, 1992). It shared considerable homology
to cIYNAs encoding subunit A from other sources. Using Mandyuca cDNA as a probe, we
have successfully isolated two corresponding Dresophila genes, vha68-1 and vha68-2,
which encode diffcrent isoforms of the V-A'lPase A subunit. This chapter will report the

isolation and characterisation of cDNAs and genomic DNA of the two gencs.

4.3 Isolation of two different cDINAs encoding the catalytic A subunit

4.3.1 Isolation of vh268-1 cDNA

A Drosophila head AZap I cDNA library was screened by plaque hybridisation with a
digoxygenin-random-primed probe of cDNA cncoding thc Manduca V-ATPase A-
subunit. Positives were obtained at approximartely 1:10,000 and were purified by a

further round of plating. Nineteen clones were obtained and inscrts of four recombinant
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Figure 4.1 cDNA and putative aa sequence of 2£268-1. The presumed polyadenylation
signal is underlined. The start of the poly A tail is marked in bold. This cDNA sequence
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has been published in the GenBank database under the accession number U19745,
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phages were excised as pBluescript plasmids. Double-stranded scquencing was petformed
according to the Sequenase™ II protocol (US Biochemical, Cleveland, OH), with the
aid of synthetic oligo primers. All of the four clones have the same 3' end, except for
differing lengths of the poly A tails. The 5' end sequence of three cDNA clones, p68Al,
pG8B1 and p68EL were found to be identical, except for small differences in the length of
the 5" end. However, p68C1 is the shortest of the four clones beginning at nucleotide
663, The longest cCONA p68A1 was sequenced from both DNA strands, using synthetic
oligonucleotides to extend the reading. The resulting sequence consists of 2576 bp. A
long open reading frame encodes a putative polypeptide of 614 amino acids (Figure 4.1)
with a M; of 68417 Da which is clearly a V-ATPase A subunit. The gene has been
named vh268-1. The open reading frame is preceded by a 5" untranslated region (UTR)
of 84 bp. The 3' UUTR of 644 bp long contains a poly A addition signal between

nucleatides 2550-2556, 19 bases upstream of the poly A tail.

4.3.2 Isolation of vHa68-2 cDNA

A NM1149 cDNA library rcpresenting adult heads of the D. melanggaster eyes absent
(eya) mutant was screened by plaque hybridisation with the genomic DNA fragment of
the plasmid rescued from the fly line [(2)k02508 (See Figure 3.3 in Chapter 3). Plaques
giving both strong and weak hybridising signals were picked. More than 20 positive
plaques werc obtained, of which five recombinant phages were purified. <DNA inserts in
the recombinant phages were excised by FeoRI and HindIll. There were three types of
cDINAs according to digestion map and the intensity of the hybridisation to the genomic
DNA probe (Figure 4.2). The inscrts were subcloned into pBluescript SK~ and sequenced
by thc universal primers T3 and T7 from the both ends. While the sequence of p68c-5
was identical to that of vh268-1 cDNA, the digestion maps and sequences of p68c-1,
p68c-2 and p68c-3 are different from vha268-1 cDNA. Sequences of the three inserts are
identical except for small length differences at the 5' end. ‘Lhe longest cDNA, p68c-1,

was sequenced from both strands, using synthetic oligonucleotides to cxtend
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Figure 4.2 Three types of cDNA inserts hybridised to 4268 probes. cDNA inserts in the
recombinant phages were excised by EcoRI and Hindlll. The Southern blot was probed

with the genomic DNA fragment of the plasmid rescued from the fly line 1(2)k02508.
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Figure 4.3 ¢cDNA and predicted amino acid sequence for v4a68-2

polyadenylation signal is underlined. The beginning of the poly A tail is

The <DNA sequence has been published in the GenBank database under the accession

number U59146.
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readings. It is 2474 bp long, The long open rcading frame encoded a putative
polypeptide of 614 amino acids (Figurc 4.3) with a molecular mass of 68338 Da. The
high homology of this cDNA scquence with that of vh268-1 cDNA (Figure 4.4) and
with sequences for A subunits from other sources in the GenBank database (Figure 4.5}
suggests that this new c[DNA encodes a second isoform of the catalytic A subunit of rthe
Drosophila V-ATPase. Accordingly, the gene was named as vha68-2. The 5" UTR of
vha68-2 cDNA is 88 bp long, the 3" UTR 542 bp. There is a poly A addition signal

between nucleotides 2446-2451, 24 bp upstream of the poly A tail.

The digestion map of p68c-4 is different from both ¢h268-1 and vha68-2 cDNA.
Whether this insert represents a third #4268 cDNA awaits confirmation by sequencing

the insert.

4.3.3 Comparison of the two isoforms

The length of the two <DNAs arc similar, »4268-1 is 2576 bp while v4a68-2 is 2474 bp,
about 100 bp shorter. Both ¢DNAs have a long open reading frame of 1842 bp which
encodes a polypeptide of 614 amino acids =68 kDa. The two polypeptides share 91% aa
identity. The coding DNA sequences share 85.5% identity. However, the homology
between the 5" and 3" noncoding sequence is very low or without homology (Figure 4.4).
The 5" UTRs in the two longest cDNA of v4268-1 and v4a68-2 are almost of the same
size, but the 3' UTR of v4268-1 is 102 bp longer than that of v4268-1. The poly A tail
signal AATAAA was found near the poly A tails of both cDNAs.

The predicted translation start site of v4268-2 CAAAAY'G is the same as that of v52.26
(See chapter 6) which is in perfect march with this consensus start site
(C/AJAAAIC)ATG (Cavener, 1987). However, vhu68-1 has a different start site
GACCATG. vha68-1 uscs TAA for the translation stop codon but v4468-2 uses TAG as

the stop codon.
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180 190 200 210 220 230

240 250 260 270 28¢C 290
GCGACATCALCCHTCTGGAGGGCGACATCGCCACCATCCAGGTGTACGAGGAGACCTCTG
LEVELECEERE LT AR TR TE LT T ET
GCGAGATCATCCGTCTGGAGGGTGACATGRCCACCATCCAGG IGTACGAGRAGACCTCTG

240 250 260 270 280 290

300 310 320 330 340 350
GCTTCACTGTCGGCGATCCGETGCTGCGTACCGEGCAAACCTCTTTCCGTGGAACTTGGAC

LU FEEEEEIL TR TRy BT e E (8 [T

GCGTAACTGTCGCAGATCCGETGCTGCGTACCGGCAAGCCTCTTTCCETCEAGCTGGGAC
30C 310 320 330 340 350

360 370 380 390 400 420
CCCGCATTATGGGCACCATC PTCGACGOCATCCAACGTCCTTTGCGGCACATTGGTGTCA
N N R N AN N S I R NN N
CCGGTATCATGGGCAGCATC TTTGACGGTATCCAGCGTCCOCTGAAGGACATTAACGAGT

360 370 380 390 400 410

420 430 440 450 460 £70

TGACCAACTCCATCTATATACCCARAGGTGTCAACACAACTGCTTTGTCGCGCTCGEAGA
PEVLD D LR T T LV b oLl i |

TGACCGAATCCATCTACATTCCCAAGGGTCTCAACGTECCCAGTTTGTCCCGCGTGGCCA
420 430 440 450 460 470

480 4990 50C 510 520 530
TGTCGGAATTTAATCCGCTGAATGTGCGEGTGGGATCCCACATCACCCEGAGGAGATCTGT

A N s A e N AN s A
GCIGEGAGTTCARCCCOCTEAACGTCARGETCGECTCCCACATCACCGGRGEIGACTIGT
480 490 500 510 520 530
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vhaé8-1

vhats-2

vha68-1

vhaé68-2

vhaé8-1

vhaé8-2

vhaté8-1

vha68-2

vhab8-1

vha68-2

vhat8-1

vha68-2

vha68-1

vha68-1

vha68-1

vha68-2

vhaé68-2

vhas8-1

vha68-~2

540 550 560 570 580 590
ALGGAGTGGTACACGAGAACACGCIGEIGAAGCAGCGCATGATTATGGCACCGAGGGCTA
[t e T e L s CLELLTELT T
ACGGTCTGGTGCATGAGAACACTCTGETCAAGCACAAGATGATTGTGAACCCCCERGCCA

540 550 560 570 580 590

600 610 620 &30 540 65C
AGGGAACCGTTCGATACATTGCCCCCGCGGGCAACTACAACCTGGAGGACATTGTCCTCS
NN I N N NN e A Ny
AGGGAACAGTGCGCTACATCGCCOCCTCOGECAACTACAAGETCCACCATCTCOTCCTAR

600 610 620 630 640 650

560 670 680 690 700 710
AGACGGAGTTCGACGGCGAGATCACCAAGCACACCATGTTGC ACETCYGGCCAGTGOGET
111 LETPLLEEEET PP R LR LT |
AGACCGAGITCGATCGAGAGATCACCAAGCACACCATATTGCAGETGTGGCCACTGCGTC

660 €70 680 690 700 710

720 730 740 750 760 770
AGGCACG-TCCCETCACACGACAAGCTGCCAGCCAACCATCCGCTCTTCACGGECCAACGC

R R AN NN N s

A-CCACGCTCCCETGACCCAGAAGCTGCCCGCCARCCACCCCCTGCTCACCGGACAGCGT
720 730 7490 750 760 770

780 720 800 810 820 830
GTCCTTGACTCGCTCTTCCCCTECCTACAGGGUGGCACCACTGCCATCCCCGHLGCC! T

LETE CEEEEETCE e T PR et e e e 1Y

GTGCTCGACTCGCTCTTCCCCTGETGTCCACCGECCETACCACCGCCATTCCCGGAGCTTTC
780 790 800 81¢ 820 830

840 850 860 870 880 8§90
GGCTGCGGCAAGACCGTCATTTCCCAC GCCCTGEICCAAGTACTCCAACTCTGATGTGATC

R RN A e e AR N e A R AR RN R AR R RN AR R

GGTTGCGGCAAGACTGTGATCTCGCAG‘7GCTCTGTCCAAGTACTCCAACTCCGATGTCATC
840 850 860 870 830 8590

500 910 20 930 240 950
ATCTACGTCCETTCCCACCAGCECECTAACGAGATGTCTCAGGTACTGCGTGACTITCCC
FECEE CETPEEE P ety brer i it
ATCTACCTCGGGCGGTEAGCGTGETAACGACATGTCTGAGGTACTGCGTGACTTCCCC

900 910 920 930 940 950

960 97¢C 9RO 890 1000 1010
GAACTGACCTGCGACATAGATGGCGTCACCGAGTCCATTATGAAGCGAACTGCTCTGHTG
PELEE I T R T B e et 1 e il
GAGCTGTCCGTGGAGATCGATGGTGTGACCGAGTCCATCATGAAGCGTACCECCCTTGTG

960 970 980 990 1000 1010

1020 1030 1040 1050 1060 1070
GCCRACACCTCCAACATGCCGETGGCAGUTCETGAGECCTCCATTTACACTGGTATCACT
CELPREECTTL BT LR TR TP T
GCCRACACCTCCAACATGCOTGTGGCTGOTCGAGAGGCCTCCATCTACACTGGTATCACS

1020 1030 1040 1050 1060 1070

1080 1090 1100 1110 112¢ 11320 i
CTGTCTGAATACTTCCGTGATATGGGCTACAACGTAGCCATGATGECTGAMICCACCLI'CC i

LEVELTEEPELELETRLTTTT 3

TTGTCCGAATACTTCCETCATATCCGCTTACAACGTGTCCATEATGGCTGATTCCACCTCC i
1080 1090 11930 1110 1120 113¢C
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vhat8-1

vha68-2

vhaé8-1

vha68-2

vhaé8-1

vha68-2

vhab8-1

vhab&-2

vhab&-1

vitab8-2

vhab8-1

vhas8-2

vhat8-1

vha68-2

vhatg-1

vhatg-2

vha68-1

vhat8-2

vha68-1

vhat8-2

1140 1150 1160 1170 1180 1190
COTICGACTGAGGCACTTCGTGAGATTTCGGETCETTTGECTGAGATGCCTGCCGATTCT
LEEEEELE e EEEr e Lerer L LTy il
CGTTGGGCTGAGECTCIICEEGARAT TTCTGATCGTCTCGOTGAGATGCCTCGCCATTCC

1140 1150 1160 1170 1180 1190

1200 1210 1220 1230 1240 1250
GGCTACCCGGCTLALCIAGEAGC TCETCTGECCACATTCTACGACCGTGCTGEECECETC
CECEEEE BT L PPt F VP i bl
GGCTACCCAGCCTACTTGGRGAGCTCGTCTGGCCTCCTTCTACGAGCGTGCCGGTCGCGTT

1200 1210 1220 1230 1240 1250

1260 1270 1280 1290 130¢ 1310
AACTECTTGGGTAACCCEGAGCGCGAGGEATCCATETCCATTGTCGGAGCTGTGTCTCCT
CELEETEE R FEE R ERT LR rE
ARGTGCTTGGGTAACCCCGAGCGCGAGGEATCCETGTCCATTATCGGAGCTGTGTCTCCT

1260 1270 1280 1290 1300 1310

1320 1330 1340 1350 1360 1370
CCTGGTGETGACTTCTCCGATCCCCTAACCTCCGCCACTTICAATATCGTGCACETGTTC
LTV EE LT PE LT R e LT
CCTGGTGETGACTTCTCCEATCCCGTAACCTCCCCCACTCTCEGTATCGTGCAGETGTTC

1320 1330 1340 1350 1360 1370

1380 1350 1400 1410 1420 1430
TEGEGTCTCGACAAGARATTGGCCCAGCECAAGCACTTCCCOTCGATCANCTACCTCATC
LELEEEE LT FELLEEE et T A L b et
TGGEGTCTCGACAAGAAGTTGECCCAGOGC ARGCATTTCCCCTCGATCARCTGECTCATC

1380 1290 1400 1410 1420 1430

1440 1450 1460 1470 1480 1490
TCCTACTCGAAGTACATGCGTCCTCTGCATCARTACTATGACAAGAACTACCCCGAGTTC
CEELLEET i e e 1 LR e 1d 1
TCCTACTCGARGTACATGCGTGCTCTGGATGACT TCTATGACARGAACTTCCCGGAATTC

1440 1450 1460 1470 1480 1490

1500 1510 1520 1530 1540 1550
GTGCCACTACGCACCAAGGTCAAGGAGATCCTGCAGGAGGAGGAGEATCTATCTGAGATC
UL LT T P RECEE T EETEE T VLT T T T T TT T
GTGCCGCTGCGTACCAAGGTCAAGGAGATCCTGCAGGAGGAGGAGGATCTGTCTGAGATC

1300 1510 1520 153¢ 1540 1550

156C 1570 1580 1590 1600 1610
GTTCAGCTGETGGGCAAAGCATCACTGGCCGAGACCGACAAGETGACCCTGGAAGTGGCA

R NN s ey

GTGCAACTGGTCGGCAAGGCCTCTCTCGCCGARACCGACAAGATCACGCTCGAGETGGCC
1560 1570 1580 1590 16C0 1610

1620 1630 1640 1650 1660 1670
ALCCTGCTGAAGGACGACTTTCTGCAACAGAACTCCTACTCACCATACGATCGCGTTTGT
FEVTPLLEVERRL RV E L Ly LV el L T
AAGCTGCTGAAGGACGATTTCCTGCAGCAGAACTCCIACTCCTCGTACGATCGCTTCTGE

1620 1630 1640 1650 1660 1670

1680 1690 1700 1710 1720 2730
CCCTTCTACRAAGACCGTGGGCATGCTGAGAAACATCATGGCCTTCTATGAGACCGECCCGG

LECEA T TP LT e DD TR T TREEE A T il

CCCTTCTACARAGACCGTGGGCATGITGAGGAACATCATCGACTTCTACGACATGECCCGT
1680 1690 17co 1710 1720 1730
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vhaé¥8-1

vha6t8-2

vhaé8-1

vhas8-2

vhat8-1

vhabt8-2

vha68-1

vha68--2

1740 1750 1750 1770 1780 1790
CATGCCGTTGAGTCCACRCCCCAGTCCCGACAACAAGATCACATGGAACACCATCAGGGAA

AR N A N

CACTCCGTCCAGTCTACCCCTCAGCTCTCACAACAAGATCACCTGGAACCTGATTCETGAG
1740 1750 1760 1770 1780 1790
1800 1810 1820 1830 1840 1850

TCGATGEECGEAATTATGTACCAGCTGTCGTCGATGANGTTCAAS V GACCCTTGAAAGAT
R NN R R AN A A AR A AR N I R R B AR R AR AR

GCAATGGGCAACATTATGTACCAGCTGTCATCCATGAAGTTCAAG‘7GACCCCGTTAAGGAT

1800 1810 1820 1830 1840 1850
1860 1870 1880 1890 1900 1910
GGCOAGCAAAACATCAAGGCGEACTACGACCAGCTGTACGAGGATCTGCAGCAGGCCTTC
LETEE PR L e L PO TR TEETETIT L
GGTGAGGCCAAGATCAAGECTGACTTCGAGCAGCTGCACGAGGACCTACAGCAGGCTIIC
1860 1870 1880 1890 1900 1910
1920 1930 1940 1950 1960 1970

CGAAATCTGCAGGACTRAGCGGAALCGGCCAGAAACCATCTGCGGGCTTTCCTAGCEGEGA

LEFIETE TR

AGARATCIGGAGGACTAGAGACCGACGACTEGCCCTACTTTTACACTCTAATCTTATATT
1920 1930 1540 1950 1960 1970

Figure 4.4 Alignment of the two ¢cDNA by FASTA in GCG. The positions of the introns

were marked by "V according the information of the genomic sequence. See Section

4.4 for genomic sequence of wha68-2. Refer Accession number: U19742 in GenBank

database for genomic sequence of vhe68-1.
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91
81
85
a5
B4
84
84
84
82
B2
82
83
85
44
25
87
87
87
87
87
75
77
78
B0
77

181
169
174
174
173
173
173
173
170
170
170
171
173
132
113
175
175
175
175
175
162
166
165
168
167

270
258
263
263
262
262
262
255
259
259
259
260
262
221
202
264
264
264
264
264
250
255
254
257
256

MREELNWPRRLSGASKITTSMKTDMDLFSAFLVLVVVAANMLGCSMYELVRVGHEELVGEVIRIHQDKCTIQVYEETSGLTVGDPVQRTG
.......... MAPQONGAEVDGIHTGKIYSVSGPVVVAEDMIGVAMYELVKVGHDQLVGEVIRINGDQATIQVYEETAGVMVGDPVLRTG
...... MMDFSKLPKIRDEDKESTFGYVHGVSGPVVTACDMAGAAMYELVRVGHSELVGEI TRLEGDMAT IQVYEETSGVSVGDPVLRTG
...... MMDFSKLPKILDEDKESTFGYVHGVSGPVVTACDMAGAAMYELVRVGHSELVGEI IRLEGDMAT IQVYEETSGVSVGDPVLRTG
....... MDFSKLPKILDEDKESTPGYVHGVSGPVVTACDMAGAAMYELVRVGHSELVGEI IRLEGDMATIQVYEETCGVSVGDPVLRTG
....... MDFSKLPKIRDEDKESTFGYVHGVSGPVVTACDMAGAAMYELVRVGHSELVGEI IRLEGDMATIQVYEETSGVSVGDPVLRTG
....... MDFSKLPKIRDEDREAFVGYVQGVSGPVVTACNMAGAAMYELVRVGHSELVGEI IRLEGDLATVQVYEETSGVSVGDPVLRTG
....... MDFSKLPKIRDEDREAFVGYVQGVSGPVVTACNMAGAAMYELVRVGHSELVGEI IRLEGDLATVQVYEETSGVSVGDPVLRTG
......... MPNLRKFKDEERESEYGRVYAVSGPVVTAEAMSGSAMYELVRVGYYELVGEI IRLEGDMAT IQVYEETSGLTVGDPVLRTG

..... MSNLRKFKDEERESEYGRVYAVSGPVVSAEAMSGSAMYELVRVGYYELVGEI IRLEGDMAT IQVYEETSGVTVGDRVLRTG
..... MSNLKRFDDEERESKYGRVFAVSGPVVTAEAMSGSAMYELVRVGYYELVGET IRLEGDMAT IQVYEETSGVTVGDPVLRTG

MTSTLIKTSDEDRESKFGFVFAVSGPVVTAERMAGSAMYELVRVGYYELVGEI IRLEGDMATIQVYEDTSGVTVGDPVLRTG

........................... ARATIQVYEETAGLMVNDPVLRTR

-+ » . MPAFYGGKLTTFEDDEKESEYGYVRKVSGPVVVADGMAGAAMYELVRVGHDNLIGEI IRLEGDSAT IQVYEETAGLTVNDPVLRTH
. . . MPSVYGDRLTTFEDSEKESEYGYVRKVSGPVVVADGMGGAAMYELVRVGHDNLIGEI IRLEGDSAT IQVYEETAGLMVNDPVLRTH
.« .MPAVYGARLTTFEDSEKESEYGYVRKVSGPVVVADGMAGAAMYELVRVGRDNLIGET IRLEGDSAT IQVYEETAGLMVNDFVLRTH
. . . MPAVYGSRLTTFEDSEKESEYGYVRKVSGPVVVADGMAGAAMYELVRVGHDNLIGEI IRLEGDSATIQVYEETAGLMVNDPVLRTH

. . . .MPAVYGDRMTTFEDSEKESEYGYIRKVSGPVVVADGMNGAAMYELVRVGHDNLIGEI IRLEGDSAT IQVYEETGGLTVNDPVLRTH

................ MSKAKEGDYGSIKKVSGPVVVADNMGGSAMYELVRVGTGELIGEI IRLEGDTAT IQVYEETSGLTVGDGVLRTK

............ MTTVRVNGMEKN . . GI IKKVSGPVVSAENMDGAAMYELVRVGNEQLVGEI IRLEGSVAT IQVYEETSGLTIGDPVLCTG

............. MNFDTDKKEKEFGKVY SVSGPVVIAENMLGAAMNELVRVGSRGLMGEI IRLEGTTAT IQVYEETAGLQLGDMVERTM

........... MTSDKNPYKTEQRMGAVKAVSGPVVIAENMGGSAMYELVQVGSFRLVGEI IRLEGDTAT IQVYEETGGLTVGDPVYCTG

............ MTKVAVEKEEP. . GVVYKVAGSLVIAENMSGTRMYELAKVGWNKLVGET IRLEGNYAY IQVYEDTSGLSVGDPVIKTG

KPLSVELGPGLAETIYDGIQRPLKQIFDKSQSIYI PRGINTESLNREHKWDFTPNKDLRIGDHVSGGDVFGSVFENSLFNDHK IMLPPRA
KPLSVELGPGLLNNIYDGIQRPLEKTAEASNSIYIPRGIATPALDRKKKWEFTP . . TMKVGDHIAGGDVWGTVYENSFISVHKILLPPRA
KPLSVELGPGIMGAIFDGIQRPLSDISSQTQSIYIPRGVNVSALSROVKWDFTPCKNLRVGSHITGGDIYGIVNENSLI . KHKIMLPPRN
KPLSVELGPGIMGAIFDGIQRPLSDISSQTQSIYIPRGVNVSALSROVKWEFTPSKNLRVGSHITGGDIYGIVNENSLI . KHRIMLPPRN
KPLSVDVGPGIMGAIFDGIQRPLSDISSQTQSIY I PRGUNVSALSRDIKWDFTPCKNLRVGSHITGGDIYGIVSENSLI . KHKIMLPPRN
KPRSVELGPGIMGAIFDGIQRPLSDISSQTQSIYI PRGVNVSALSRDIKWEFI PSKNLRVGSHITGGDIYGIVNENSLI . KHKIMLPPRN
KPLSVELGPGIMGAIFDGIQRPLSDISTLTKSIY I PRGVNVSALSROVKWDFTPSKNLRVGSHITGGDIYGVVNENSLI . KHKIMLPPRN
KPLSVELGPGIMGAIFDGIQRPLSDISTLTKSIYI PRGVNVSALSRDVKWDFTPSKNLRVGSHITGGDIYGVVNENSLI . KHKIMLPPRN
KPLEVELGPGIMGSIFDGIQRPLRDIGVMTNS IY ] PKGUNTTALSRSEMWEFNP . LNVRVGSHITGGDLYGVVHENTLV . KQRMIVAPRA
KPLSVELGPGIMGSIFDGIQRPLRDIGVMTNS IY 1 PKGUNTTALSRSEMWEFNP . LNVRVGSHITGGDLYGVVHENTLV . KQRMIVAPRA
KPLSVELGPGIMGSIFDGIQRPLKDINELTESIY I PKGVNVPSLSRVASWEFNP . LNVKVGSHITGGDLYGLVHENTLYV . KHKMIVNPRA
KPLSVELGPGIMGSIFDGIQRPLKDINELSNS IYI PKGVNVPALSRTAQWDFSP . VSVKVGSHITGGDLYGLVHENTLV . KEKLLLPPRA
KPLEVELGPGILGSIFDGIQRPLKDINELTQS IYI PKGUNVPSLAREVDWEFNP . LNVKVGSHITGGDLYGIVHENTLYV . KHKMLMPPRA
KPLSCELGPGILGNIFDGIQRPLKTIAIKSRDVY I PRGVSVPALDKDQLWEFQP . NKLGVGDNI TNGDLYATVFENTLM . KHHIALPPGA
KPLSVELGPGILGNIFDGIQRPLKTIAIKSGDVY I PRGVSVPALDKDVLWEFQP . TKLGVGDVITGGDLYATVFENTLM . QHHVALPPGS
KPLEVELGPGILGNIFDGIQRPLKTIAKRSGDVY I PRGVSVPALDKDCLWEFQP . KDFVEGDT ITGGDLYATVFENSLM . QHHVALPPDA
KPLEVELGPGILGNIFDGIQRPLKT IAKRSGDVY I PRGVSVPALDKDTLWEFQP . KKIGEGDLLTGGDLYATVFENSLM . QHHVALPPDA
KPLSVELGPGILGNIFDGIQRPLKTIAKRSGDVY I PRGVSVPALDKDTLWEFQP . KKIGEGDLLTGGDLYATVFENTLM . QHHIALPPDA
KPLSVELGPGILGNIFDGIQRPLKTIAKRSGDVY I PRGVSVPALDKDALWDFQP . KKIGEGDLLTGGDLYATVFENSLM . QHHVALPPDA
KPLEVELGPGILGNIFDGIQRPLKTIAKRSGDVY I PRGVSVPPLDKDTQWDFQP . KKLGVGDLLTGGDLYAIVDENSLM . QHHVVLPPDA
QPLSVDLGPGILGNIFDGIQRPLKAIADVSGDVF I PRGVNVPSLDQTK*WEFRP . SAFKVGDRVTGGDIIGIVPENSLL . DHKVMLLPQA
SPLSVELGPGLMGNIFDGIQRPLEKIAERSNSVF I PRGVNVPALDRKKVWEFRPADNLKVGDPITAGDIYGIVPETPLI . DHKIMLPPNQ
KPLSVELGPGIMTSIFDGIQRPLVSIAEKSGS IF I PRGISVASLDHQREWEFTPL . . VKKGDHVSGGDIIGTVPESALV . VHKILVPPTV
KPLSLELGPGIMSEIFDGIQRPLDTIYRMVENVF I PRGVQVKSLNDQKQWDFKPC . . LKVGDLVSGGDIIGSVVENSLMYNHSIMIPPNV
NALSVELGPGILDNIYDGIQRPLERIANVCOGDVY 1 YKGIDMTS LDHDKQWQFYADKKLKLNDIVTGGDIFGFVDENKLFKEHK IMAPPNA

RGTVTY IAEAGSYHVDEKLLEVEFNGKKHSFSMLHTWPVRAAR PVADNLTANQPLLTGORVLDALYP . CVOGGTTAI PGAFGCGKTVISQ
RGTITRIAEKGEYTVEEKILEVEFDGKKTEYPMMOTWPVRV PR PAAEKHSANQPFLVGORVLDALFP . SVOGGTVATPGAFGCGKTVISQ
RGTVTYIAPPGNYDTSDVVLELEFEGIKEKFSMVQVWPVRQVR PVTEKLPANHPLLTGQRVLDALFP . CVQGGTTAIPGAFGCGKTVISQ
RGTVTY IAPPGNYDTSDVVLELEFEGVKEKFSMVQVWPVRQVR PVTEKLPANHPLLTGQRVLDALFP . CVQGGTTAI PGAFGCGKTVISQ
RGTVTYIAPPGNYDTSDVVLELEFEGVKEKFTMVQVWPARQVR PVTEKLPANHPLLTGQRVLDALFP . CVQGGTTAI PGAFGCGKTVISQ
RGSVTYIAPPGNYDASNVVLELEFEGVKEKFSMVQVWPVRQVR PVTEKLPANHPLLTGORVLDALFP . CVQGGTTAI PGAFGCGKTVISQ
RGTVTY IAPPGNYDTSDVVLELEFEGVKEKFTMVQVWPVRQVR PVTEKLPANHPLLTGQRVLDALFP . CVQGGTTAI PGAFGCGKTVISQ
RGTVTY IAPPGNYDTSDVVLELEFEGVKEKFTMVQVWPVRQVR PVTEKLPANHPLLTGQRVLDALFPKHILRWKRAVFEFLA. . . ... ..
KGTVRY IAPAGNYNLEDIVLETEFDGEITKHTMLOVWPVRQAR PVTEKLPANHPLFTGORVLDSLFP . CVQGGTTAI PGAFGCGKTVISQ
KGTVRY IAPAGNYNLEDIVLETEFDGEITKHTMLOVWPVRHAR PVTEKLPANHPLPTGQRVLDSLFP . CVQGGTTAI PGAFGCGKTVISQ
KGTVRY IAPSGNYKVDDVVLETEFDGEITKHTMLOVWPVRHHAPVTEKLPANHPLLTGORVLDSLFP . CVQGGTTAI PGAFGCGKTVISQ
KGTVTY IAEPGNYTVDDVVLETEFDGERSKFTMLOVWPVRQ PRPVTEKLPANYPLLTGQRVLDSLFP . CVQGGTTAI PGAFGCGKTVISQ
KGTVTY IAPAGNYKVTDVVLETEFDGEKAQYTMLOVWPVRQPR PVTEKL PANHPLLTGQRVLDSLFP . CVQGGTTAT PGAFGCGKTVISQ
MGKISYIAPAGQYSLQDTVLELEFQGIKKEFTMLHTWPVRT PRPVASKLAADTPLLTGQRVLDALFP . SVLGGTCAIPGAFGCGKTVISQ
MGKISYIAPAGQYNLQDTVLELEFQGIKKKFTMLOTWPVRS PRPVASKLAADTPLLTGQRVLDALFP . SVLGGTCAI PGAFGCGKTVISQ
MGKITYLAPAGQYSLKDTVLELEFQGVKKSFTMLOTWPVRT PR PVASKLAADTPLLTGQRVLDALFP . SVLGGTCAI PGAFGCGKTVISQ
MGKITYVAPAGQYSLKDTVLELEFQGVKKQFTMLOTWPVRT PRPVASKLAADTPLLTGORVLDALFP . SVLGGTCAI PGAFGCGKTVISQ
MOKITY IAPPGQYSITDTVLELEFQGVKKKFTMLOTWPVRT PRPVASKLAADT PLLTGORVLDALFP . SVLGGTCAIPGAFGCGKTVISQ
MGKITYIAPPGQYSLKDTVLELEFQGVKKQFTMLOTWPVRT PR PVATKLAADTPLLTGQRVLDALFP . SVLGGTCAI PGAFGCGKTVISQ
MGKITYIAPAGNYTIQDTVLELEFQGVVKKFTMLOTWPVRT PRPVASKLAADTPLLTGORVLDALFP . SVLGGTCAILGAFGCGKTVISQ
KGTVTYIAAPGNYTINEKI I EVEF *GAKYEYSMKQSWPVRS PRPVVEKLLADT PLLTGQRVLDSLFP . GVRGGTCATPGAFGCGKTVISQ
MGK IVFLAPPGDYTLEDTVLEIDFNGQKKKFSMVHQWPVRL PR PVTEKLRADKPLLTGQRVLDALFP . SVQGGTCAT PGAFGCGKTVISQ
MGTVTWVAEAGNYTLDDKVIGI EFNGKTEELSMAHHWPVRK PRPTAEKITSTTPLVTGQRILDSLFP . CIQGGTCAI PGAFGCGKTVISQ
RGRVTS IVPSGNYTLQDDI I ELEYNGTVKSLKLMHRWPVRT PR PVASKESGNHPLLTGQRVLDALFP . SVQGGTCAI PGAFGCGKTVISQ
KGRLTY IAPDGSYTLKDKIFELEYQGKKYTYGLSHLWPVRD PR PVLEKVTGDTLLLTGQRVLDSLFP . TVOGGTCAI PGAFGCGKTCVSQ

SLSKYS .NSDLIVYVGCGERGNEMAEVLMDFPELTIDI

SVSKFS . NSDVIVYVGCGERGNEMAEVLKDFPELSIEV.
SLSKYS .NSDVIIYVGCGERGNEMSEVLRDFPELTMEV .
SLSKYS .NSDVITYVGCGERVNEMSEVLRDFPELTMEV .
SLSKYS .NSDVIIYVGCGERGNEMSEVLRDFPELTMEV .
SLSKYS .NSDVIIYVGCGERGNEMSEVLRDFPELTMEV.
SLSKYS .NSDVIIYVGCGERGNEMSEVLRDFPELTMEV.
NQSPFSLLSDVIIYVGCGERGNEMSEVLRDFPELTMEV .
ALSKYS . NSDVIIYVGCGERGNEMSEVLRDFPELTCDI .
.DGVTESIMKRTALVANTSNMPVAAREAS IYTGITLSEYFRDMGYNVAMMAD

ALSKYS .NSDVIIYVGCGERGNEMSEVLRDFPELTCEI

ALSKYS .NSDVIIYVGCGERGNEMSEVLRDFPELSVEI .
SLSKYS.NSDVIIYVGCGERGNEMSEVLRDFPQLSLEI .
. EGVTESIMKRTALVANTSNMPVAAREASIYTGITLSEYFRDMGYNVSMMAD

ALSKYS .NSDVIIYVGCGERGNEMSEVLRDFPELTVEI

.NGKPEPIMKRTTLVANTSNMPVAAREAS I YTGITLAEYYRDQGKNVSMMAD

DGRKEPIMKRTTLIANTSNMPVAAREASIYTGITVAEYFRDQGMNVAMMAD
DGKVESIMKRTALVANTSNMPVAAREAS IYTGITLSEYFRDMGYHVSMMAD
DGKVES IMKRTALVANTSNMPVAAREASIYTGITLSEYFRDMGYHVSMMAN
DGKVES IMKRTALVANTSNMPVAAREASTYTGITLSEYFRDMGYHVSMMAD
DGKAES IMKRTALVANTSNMPVAAREASIYTGITLSEYFROMGYHVSMMAD
DGKVESIMKRTALVANTSNMPVAAREAS IYTGITLSEYFRDMGYHVSMMAD
DGKVES IMKRTALVANTSNMPVAAREASIYTGITLSEYFRDMGYHVSMMAD
DGVTES IMKRTALVANTSNMPVAAREASIYTGITLSEYFRDMGYNVAMMAD

DGVTES IMKRTALVANTSNMPVAAREASIYTGITLSEYFRDMGYNVSMMAD
DGVTESIMKRTALVANTSNMPVAAREASIYTGITLSEYFRDMGYNVSMMAD

ALSKYS . NSDTVVYVGCGERGNEMAEVLMDF PQL TMTLPDGREESVMKR TTLVANTSNMPVAAREASI YTGITIAEYFROMGYNVSMMAD
ALSKYS . NSEAVVYVGCGERGNEMAEVLMDF PQLTMTLPDGREESVMKR TTLVANTSNMPVAAREAS I YTGITIAEYFRDMGYNVSMMAD
ALSKYS . NSDAVVYVGCGERGNEMAEVLMDF PQLTMTLPDGREESVMKR TTLVANTSNMPVAAREAS IYTGI TIAEYFRDMGYNVSMMAD
ALSKYS . NSDTVVYVGCGERGNEMAEVLMDF PQLTMTLPDGREESVMKR TTLVANTSNMPVAAREAS TYTGITIAEYFROMGYNVSMMAD
ALSKYS . NSDAVVYVGCGERGNEMAEVLMDF PQLTMTLPDGREESVMKR TTLVANTSNMPVAAREASTYTGITLAEYFRDMGYNVSMMAD
ALSKYS . NSDAVVYVGCGERGNEMAEVLMDF PQLTMTLPDGREESVMKR TTLVANTSNMPVAAREASTYTGITIAEYFRDMGYNVSMMAD
ALSKYS . NSDAVVYVGCGERGNEMAEVLMDF PQLTMTLPDGREESVMKR TTLVANT SNMPVAAREAS I YTGITIAEYFRDMGYNVSMMAD
ALSKYS .NSDGIVYVGCGERGNEMAEVLMDFP* LTMTMPDGREES IMKR TTLVANTSNMPVAAREAS IYTGI TLSEYFRDMGYNFAMMAD
ALSKFS . NSDGIVYVGCGERGNEMAEVLKDFPELTMTVGD . REES IMKRTLLVANTSNMPVAAREASTYTGI TVSEYYRDMGLNI SMMAD
ALSKYS . NSDVI1YVGCGERGNEMAEVLRDFPALSIKVGD . KEES IMTRTALVANTSNMPVAAREAS 1YTGI TLSEYYRDMGYNVAMMAD
ALSKFS .NSDAVIYVGCGERGNEMAEVLMDFPTLT . TVIDGREES IMKRTCLVANTSNMPVAAREAS IYTGITLAEYYRDMGKHIAMMAD

ALSKYS .NSEVIIYVGCGERGNEMAEILSDFPELTTKV.

DNEDVGIMQRTCLVANTSNMPVAAREAS IYTGITLCEYFRDMGYNATMMAD
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VA_CHIC1
VA_DROM1
VA_DROM1'
VA_DROM2
HO_HUMAN
VA_MANSE
VA_HORVU
VA_MAIZE
VA_BRANA
VA_CARRO
VA_VIGRA
VA_GOSHI

358
346
351
351
350
350
350
344
347
347
347
348
350
310
291
353
353
353
353
353
338
343
342
345
344

448
436
441
441
440
440
440
434
437
437
437
438
440
400
381
443
443
443
443
443
428
433
432
435
434

538
526
531
531
530
530
530
524
527
527
527
528
530
490
471
533
533
533
533
533
518
523
522
525
524

619
606
618
618
617
617
617
611
614
614
614
615
617
577
558
620

620
620
620
606

607
610
610

STSRWAEALREISGRLAEMPADSGY PAYLGAKLASFYERAGRARCLGSPDREGTVSIVGAVS PPGCDFSDPVTSATLGIVQVFWGLDKKL
SSSRWAEALREISGRLGEMPADQGFPAYLGAKLASFYERAGKVQALGSPPREGSVSIVGAVS PPGGDFSDPVTSATLGTVOVFWGLDKKL
STSRWAEALRETSGRLAEMPADSGY PAYLGARLASFYERAGRVKCLGNPEREGSVSIVGAVS PPGGDFSDPVTSATLGTVOVFWGLDKKL
STSRWAEALREISGRLAEMPADSGY PAYLGARLASFYERAGRVKCLGNPEREGSVT IVGAVS PPGGDFSDPVTSATLGIVOQVFWGLDKKL
STSRWAEALREISGRLAEMPADSGY PAYLGARLASFYERAGRVKCLGNPEREGSVSIVGAVSE PPGGDFSDPVTSATLGIVOVFWGLDKKL
STSRWAEALREISGRLAEMPADSGYPAYLGARLASFYERAGRVKCLGNPEREGSVSIVGAVSPPGGDFSDPVTSATLGI VOVFWGLDKKL
STSRWAEALREISGRLAEMPADSGYPAYLGARLASFYERAGRVKCLGNPEREGSVTIVGAVSPPGGDFSDPVTSATLGTVOVFWGLDKKL
STSRWAEALRETISGRLAEMPADSGY PAYLGARLASFYERAGRVKCLGNPEREGSVT IVGAVSPPGGDFSDPVTSATLGTVQVFWGLDKKL
STSRWAEALREISGRLAEMPADSGY PAYLGARLATFYERAGRVKCLGNPEREGSVSIVGAVS PPGGDFSDPVTSATLGIVQVFWGLDKKL
STSRWAEALREISGRLAEMPADSGYPAYLGARLATFYERAGRVKCLGNPEREGSVSIVGAVS PPGGDFSDPVTSATLGIVOVFWGLDKKL
STSRWAEALREISGRLAEMPRDSGYPAYLGARLASFYERAGRVKCLGNPEREGSVSIVGAVSPPGGDFSDPVTSATLGIVOVFWGLDKKL
STSRWAEALREISGRLAEMPADSGYPAYLGARLASFYERAGRVKCLGNPDREGSVSIVGAVEPPGGDFSDPVTTATLGIVOVFWGLDKKL
STSRWAEALREISGRLAEMPADSGYPAYLGARLASFYERAGRVKCLGNPDREGSVSIVGAVSPPGGDFSDPVTAATLGIVQVFWGLDKKL
STSRWAEALREISGRLAEMPADSGYPAYLASRLASFYERAGKVQCLGSPDRTGSVT IVGAVSPPGGDFSDPVTSATLS IVQVFWGLDKKL
STSRWAEALREISGRLAEMPADSGYPAYLAARLASFYERAGKVKCLGS PDRNGSVTIVGAVSPPGGDFSDPVTSATLS IVQVFWGLDKKL
STSRWAEALREISGRLAEMPADSGY PAYLAARLASFYERAGKVKCLGGPERNGSVTIVGAVSPPGGDFSDPVTSATLS IVQVFWGLDKKL
STSRWAEALREISGRLAEMPADSGYPAYLAARLASFYERAGKVKCLGGPERNGSVTIVGAVSPPGGDFSDPVTSATLS IVQVFWGLDKKL
STSRWAEALREISGRLAEMPADSGY PAYLAARLASFYERPGKVKCLGGPERTGSVTIVGAVS PPGGDFSDPVTSATLS IVQVFWGLDKKL
STSRWAEALREISGRLAEMPADSGYPAYLAARLASFYERAGKVECLGGPERTGSVTIVGAVS PPGGDF SDPVTSATLS IVQVFWGLDKKL
SGSRWAEALRETSGRLAEMPADSGYPAYLAARLASFYEAAGKVKCLGGPERNGSVTIVGAVSPPGGDFSDPVTSATLSIVOVFWGLDKEL
STSRWAEALREISGRLAEMPADSGYPAYLGARLASFYERSGRVACIGS PEREGSVT IVGAVS PPGGDFSDPVTSATLGIVQVFWGLDKKL
STSRWAEALREISGRLAEMPADSGYPAYLAARLASFYERAGKVSCLGSPNRQGSITIVGAVS PPGGDFSDPVTSATLGIVQVFWGLDKKL
STSRWAEALREISGRLAEMPADSGYPAYLAARLASFYERAGMVECLGS PKRIGSVSIVGAVEPPGGDFSDPVTTSTLNIVOVFWGLDKKL
STSRWAEALREISGRLAEMPADGGY PAYLSARLASFYERAGRVTCIGGPKREGSVTIVGAVSPPGGDFSDPVTSATLGIVQVFWGLEKRL
STSRWAEALREISGRLAEMPADSGY PAYLGARLASFYERAGKVKCIGSPSRIGSITIVGAVSPPGGDFSDPVTTATMS IVOAFWGLDKKL

AQRKHFPSINTSLEYSKYINALQPWYEERVPGFNTLRDQIKQI IQQEDSMLE I IQLVGKSALSETDKVTLDIAGI IKNDFLOONGYSDYD
AQRKHFPSINTSVSYSKYLTILDKWYEREYPDFPRLRDRIRQLLSDSEELDQVVQLVGKSALSDPDK I TLDMATLIKEDFLOONGYSDYD
AQRKHFPSVNWLISYSKYMRALDEYYDKHFTEFVPLRTKAKEI LOEEEDLAE IVQLVGKASLAETDK I TLEVAKLIKDDFLOONGYTPYD
AQRKHFPSVNWLISYSKYMRALDEYYDKHFTEFVPLRTKAKEI LOEEEDLAE IVQLVGKASLAETDK I TLEVAKLIKDDFLOONGYTPYD
AQRKHFPSVNWLISYSKYMRALDEYYDKHFTEFVPLRTKAKET LQEEEDLAE IVQLVGKASLAETDK I TLEVAKLIKDDFLOONGYTPYD
AQRKHFPSVNWLISYSKYMRALDEYYDKHFTEFVPLRTKAKEI LQEEGDLAEIVQLVGKASLAETDK I TLEVAKLIKDDFLOONGYTPYD
AQRKHFPSVNWLISYSKYTRALDEYYDKHFTEFVPLRTKAKEI LOEEEDLAE IVQLVGKASLAETDK I TLEVAKLIKDDFLQONGYTPYD
AQRKHFPSVNWLISYSKYTRALDEYYDKHFTEFVPLRTKAKEI LOEEEDLAE IVQLVGKASLAETDK I TLEVAKLIKDDFLOONGYTPYD
AQRKHFPSINWLISYSKYMRALDEYYDKNYPEFVPLRTKVKEI LOEEEDLSEIVOLVGKAS LAETDKVTLEVAKLLEKDDFLOONSYSPYD
AQRKHFPSINWLISYSKYMRALDEYYDKNYPEFVPLRTKVKEI LOEEEDLSE IVQLVGKASLAETDKVTLEVAKLLKDDFLOONSYSPYD
AQRKHFPSINWLISYSKYMRALDDFYDENFPEFVPLRTKVKEI LQEEEDLSE IVQLVGKASLAETDK I TLEVAKLLEKDDFLOONSYSSYD
AQRKHFPSINWLISYSKYMRALDDFYDKNF PEFVPLRTKVKEI LOEEEDLSEIVQLVGKASLAETDK I TLEVAKLLKDDFLOONSYSPYD
AQRKHFPS INWLISYSKYMRALDDFYEKNYPEFVPLRTKVKEI LOEEEDLSEIVOLVGKASLAETDK I TLEVAKLLKDDFLOONSYSSYD
AQRKHFPSVNWLISYSKYSTALEGYYEKFDPGF IDMRTKAREVLOREDDLNE I VQLVGKDALGESDK I TLETAKLLREDYLAQNAFTPYD
AQRKHFPSVNWLISYSKYSKALESFYEKFDPDF IDIRTKAREVLOREDDLNE IVOLVGKDALAESDK 1 TLETAKLLREDYLAQONAFTPYD
AQRKHFPSVNWLISYSKYSTALESFYEKFDSDF IDIRTKAREVLOREDDLNE IVQLVGKDALAEGDK I TLETAKLLREDYLAQNAFTPYD
AQRKHFPSVNWLISYSKYSTALESFYEKFDSDF IDIRTKAREVLOREDDLNE IVQLVGKDALAETDK I TLETAKLLREDYLAQNAFTFYD
AQRKHFPSVNWLISYSKYSTALESFYEQFDPDF INIRTKAREVLOREDDLNE [VQLVGKDALAEGDK I TLETAKLLREDYLAONAFTPYD
AQRKHFPSVNWLISYSKYSGALESFYEKFDPDF ISIRTKAREVLOREDDLNE IVQLVGKDALAETDK I TLETAKLLREDYLAQNAFTPYD
AQRKHFPSVNWLISYSKYSGALESFYEKFDSEF IDIRTKAREVLOREDDLNE IVOLVGKDALAETDK I TLDTAKLLREDYLAQONAFTAYD
AQRKHFPSVNWLISYSKYLNALEPFYEKFDSDFVTLRQVAREVLOKEDELNE IVOLVGKDALAESDK I ILETARFLKEDYLOONSFTKYD
AQRKHFPSVNWLISYSKYMKALEPYYEERFPEFLNYQQKARE I LOTEDDLME IVQLVGKDS LAENDK I TLEVAKMIREDFLAQNSFTEYD
AQRKHFPAVNWNISFSKYIKSLDSYYNSKDEEFVPLRDKIKEI LOMEEGLLQIVQLVGODS LAETDKLTLEIARVIKDDFLOONSYTPYD
AQRKHFPSVNWLISYSKYLNALEPFFNTLDPDYMRLRSVAAEI LOREEELQEIVCLVGKDSLSESDK I ILETAKVIREEFLOONAFTPYD
AQRKHF PSVNWSTSFSKYVRQLEQYFDNFDQDFLSLROKISDI LOQESDLND IVQLVGKDS LSEDQKVVMEVAK I TREDFLOONAFSDYD

RCCPLYKTYHMMRNMIAYYTKAKSAVETG. ....... SVPWSKIKESTSDIFYELTSMKFENP . NEGEKEIVEHYETLHKKIEDKFHTLT
QFCPIWKTEWMMKLMMGFHDEAQKAIAQG. . . .. ... Q . NWNKVREATQDLOAQLKSLKFEVP . SEGQEKICKKYEAIQQOMLDKFASVI
RFCPFYKTVGMLSNMIAFYDMARRAVETTAQ. . . SDNKITWSI IREHMGEILYKLSSMKFKDPVKDGEAK IKADYAQLLEDMONAFRSLE
RFCPFYKTVGMLSNMIAFYDLARRAVETTAQ . . . SDNKITWSI IREHMGEILYKLSSMKFKDPVKDGEAK IKADYAQLLEDVONAFRSLE
RFCPFYKTVGMLSNMIAFYDMARRAVETTAQ. . . SONKITWSI IREHMGDILYKLSSMKFKDPLKDGEAK IKSDYAQLLEDMONAFRSLE
RFCPFYKTVGMLSNMISFYDMARRAVETTAQ. . . SDNKITWSI IREHMGEILYKLSSMKFKDPVKDGEAK IKADYAQLLEDMONAFRSLE
RFCPFYKTVGMLSNMIAFYDMRRRAVENTAQ. . . SDNKITWSI IRENMSEILYRLTSMKFKDPVKDGETK IKADYAQLFEDMONAFRSLE
RFCPFYKTVGMLSNMIAFYDMRRRAVENTAQ. . . SDNKITWSIIRENMSEILYRLTSMKFKDPVKDGETKIKADYAQLFEDMONAFRSLE
RVCPFYKTVGMLRN IMAFYETARHAVESTAQ. . . SDNK ITWNT IRESMGGIMYQLSSMKFKDPVKDGEQK IKADYDQLYEDLQQAFRNLE
RVCPFYKTVGMLRN IMAFYETARHCLESTAQ . . . SDNKITWNT IKESMGGIMYQLSSMKFKDPVKDGEQK IKADYDOLYEDLOQQAFRNLE
RFCPFYKTVGMLRENIIDFYDMARHSVESTAQ. . . SENKITWNVIREAMGNIMYQLSSMKFKDPVKDGEAK IKADFEQLHEDLQOAFRNLE
RFCPFYKTVGMLKNMIAFYDMSRHAVESTAQ. . . SENKITWNVIRDSMGNILYQLSSMKFKDPVKDGEAK IKADFEQLHEDIQQAFRNLE
RFCPFYKTVGMLKNT ISFYDMSRHAVESTAQ. . . SONKVTWNVIRDAMGNVLYQLSSMKFKDPVKDGEAK IKADFDQLLEDMSAAFRNLE
KYCPFYKSVWMMRN I THFNQLANQAVERAAN . . ADGHKITYAVVKSRMGDLFYRLVSQKFEDPA . EGEDVLVAKPQKLYDDLTAGFRNLE
KFCPFYKSVWMMEN T THFNTLANQAVERAAG . . TDGHK ITYSVIKHRLGDLFYRLVSQKFEDPA . EGEEALVGKFKKLYDDLTTGFRNLE
KFCPFYKSVWMMRN I THFYNLANQAVERGAG . . MDGQKISYSLIKHRLGDLF YRLVSQKFEDPA . EGEDVLVGKFKKLHDDLTSGFRNLE
KFCPFYKSVWMMRN 1 THFYNLANQAVERGAG . . MDGQKISYTLIKHRLGDLFYRLVSQKFEDPA . EGEDVLVGKFKKLHDDLTSGFRNLE
KFCPFYKSVWMMRN T THFYNLANQAVERGAG . . SDGQKITYSLIKHRVGDLFYRLVSQKFEDPA . EGEAALVGQFOKLHEDLSTGFRNLE
KFCPFYKSVWMMRNTVHFNALANQAVEKAAG . . MDGQKITYSLIKHRLGDLFYRLVSQKFEDPA . EGEEALVAKFKKLNEDLTAGFRALE
KFCPFYRSVWMMRN] THFYNLANQAVERGAG . . SDGQK ITYSLIKLRLGDLFYRLVSQKFEDPA . EGEDALVAKFKKLNEDLTAAFRNLE
KYCPFYKSVGMMRN IVTFHRLATQAI ERTAAGNVDGOK ITFNI IKAKLGDLLYKVSS* KFEDPS . DGEGVVTAHLNELNEELKEKFRALE
RFCPFYKSVLMLRNMIHFYELANKAVE., . . .. GSGEQHLTLAQIKEQMGETIYKISGMKFLDPA.QGWSLF. . ... ...covvvvnnn.n

FSCPFYKTCGIIRNI IHFYNEAFQALSVD. . . . YEDHKITWAT IKSAMSDLLVRISRMKYEEPS . QGEQVINEKYGELYRDITTRFATLL
KYCPPYKTCWMLRNIVAFYEESQRVVAESA. . . . GELKITWNY IREMIPHIYTGLTEMKFRDP . QEGEEANVEFYRKONEEIVSAFASLL
YMCPLOKTVGMMRI ICHFYAQCLRTLQ . . . EYDSRERKIGWGS IYNTLRPTINKITHMKFENP . KNSDEYFKKYFKALEEEITVGLRNLM
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Figure 4.5A. Alignment of known V-A'l'Pase A subunirs (VA) aa sequences. All
sequences ate deduced from cDNAs. The sourcc tissucs, accession number and references
for each sequences arc list below:

VA_SCHPO: fission yeast, Schzosuharomsyees pornbe. X68580 (Ghislain e, 1992);
VA NEUCR: Nevwugonz.onss J03955 (Bowman exal, 1988);

VA_BOVIN: Bos primigentus tarus X58386 (Pan etal, 1991);

VA PIG: Susavoff, X62338 (Sanderecal,, 1992);

VA HUMAN: Homo sqpiens, isoform VAGS, 109235 (an Hille ezal, 1993b);

VA MUSMU: Miss mnscudoss, U13837 (Laitala eval, 1986);

VA_CHICI: Chicken, Glius guallus Al isoform, U22077 (Hermando, 1995);

VA CHIC2: Chicken, Galhs galfas A2 isoforrn, 22076 (Hernando, 1995);
VA_DROM: Drmsgphil inelznogester, isoform 1#ha68-1, U19745 (Guo eraf, 1996d);
VA DROM2: Drosgphiie mmelanogaster, isofotm 19a68-2, U59146 (Guo edf, 1996d);
VA DROML": Drosophilamelamogaser, soform 1ha68-2, U19742 (Chio aal, 1995);
HO_HUMAN: somo sapiers isofoum FIO68, 109234 (van Hille exal, 1993b);

VA MANSE: Mandyon socs, X64233 (Cei fezal, 1992);

VA BRANA: Brawica napus, U15604 (O #4l, 1995);

VA _CARRQ: cartot, Dasecns aarot, J03769 (Zironiak etal, 1988);

VA_VIGRA: Vigna nidiars 26709 (Chiu etal, 1995);

VA GOSHY: Gosyprirn bssetsrn, LO3186 (Vilkins, 1993);

VA HORVU: Barey; Hordeurn vlgue, U36939;

VA MAIZE: Zea snay, U36436; VA ACEAC: Acerrbularia acetbeibim 150528,

VA NCEAG Acetabdaria acetabodum 150528,

VA CYACA: Cuanidizm ealdarivirm, U17100 (Ziegler etad, 1995)

VA_ENTHL Entimoeha hitobyica, UO4849 (Y1 etal, 1994).

VA_PLAFA: Phstmodium falciparum, A48582 (Karcz etal, 1993);

VA BETVU: Bas varfgaris X98767,

VA_TRYCO: Thpanowoma congolense, Z25814.
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% identity

VA_ENTHI 72
VA_PLATA 63
YA_TRYCO 66
VA_CYACA 71
VA_ACEAC 78
VA_BETVU 68
VA_VIGRA 68
— VA_GOSHI 72
E; VA_CARRQ 68
e VA_BRANA 67
VA_MAIZE 67
o ~ VA_HORVU 67
VA_MANSE 87
e ——————— HO_HUMAN 87
VA_DROM?2 90
T VA_DROMY’ 98
[VA_DROM.] (100)
VA_CHIC1 84
‘' VA_CHIC2 87
— VA_MUSMU 84
— VA_PIG 84
—VA_HUMAN 84
— VA_BOVIN 85
VA_NEUCR 68
YA_SCHPO 71

Figure 4.5B Phylogenetic tree of V-ATPase A subunits. This figure was generated by

ClustalW and N-J plot from the multiple alignment in Figure 4.5A.. See the legend of g

Figure 4.5A for the sources of aa sequence.




4.3.4 Homology of #4268 to subunit A of V-ATPases from other sources

‘The alignment in figure 4.5A showed both isoforms share high homology with V-A'l Pase
A subunit of other organisms. There is greater than 60% identity at the aa level for all the
compared sequence of the V-ATPase A-subunits. Figure 4.4B is the phylogenetic tree of

the V-ATPase A-subunits generated by GCG, ClustalW and N-] plot.

4.3.5 Comparison of vha68 to [ chain of F-ATPase

Alignment of the two isoforms of Drosophila V-ATPase A subunit with several -chains
of F-ATPascs, including that of Drosophila, is shown in Figure 4.7 Tn general, the V-

ATPase subunit shows significant homology to that of E-ATPases.

The homology is remarkably evident in the region that has already been identified in
FOF1-A'l'Pascs as ateas of probable importance for function or assembly (Zimniak, ez 2/,
1988; Taiz et af., 1994). The most important of these is the proposed nucleotide binding
site; GXXXXGKT and RXXXGIOCI**D., (* represents hydrophobic residents) are well
consetved in both isoform (marked in bold in Figure 4.6). The homology between V-
ATPase and F-ATPase of Drosophila proved again that the catalytic subunits from the

two classes of ATPase share similar structure for the catalytic domain.

4.4 Genomic structure analysis of vh268-2

4.4.1 Restriction mapping of genomic DNA and subcloning

Four recombinant phage were isolated from an EMBL3 genomic DNA library by
hybridisation with a v5268-1 cDNA probe. DNAs prepated from each recombinant

phage were cleaved first with S2/l and it was found that the four clones conrain an




FB_HUMAN X e eraiiise i ereBsls e o MLGFVGRVAAAP . . ASGALRRLTPSA . . SLPPAQLLLRAAPTAVHPVRDYAAQTS. . . . . . PSPKAGAA
FB_BOVIN Y ceeesmmeiiniemeisiestseses MLGLVGRVVAAS . . ASGALRGLSPSA . . PLPOAQLLLRAAPAALOPARDYAAQAS. . .. .. PSPKAGAT
FB_RAT Ly T ey MLSLVGRVASAS . , ASGALRGLNPLA . . ALPQAHLLLRTAPAGVHPARDYAAQSS . . AAPKAGTA
FB_DROME I iicamlaannas/alissonnasesanioonsesnsassssssnsassosssnans wmmnmmsmxm
VA_DROM1 1 -MPNLRKFKDEERESEYGRVYAVSGPVVTAEAMSGSAMY ELVRVGYYELVGEI IRLEGDMATIQVYEETSGLTVGDPVLRTGKPLSVE
VA_DROM2 1.. .HS‘ILIGFDDEERFSKYGRVFAVSGPVVTAEAMSGSMYELVRVGYYELVGEIIRLEGMTIQVYEETSGVTVGDPVLRTGKPISVE
VA_MANSE 1 MASKGGLKTIANEENEERFGYVFAVSGPVVTAEKMSGSAMYELVRVGYNELVGEI IRLEGDMATIQVYEETSGVTVGDPVLRTGKPLSVE
HO_human 1 . .MTSTLIKTSDEDRESKFGFVFAVSGPVVTAERMAGSAMYELVRVGYYELVGEI IRLEGDMATIQVYEDTSGVTVGDPVLRTGK PLSVE
VA_human 1 .MDFSKLPKILDEDKESTFGYVHGVSGPVVTACDMAGAAMYELVRVGHSELVGE] IRLEGDMATIQVYEETCGVSVGDPVLRTGKPLEVD
FB_HUMAN 60 TGRIVAVIGAVWIV..... .QFDEGLPPILNALEVQGR. ... ..... . ETRLVLEVAQHLGESTVRT IAMDGTEGLVRGOKVLDSGAPIK
FB_BOVIN 60 TGRIVAVIGAVVDV..... .QFDEGLPPILNALEVQGR. ......... ETRLVLEVAQHLGESTVRTIAMDGTEGLVRGQKVLDSGAPIR
FB_RAT 60 TGQIVAVIGAVVDV...... QFDEGLPPILNALEVQGR. .. ...... .ESRLVLEVAQHLGESTVRTIAMDGTEGLVRGQKVLDSGAPIK
FB_DROME 37 NGKIVAVIGAVVDV...... QFDDNLPPILNALEVDNR. .., ...... SPRLVLEVAQHLGENTVRT I AMDGTEGLVRGQKVLDTGYPIR

VA_DROM1 88 LGP. L,IK;SIFCGIQRPLRDIGVM‘NSIYIP'KGVN'ITALSRSWP LNVRVGSHITGGDLYGVVHENT . . LVKQRMIVAPRAKGT
VA_DROM2 88 LGP..GIMGSIFDGIQRPLKDINELTESIYIPKGVNVPSLSRVASWEFNP . LNVKVGSH ITGGDLYGLVHENT . . LVKHKMIVNPRAKGT
VA_MANSE 91 LGP..GILGSIFDGIQRPLKDINELTQSIYIPKGVNVPSLAREVDWEFNP . LNVKVGSHITGGDLYGIVHENT . . LVKHKMLMPPRAKGT
HO_human 89 LGP..GIMGSIFDGIQRPLKDINELSNSIYIPKGVNVPALSRTAQWDFSP . VSVKVGSHITGGDLYGLVHENT . . LVKHKLLLPPRAKGT
VA_human 90 VGP..GIMGAIFDGIQRPLSDISSQTQSIYIPRGVNVSALSRDIKWDFTPCKNLRVGSHITGGDIYGIVSENS. . LIKHKIMLPFRNRGT

FB_HUMAN 134 IP.VGPETLGRIMNVIGEP. . IDERGPIKTKQFAPTHAEAPEFMEMSVEQEILVTGIKVVDLLAPYAKGGK IGLFGGAGVGKTVLIMEL I
FB_BOVIN 134 IP.VGPETLGRIMNVIGEP..IDERGPIKTKQFAATHAEAPEFVEMSVEQEILVTGIKVVDLLAPYAKGGKIGLFGGAGVGKTVLIMEL T
FB_RAT 134 IP.VGPETLGRIMNVIGEP. .IDERGPIKTKQFAPIHAEAPEFIEMSVEQEILVTGIKVVDLLAPYAKGGKIGLFGGAGVGKTVLIMEL I
FB_DROME 111 IP.VGAETLGRIINVIGEP..IDERGPIDTDKTAATHAEAPEFVQOMSVEQEILVTGIKVVDLLAPYAKGGKIGLFGGAGVGKTVLIMELI
VA_DROM1 173 VRYIAPAGNYNLEDIVLETEFDGEITKHTMLOVWPVRQARPVTEKLPANHPLF . TGORVLDSLFPCVQGGTTAI PGAFGCGRTVI SQALS
VA_DROM2 173 VRYIAPSGNYKVDDVVLETEFDGEITKHTMLOVWPVRHHAPVTEKLPANHPLL . TGQRVLDSLFPCVQGGTTA L PGAFGCGKTVI SQALS
VA_MANSE 176 VTYIAPAGNYKVTDVVLETEFDGEKAQYTMLOVWPVRQPRPVTEKLPANHPLL . TGORVLDSLFPCVQGGTTAI PGAFGCGKTVI SQALS
HO_human 174 VTYIAEPGNYTVDDVVLETEFDGERSKFTMLOVWPVRQPRPVTEKLPANYPLL . TGORVLDSLFPCVQGGTTAI PGAFGCGKTVI SQSLS
VA_human 176 VTYIAPPGNYDTSDVVLELEFEGVKEKFTMVQUWPARQVRPVTEKLPANHPLL . TGQRVLDALFPCVQGGTTAI PGARGCGKTVI SQSLS

FB_HUMAN 221 NNVAKAHGGYSVFAGVGERTREGNDLYHEMIESGVINLKDATSKV. .. .ALVYGQOMNEPPGARARVALTGLTVAEYFRDQEGQDVLLFID
FB_BOVIN 221 NNVAKAHGGYSVFAGVGERTREGNDLYHEMIESGVINLKDATSKV. . ..ALVYGQMNEPPGARARVALTGLTVAEYFRDQEGQDVLLFID
FB_RAT 221 NNVAKAHGGYSVFAGVGERTREGNDLYHEMIESGVINLKDATSKV. . . .ALVYGOMNEPPGARARVALTGLTVAEYFRDQEGQDVLLFID
FB_DROME 198 NNVAKAHGGYSVFAGVGERTREGNDLYNEMIEGGVISLKDKTSKV. . . . ALVYGQMNEPPGARARVALTGLTVAEYFRDQEGQDVLLFID
VA_DROM1 262 KY...SNSDVIIYVGCGERGNEMSEVLRDFPELTC . DIDGVTESIMKRTALVANTSNMPVAAREASTYTGITLEEYFRDM . GYNVAMMAD
VA_DROM2 262 KY...SNSDVIIYVGCGERGNEMSEVLRDFPELSV . EIDGVTESIMKRTALVANTSNMPVAAREASIYTGITLSEYFRDM . GYNVSMMAD
VA_MANSE 265 KY...SNSDVIIYVGCGERGNEMSEVLRDFPELTV.EIEGVTESIMKRTALVANTSNMPVAAREASIYTGITLSEYFRDM . GYNVEMMAD
HO_human 263 KY...SNSDVIIYVGCGERGNEMSEVLRDFPQLSL. EIDGVTES IMKRTALVANTSNMPVAAREASIYTGITLSEYFRDM. GYNVSMMAD
VA_human 265 KY...SNSDVIIYVGCGERGNEMSEVLRDFPELTM. EVDGKVES IMKRTALVANTSNMPVAAREASTYTGITLSEYFRDM . GYEVEMMAD

FB_HUMAN 307 NIFRFTQAGSEVSEALLGRIPSAVGYQPTLATDMGTMQERITTTK. ... ...KGSITSVQAIYVPADDLTDPAPATTFAHLDATTVLSRAL
FB_BOVIN 307 NIFRFTQAGSEVSALLGRIPSAVGYQPTLATDMGTMQERITTTK.......KGSITSVQAIYVPADDLTDPAPATTFAHLDATTVLSRAIL
FB_RAT 307 NIFRFTQAGSEVSALLGRIPSAVGYQPTLATDMGTMQERITTTK...... .KGSITSVQAIYVPADDLTDPAPATTFAHLDATTVLSRAI
FB_DROME 284 NIFRFTQAGSEVSALLGRIPSAVGYQPTLATDMGSMQERITTTK.......KGSITSVQAIYVPADDLTDPAPATTFAHLDATTVLSRAI

VA_DROM1 347 STSRWAEALREISGRLAEMPADSGYPAYLGARLATFYERAGRVKCLGNPEREGSVS IVGAVS PPGGDF SDPVTSATLG IVQVFWGLDKKL
VA_DROM2 347 STSRWAEALREISGRLAEMPRDSGYPAYLGARLASFYERAGRVKCLGNPEREGSVS IVGAVSPPGGDFSDPVTSATLGIVQVFWGLDKKL
VA_MANSE 350 STSRWAEALREISGRLAEMPADSGYPAYLGARLASFYERAGRVKCLGNPDREGSVSIVGAVSPPGGDFSDPVTAATLGIVQVFWGLDKKL
HO_human 348 STSRWAEALREISGRLAEMPADSGYPAYLGARLASFYERAGRVKCLGNPDREGSVS IVGAVS PPGGDF SDPVTTATLG IVOVFWGLDKKL
VA_human 350 STSRWAEALREISGRLAEMPADSGYPAYLGARLASFYERAGRVKCLGNPEREGSVS IVGAVS PPGGDF SDPVTSATLGIVQVFWGLDKKL

FB_HUMAN 390 AELGIYPAVDPLDSTSRIMDP.....NIVGSEHYDVARGVQKILQDYKSLQDI IAILGMDELSEEDKLTVSRARKIQRFLSQPFQVAEVF
FB_BOVIN 390 AELGIYPAVDPLDSTSRIMDP..... NIVGSEHYDVARGVQKILODYKSLQDI TAI LGMDELSEEDKLTVSRARKIQRFLSQPFQVAEVF
FB_RAT 390 AELGIYPAVDPLDSTSRIMDP..... NIVGSEHYDVARGVQKILODYKSLQDI IAI LGMDELSEEDKLTVSRARKIQRFLSQPFQVAEVF
FB_DROME 367 AELGIYPAVDPLDSTSRIMDP.....NIIGQEHYNVARGVQKILODYKSLQODI IAILGMDELSEEDKLTVARARKIQRFLSQPFQVAEVF
VA_DROM1 437 AQRKHFPSINWLISYSKYMRALDEYYDKNYPEFVPLRTKVKEILQEEEDLSEIVQLVGKASLAETDKVTL. . . . EVAKLLKDDFLOQONSY
VA_DROM2 437 AQRKHFPSINWLISYSKYMRALDDFYDKNFPEFVPLRTKVKEILQEEEDLSEIVQLVGKASLAETDKITL. . . . EVAKLLKDDFLOQONSY
VA_MANSE 440 AQRKHFPSINWLISYSKYMRALDDFYEKNYPEFVPLRTKVKEILQEEEDLSEIVQLVGKASLAETDKITL. . . . EVAKLLKDDFLQONSY
HO_human 438 AQRKHFPSINWLISYSKYMRALDDFYDKNFPEFVPLRTKVKEILQEEEDLSEIVOLVGKASLAETDKITL. . . . EVAKLLKDDFLQONSY
VA_human 440 AQRKHFPSVNWLISYSKYMRALDEYYDKHFTEFVPLRTKAKEILQEEEDLAEIVQLVGKASLAETDKITL. . . . EVAKLIKDDFLOQNGY

FB_HUMAN 475 TGHMGKLVPLKETIKGFQQI....... R B e e SR SRS LAGEYDHLPEQAFYMVGPIEEAVAKAD. .KLAEEHSS. . . .
FB_BOVIN 475 TGHLGKLVPLKETIKGFQOI......cvvvuwnnenn o/eibis e vee oo LAGEYDHLPEQAFYMVGPIEEAVAKAD . .KLAEEHS. .. ..
FB_RAT 475 TGHMGKLVPLKETIKGFQQI......... veeseseees veevieeeens LAGDYDHLPEQAFYMVGPIEEAVAKAD. .KLAEEHGS .

FB_DROME 452 TGHAGKLVPLEQTIKGFSAIL......c0vivenvenvrnnsansnnnns LAGDYDHLPEVAFYMVGPIEEVCRKAD. .RLAKEAA. . . . .

VA_DROM1 523 SPY.DRVCPFYKTVGMLRNIMAFYETARHAVESTAQSDNKITWNTIRESMGGIMYQLSSMKFKDPVKDGEQK IKADYDQLYEDLQQAFRN
VA_DROM2 523 SSY.DRFCPFYKTVGMLRNIIDFYDMARHSVESTAQSENKITWNVIREAMGNIMYQLSSMKFKDPVKDGEAK IKADFEQLHEDLQQAFRN
VA_MANSE 526 SSY.DRFCPFYKTVGMLKNIISFYDMSRHAVESTAQSDNKVTWNVIRDAMGNVLYQLSSMKFKDPVKDGEAK IKADFDQLLEDMSAAFRN
HO_human 524 SPY.DRFCPFYKTVGMLKNMIAFYDMSRHAVESTAQSENKITWNVIRDSMGNILYQLSSMKFKDPVKDGEAKIKADFEQLHEDIQQAFRN
VA_human 526 TPY.DRFCPFYKTVGMLSNMIAFYDMARRAVETTAQSDNKITWSIIREHMGDILYKLSSMKFKDPLKDGEAK IKSDYAQLLEDMONAFRS

FB_HUMAN

FB_BOVIN aaave
FB_RAT s s
FB_DROME Ssieia
VA_DROM1 612 LED.
VA_DROM2 612 LED.
VA_MANSE 615 LED.
HO_human 613 LED.
VA_human 615 LED*

Figure 4.6 Alignment of the V-ATPase A subunit (VA) and F-ATPase B subunit (FB).
All sequences are deduced from cDNA: The source tissues, accession number of FB and
references are listed below: FB_HUMAN: homo sgpiens, P06576; FB_BOVIN: Bos primigentus taurus
P00829; FB_RAT: P10719, FB_DROME: Draspphilamelanogater, Q05825. Seethe legend of Figure
4.5 for those of V-ATPase. The proposed nucleotide binding sites are marked in bold.
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Figure 4.7 Restriction map of genomic ph68A . (A) photo of agarose gel in which the
phage ph68A was cleaved by various enzymes. S, Sa/l; E, EcoRl; B, BamHI; S/E, Sal
I/EcoRI; S/B, Sall/BamH]1; E/B, EcoRl/BamHI. (B) The blot of the gel A hybridised
with vha68-1 cDNA. (C) Digestion map of ph68A deduced from the (A) and (B).
Fragments which hybridised to the probe were subcloned into pBluescript SK-. Black

indicated hybridising fragments
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identical genomic fragment of 12 kb long. ph68A was then chosen for constructing the
restriction map. The DNA was cleaved with Se/l, EcoRI, BamHI and every possible
double digestion of the three enzymes (Figure 4.6). Fragments that hybridised to v4268-1
cDNA were subcloned into pBluescript SK-. (See Figure 4.7).

4.4.2 Genomic DNA analysis

The four subclones of genomic DNA shown in Figure 4.7 werc sequenced, first by T3
and T7, then with synthesised oligo nucleotide primers. 4405 bp of genomic DNA. has
been sequenced, comprising 68kg-5, 68kg-7 and part of 68kg-9 scquences (Figure 4.8).
Although ph68A was identified by a v4268-1 cDNA probe, the genomic sequence
actually appears to be correspond to vb268-2 (Figure 4.8). Moreover, the digestion map
and the sequence of phG8A is cortesponded to the genomic DNA in the rescued plasmid
from fly line [(2)k02508, suggesting that the P{{zcW)] insertion in this line is in v4268-2 ,
rather than in v$268-1 (Sce Chapter 5).

4.4.3 A comparison of the #4268-1 and vha68-2 genes.

I is clear from this wotk and from Choi et «/ (1995) that there are two vha68 genes
cucoding the D, melanogaster V-ATPase A subunit. vha68-2 cDNA was punctured by 4
introns of 1165, 405, 108 and 66 bp at nucleotides 66-67, 166-167, 864-865 and 1843~
1844 of the cDNA (Figure 4.4, 4.8and 4.9). The first intron is at 23 bp upstrcam of the
ATG translation start site. The other three introns are within the coding sequence.
Unfortunately, among the 4 genomic fragments identified by a v4268-1 probe, none of
them corresponded to vha68-1, However, a partial genomic sequence corresponding to
vha668-1 has been reported (Chol ez 4l., 1995; GenBank accession number: U19742),
which makes it possible to compare the genomic structure of the two different genes.
Instead of having 4 introns vA268-7 has 3 introns at nucleotides 31-32, 163-164 and

1840-1841 of the cDNA. (Figurc 4.4, 4.9). The first intron is at 59 bp upstream of the
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Figure 4.8 Genomic DNA and purative aa sequence

no.: U59147). cDNA sequence is shown in upper case.

102

CTG

AT

CAT

ACH

GAD.

ATT

ACA

aaa

of vha68-2. (GenBank accession

GAT
N}

GG
v

plaic)

ATG

tag

ARG

GAG

GTT

TG

CGC

TTA

ACA

TGG

TAT

TIT

tcyg

cat

TTC

af

GCT

TAZ

aca

ATC

GAC

AAC

TTC

CGA

cce

CAT

@A

SAT

ata

act

b g
Gl

AlG

CAG

CaG

cgg

AAG

TAG &

GTT

Ch
TTC
AAT
GTa
aqaa

tga

CaG
Q

TTG

TCT

TAN

CTG

ATG

AAG

CAA

TAR

TTG

ATT

att ¢

aga

cta

AGG

GAG

TCA

acc

GAC

ccy

DR

CAT

TAA

G5C

CAC

ARG

TTT

taa

tat

ARC

AAC

AAC

TCC
S

aca

e

acg

TGA

TCG

AAC
CAR
ACH
ATT
AGT
agt
taa

gaa




ATG rranslation start site. The other two introns are within the coding sequence ac

exactly the same sites as the two introns of the v4268-2 gene.

4.4.4 Fvidence for additional complexity at the v4268-2 locus

A genomic DNA fragment just 3'to vha68-2 gene also shows hybridisation to the v/ha68
probe (Figure 4.7). 68kg-R, a partial sequence around the EcoRI site in subclonc p68g-4
has been obtained (Figure 4.10). The DNA sequence is 61% identical with the genomic
sequence of vha68-2 (Figure 4.11), which contains a long open reading frame with a
translated polypeptide 73% idcntical to vhat68-2 (Figure 4.12). Thus this may be a gene
encoding another isoform of V-ATPase A subunic, However, it is also possible that this

without transcription, Hopefully, information of longer sequence of 68kg—R and thc

T TN —

sequence of p68c-4 cDNA clone (See section 4.2) would help to answer this question,

4.5 Southern blot analysis of genomic DNA with v4268-1 and v4468-2 cDNA probes

D. melanogaster (CS) genomic DINA was cleaved with a range of restriction
endonuclcascs. Southern blots were probed with the coding region of vhu68-1 cDNA .
After hybridisation and washing at high stringency, more than one band was revealed at
cach of the lanes (Figure 4.13A). The band sizes werc samc as that predicted from the
digestion map of v4a68-1 and vha68-2 genomic DNA clones. However, probing with
the 3' non-coding sequence of either #5268-1 or vha68-2, which is gene-specific, reveals
only one band in most of the lancs (Figure 4.13B, C), suggesting that the two ¢cDNAs

are the products of two different genes and cach gene has only one copy.
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Figure 4.9 Structure of the genes encoding the two isotorms of the D. melanagaster V-
ATPase A subunit, The exons are represented as rectangles of which coding regions are in
dark. dvha is the partial genomic scquence for vha68-1 from Chio ct al (1995). As the
genomic sequence is incomplete, the length of the first intron in #4268-1 is uncertain,
and whether the 3' UTR has an intron or not awaits confirmation. Flere we assume there
is no intron in the 3' UTR of 2ha68-1. As 68kg-R has not been completely sequenced,

hereitis presented as a small filled rectangle. E: EcoR I; B, BamHI; S, Sall.
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Figure 4.10 Partial sequence of 68kg-R. The EcoRl site is marked in bold.
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Figute 4.11 Homology between v£a68-2 genomic DNA and partial 68kg-R sequence.
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Figure 4.12 Homology between the translated proteins of vha68-2 and 68kg-R partial
sequence.
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Figure 4.13 Southern blots of genomic D. melanogaster DNA. (A) Probed with
vha68-1 coding sequence; (B) probed with vh268-2 3' isoform-specific sequence; (C)
Probed with vha68-1 3' isoform-specific sequences. E, EcoRI; EV, EcoRV; Xh, Xhol; B,
BamHI; H, Hindlll; P, Pstl; Sc, Sacl; Xb, Xbal; Bg, Bglll; Sl, Sall; Sm, Smal.
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4.6 Chromosomal location

Salivary gland chromosome squashes probed with v4268-1 cDNA revealed only one
site of hybridisation band at polytene chromosome 34A (Figure 4.14). As both v/268-
1 and ha68-2 share significant homology and cross hybridise in Southern blots, the
vha68-1 cDNA probe sheould also hybridise to #4268-2. Thus, vha68-2 may also be at
34A. This has been further suppotied by the localisation at 34A of the P-element in fly
line 1(2)k02508 (Refer to Encyclopaedia of Drosophila). In next chapter we will show

that this P-clement is in the first inwon of v5268-2.

4.7 Northern blot analysis of vha68-1 and vha68-2

Northern blots of total RNA, using the whole 05268 -1 ¢DNA as a probe, detected
only a single band equivalent to mRNA(s) of =2.6 kb. The single band probably
corresponds to both 4a68-1 and vha68-2 transcripts. A developmental Northern of
embryo, larval, pupal and aduit total RNAs showced that the genes are almost equally
expressed at embryo, larval and adule srages, but at much reduced level ac the pupal
scage (Figure 4.15). Tissue-based Northern analysis of adult head, thorax and
abdomen total RNAs showed the genes to be almost equally expressed (Figure 4.16) as
would be expected for a putative housekeeping gene. The same blots, probed with
vha6G8-1 or vha68-2 specific 3' prime non-coding fragments, found that both genes to

be similarly expressed (Figure 4.15 & 4.16}.

4,8 Discussion

The V-ATPase A subunit has been previously reported to be encoded by a single gene
in all the animals and microorganisms studied. Although multiple genes have been
found in plants only a singlc typc mRNA  has been reported. Therefore, it has been
originally concluded that there is just a single isoform of the A subunit (Bowman et 4L,
1988; Hirata ez 2f, 1990; Puopolo et 4/, 1991; Zimniak et al, 1988; Guif ez 4/, 1992).
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Figure 4.14 Chromosomal localisation of v4#268. Salivary gland chromosome
squashes were prepared by standard rtechniques (Ashburner, 1989).
Chromosomes wete probed with biotinylated, random-primed #$268-1 cDNA
and hybridisation was detected using streptavidin-conjugated peroxidase and

diaminobenzidinc.
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Figure 4.15 Developmental Northern blot analysis of the #/268 genes. Total RNA

was isolated from Canton S

embryos, larvae, pupae and adules. The RINA was

separated by electrophoresis in a 1% formaldchyde-agarose/MOPS gel, blotted to

nitrocellulose and hybridised with 32P-labelled random-primed probes. The filters

was then cxposed to Fuji Xeray film for 1-3 days. Sizes were determined with respect

to an RNA ladder (Gibeo BRL). E, Embryo; L, third instar larva; P, pupa; Ad, adult.

The filter was first hybridised with whole ©4268-1 cDNA, then stripped and reprobed

with isoform-specific cDNA fragments and #p49 as a control for differences in RNA

loading.
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Figure 4.16 Tissue specific Northern blot analysis of the v4268 genes. Total RNA of
adult head, thoraces and abdomens, as well as male and female adults was isolated.
The RNA was separated by electrophoresis in a 1% formaldehyde-agarose/MOPS
gels, blotted to nitrocellulose, and hybridised with 32P-labelled random-primed
probes. The filters was then exposed to Fuji X-ray film for 1-3 days. Sizes were
determined with respected to an RNA ladder (Gibco BRL). H, head; T, thorax, Ab,
abdomen; M, males; F, females. The filter was first hybridised with whole vh268-1

cDNA, then stripped and reprobed with isoform-specific cDNA fragments and »p49

H T Ab M F

as a control for differences in RNA loading.
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"T'he existence of two isoforms of the A subunit was first reported in human (van Hille,
1993). The VAG8 isoform is expressed in all tissues whereas the HOG68 isoform was
detected only in osteaclastoma, a tumour enriched in ostcoclasts (Chambers e 2/,
1985). In chicken, two isoforms of the A subunit are gencrated by differently splicing
of two mutually exclusive exons from the same gene. Unlike the classical Al isoform,
the chicken A2 isoform docs not contain cither the ATP-binding consensus sequences
(the p-loop) or the pharmacologically relevant Cys254 in its polypeptide. Both isoforms
appear to be ubiquitously expressed (Hernando ez 4, 1995). In this chapter two D.
melanogaster A subunit genes, vha68-1 and vha68-2, have been described. The two
isoforms sharc 91% identity at the polypeptide level. A genomic DNA fragment
correspond to 24268-2 was identified and sequenced. A partial genomic DNA
fragment for 25268-1 was already available (Chio e 24 1995). Both genes are found to
have a similar structure, the two introns are at the exact same sites but 2/268-2 has a
small extra intron. Sequences of introns and of 3" and §' prime non-coding fragments
are different. However, since the coding sequence and corresponding polypeptides
share high homology, the two genes presumably arisc from a duplication of a single
gene present in an ancestor. If the two isoforms have the same function the purpose of
the two copies of the gene might be to compensate for an incrcased need for the
protein product. The presence of two isoforms could also impart different properties or
provide alternative sorting to cell comparuments (such as vacuolar or plasma
membrane). Although Northern blot of D. melanogaster total RNA suggests both
genes are ubiquitously expressed, this does not necessary mean that both isoforms arc
present in the same cellular population or subcellular compartment, It is still possible
one of the isoforms might be involved in plasma membrane V-ATPase while another
may be implicated in endomembrane V-A'l'Pase funcrion. The reporter detector of
P[lacW) insertion in vha68-2 reveals this gene is highly expressed in Malpighan tubules,
midgut etc. where the plasma membrane V-ATPase should have a role (See Chapter
5). However, the functional implications of the presence of two isoforms of the V-

ATPasc A subunit are still not clear.
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Chapter 5
Mutational Analysis of #ha68-2, a Gene Encoding One of
the T'wo Isoforms of the Drosophila V-ATPase A-subunit

5.1 Summary

A Drosophila line (1(2)k02508) carrying a single P[/ecW] insertion in vhaG8-2, a gene
encoding one of the two isoforms of the Drosophila V-ATPase A subunir, was isolated by
screening pools of rescued plasmids. Molecular characterisation demonstrates that the
transposon is inserted within the first intron, and thus lies 5' ro 24268-2 translation srart
codon. Expression of the enhancer detector reporter gene carried by the leZ (-
galacrosidase) was widespread, but was particularly strong in the gut and Malpighian
tubules of both larvae and adults. The insertion significantly reduces the accumulation of
vha68-2 mRNAs and causcs homozygous lethality durng the first larval instar. The lethal
phenotype can be reverted by excision of the inserted P-element. Imprecisc excision or
internal deletion of the P-element created a set of novel hypomorphic or null allcles, with

phenotypes ranging from first instar lechality to sub-lechals of various classes.

5.2 Introduction

Chaprer 4 described the identification and characterisation of two genes, #4468-1 and
vha68-2, both of which encode V-ATPasc A subunits. Both v4268-1 and vha68-2 are
widely expressed. In order to address the iz vive functions of the two genes, it would be
uscful to partially or entirely inactivate them. For this purpose, Drosophila had the
considerable advantages that it is genetically well characterised and amenable in several
ways to mutational analysis. Once the chromosomal location of a gene has been specified,
there is often a large amount of available information related to that chromosome
Jocation that can help with the analysis. For example, the P-clement insertions in #ha26

(Chapter 6) and v5a55 (Davics er al, 1996) were identified by screening available I-




clement lines corresponding to the approximate locations of the genes. In the case of
vhaG8 gene, no such lines had been described. Fortunately, however, a collection of more
than 2000 lincs with recessive lethal P[lecW] inscrtions on the Drosophila second
chromosome was available (Térdk, 1993) and plasmids representing the insertion sites of
1864 of these had been rescued (See Chapter 3). Southern blotting of the rescued
plasmids and hybridisation with #4268-7 ¢cDNA identified 3 lanes containing related
plasmids. Onc of these plasmids was traced to a single rescued plasmid (I184)
corresponding to fly line [(2)k02508 (See Figurc 3.3}. A "mini-white” gene (Pirrota,
1988) has been inserted in the middie of P[ieW]. As a genetic marker, mini-white
provides advantages. Fitst, flies heterozygous for mini-white in a genetic background null
for the white locus generally have orange eyes, whereas flies homozygous for the same
element have red eve pigmentation. Eye colour also tend to be darker in flies with
multiple insections (Kiss, 1996, Personal com.). Second, once P-element has been
detected in a region of interest, it can be remobilised in the presence of transposase, and
by screening for loss of eye pigmentation one can isolate revertants (precise excision} or
new alleles (imprecise excision). At the 5" end of P[{2cW] is the /acZ reporter gene which

may give clues to the expression pattern of the target gene.

5.3 1{2)k02508 contains a single insertion in 24268-2

Southern blotting of genomic DNA from fly line 1(2)k02508, cleaved by EcoRI and
probed with v4268-1 cDNA, shows band shifts due to P[l2cW) insertion (Figure 5.1A).
Probing with a 1.9 kb P[lcW] fragment corresponding to the plasmid replicon detected
only a single band (Figure 5.1B), suggesting that line 1{2)k02508 contains a single
P{{acW)] insertion in or near one of the two vh268 genes. This is supported by in situ
hybridisation to polytene chromosomes with a P-element probe, which shows line
[(2)k02508 to contain a single insertion at 34A3-4 (refer to Encyclopaedia of Drasaphila

for information on 1(2)k02508). As reported in Chapter 4, in situ hybridisation to
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polytene chromosomes with 2A268-7 cDNA also detects a single band at 34A, the

probable location of both A subunit genes.

5.4 The insertion in 1{2)k02508 lies within 25268-2

Comparison of the restriction maps of the plasmid P184 and vh268-2 showed the
insertion to be in the first intron, less chan 1 kb 5° to the translation start site (Figure
5.2). Sequencing of the rescued plasmid produced unequivocal evidence for the inscrtion
within the v4268-2 gene. The insertion has occured between 703 and 704 in the vAh268-2
genomic DNA sequence (Figure 5.3). The sequence gencrated by primer PR is exactly
the same as a region of the first intron of v4268-2. PR is a P-element primer reading out
of the P-element inco flanking DNA, i.e. into the rescued DNA (Figure 5.3 A). Sequence
generated by primer 68T7-6 shared more than 97% homology among the 218 base pairs

(Figure 5.3 B), with no changes found in the coding scquences.

5.5 Lethality in {2)k02508 is causcd by inscrtion of the Pllze W] element

That the PllzeW) insertion is indeed responsible for the homozygous lethality of the
1{2)k02508 was shown by the generation of viable revertants following precise P-element
excision, P[/acW] was remoblised by the cross shown in Figure 2.1. white” progeny of
various classes was gencrated (Table 5.1). One class was homozygous viable for the
original second chromosome. Lethality in the 1{2)k02508 was then due to P-element

insertion rather than to some other accidently fixed events elsewhere on the same

chromosome.
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(A) (B)

Figure 5.1 Southern blotting of genomic DNAs confirms that line 1(2)k02508 contains a
single P[/acW)] insertion in v4a68. (A) Canton S (lane 1) and [(2)k02508 (lane 2) DNAs
cleaved by EcoRI and hybridised with vh268-1. (B) Probed with the 1.9 kb P[lacW)

fragment corresponding to the plasmid replican.

PR
s

S BE 1 kb
I L] " .
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Figure 5.2 Correspondance of the rescued plasmid and v/268-2 genomic DNA fragment.

S, Sall; B, BamHI; E, EcoRI.
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(a)

10 20 30
6Bk-PR attteatoatggtcaaaagcaattgteaaat
ARRARRARRARAARNARY
vha6R~2g tttgtcagctgacgygcaatcacagtagtettgtuattaacgtecaaaagcaattgtaaaat
670 680 690 100 710 720
4G 50 60 70 80 20

68k~-ER attcgaactegaatggagagegagagagecagagegagagttgetctaccactecaceelt
EECECV ORI TR TR TR TP TR EETEE
vha68-2y attcgaactcgaatggagagcgagagagccagagegagagttgetcteccactecacect
730 740 750 760 770 780
100 110 120 130 140 150
68k~TFR ctcttgtttttctttgctgataattatgaaaacccgcatattttgaaaaaoatgcatttc
PECPETTL TR TR R EC T TR EE T LEECT TSR ET T
vha68-2g ctettgtttttoebttgetgataattatgaaaaccegeatatttitgaraaacatgcattis
790 80C 8.0 820 830 840
160 170 180 183 200 210
68<~PR agttacattectocgttgaatttgtcaacctgtggttygttttttcacageotectbatttta

vha68-2g agrtacattoctcegttgaatttgtocaacctgtggttgttttitcacagetettatttia
850 960 870 880 890 900
220 230G 240 250 260 270
68k-PR tttatttagegartagtttgacaaattgetttcttegaactticaaagetotgtoacyty
CEVCEPCEEE PO PR e E P rE T e e e e e e e r e e er e
vha6t-2g tttatttagcgattagtttgacaaa tgcttbtcttegaactbicanagetotygteacgty
910 920 930 910 950 960
68k~PR aaacg
. billl

vha68-2g aaacgaaagctetgotittasagktttacgcageataatcaaagaaggggagttaaaaaa

970 980 990 1000 1010 1020
(B)
10 20 30
68T7-6 atggaacctatcettegtttogetgagttata
LT T T T
vhatBd-2g aaattttaaaagaaaatgttcaaggccgaaatgyaacctaccttggtiggcaaagttata
1660 1670 1680 1530 1700 1710
40 50 60 70 80 90

68776 aaaaqttcttgaatgaaatgpagcccccetaaeacgaccaaccgcttcat;ccagTCGTC
CEL T TTTENEPETECTT i LEVLEEEE TEEET STV ET
vha68~Z2g maaacttcttygastgaaatgtatoccouctaacecaaccaaccgtiitcattecagl'CElC
1720 1736 1740 1750 1760 1770
100 110 120 130 140 150
A8T7-6  ACCCCCCACCCCATGICTGGATCAGCTATGTACGAGTTCGTCCGOGTCGGCTACTACGAG
IHII||IIIHIII|III|||II|I||I|1IIEIIIIII|i.|1||||||||||||||l
vhab8-2g ACCGCCGAGCUCATGTCTGRATCAGCTATGTACGAGTIGGTCCGCGTCCGCTACTACGAG
1780 179C 1800 1810 1824 1830
150 170 1890 190 200 210
58T7-6 CTGGTGGGCCAGATCATCCGTCTGCAGGCTGACATCGCCACCATCCAGGTGTACGAGGAG
FELLEL R LT R E R PRSP LR TTTATITEd ] iIIIliI
vha68-2¢y CLGGIGGGCCAGATCANCCGTCTCCACGGHTGACATGCCCACCATCCAGETGTACGAGGAG
1840 1850 1860 1870 1884 189Q
68T7-6  ACCTCTGG
LTI
vhaé8-2g ACCTCTGGCCTAACTOTCGGAGATCCGGTIGCTGCEIACCGHCANGCCTCTTICCGTCGAG
1900 1910 1924 1930 1940 185¢

Figure 5.3 Sequence homaology of rescued plasmid and »£268-2. (A) 68k-PR is the
sequence reading out of rescued plasmid from primer PR. Bold indicates the end of the
P[lzcW] insertion. (B) 68T7-6 is the sequence of rescued plasmid generated by primer
68T7-6 which is in vhz68-2 gene.
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5.6 Imprecise excision generates a range of new allcles

Remobilisation of a P-element, apart from the precise excision, often gencrates flanking
sequence deletions by imprecise excision (Daniels e 2/, 1994; Salz ef al,, 1987; Voelker ez
al., 1984). Remobilisation may also generate local reinsertions that can often be selected

by scoring the dominant marker on the transposon (Tower, e 2l, 1993).

About 200 lines which lost eye colours were selected and backcrossed to the original line
1(2)k02508 to test survival to the adule stage. The survival rate showed a range of
differences (Table 5.1 and Figure 5.4). Interestingly, several lincs showed a temperature-
sensitive phenotype. The homozygous flics of these lines can survive at high temperature
(25-30°C) but they die before reaching adult stage if they are reared at 16°C (Table 5.1
and Figure 5.5). A genomic Southern blot of the new alleles found that alleles 685-6 and
68S-10 are likely to have deletions in gene v4268-2 {Figure 5.6). Of the five temperature-
depedent alleles, 685-27 has an internal deletion with the plasmid replicon still there.
However, the hybridisation patterns of other three alleles, 685-22, 685-25 and 68S-38,
looks the same as that of Canton 8. It is possible that these alleles still contain deletions

but the deletions are too small to be detected by genomic Southern blot.

5.7 Reporter gene expression

Line 1(2)k02508 contains a single P[/ze W] insertion, located in the first intron of v4u68-
2. Since lacZ enhancer detector element is in the same orientation as v4268-2 transcript,
it might be expected that the JzcX expression pattern would mirror at least in part the

expression pattern of vh268-2.

The first cvidence for /zcZ expression was in gastrulating embryos (Figure 5.7} "I'he
hcavicst staining was initially in a loop of embryonic midgur, with staining soon
becoming general. In larvae, pupae and adults, most or all tissues eventually stain, as
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would be expected for a ubiquitously expressed gene; however, staining in shorter time
showed certain tissues, the labial palps, a region of the midgut, the main segments of the
Malpighian tubules and rectal pads to be conspicuously labelled. This is significant,
because it neatly delineates thosc tissucs in which V-ATPases play a plasma-membrane,
rather than an endomembranc rolc (Davics ct al., 1996). Although P-element enhancer
detectors do not necessarily report faithfully the entire expression pattern of their

neighbouringuranseription units, as they may be unduly influenced by short-range

Table 5.1 New alleles and revertants after excision of the P[lzcW] in line }{2)k02508

fliy 255C 305C 167C
lines A B C D E D E D E
S1 24 46 5 156 9 65 3 69 1
S2 25 26 14 97 52 42 31 36 21
S3 20 16 10 137 34 32 0 |22 52 4
S4 14 18 19 78 56 18 24 39 23
S6 30 32 0 131 0 108 0 74 0
S8 22 29 19 96 19 39 16 67 1
$9 19 21 11 97 33 62 37 79 41
S10 40 45 0 163 1 71 0 25

S11 17 28 2 166 14 33 4 50

S13 15 36 21 45 16 50 21 65 37
S22 48 48 54 67 11 17 3 83

525 23 23 6 112 21 40 5 74

S27 27 81 18 85 10 81 18 181

$29 13 19 7 92 28 59 15 110 27
$33 15 23 1 191 7 35 12 86 3
$35 i3 13 12 58 24 G4 24 50 21
$36 20 32 0 138 0 77 0 89 0
$37 21 48 24 89 26 22 5 75 24
$38 28 68 28 122 21 16 3 108 3

A, B, C, D, L, F stand for different phenotypes, See Method section 2.18

for the meaning.
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Figure 5.4 New alleles with different survival efficiency after remoblisation of the P-

element in strain 1(2)k02508. Filled boxes show the % survival when heterozygous with

the 1(2)k02508 chromosome; Empty boxes show % survival when homozygous for a

new allele.

Survival efficiency (%) =

Actual ratio of certain progeny

Expected ratio of certain progeny if without detrimental effects
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Temperature-sensitive vha68-2 alleles
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Figure 5.5 Alleles with temperature-dependent survival. Filled boxes show survival at
30°C, empty boxes show the survival at 16°C.

Actual ratio of certain progeny

Survival efficiency (%) =

Expected ratio of certain progeny if without detrimental effects
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Figure 5.6 Genomic Southern blot of vha68-2 mutant flies. Genomic DNA was digested
with EcoRI, run out on a 1% agarose gel and blotted to Hybond N. The both filters were
hybridised with probe of vha68-1 cDNA.
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Figure 5.7 lacZ expression patterns of [(2)k02508. (A) embryonic, showing a loop of
the midgut staining; (B) embryonic, showing Malpighian tubule and midgut staining;
(C) embryonic with longer staining; (D) Larval gut showing the mid gut and
Malpighian tubule staining; (E) Adult gut showing the Malpighian tubules and midgut
staining; (F) Adult Malpighian tubules, showing staining confined to nuclei of main
segment; (G) Enlarged view of the adult Malpighian tube staining; (H) Front view of
adult head, showing staining of antennal bases and labial palps; (I) Side view of adult

head, showing the staining of antennae and labial palps.
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enhancers, the pattern of expression reported here is precisely what would be expected for
a V-ATPase gene (Figure 5.7). Antibody staining for B—galacrosidase shows a similar
expression pattern. Figurc 5.8 shows the antibody staining of Malpighian tubules in

larvae,

5.8 Phenotypic aoalysis of 1(2)k02508 and new alleles

The original P-element strain 1{2}k02508 and the two new alleles 675-6 and 67S-10 are
homozygous lethal and are maintained over balancer CyO. Flies homozygous for
balancer CyO are lethal at late embryo or early larvac stage, but flies heterozygous for
CyO are viable with curly wings (Lindsley and Zimm, 1992). If flies homozygous for the
vha68- could survive to adult stage they should have distinctive straight wings. However,
it is difficult to distinguish the difference earlier than the adult stage. To facilitate the
analysis of lethal phase the CyO balancer chromosome was first replaced with wild type
to observe whether embryos homozygous for the P-element can hatch. 468 larvae
hatched from 483 eggs laid by parents P{facW1/+. The hatch rate is 97%, approximately
the same hatch rate for the wild type flies, Of the 15 unhaiched eggs, 7 eggs are
unfertilised. This high hatch rate means thac the homozygous P{lzcW] can survive to
larval stage. T'o distinguish the homozygous [vha68-2-/vha68-27] larvae from the
heterozygous larvae the original balancer CyO was replaced by the y*CyQ chromosome
which then could  distinguish the homozygotes [vhu68-2/vha68-2| from
heterozygotes[vha68-2-/y+ Cy(] as early as the [irst instar larvae, The heterozygous fly has

a black hook while the homozygous flies have yellow hooks (figure 5.9A).

For the three mutant fincs, 1{2)k02508, 685-6, and 68S-10, the homozygotes can survive
the embryo stage. The new hatched larvae wiggled around slowly and were not as active
as the healthy one. The homozygous [vha68-2/vha68-27] larvae werc obscrved dying in

first instar larvae.
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Figure 5.8 Antibody staining of B-galactocidase in the Malpighian tubules. (A) Third
instar larval Malpighian tubules showing nuclear staining in the principal cells. (B)
Malpighian tubules and gut of third instar larvae showing the nuclear staining of gut and

Malpighian tubules, and the unstaining junction.
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Examination of the Malpighian tubules in the hotmozygous larvae indicates the murtation
affects the morphology of this organ, especially the anterior segment, Tubules are
responsible for the clearance of the waste products. The anterior segment of the
Malpighian tubulcs normally stores the primary urine in the form of crystalline
concrements of uric acid, calcium phosphate, ctc (Maddrell and O'Donnell, 1992). The
concrement play an important role inn the process of osmoregulation and they are cither

absent or severely reduced in the original P-element mutant and the two deletion alleles

(Figure 5.9B).

5.9 Northern blot analysis of mutant flies

The above results indicared that the 1{2)k02508 strain and the two allcles 6886 and 68S-
10 were hypomorphic for V-ATPase function. I therefore was interested to test whether a
decrease also occurred at the level of transcription of the v4268 gene in line 1(2)k02508.
Total RNA was isofated from adult of wild-type Canton §, the heterozygous P-element
insertional line 1(2)k02508, two homozygous revertants, 67R-2 and 67R-4, The RNA
was scparated by electrophoresis in 1% formaldehyde-agarose/MOPS gels and blotted to
nitrocellulose. The blot was probed with #£«68-7 cDNA (Figure 5.10). For comparison
of RNA loading, the blots were stripped and probed with Rp49 cDNA. All the 4 {incs has
the same 2.6 transcript of #4268, but fly strain 1(2)k02508, even being heterozygous and
that the probe uscd here can be expected to hybridise to transcripts of both vh#68-1 and
vhaG8-2, shows an appreciable reduction in overall vh268& levels in the mutaat lines. The
revertant line 67R-4 has the same RNA level as that of wild type, but The revertant linc
67R-2 has less RNA ltranscript which is the same level as thar of the heterozygous
}(2)k02508. Thus, it can be strongly suggested thar the [(2)k02508 are also a

hypomorphic mutation at the level of transcription.
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(A)

(B)

Figure 5.9 Phenotype of 68S-6. (A) Difference of hook colour between homozygous and
heterozygous larvae of 68S-6. (1) and (3) are homozygous dying larvae with yellow hook,
(2) is heterozygous larvae with black hook.(B) defects in Malpighian tubules in dying
homozygous larvae of 68S-6, (1) is the dying homozygous the larvae in which the white
precipitates are reduced or absent. (2) is the heterozygous larvae with normal Malpighian
tubules which contain a white precipitate of uric acid and calcium salts. (here seen as black by

transmitted light).
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Figure 5.10 Northern blot analysis of the mutant flies of v4268-2. Total RNA was
isolated from the adult flies using TRIzoIT™ (Gibco BRL). The RNA was separated by
electrophoresis in 1% formaldehyde-agarose/MOPS gels, blotted to nitrocellulose, and
hybridised with 32P-labelled random-primed probes. The filters was then exposed to
Fuji X-ray film for 1-3 days. Sizes were determined with respected to an RNA ladder
(Gibco BRL). The filters were first hybridised with whole v4268-1 cDNA, then the same
blots were stripped and reprobed with 7p49 to control for differences in RNA loading.
Lane 1. Canton S; Lane 2, P-element insertional mutant [(2)k02508; lane 3,

homozygous revertant 68R-2; Lane 4, homozygous revertant 68R-4.
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5.10 Discussion

The identification of a P[lzcW] insertion in vha68-2 is of great help in addressing the
function of the genc. Inactivation of just £4268-2 leads to the homozygous lethality at
first instar larvae, which suggests #4268-2 to be an essential gene. Although the sequence
of the two isoforms is highly homologous at DNA and protein levels, the prescnce of
only #ha68-1 is insufficient for proper function. The Northern blots of total RNA of
both isoforms detected a very similar pattern of ubiquitous expression. However, this
does not necessarily mean thar both isoforms arc present in the same cellular population
or subccllular compartment. The X-gal staining of the strain 1(2)k02508 with a P-
clement in 2$268-2 reveals a general expression pattern, but highly enriched in the
midgut and Malpighian tubules, suggesting a plasma membrane role for the vh268-2
isoform. This staining pattern is similar to the x-gal staining pattern of fly lines with a P-
clement in genes encoding other subunics, such as the ¥, B and ¢ subunits of Drosophila
V-ATPascs. Such a expression pattern may be applied to other subunits of V-ATPase
and thus may provide a general means of screening P-element for mutations for V-

ATPascs and related genes.

‘I'he new alleles gencrated by excision of P-element in 1(2)k02508 show phenotypes with
different severity; and in particular, five temperacture-sensitive alleles. However, the
molecular mechanism underlying these potentially important alleles needs further

investigarion.

As vha68-1 and vha68-2 are both at 34A and rcmobilisation of P-element tends to
reinsert into the local sites around the original P-element, it should not be too difficult to
identify a fly carrying a P[lac W] in vha68-1 by the PCR strategy (Kaiser and Goodwin,
1990) following the local jumping of the P-element in line 1(2)k02508. Analysis of the
mutants of both »4268-1 and vha68-2 should help in clucidation of the function

differentiation of the two isoforms of the V-ATPase A subunit in Drosophila.
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Chapter 6

Characterisation and Inactivation of vha26, the Gene

Encoding an E-Subunit of the V-ATPase

6.1 Summary

A D, melanogaster gene and a cDNA for the 26 kDa E subunit have been cloned udilising
homology with the corresponding M. sexta gene, The Drosaphila gene contains three
small introns. Its deduced translation product has 226 amina acids and a molecular
weight of 26.1 kD. The polypeptide shares 76.5% identity with the M. sexta
polypeptide, 62.8% with that of human and 34.3% with that of yeast. 'I'he Drosophila
gene (vha26) is present as a single copy at cytelogical position 83B1-4 on the third
chromosome and gives rise to an mRINA species of 2.3 kb. Abundance of the latter,
relative to an 7p49 control, shows relatively little variation within adult head, thorax and
abdomen, suggesting that the E subunit is a relatively ubiquitous component of the
V-ATPase. vhal6 is, however, relatively less expressed during metamorphosis, as is also
the case for the D. melanogaster V-ATPase A subunit (Chapter 4). A fly line carrying a
single lethal P[/2cW] insertion within v4226 gene has been identified. This will greatly

facilitate study of the iz zizo function of the E subunit.

0.2 Introduction

Subunit E is a constituent of the catalytic sector of the V-ATPase. It was one of the f{irst
subunits to be identified in kidncy V-ATPase by immunological studics, and the cDNA
encoding the kidney subunit has been cloned and sequenced (Flirsh ez 2/, 1988). Studies
with monoclonal antibodies, supported by partial DNA sequencing, reveal the existence

of at least two isoforms of subunit E in the kidney, While V-ATPase isolated from kidney




microsomes contains one form of subunit E, the enzyme from the kidnecy brush-border
contains at least onc additional form of subunit E.  Presently a cDNA for subunir E has
been cloned and sequenced from M. sexta, The deduced polypeptides show high
homology with the E subunit from other sources. Although at least two isoforms for the
E subunit may exist in human, only one gene encoding the M. sexta E subunirt has been
detected in Southern and Northern blots (Grif ef 4/, 1994a). The precise function of the
E subunit is unknown but it has been suggested that E subunit may play an analogous
role in the V-A'l'Pase to the y—subunit in F-ATPases (Bowman e 24, 1995) and as such
should be considered to form part of the catalytic beadgroup. The corresponding yeast
gene vmad, has been cloned, sequenced and mutagenised (Foury, 1990). The mutant
exhibits a similar phenotype to all other yeast V-ATPase nulls,. While the proteolipid
assembles into the membrane, all subunits of the catalytic sector did not assemble.
Consequently, the mutant is unable to grow in medium buffered at pH 7.5 (Ho et 4/,
1993). This suggests that subunit E may be necessary for the functional assembly of the
enzyme. In vertebrates, it has been suggested that E subunit co-localises
immunocytochemically with plasma membranes, rather than microsomes in kidney
(Hemken, ez 2l, 1992), implying that E subunit may be important in assembly of the
holoenzyme on the plasma membrane of certain epithelia. Here, as first step to clarify chis
issue, I report the cloning, characterisation and mutagenesis of the gene encoding
subunit E of V-ATPase in D. melanogaster, a species which is particularly suited to

genetic analysis.

6.3 Identification of a cDNA encoding a 26 kD E-subunit

6.3.1 ¢cDNA cloning

A D. melanogaster hcad A—Zapll cDNA library was screened by plaque hybridisation with
a M. sexta E-subunit cDNA probe and one positive plaque was purified by successive

rounds of screening. The purified clone was excised as pBluescript and the cDNA insert




¢DNA clones were obtained and subcloned into pBluescript SK-. Sequences from both
ends of alt five clones were identical except for differences in  length at the 5’ end. The

longest insert (p26CDD) was 2.1 kb long,

6.3.2 Generation of unidirectional deletions of p26CD for sequencing

p26CD veas isolated and purified on a Promega column. FxoIll was used to generate a sec
of deletions of p26CD DNA for sequencing. Two pairs of enzyme (Szcl /EcoRI and
HindI1/ Kpnl) were selected for digesting DNA which can then be further digested by
Exolll to make deletions from both ends (Figure 6.2A). The cDNA insertion has no
digestion site for any of the 4 enzymes, Szcl and Kpnl can generate the 3' Exolll-
protected end, while £¢oRl and HindIIl generate the 5' overhang which is digested by
Fxolll, In the case of making deletions which can be sequenced by primer T3, 20 g of
p26CD plasmid was first digested with 50 units of Sacl for 3 hours. A sample of this
digest was clectrophoretically separated on a 1% agarose TBE gel to assess the extent of
digestion. After completion of the digestion, buffer condition was adjusted with NaCl for
FEcoRI digestion for another 3 hours. Double digested DNA was digested by ExellI at
37°C and samples were taken every 30 scconds. The first 15 samples were treated with S1
nuclease and were clectrophoretically separated through an agarose gel (Figure 6.2B).
From the figure we can see the digestion rate was abour 200 bp/min. This rate of
digestion is less than described by the manufacturer of Erase-a-Base system (Promega).

Towever the Exolll digestion indeed produced progiessive deletions.

Each timepoint sample was treated with the Klenow fragment of £. ceff DNA polymerise
to generate flush DNA termini and was then recircularised with DNA ligase. Ligation
products were used to transform D50 competent cells (see methods section). 50 to
1000 colonies were obtained for each timepoint transformation. Three colonies from

cach of the first 12 transformations were selected at random and miniprep DNAs
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Figure 6.1 Exolll deletion of the p26CD insert. (A) p26CD structure showing the
restriction enzymes selected to make Exolll protected and unprotected termini. EcoRI
and HindlIIl generate 5' overhanging termini, Sacl and Kpnl generate protected termini.
(B) The products of Exolll and S1 nuclease digestion of Sacl/EcoRI digested p26CD.
Samples of the Exolll reaction were removed at intervals of 30 seconds. (C) Plasmid

minipreps from the deletion experiment after digcsrion with Xbol and Xbal.
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(Method Section) were digested wich Xhol and Xbal (Figure 6.1C). Subclones with

different size of deletions were selecred for sequencing by primer T3.

Similacly, DNA from the double digestion of p26CD by HindIIIl and Kp#»l was digested
by Exolll to generate deletions which can be sequenced from the opposite cnd using
primer T7. The 2.1 kb cDNA insert of p26CD was completely sequenced from both

directions.

6.3.3 DNA sequence analysis of v4226 cDNA

The 2.1 kb contig of p26CD has an open reading frame corresponding to a 226 amino
acid polypeptide of M, 26.1 kDa (Figure 6.3). This is cleatly a V-ATPase E-subuni,
sharing 76.5% amino acid identity with the E-subunit of M. sexte, 62.8% with that of
human, but only 34.3% identity with that of S. cerenisiae (Figure 6.3). In accordance
with the nomenclature for other D. melanogaster V-ATPase loci, the gene has been
named vha26. Although we cannot at present exclude the possibility that lenger
transcripts exist, the longest 5" UTR of the 5 cDNA clones is 77 bp. This is in good
agreement wich the length of 5" UTRs reported for other V-ATPase subunits in
Drosophila, 84 and 88 bp for the two genes encoding 67 kDa A-subunit (see Chapter 4);
86 bp for the 55 kDa B-subunit (Davis, ez 2/, 1996); 116 bp for the 17 kDa c-subunit
(Meagher, ez al., 1990); and 42 bp for the 14 kDa F-subunit {see Chapter 7). The
sequence of the start site CAAAATG maiches the consensus start site
(C/IAAAAIC)ATG perfectly (Calvener, 1987). The 3" UTR is 1307 bp long, with 2

canonical AATAAA signal centred 26 bases upstream of the polyA tail.
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CAC CCT CAT
1740
GCC ACT GCC
18090
TCA ACA CAC
1860
AAC CTT GTa
192G
CAR GTT ACC
1980
TAT GCG T1A
2040
Ann TTa CTT

Figure 6.2 Sequence of a v4226 cDNA (p26CD) and deduced amino acid sequence of
the Drosophiln E-subunit (GenBank accession no. is U38198). Double-stranded
sequencing of the cloned genomic DNA fragment was performed accordiang to the
Sequenasci™ II prorocol (USB) by generation of unidirectional deletions with the Erase-

a-Base system (Promega), and with the aid of synthetic oligo primers when required. The
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1770
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putative polyadenylation signal is underlined. The starc of poly A is marked as bold.
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6.4 Genomic structure of vha26

6.4.1 Genomic DNA clones corresponding to 25226

An Oregon R genomic DNA library in vector EMBL3 was used to isolate the gene
representcd by the v5226 ¢DNA. Approximately 40,000 phage from the library were
plated on four Petri dishes (150mmX150mm). Plaque-lifts probed with random-primed
p26CD ¢DNA, revealed three "positive” signals. Plaques from the corresponding spots
were re-placed at 50-200 pfu per 90 mm Petri dish and re-screened: two individual and
overlapping positive clones were obrained (ph26A and ph26B). Restriction digests of
ph26A arc shown in Figure 6.3A. The deduced map is shown in Figure 6.4. Prabing of
ph26A with vha26 cDNA reveals the sequence homology between the genomic fragment
and vha26 (Figure 6.3B). A 5 kb BamHI fragment that hybridises with the cDNA was

subcloned into pBluescript SK-, and named p26kg.

6.4.2 vha26is a single copy gene

D. melanogaster genomic DNA, cleaved with various restriction enzymcs, was blotted and
probed at high stringency with the part of v4226 ¢cDNA (1183-2096 bp in Figure 6.2).
The single band of hybridisation seen in each lane suggests a singlc genertic locus. This is
consistent with the structure and sequence of cloned genomic DNA and  s# sitw
hybridisation to polytene chromosome squashes which identifies a single locus at 83B1-4
on the right arm of chromosome 3 (Figure 6.10}. The 188 kb 83B interval contains three
identified genes: gorp, a gene implicated in melosis (Castrillon ez 2l, 1993), nmdaR , a
gluramate receptor (Ulesch ez @/, 1993), and a tRNA gene { Duan, 2 4f, 1979},
However, there are also several lethal P-element insertions, suggesting that inactivation of
the vha26 locus by "local jumping” of the P-element may be feasible, or even that an

existing P-element insertion might already represent a lethal allele of this gene.
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S E B S/E SBEB kb

(A)

S E B S/ES/BEMB kb

(B)

Figure 6.3 A: Agarose gel of ph26A phage DNA cleaved with BamHI (B), EcoRI (E) ,
Sall(S),Sall/EcoR]1 (S/E), BamHI/EcoRI (B/E) and Szl/BamHI (S/B). B: A blot of the
above gel probed with vh226 cDNA.
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Ph26A
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l | | | p26kg
1kb p26CD
—

Figure 6.4 Genomic organisation of the vh226 locus. Above: Restriction map of ph26A

DNA. The estimated length of the insert is 10 kb? Below: map of p26kg and p26CD

subclone of p26kg. S; Sadl; B; BamHI; E: EcoRI; PiPstly X: Xbal.
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Figure 6.5 Exolll deletion of the p26kg insert. (A) p26kg structure showing the
restriction enzymes selected to make ExollIl protected and unprotected termini. Notl and
Smal generate 5' overhanging and thus unprotected termini; Sacl and Kpnl generated
protected termini. (B) The first 10 samples of Exolll and S1 nuclease digestion of
Sacl/ Notl digested p26kg. (C) The first 10 samples of Exolll and S1 nuclease digestion of

Smal | Kpnl digested p26kg. Samples of the Exolll reaction were in both cases, removed

at interval of 30 second.
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Figure 6.6 (A). Plasmid minipreps from theSacl/Notl deletion experiment digested with

Xbal and Pst. (B) Plasmid minipreps from theSmal/Kpnl deletion experiment digested

with Xbal and Kpnl.
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In Section 6.8 we will see chat a fly line with a P[lacW] inscrtion in the fivst intron of

vha26 can indeed be identified.

6.4.3 Generation of unidirectional dcletions of p26kg DNA for sequencing

Two pairs of enzyme (Sacl/Nozl and Smal/Kpnl) were selected for digesting p26kg, and
the resulting DNA fragments are treated with £xolll to make deletions from each end
(Figure 6.5A). p26kg has no digestion site for any of the four enzymes. 20 timepoints
were taken for cach Exolll digestion. Figure 6.5B and 6.5C shows the first 10 digestions
by Exolll from either ends. Two colonies from each of the first 9 transformations were
selected at random, and plasmid DNAs were digested with Xbal and s (Figure 6.6 A,
B). From the size of the bands we know how far the DNA has been deleted. A set of
subclones with different sizes of deletions (Figure 6.6A) were selected for sequencing
using primer T3. Another set of subclones was sequenced using primer T7. A genomic

DNA fragment covering all of the #4226 cDNA was sequenced on both strands.

6.4.4 Correlation of genomic and cDNA sequences

The ¢cDNA sequence of p26CD is contained within the 5 kb BamHI fragment of p26kg.
It is puncruated by three small introns with in-frame boundaries (Figure 6.7). This is the
first description of a genomic DNA sequence, and thus of intron placement in the gene
for an in animal E subunit. Intron placcment frequently masks functional boundaries
within proteins; however, the only other genomic DNA sequence available, for
Neurospora crassa vma4 (Bowman, et 2, 1995), shows that intron placement is not
precisely conserved becween animals and fungi; however, as further genomic sequences
are obtained, they may be informative. As wich the V. crussa gene wma4, no TATA or
CAAT boxes could be seen upstream of the putative transcriptional start site in the

available sequence for #4a26. This is commonly the case for ubiquitously expressed genes.
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1563/206 1553i/213

CAG TG TG CCC GAG ATT CGL AAC GICA CTT TTC GEC CGC AAC GTC AAT CGC Add TTC ACC
Q L v P 5 T R N A L F G R N A" N R K F T
1623/226 1653

GRS TARA AT TCT ATA AGT GCA AAMN ChA 2AAC ATA ALT AAC CAG AAA GAG AARC CAG CAT CAA
D *

1682 1712

CAC CTA TTC AGC AGG AAC AGT TCA AGT TAT TAC ACA GAG CTC CAC CCA CIA AAMM ATT GAA
1742 1772

CCC AAG TAA ACT TAT CCT TTG GCA GTC AGG AGG CAA CAG CTA GGA TAT ATT GAT TGT CAA
1802 183%

AAT ACT ‘TI'' GCC GTT GTC TG TAA AGT GRR ATT GAA ACA CTC ARG RAC ATT TCG GIC CTIT
1862 1892

GTG TAC GCA ACA GTT TTA ATA GTA ACC ACA CTA AAC GCCG CAT ATA TAT TCT CCG ATA TAT
1822 1952

ATG TCT GTA 1GC CAa TaC 'I"'A 1'[A 'PAT AGT TTA GAG GAC ACG ATC CTA GGA GCA TAC GaA
1982 2012

AGC ATA ALA CGA AGT TTG TTA ARG T2T GIT CGT TIT TTT TTT ACA TAT GCA CAT GIT TCT
2042 2072

GAC CAG TAG GTC TAG ATA TGT GCT TAT ATT GTa TAC ATA CAC TTT AAA ATT TTG CAT ACA
2102 2132

TTC CTG TCC AAG AAT TTT TAT TIC AGT TTT CCC LT GIT TAT TGT ACA TTA UTT TCT GTA
2152 2192

GTC TTT GZT ABC TTT TTA TAT GTC TAT GTC GTT TALI GI' CGI AAT TAT CAA GTG CAC GTT
2222 2252

CAG GAG GAA CAA CCGG CAG TEG ATC GCC CCT TTT ALCA GBC CGC TGG CAG GIT GCG A1G CGA
2282 23132

CCA CAC AGC ATT GTT GCT CAG CCA ACC ACC CGAA ATG GAC CTA AAC CCC CGA 'I"'T CGC 1IC
2342 2372

TIC GAG GGC AAC GGA TCC TTG TGC RAC TCC CAC TGG CTC AAC GAA AGC CCC GAA AAT CAT
2402 24232

CAA TGT CTG TIG TTG TTG AGA TAT CGA CGAG TAG AGA ATA CAC ACT GCOT TAG CAC GG ACA
2462 2492

CTT AAT ACC CAT TCA TTA CAC ATG CAC CAC GAC CAT GAA GIT TCC CAA GTA GOT AAG TIG
2522 2552

TTG ACC TGA CCA TCA AGT GCA GCT TTC ACA CCC TCA TAT AAC TAC TTA ARG AAA ATA TAG
2582 2610

AAA ANT GGA AAT TAG TIT TGC AAT TTa GGC CAC TGC CGA ALT GCC ALC GIT TCC ACC TGA
2642 2672

CGT GCG CCA TCA TAT Cal3 GO Cl'A AAA ATC AAC ACA CCa TGT TCA AAC ACA CGA CTA GCA
2702 2732

TAC AGG AGC ACG AGC TAC AGT AAL TTT GAA CCT TGT ATT CGC ATG TTC CCC AAT GTT CAT
2762 2792

AGT GTA TTC TTC AAG CTC ATT TTC TAA CCA AGT TAC CAA GTT CAA TAT GAT GAA TaAa CTa
2822 2852

ChA GAT TAG CAA ACA AAT ACA AGT AGC ATA TGC GTT ATT ATA TAA CAT CGA GTA CTA TAT
2882 2912

ACA TTA CAT GAA ATA CAA AAT GCA AGA AAA ATT ACT TTT ABA CAA AAT TTA TGT TGA ATH
2942 2972

AAA AAC AGT ATT TCC AAL AAC TAn Act taa ckg tat aac aac ttc ¢ttt Lty caa tgt tct
3002 3032

aat gat cct aza aac aag ace tgg ggt zaa ckz £t taa gaa att c¢aa tet agg act caa
3062

teg tect ata gta cca

Figure 6.7 Sequence of vh226 genomic DNA and deduced amino acid sequence of the
Drosophila B-subunit (GenBank accession No. is U389510. Double-stranded sequencing
of the cloned genomic DNA fragment was performed according to the Sequenase™ II
protocol (USB) by generation of unidirectional deletions with the Erase-a-Base system

(Promega) and also with the aid of synthertic oligo primers when required. The purative

polyadenylation signal is underlined.
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Although the cDNA (Canton S) and genomic DNA (Oregon R) came from different D.
melanogaster strains, apart from the genomic DNA having three small introns, the

sequences are identical.

6.5 Phylogenetic analysis of the E subunit

The recent availability of deduced sequence from a broad range of phyla allows new
insights into the structure of the E subunit. Although the primary sequence is poorly
conserved across phyla, the substitutions are generally conservative, even in the distantly
related halophilic archaebacterial Haloferax volcanii gene. Similarly, the predicred
secondary structurc is conscrved; all members of the family appear to encode
predominantly hydrophilic c-helical proteins with conserved N- and C-termini, as noted
previously (Bowman, er 4/, 1995). However, therc s a clearer dichotomy between animal
and plant/fungal sequences than we have observed for other D. melanagaster V-ATPase
subunits, suggesting that the E-subunit may have a distinctive role in animals (perhaps
plasma membrane or epithelial targeting), which requires the conservation of regions of
primary sequence. As the gene appears to be single-copy both in Manduca (Grif, et al.,
1994) and Drosophila, it is likely that the same gene product setves both endomembrane
and plasma membrane roles, so we speculate that in epithelia there may be as yet
unidentified conserved accessory proteins which bind conserved domains. For example,
an extended 22-aa N-terminal mocif DVQKQIKHMMAFIEQEANEKAEE is
absolutely conserved in all known animal sequences across a 400 million year
cvolutionary span, but only 15 residues are conserved in plants, 11 in fungi and 6 in A.
volcanii (Figure 6.8). Further in the sequence, the motifs QRLKIMEYYEKKEKQ and
QKKIQ(S/M)SN(L/M)(L/M)NQARLKVL arc absolutcly conscrved in animals, while
being poorly conserved in plants; they also have a particularly high surface probability (as
calculated by Mac Vector, IBI). Similarly, at the C-terminus, the motif

NTLESRL(D/E)LI(A/S)QQ is conserved oilly in animals.
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VE_arath
VE_mescr
VE_humal
VE_huma?2
VE_huma3
VE_bovin
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173
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174
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174
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181
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224
224
224
224
224
220
224
231
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228

(A)

....... MNDGDVSRQ IQOMVRF IRQEAEEKANEISVPAEEEFNIEKLOLVEAEKKKIRQ
....... MNDTDVONQ IQOMVRFMROEAEEKANEISVSAEEEFNIEKLOLVEAEKKKTRQ
..... MALSDADVQKQTKHMMAF I EQEANEKAEEIDAKAEEEFNTIEKGRLVQTORLKIME
..... MALSDADVQKQIKHMMAF IEQEANEKAEETIDAKAEEEFNI EKGRLVQTQORLKIME
..... MALSDADVOKQIKHMMAF I EQEANEKAEEIDRKAEEEFNIEKGRLVQTORLKIME
..... MALSDADVQKQIKHMMAF IEQEANEKAEE IDAKAEEEFNIEKGRLVOTQRLKIME
..... MALSDADVQKQIKHMMAF IEQEANEKAEEIDAKAEEEFNIEKGRLVOQORLKTIME
......... DADVQOKQIKHMMAFIEQEANEKAEE IDAKAEEEFNIEKGRLVOQORLKIME
..... MALSDADVQOKQIKHMMAF I EQEANEKAEEIDAKAEEEFNIEKGRLVQQORLKIME
MSSAITALTPNQVNDELNKMOAF IRKEAEEKAKE IQLKADQEYETEKTNIVRNETNNIDG
MSSAITALTPNQVNDELNKMOAF IRKEAEEKAKEIQLKADQEYETIEKTNIVRNETNNIDG
-MSQVHALSDDQVGQELRKMTAF IKQEAEEKAREIQTKADEEFATEKSKLVRQETDAIDS

DYEKKEKQADVRKKIDY SMOLNASRIKVLQAQDDIVNAMKDOAAKDLLNVSRDEYAYKOL
EYERKAKQVDVRRKIEY SMOLNASRIKVLQAQDDLVNAMKEAASKELLLVSGDHHQYRNL
YYEKKEKQIEQOKKIOMSNLMNQARLKVLRARDDLITDLLNEAKQRLSKVVKDTTRYQVL
YYEKKEKQTEQOKKIQOMSNLMNQARLKVLRGRDDLITDLLNEAKQRLSKVVKDTTRYQVL
YYEKKEKQIEQOKKIQOMSNLMNOARLKVLRARDDLITDLLNEAKQRLSKVVKDTTRYQVL
YYEKKEKQIEQOKKIQOMSNLMNQARLKVLRARDDLITDLLNEAKQRLSKVVKDTTRYQVL
YYEKKEKQVELQKKIQSSNMLNQARLKVLKVREDHVRNVLDEARKRLAEVPKDIKLY SDL
YYEKKEKQVELQKK IQSSNMLNQARLKVLKVREDHVRNVLDEARKRLAEVPKDIKLY SDL
YYEKKEKQVELQKKIQSSNMLNQARLKVLKVREDHVSSVLDDARKRLGEVTKNQSEYETV
NFKSKLKKAMLSQQITKSTIANKMRLKVLSAREQSLDGIFEETKEKLSGIANNRDEYKPT
NFKSKLKKAMLSQQTTKSTIANKMRLKVLSAREQSLERIFEETKEKLSGIANNRDEYKPI
AYAKKFRQAQMSOOTTRSTMANKTRLRVLGARQELLDETFEAASAQLGOATHDLGRYKDI

LKDLIVOCLLRLKEPSVLLRCREEDLGLVEAVLDDAKEEYAGKAKVHA . PEVAVDTKIFL
LKELIVQSLLRLKEPAVLLRCREEDKHHVHRVLHSAREEYGEKACVSH . PEVIVD . DIHL
LDGLVLOGLYQLLEPRMIVRCRKODFPLVKAAVQKATPMYKIATKNDV . . DVQIDQESYL
LDGLVLOGLYQLLEPRMIVRCRKQDFPLVKAAVOKATPMYKIATKNDV . . DVQIDQESYL
LDGLVLOGLYQLLEPRMIVRCRKQDFPLVKAAVOKATPMYKIATKNDV . . DVQIDQESYL,
LDGLVLOGLYQLLEPRMIVRCRKQDFPLVKAAVOKAIPVYKVATKRDV . . DVQIDQEAYL,
LVTLIVQALFQLVEPTVTLRVRQADKALVESLLGRAQODYKAKIKKDV . . VLKIDNENFL
LVTLIVQALFOLVEPTVTLRVRQADKALVESLLGRAQODYKAKIKKDV . . VLKIDNENFL
LTKLIVOGLFQIMEPKVILRCREVDVPLVRNVLPAAVEQYKAQINONV . . ELF IDEKDFL
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Figure 6.8 A: PILEUP (GCG) of polypeptides related to the Drosophila E subunic. All
sequences are deduced from cDNA. B: Phylogenetic tree of V-ATPasc E-subunits
generated by ClustalW and N-J plot using the PILEUP data.. GenBank accession

numbers are as follows.

VE_drome Drosaphila melanagaster ACCESSTON NQO.:U38198 and U38951
VE_mansl Manduca sexta accession no.: P31402
VE_mans2 Manduca sexta accession no.: $25014
VE-humal Homo sapiens accession no.: P36543
VE_huma2 Homo sapiens accession no.: A42666
VE_huma3 Homo sapiens accession no.: JN0909

VE-bovin Bos taurus accession no.: P11019

VE_arath Arabidopsis thaliana accession no.: X92117
VE_neucr Neurospora crassa accession no.: U17641
VE_mescr Mesembryanthemum crysta accession no.: X92118
VE_ycasl Saccharomyces cerevisiae accession no.: 249821

VE_yeas2 Saccharomyces cerevisiae accession no..: P22203
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Figure 6.9 Genomic Southern blot of the vh226 locus. Southern blot of genomic D.
melanogaster DNA. Genomic DNA purified from wild-type D. melanogaster (Canton
S) was cleaved with a range of restriction endonucleases, separated by electrophoresis in
a 0.8% agarose gel, blotted to Hybond N (Amersham), and hybridised with a 32P-
labelled random-primed probe of vh226 cDNA. Prehybridisation was in Church buffer
(7% SDS, 1% BSA, 1 mM EDTA, 0.25 M NapHPOA4, pH 7.2) at 65 °C for 3 hours,
and hybridisation was in Church buffer overnight. The filter was then washed at 65 °C
in 2XSSPE, 0.1% SDS for 30 min; 0.5X SSPE, 0.1% SDS for 30 min; and finally in

0.1XSSPE, 0.1% SDS for 30 min and exposed to X-ray film for 1-2 days.




Figure 6.10 Chromosomal localisation of vha26. Salivary gland
chromosome squashes were prepared by standard techniques (Ashburner,
1989). Chromosomes were probed with biotinylated, random-primed
vha26 cDNA and hybridisation was detected using streptavidin-
conjugated peroxidase and diaminobenzidine (Courtesy of Ms.

Zhongsheng Wang).
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Figure 6.11 Northern blot analysis of vha26 gene expression. Total RNA was isolated
using RNA zoI™ from Canton S embryos, larvae, pupae and adults; from adult head,
thoraces and abdomens; and from male and female adults. The RNA was separated by
electrophoresis in 1% formaldehyde-agarose/MOPS gels, blotted to nitrocellulose and
hybridised with 32p_labelled random-primed probes. (A) Adult tissues. H, head; T,
thorax, Ab, abdomen; M, males; F, females. (B) Developmental Northern. E, embryo;
L, third instar larva; P, pupa; Ad, adult. The filter was first hybridised with a vh226

cDNA probe, then the same blot was stripped and reprobed with 7949 as a control for

differences in RNA loading.




Recently, it has been shown in M. sexta that V-ATPase activity can be controlled
hormonally via reversible association and dissociation of the V1 hcadgroups from the
VO transmembrane sector (Sumner, e 2/, 1993), and that V-ATPases in D,
melanogaster tubules are controlled by cAMP and ¢<GMP ( Dow, ¢ al., 1994). In this
context, it is interesting to note that the insect genes share a C-terminal PKA/PKG
phosphorylation site consensus (RKFT} at rcsiducs 222-5, although che rarget

threonine is not preserved in other phyla.

6.6 Gene expression

Northern blots of total RNA probed with #4226 c¢DNA ideqtify a single band
equivalent to a transcript (s) of approximately 2.3kb (Figure 6.11). Different cloned
cDNAs differed only in the length of their 5' UTRs, and the genomic sequence
identified so far does not contain alternative exons that could be spliced to yield a
product of the same size. The simplest interpretation is therefore that a single mRNA
species is transcribed from the gene. Equivalent levels of expression are found in adult
head, thorax and abdomen (Figure 6.11A) as might be expected for a "housckeeping”
gene. The RNA is, however, much reduced during pupation (Figure 6.11B), as is the
case with RNA for the D. melanogaster 68 kD A subunit (See Chapter 4). In contrast,
the 14 kD V-ATPase F subunic RNA is cxpressed ac similar levels during all
development (Chapter 7; Guo et al,, 1995). In M. sexta, it has been suggested that
some of the V-ATPase subunits disappear as the midgut pump shuts down during
larval moults (Sumner, ez 2, 1995); it is possible that downregulation of certain critical

mRNA species may be involved.

6.7 1dentification of a fly line carrying a P[/acW] insertion in vha26

In situ hybridisation for polytene chromosome places vha26 at 83B31-4 in chromosome

3. From the Bloomington Drosophila Stock Center and the Drosophila Genome Center
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Figure 6.12 Southern blotting of gemonic DNA identified a line carrying a P[lacW]
insertion in or near the 5226 gene. (A) Photo of Agarose gel of genomic DNA cleaved
by BamHI, each lane containing genomic DNA from 10 adult flies. Each lane
represents a line with a P-element insertion at 83B. 1, p1560; 2, p1581; 3, p1520; 4,
pl1609; 5, pl636; 6, p1540; 7, pl644; 8, p1529; 9, 1(3)s1938; 10, 1(3)j3E7; 11,
1(3)j9B6;12, 1(3)j5E7. Lines 1-8 were provided by the Bloomington stock centre; Lines
9-12 were from the Drosophila Genome Centre at the Carnegie Institute of
Washington. (B) Southern blot of the genomic DNA gel (A) probed with p26kg, the

4 kb genomic fragment that includes v4226.
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Figure 6.13 Plasmid rescue of DNA flanking the P[lacW) element in 1(3)j3E7. The
restriction enzyme for plasmid rescue was EcoRI. (A) Restriction digests of rescued
plasmid. (B) Southern blot of gel (A) probed with p26kg. (C) Same filter as (B)
stripped and reprobed with the 1.9 kb P[/zcW] fragment corresponding to the plasmid
sequences. E, EcoRI ; B, BamHI.
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Figure 6.14 (A) Sequence reading out of the rescued plasmid from primer PR-1, (B)
Sequence homology of rescued plasmid from line I(3)j3E7 and »5e26. Underlined

indicates the end of the P[/lzeW] insertion. (C) Position of the P[lae W] insertion in line

1(3);3E7.




at the Carnegie Institute of Washington, 12 fly lines carrying P-element insertions in
this region were obtained. Adult genomic DNA isolated from each line was cleaved by
BamHl and separated in 0.8% agrose gel (Figurc 6.12 A). A Southern blot of this gel
was hybridised with a dro26kg fragment probe (Figure 6.12B) All lanes exhibited a
~Skb band which hybridised with the 5 kb #4226 genomic fragment (See Figure 6.4).
However, Lanc 10 corresponding to fly line 1(3)j3E7, exhibited two extra bands of
=1.8 kb and ~13.5 kb, This fly line carries a single P[{zcW] insertion atr 83B1-2
{Refer to Encyclopaedia of Drosophila). The 5 kb size band in this lane was from the
balancer chromosome. The other two extra bands were likely come from the

chromosome with the P-element which insetted in gene 24226.

PllacW] is an enhancer-trap element that which includes a /2cZ reporter and bacterial
plasmid sequences for rapid plasmid rescue (Bier e 2/, 1989). EcoRI was chosen for
digestion of the genomic DNA used for plasmid rescue of line 1{3)j3E7 (Sce Chapter
2 and 3 for methods). Figure 6.13 A shows the rescued plasmid digested with EcoR 1
(lane 1) and doubly digested with EcoRI and BamHI (lane 2). The plasmid digested
with EcoRI produced two bands of =14 kb and =4.1 kb. FHybridisation with a
dro26kg probe (Figurc 6.13B) and with plasmid sequence (Figure 6.13C) shows that
the 14 kb band contains both the 1.9 kb plasmid sequence and flanking genomic DNA
which hybridises to #4226 genomic DNA. The 4.1 kb fragment comes either from
incomplete digestion or from "co-cloning” in the process of plasmid rescue. The
plasmid after double digestion with EcoRI and BamHI rcleased a 1.8 kb vh226
genomic fragment which is of a same size as the band found in the genomic Southern

blot (Figurc 6.12).

Figures 6,12 and 6.13 strongly suggested that the P[/zeW] insertion in linc 1(3)j3E7 is
in the 25426 gene. As the rescued plasmid by EeoRI was 14+4.1 kb, the orientation of
the insertion should be opposite to vha26gene, otherwise the rescued plasmids should

be much smaller because there are several £coRI sites immediately 3' prime to the
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dro26kg fragment (Sce Figurc 6.4). Sequencing the rescued plasmid specified the
P[lacW] insertion to the 5’ of vh226 (Figure 6.14).

6.8 Discussion

This chapter reports the first genomic sequence and chromosomal localisation for a V-
ATPase E-subunit in an animal. Alignment with a few E subunit sequences clearly
shows that Dresophila gene to be conserved across eukaryote and prokaryote phyla. It
has been possible to identify extended motifs diagnestic of ecither all members or
merely animal members of the family. Expression studies suggest that 25226 mRNA
may fall into a subelass of V-ATPase subunits which is not expressed continually
during the life of the insect. This characterisation of v£226 is the first step to elucidate

further the function of the subunit in an organismal context by Drosophila genetics.

The isolation of a P[lzcW] insertion in gene vha26 might be of great use for analysis the
function of V-ATPase E-subunit in Drosephila. The lacZ gene in P{lacW] may allow
detection of the domain of cxpression of the gene. Precise and imprecise excision of
the P-element will generate new alleles. More detailed mutational analysis based on

the P[lacW)] insertion line will be carried out in the near future, See chapter 5 for

examples of this kind of analysis.




Chapter 7

vhal4, the Gene Encoding a 14 kDa F Subunit of the V-
ATPase

7.1 Summary

A Drosophile melanogaster cDNA for the 14 kDa F-subunit has been cloned via homology
with the corresponding M. sexta gene. Its deduced translation product is a 124 amino
acid polypeptide sharing 90% identiry with the M. sexta polypeptide and 50% identity
with an analogous polypeptidc of Saccharemyces cerevisize. Homology was also found with
expressed sequence tags from a variety of other species, indicating that the subunit is
phylogenetically conserved. The Drosophila gene (vhald4) is present as a single copy at
cytological position 52B on the second chromosome, and gives rise to an mRNA species
of 0.65 kb. Abundance of the whal4 transcripr, relative to an 7p49 control, shows
relatively little variation during development and between adult head, thorax and

abdomen, suggesting that the F-subunit is a relatively ubiquitous componcnt of the

V-ATPase.

7.2 Introduction

The gene encoding E-subunit of V-ATPases was first identified from Tobacco hornworm
midgut (Manduca sexta) and subsequently from yeast and mammalian. Cloning of a
cDNA for the F-subunit and demonstration that the polypeptide is indeed a component
of the M. sexta V-ATPase, was carried out as follows (Grif er al., 1994b). A polyclonal
antiserum against M. sexta plasma membrane V-ATPase was used to screen a cDNA
cxpression library, leading to characterisation of a gene that cncodes a 14 kDa
polypeptide (Grif et «f., 1994). A fusion protein was then used to purify monospecific
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antibodies against the gene product. Such antibodies both cross-rcacted with the F-
subunit on a Western blot and were able to abolish M. sextz V-ATPase activity in vitre
(Grif er «l, 1994). Though Western blotting failed to detect membrane components
from other species (Grif ef afl, 1994), a related S. cerevisiae gene (VMAZ) was
subsequently described, null mucations of which show properties characteristic of other
classes of V-A'l'Pase null (Graham et i, 1994; Nelson e al,, 1994). Another related
gene (NtpG) appears to encode a component of the Nat-pump fram rhe microbe
Enterococcns hivae (Takase er al., 1994). While chese results confirm the F subunit as an
essential component of some V-ATPases, it is notv clecar whether it is a general
component, or instead serves a specialised role in holoenzymes from particular tissues. [n
principle, the powerful genctic wols unique to Dresophilz (Rubin, 1988) may allow a
morc derailed resolution of this question. As a fivst step to such an analysis, this chapter
reports the cloning and characterisation of vhai4, the D. melanogasier gene encoding the

F-subunir.

7.3 cDNA cloning and DNA sequence analysis

A D, melanogaster head AZapll cDNA library was screened by plaque hybridisation with
a cloned ¢cDNA for the M. sexta F-subunit. Hybridisation signals were obtained at
approx. 1:10,000 and three plaques were purified by successive rounds of screening, One
of these cDNAs was excised as pBluescript and sequenced on both strands, using
synthetic oligonucleotides to extend the reading. The 595 bp contig contains an open
reading frame corresponding to a 124 amino acid polypeptide of M, = 13.9 kDa (Figure
7.1), which is clearly a V-ATPase F-subunit, sharing 90.3% identity with the F-subunit
of M. sexta (insect), and 49.6% identity with that of S, cerevisiae (Figure 7.2). In
accordance with the nomenclature for other D. melanogaster V-ATPase loci, the gene has

been named vhal4,
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TCCACATCGCTCETAAGARAAAATTAGAAARAACCAATCGAMATAGCCTCTGCACTCGGCA
M A L H S A
APCAAGGGAAAACTGATCAGCGETTATCGGCGACGAGCACACCTGTGLGGCCTTTCTGCTC
I K 6 K . T 8§ v I ¢ b D T CV G F L L
GGCGGAGTGGGCGAGATCAACAAGAATCGCCATCCCAACTTTATCGETGE 'CGACAAARAT
G ¢ v 6 E I N K N R H PN F M v V D X N
ACGGECCGTCAGCCGAACTGGAGGACTCTTTCAAGCCTTTCCTTAAGCGGEACGATATCCAC
T A VvV 5 BE L E D CUVPF K R F L K R DI D I D
ATCATTCTAATCAACCAGAACTGCGCCGAGCTTATTCGTCATGTGATCGATGCCCATACG
I T L I N Q N C A E L I R H V I D a a4 T
TCGCCCGTGCCCCCTETTTTGGAGATTCCCTCCAAGGACCATCCGTACGACGCCAGCAAG
s pV P AV L £E T P 8 KD HP Y D A & K
GACTCCATTCTGECETCECECCCGCGGCATCTTCAATCCGGAGGATCTGGTGCCGCTAATTC
D § I L R R ARG M I N P % D L V R *
CTCGAATTCTCCTCGAGGACACTGTTTCGTATTGCTGCAARCCGCCAGAGTATTGC M LAC
ACCCTGTAAACAACTATCCATACATTCAGTGCTTCGCCTTTGTTCTTATCGTGTATTTAA
AGRACATTTATTAAATGGTTTTCCTIGTATARATAGATTAAA
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Figure 7.1 Sequence of a w4214 cDINA, and deduced amino acid sequence of the

Drosophila F-subunit (GenBank accession no. Z26918).
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The putativc start codon between nuclcotides 43-45 is embedded within a region of
perfect agreement with the canonical cukaryotic translation initiation sequence,
RNNMTGG. A 3 UTR of 164 bp separates the stop codon at nucleotide position 415-
417 from a 16 residue poly(A) tract. As in the case of the cloned ¢cDNA for the
D. melanogaster 16 kDa subunic (Meagher ¢ 2f, 1990), thete is no canonical
polyadenylation signal. There is, however, the motif ATTAAA between nucleotides 548-
552, centred 26 bp before the start of the poly-A wract. In M. sexta, there are two F-
subunit transcripts, distinguished by the length of 3" UTR (Grif er 4/, 1994), The
shorter of the two has a AATAAA motif, though unusually close to its poly(A) tract,
wheteas the longer has in addition an ATTAAA motif centred 17 bp before the poly(A)
tract . Thus this may be a polyadenylation signal for these RNAs.

7.4 Amino acid sequence comparisons

In addition to matches to M. sexta and S. cerevisiae F-subunit sequences, a search of the
GenBank database using the programmes TFASTA (GCG) and BLAST (NCBI) revealed
matches to expressed sequence tags (ESTs) from human fetal lung, spleen, and brain;
from the plants Arabidopsis thaliana and Oryza sativa; from the nematode worms
Caenorbabditis elegans and briggsiae; and from the malarial parasite Plasmodium
falciparium (Figure 7.2A). Probably due to EST sequencing errors, it was occasionally
necessary to switch reading frames in order to maximise alignment (see legend to Figure
7.2A). We can thus extend greatly the known phylogenetic base for the occurrence of the
F-subunit, which is clearly distributed widely and consetved in plants, animals and fungi
(Figure 7.2B). We can also add greatly to the authority of the suggestion of similarity
between the Nat ATPase of the bacterium Enterococcus birae and the V-ATPascs, as most
of the residues identified as macching the M. sexta scquence can now be seen o be

conserved among all the V-ATPase subunits (Figures 7.2A and 7.2B)
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MAGSSY IPARNSAL TAMIADEDTVVGLIMAGVGNVITRRETNYLIV .
MAGRPSZZTNSSALIAIIADEDTVIGFLLAGVGNVDLREKTIVLIV ,
..... MASAAKGK TLAVIGDEDTVVGFLLGGVGELNKARKPNYL IV .
............................. GOEVGELNKARRPTTLIV.
........ AGRGKLIAVICDEDIVIGFLLOCCICELNKARIPNFLYVY .
........ AGREKL IAVIGDEDTVIGFLLGGIGELNKXRHPNFLVV .
........ AGRGKLIAVIGDERTVTGEFLLGGIGELKRXRHPNEFLVY .
.+ . JAAGHMAGRGKLIAVIGDEDIVIGFLLGGIGELNKNRHEPNFLVY ,

DSKTTVXOIEDA
DNKTIVKQIEDA
DROTTVOEIEEA
DKOTTIQETEDA
L EKDMENETEDT
. BEDTTXNETEDT
. EKDTTIXEIEDT
ERKDTTINXIEDT

« + s MALHSATKGKLISVIGDEDTCVGFLLGGVGEINKNREPNFMVY . . DRNTAVSELEDC
.« JMATHAAVKGKL ISVIGDEDTCVGFLLGGLCEINKNRHPNFMYY . . DRNTPVSEIEEC

FKEFS, GXDDIATILSSHF IANMTRFLVDSYNKPY . PXTLEIPSKOHPYDPDHESVLSRY
FKEFT . TREDIATVL I SQOYYANMIRTLYDSYNREV . PAILI IHSKOHPYRONRFCSFHVE
FNGFC . ARDDIAT ILINQHIAEMIRYAVONAIQST . PAVLET PSKEAPYDPSKDSTLNRA
FKGFC. ARDD, . XTLINGHIAEMIRYAVDQHTOSY . PAVLEI PSKEAPYDPSKDSTLNRA
FROFL , NRODIGITLINQY TAEMVRHALDAHOOSIT . PAVLEIPSKEHPYDX. . . . v v v
FROFL . NRDDIGI ILINGY TARMVRHALDAN*QST . PAVLEIPSKEHPYDAA. . v ... ..
FROFL . NRDDIGL ILINQY TAEMVRHALDAHXQST . PAVLEIPSKEHP . . .0\ v st
FRQFL . NRDDIGT TLINQY IAEMVRHALDGHOQST . PAVLGLEEKE . o o oo vvvven st
FKRFL. RRODIDIILINQONCAELTRHVIDAHTSEV . PAVLETPSKOHPYDASEDSILRRA
FKRFV . KRDDTDI TLTNONVAELVRHVIDAHTAPY , PSVLETPSKDHPYDASKDS ELRRA
FROFL . NRDDIGT TT/INQY IAEMVREALDAHQQST . PAVLEIPSKEHPYDAAKDSTLRRA
FNHETEERDDIATLLINQHIAENTRARVDSFTNAT . PATLEIPSKDHPYDPEKDSVLERY
FKEYS . SKHDCGVILINQOTADELRYLVDLHDKIL . PTVLEIPSKDKPFDPNKDSIIQRV
IDEM. . AKNEYGVTY I'TEQCANLVPETIERYKGOLTPAT ILIPSHOGT LG LGLEE LGNSV

KYLFSAESVSOR

RGUFNPEDFR, .
RGLFNPEGFR. .

RGMFNPEDLVR.
KGMENPEDLVR.
RXLFTAEDLR. .
RKLFGE. ... ..
KLFPFGGOISHL .
EKAVGOKNIL. ..

164




(B)

Arabidopsis thaliana
Rice

Caenorhabditis elegans
l: Caenorhabditis briggsiae

Manduca sexta

Drosophila melanogaster

Human f08542
Human d31181
Yeast

Malaria

Human 06548
| { Human 07836

Figure 7.2 A: Alignment of known 14-kDa F-subunit aa sequences. All scquences are
deduced from cDNA. GenBank accession numbers are as follows:
A. thaliana, ATTS2695 and ATTS 3474;

Oryza sativa (vice) callus, RICC1365A;

C. elegans, 7Z49073;

C. briggsiae, R02891 and R02892;

H. sapiens infant human brain, FO6548, F07836, FO8542;

H. sapiens feral lung, D31181;

D. melanogaster head, Z26918;

M. sexta midgut, X67130;

S. cerevisiae; UL0073; P, fulciparum, T02519; ntpG, D17462.

B: Phylogenetic tree of V-ATPase F-subunits generated by PILEUP using default

pararneters.
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The many human ESTs show some ditferences in amino-acid sequence (Figure 7.2A);
but it should be noted that they are all at least 98% identical at the DNA level, with
many of the differences being ambiguous nucleotides in their sequences. i seems likeliest

at present that the human ESTSs are all ¢c[)NAs from the same human gene.

In common with other F-subunits (Figure 7.2), the N-terminus of the Drosophila
polypeptide lacks a known membrane targeting sequence. Since the polypeptide is also
hydrophilic and is accessible to antibodics {Grif ef al, 1994), this would be compatible
with it being synthesised cytoplasmically. A scarch of the Prosite polypeptide motif
database also revealed extended similarity to a casein kinase II phosphorylation site,
bcginnihg at amino acid 50 (SELED), and the motif is conserved in the F-subunit of M.
sexta (though not in other F-subunits). Although there are few clues as to how V-ATPases
might be regulated (Sumner ez #Z, 1995), and there is not yet evidence for the action of
any particular kinase, V-ATPases demand a large fraction of the cellular energy budger
(Dow and Harvey, 1988), and are known to be hormonally regulated in both Manduca
midgut (Sumnerer 2/, 1995) and Drosophila Malpighian tubules (O’Donnell et i,
1995).

7.5 vhal4 is a single copy genc

D. melanogaster genomic DNA, cleaved with various restriction enzymes, was blotted and
probed at high suwingency with vhal4 cDNA (Figure 7.3). The single band of
hybridisation seen in each lane suggests a single genetic locus. This is consistent with 7%
situ hybridisation to polytene chromosome squashces, which identifies a single locus at
52B on the right arm of chromosome 2 (not shown}. Several uncharacterised lethal alleles
have been mapped w0 52A-D as part of more detailed studies of two neighbouring loci,
hesokinase-C and pox-N. For example, eight lethal complementation groups (42)524Ca-
%) uncovered by Df(2R)XTE-18 have been documented {Davis and MacIntyre, 1988).
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Drosophila genes encoding several other V-A'TPase subunits have recently been cloned
and characterised. Chapter 4-6 has reported the characterisation and mutagenesis of the
A and E subunir genes. Inactivation of vh226 or vha68-2 lead to a homozygous lethal
phenotype. This Glasgow group has also been working on the B and ¢ subunits of
Dyosophila V-ATPasc, vha55, the genc for the B-subunit, corresponds to a known lethal
complementation group, Sz4 (Davies er al., 1995; Gausz er af., 1979), extreme alleles of
which are recessive embryonic or early first instar larval lethals, Malpighian tubules of
dying individuals are transparent, a defect that is cell-autonomous in transplants (Gausz
et al., 1979). Such a phenotype can be reconciled with the critical role of V-ATPases in
transporting epithelia (Dow, 1994; Wieczorek, 1992). Since one might predict a similar
phenotype associated with null alleles of other essential V-ATPase subunits, this may

provide a way of screening candidate lethals at thevhal4 locus.

7.6 Gene expression

Northern blots of total RNA probed with vhal4 ¢cDNA identify a single band cquivalent
to a transctipt(s) of approximatcly 0.65 kb (Figurc 7.4). Normalisation with respect to
anrp49 control indicates little modulation during development {Fig. 7.4A}

Moreovet, equivalent levels of expression are found in adult head, tharax and abdomen

{Figure 7.4B), as might bc cxpected for a gene involved in the basic aspects of function.

M. sexta cDNAs corresponding to the F-subunit differ by 97 bp in the length of their 3’
U'I'Rs (Grifer al., 1994), Whilc all three cDINAs isolated here have the same 3' end, it
cannot be ruled out that the single band seen in chromosomal in sitiz hybridisation

COIIlpl'iSCS more than afne transcript Cl&SS.
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Figure 7.3 Southern blot of D. melanogaster genomic DNA cleaved with the following
enzymes: lane 1, EcoRI; lane 2, EcoRV; lane 3, BamH1; lane 4, HindlII; lane 5, Pstl. The
blot was probed with a 400 bp Xhol/Xbal fragment of vhal4 cDNA, which contains no

sites for the above enzymes.
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Figure 7.4 Northern blot analysis of vha14 gene expression. (A) Adult tissues. H, head;
T, thorax; Ab, abdomen; M, adult males; F, adult females. (B) Developmental stages. E,
embryo; L, third instar larva; P, pupa; Ad, adult. The lower panels in both (A) and (B)
show the same blots, stripped and reprobed with cDNA for the ribosomal protein gene,

rp49, This controls for differences in RNA loading.
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7.7 Discussion

The Drosophila vhal4 has been cloned by homology with a gene thought to cncode a
subunit of M. sexta V-ATPase, and thac is expressed in M. sexza midgut, An analogous
subunit has been identified by homology in another V-ATPase model, the yeast S
cerevisiae , and has been shown to be essential for proper assembly of the yeast V-ATPase
holoenzyme (Graham et 2, 1994). Is the F-subunit 2 genuine V-ATPase subunit, or an
accessory; and is it a specialisation for either a plasma membrane or endomembrane role
of the V-ATPase? The widespread tissue distribution implied by the human ESTs and
the broad phylogenetic distribution implied by ESTs from other species would suggesc
that this cannot be uniquely a subunit of a plasma-membrane form of the V-ATPase.
The ubiquitous spatial and temporal expression of vha14 in D. melanogaster reported here
further supports the suggestion that this is a general subunit which exists in all
V-ATPases. A definitive demonscration of an essencial role of #hal4 in animal V-ATPase
functien will depend on the future identification of a null allele, for which Drosophiila is
likely to be a uniquely suitable model. Possibly a pre-existing mutant corresponding to
the locus can be identified can be identified (as described carlier). Alternatively, a novel
allele could be generated by P-clement mutagenesis. Such studies should help in

elucidating the function of F subunit in V-ATPase.
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Chapter 8

Discussion and Future Work

This thesis consists of two main parts: {i) a set up of a fast and efficient method to
correlate cloned genes to P-element murtants and (ii) cloning, characterisation and
mutagenesis of genes encoding Drosophila V-ATPase. Chapter 3 described the approach
of site-selected mutagenesis of Drosophila genes via plasmid rescuc. 1836 fly lines have
been plasmid rescued individually and a simple procedure to screen mutants for a target
genes has been sct up. Initially screening has isolated mutations for more than 10 genes.

Sufficient plasmid DNA has been prepared to allow screening for many targets.

8.1 One-step screening to cotrelate cloned gene to P-element lines

As an alternative to screening poals of plasmids, an one-step screening procedure involving
grids of colonies created by a robotic device has been tried, The entire grid is visualised by
hybridisation with a 338 probe for the plasmid replicon, whist individual colonies
corresponding to particular insertion sites are visualised with a 32P probe specific to the
gene of interest. Unfortunately the robotic equipment is unavailable in Glasgow and the
hybridisation to the grids was not as sensitive as that described in Chapter 3. Here, 1
propose an improved screening procedure which reduces the former three rounds of
screening to onc singlc hybridisation while still retaining the sensitivity (Figure 8.1), A
large cube made of 1000 small cubes each representing the plasmid(s) from a Drosophila
linc. The 1000 plasmids are pooled into 10 pools from each dimension of the cube with
each pool containing 100 plasmids. By pooling from the three dimensions a total of 30
pools of plasmids arc obtained which can be loaded into a gel of 30 lanes. A single
hybridisation of the Southern blot could easily assign any positive signal to the

corresponding fly line. Screening for the 1836 plasmids from the second chromosome
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Figure 8.1 A strategy of pooling plasmids for One-step screening. The cube represents
plasmids from 1000 individual Drosophila lines. P;; i (i,j,k=1, 2, 3, ...... , 10) stand for
the individual plasmid. P;, Pj and Py (i, j, k=1, 2, 3, ...... , 10) stand for the pool of 100
plasmids pooling from each of the three dimensions. All the 30 pools of DNA could be
loaded in a single gel. A single hybridisation of the Southern blot could easily assign any

positive signal to the corresponding fly line.
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insertion line {see Chapter 3) could be simplified if the individual plasmids arc re-pooled
according to Figure 8.1, This pooling strategy will be applied to the work of the third
chromosome lines. Approximately 2500 fly lines with P-clement in third chromosome
are being plasmid rescued individually (collaborated with Dr, Peter Deak). The resulting

transformed E. colf will be pooled from three directions for maxi DNA preparation.

8.2 The correlation of ¢cDNA library clones with the P-element lines

Except for the use in site-selected mutagenesis, the large amount of rescued plasmids can
also be utilised in the correlation of individual clones within Drosaphila cDNA library
with the individual flies bearing « P-element. This would provide access to many
unknown but essential Drosaphila genetic loci, A procedure likely to be suitable for large
scale screcning for cDNA clones with our rescued plasmids is proposed (Figure 8.2), The
wholc rescued plasmids {including the vector) can be directly labelled if the cDNA library
is in a vector such as lembda NM1149, which shares no sequence homology with the
vector sequence of the rescued plasmids. The cDNA library are laid out as plagues in a
rectangular grid by a robotic device constructed by this group (Mackenzie er ¢l., 1989).
The device can easily generate 6 or more artays of 1000 clones and produce as many filter
replicas of each as desired. The filter can be screened by probes of pooled plasmids
representing 10 or 100 lines depending on the sensitivity of the probe, As the plaque is
laid out individually in the grid, positive plaques will represent a single cDNA clone
without need for a further round of screening, However, as the probe is labelled from a
pool of plasmids, the cONA clone needs to be fusther labelled to screen the filter of
plasmids (obrained as in figure 8.1) to be cotrelated to the mucant flies, thus a pair of
cDNA and mutant is obtained. This pair, very possibly, represents a mutation of a
gene, In cases wherever insertion is near the gene, local jumping or deletion could
possibly mutate the gene. For flies being homozygeus lethal there is high possibilicy for
each of the rescued plasmid to dercct one ¢DNA and hence one informative insertion.

The resulting cDNA/P-¢lement line pair would be subjected to preliminary studies: Lines
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Figure 8.2 Large scale correlation of Drosophila cDNA clones to P-element insertional
mutants. The pools of plasmids are labelled to screen filters of cDNA clones. Any positive
cDNA clone is further labelled to screen the gel blot of the pooled plasmids (as in Figure

8.1) to identify the corresponding Drosophila line.
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could be examined initially for obvious phenotypes in the homozygote and for lucZ
expression. Sequence of the cDNA and deduced peptide, in association with the
phenotype exhibited by the mutant , provide valuable information in the study of gene

function as well as other purposes such as in the scarching for novel insecticides.

8.3 PCR amplification of cDNA corresponding to the tescued plasmids

Cloning <DNAs corresponding to the locus of P-clement insertion in large scale can be
an arduous task. Here I suggest a simple strategy which is modified from Straus and
Ausubel (1990). The method is diagrammed in Figure 8.3, An excess of biotinylated
rescued plasmids is mixed with a small amount of purified cDNA library (in a vector
sharing no homology with that of P-element vector). I'he mixture is denatured and then
allowed to reassociate. The corresponding cDNA will hybridisc to biotinylated strands of
rescucd plasmid. The biotinylated DNA, together with the cDNA reassociated with it, is
bounded to avidin-coated polystyrene beads. The bound cDNA is thus separated from
other cDNAs and is then released from the beads for PCR amplification.

8.4. The Drosophila V-ATPase

In this thesis I have reported the cloning and characterisation of genes and cDNA for
subunit A, E and F of V-ATPases in Drosophila. Subunit ¢ and B have also been cloned
by the Glasgow rescarch group (Meagher ez 4., 1990; Davies ez 4f., 1996). Two further
subunits have been cloned unintentionally, one from an enhancer-trap study (Harvie and
Bryant, 1996), and one from a yeast two-hybrid scudy of cytoskeletal proteins (He and

Kramer, 1996). Adding all this together, genes encoding seven subunits have been cloned

(Table 8.1).

In spite of the overwhelming advancage (Rubin, 1988); ), Drosophila as a model system

had a major drawback (Dow, 1994; Dow e 4., 1996). The extremely small size of the
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@
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Figure 8.3 Schematic representation of PCR amplification of ¢DNA corresponding to
the rescued plasmids. The biotinylated rescued plasmids are reassociared with the
corresponding DNA in the cDNA [ibrary. The cDNAs hybridised to the biotinyred DNA
are bound to avidin-coated heads and separated from the rest cDNAs. The bound cDNA

is then released and is subject to PCR amplification,
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organism compared with vertebrate make it difficult to perform physiological analysis of
the V-ATPase function. Nonetheless, a delicate assay of the Malpighian tubule has been
developed (Dow, 1994; Dow ez al., 1996). The insect Malpighian tubule performs a
unction analogous to that of the vertebrate kidney tubule. Despite its small size, the D.
melanogaster tubulc is remarkably robust and provides a valuable physiological phenotype
(Dow ¢t al., 1994). Potentially, then the D. melanogaster Malpighian tubule may prove a

useful tool for the study of plasma membrane V-ATPase function.

Table 8.1 Characterisation of D. melanogaster genes encoding V-ATPase subunits

subunit ___gene transcript deduced peptide Citation
name location  (kb) size identity identicy

{kb) {(homan ) (Manduca)

A vhaG8-1 34A 2.6 68 87.1 (VATO) 874 Chapter 4
81.9 (VATA)
A vha68-2 34A 2.6 68 91.7 (VATO) Chapter 4
82.4 (VATA)  91.2 Chapter 4
B vha35 87C 2.8,23 55 93 (brain) 97 Davies et af
89 (kidney) 1996
C 1.8 66 Harvie ez 4.
1996
D He et ai,
1996
E  oha26 838 23 26 63 77 Chaper 6
F vhald 528 0.65 14 71 90 Chapter 7
c vhal7 42B 1,12 16 87 93 Meagher et al.
1990
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8.5 The V-ATPase mutants in Drosephile

The cloning of a gene in D. melanogaster and identification of the chromosomal location
unlocks a wealth of information. It is possible that the existing mutations in the region
include alleles of the gene under study. Over the last few years, the probability of such
findings has been increased greatly by the systematic physical mapping of the genome,
the production of comprchensive pancls of thousands of lines carrying lethal P-element
insertions, which must presumably have inactivated a large number of essential genes
(Torok er al., 1993). The development of site-sclected mutagenesis of target genes by
PCR (Kaiser and Goodwin, 1990) and via plasmid rescue (Chapter 3) allow the easy
identification of candidate lines for a particular genes. This thesis reported the
identification of P{lzcW] mutant lines for genes encoding subunit A, E and ¢ of
Dresophila V-ATPase. Together with mutations for genes encoding subunit B (Davies et
al., 1996) and subunit C (Harvie et af., 1996), P-clement mutations for five V-ATPase
genes have been identified (Table 8.2),

Table 8.2 P-clement mutations of genes encoding Drasephila V-ATPasc

subunit and  fly No. position of homozygous citation

gene name the insertion phenotype

A, vha68-2  25/8 before ATG, in intron.  first instar larvae Chapter 5
lethal

B, vhas5 1(3}j2E9  afer ATG, in intron embryonic lethal to  Davies ef al

viable 1996

C before ATG sccond instar to Harvie er al.
pupal lethal 1996

E, vha26 1(3Yj3E7  after ATG, in intron lethal Chapter 6

¢, vhal7 16/1 after ATG, in intron third instar lethal Dow et al , 1996

Chapter 3
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There is no detectable heterozygous phenotype of any of the available V-A1Pase
mutations, but toral RINA reduction for vh268 has been observed even in the
heterozygous mutant flies. The homozygous lethal phenotype has been obscrved in all the
five P-element lines. Although the lethal phase is varied for mutations of differcnt
subunits (Dow ef a/., 1996) all the null alleles seem to be able to live past the embryo
stage. The V-ATPase nceded is likely 1o be provided by their mother. It has been found
that the mutation of v4268-2, as well as muration in »ha55, shows a homozygous
detectable cubule phenotype. The mutant homozygotes which survived o late embryonic
or early larval stages showed transparent Malpighian tubules, without the luminal white
material observed in healthy larvae. This phenotype is considered to be a characteristic of
mutations of genes of V-ATPase subunits and mutations in any genes essential for

plasmid membranc V-ATPase function are likely to show this characteristic phenotype as

well (Dow et 4f., 1996).

The LacZ expression in the P-element lines for vha68-2, vha55, vhal6 and vhal7 seems
to have a similar staining pattern (Chapter 5; Davies ez 4., 1996; Dow et al., 1996). The
expression is strongly detccted in epithelia known to be energised by V-ATPases, the
Malpighian tubules, the antennal palps and rectum. If this expression is a general pattern
for P-element insertion in genes encoding any of the V-ATPase subunits, it could be as a
general marker 1o screen for P-clement insertions in other V-ATPase genes. However, the
lacZ expression of lines with a insertion in gene of sununit C gives a different pattern
from the gene (Harvie et al, 1996), This lzcs cxpression may be affected by othet nearby

promaogers.
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Appendix 2 Tist of primers used in this study

primers | sequences (3'-3") genes arientation | position
P31 CGACGGGACCACCTTATGTTATTTCATCATG P-element +/-

PR AGCATACGTITAAGIGGATGTCTC P-element +

PL CTGTATACTTCGGTAAGCTTCGG P-element -

gtlOrey GGCTTATGAGTATTTCTTCCAGGGTA nm1149 vector

nml149him | AACCTTCAGCCAGAATCCATTGCC nm1149 vector

14KT3-1 AACTGCAGGACTGTTTCAAG vhalde + 194-213
14KT7-1 TGGCGTCGTACGGATGGTCC vhaldc - 336-354
G14713-2 GOTGCGCTAATTCCTCGAAT vhaldc 4- 426-427
G1417-2 TCGACCACCATAAAGTTGGG vhalde - 154-172
28T3-1 GAAGAAGATTCAGTCCICCA vha26g o+ 1009-1028
28T3-2 GAACGTCGAGCTGTICATCG vha26g 4 1369-1388
28T3-3 CAGTCAGGACGCACAGCTAGGA vha26g + 1769-1786
28T3-5 AGTAGCTAAGTTTGTTGACCTG vhaZ6g o+ 2509-2529
28T7-1 GTTATATAATAACGCATATGTAC vha26g - 2848-2866
287T7-2 CGATGAACAGCTCGACGTTC vha26g - 1369-1387
28T7-3 CACGCTGCTCACATGGTCCTC vha26g - 1148-1167
28T7-4 CCCATATGCTACTTGTATTTG vha26g - 2835-2854
28T7-6 TCCTAGCTGTGCGTCCTGACTG vha26g - 1764-1786
28T7-5 CAGGTCAACAAACTTAGCTACT vha2og - 2509-2528
28g-1 CACTGCACAAACCGAAAGGAAA vha26g - 242-262
28g-2 CATCGAGTACTATATACATTA vha26g + 2867-2887
28g-3 GCAGGCGATCAGGTCGTA vha26g + 340-358
28g-4 CGTCCAAGACCCTAGCCTCTA vha26g - 747-766
28g-10 GATCCACTGCCGTTGTTCCTCC vha26g - 2224-2244
28g-4 CGTCCAAGACCCTAGCCTCTA vha26g - 747760
G677T3-1 CGACATGOGCCACCATCCAGG vha68-1c + 255274
GG7T3-2 AGATGGCGAGCAAAAGATCA vha68-1¢ 4 1840-1867
G67T3-4 CAAAGTCACGCAGTACCTCA vha(8-1c - 930-948
G67T3-3 CTACAACCTGGAGGACATTG vha68-1c + 627-646
G67T3-8 CGGTAGCTGAAATGGAACG vhat8-1c + 2197-2215
G67T3-9 CTGTCCAAGTACTCCAACTC vha68-1c -+ 862-881
67T3-20 TCTGTCTGAATACTTCCGTG vha68-lc o+ 1071-1090
GO7LT3-1 | TTCAGCTGGTTGGCAAAGCA vha68-1c e 1553-1572
G6717-1 GTCCTTTAGTCCCGCTTACC vha6§-1c -

G67T7-2 TGATCTITTGCTCGCCATCT vha68-1c - 1847-1866
G6717-3 CAATGTCCTCCAGGTTGTAG vha68-1c - 627-045
G6717-4 TGAGGIACIGCGIGACTLIC vha68-1c - 93(-949
G67T7-5 AGGGTAACGAACACAATCGA vha68-1lc - 2335-2353
G6717-8 CGTTCCATITCAGCTACCG vha68-1c - 2197-2234
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primers | sequences (5'-3") genes orientation | position
6717-10 CCCGTGAAGAGCGGATGGTT vha68-1c T45-763
67T7-20 TGCGTAGTGGCACGAACTCGG vhatg-1c - 1484-1503
G671, T7-1 | TCGGAGAAGTCACCACCAGG vha68-1c - 1332-1330
671.T7-2 GAACACCTGCACGATACCCAAA vhat8-1c - 1349-1370
P567-1 GAGCTGGTUAAACAAATCCAACG vha68-1c " 12-34
PS67-2 GCGATTAGTTTGACAAATTGC vha68-2g + 912-932
PS67-3 TAACTCAGCAAACGAAGATAGG vha68-2g o+ 1690-1700
6773-5 TCCATTTACACTGG TATCACT vha68-1c + 1051-1071
G67T7-6 TCCAAGTTCCACGGAAAGAG vha68-1c - 332-350
67CP-1 AGAAGAAGAAGAGCAGCAACCGCGACC 6vha6B-1g

67GP-1 ATTGCAGTCGAAAAAACAGAATAAAGCAAA | vhat8-2¢ + 1258-1287
67CP-2 GTAACATITCATAATACATTITATTTCC vha68-1c - 2547-2572
BHT7-1 GCATGCATTTGTATITCTGTCT vhatg-2g - 4076-4097
EHTT AACGTCATGTTTTCTCCCTGTTTG vha68-2c + 2370-2392
EHT7 GTTGCACTTTATTCGTACATT vha08-2c - 2432-2452
67KG-10 CACCAACAATTCCAGCTGCAT vhad8-2g -+ 3817-3838
67KG-PS-2'| CCTTCTTTGTTATGCTGCG vha68-2g - 991-1009
67KG-9-3-2| TTCAATCCATTICAGGACC vha68-2g + 3604-3622
67KG-9-7-3| ATCCTCGGCATTGACCACCGG vha68-2g -

67KG-9-7-31 AACGCATAGTGCAGCAGCGAC vha68-2g -

PS-9' AACATCATCAAGTATCAT vha68-2g + 1626-1643
5T3-1' GGTATCATGGGCAGCATCTT vha68-2g + 1963-1982
67KR-1 ACCTGGCTCATCTCCTACTCG vha68-2g + 3136-3156
67KG-9-7-1]1 CGTCTGGTAGACGGCATCACCA vha68-2g -

GTRKG7T3-1T ACTTGCAGTCTGTGTGCGTGTT vha68-2g - 280-301
67KGOT7-2| ATGGACCTCAATGGTCGCTGGA vhaG8-2¢

67KG9T7-11 TCCAGCGACCATTGAGGTCCAT vha68-2g

67KGIT3-1} CCTGCAGCAGAACTCCTACT vha68-2g + 3348-3367
67KG5T7-1| AGTGACGAAGCAGCGATCAA vha68-2g + 248-267
67KGT3-1 | TGTAGATGGATTCGGTCAGC vha68-2g + 2018-1037
67KG-PS14| TCGATGATGAGGAGCGIGAGT vha68-2g + 1307-1327
67KGYT7-21 AGGTGTCGICCGGTGGAGGATAA 67kg-mid + B13-834
PS-7 GACCGTTACCGAAGCAGAAGA vha68c-1 o} 43-63
IS-8 CGCGTAGACACGGCCATATT vha68-2g

PS-9 CCAACCAAGATAGGTTCCAT vhaGR-2g - 1683-1702
PS-1¢ TTGCCGTCAGCTGACAAATG vha68-2g - 661-682
P8-12 ATGTAGCAGATACACCTGCC vha68-2g + 1125-1144
PS-13 GTGCGGTATGAAAACGTGAA vha68-2g + 397-416
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Appendix 3. List of rescued plasmids with corresponding fly lines, lethal

phases and chromosomal locations of the P{lzcW)

Notes for some items in the rable:

1. The Glycerol stock in the table is the rescued plasmid transformed in F. coli which was

stored at -70°C. Plasmid DNAs were isolated by pool of 10 line,

2. Lethal phase and chromosomal sites of the P-elements were kindly provided by Dr.
Istvan Kiss. P: Pupae; L: larvae; 8A: Pharate aduli; AE Adult (semi-lethal); E; Embryo;
L<n ; Larvae maller than normal; I.<<n: Larvac much smaller than normal. L>n: Lasvae

larger than normal.

183




v8i

us] YTt ST q 01/9C £0C ﬂ V8-d c/8 06 — H ¥/8 68
vI-11VLY

6/9 1L V8 (444 8¢ S-EdES S/t Oy

v8-d L9 0L g s 95 fl 9-sdev [FVV8 b/g 6€

H 9/9 69| 8¥VSy d el 143 6-84VE V8 {1743 8¢

u>>7 §/9 89 H (4%i4 39 6-84¥t d~1 2/t LE

V8-d /9 L9 d 1744 6% 2 | LET St

2| v/ £9 d SI/E Ly q SEIT £e

d £/S 29 q 14 %3 9 || 61-S1vey | U>>1 £e/C [43

q 124 09| T 1dSy d el/e Syl €TV (494 §3

u>>7 1 X414 6S H 8/¢ || €CVoY d 1£/C 0€

aseyd ¥0018 aseyd aseyd o018

[y | dulf AL | (0190419 [eY1d] 10329410

Hq S/TS (444 H e1/1s [y q 91/6v 10V

8-VVLS 91/1 01 9-CdLS vITS 1Ty q 8/1S 0ly ¢ 1dvd H cl/6v 66¢

V8-d SI/1 6 q C/TS 0Ty v 9/1S 601 H cl/6v 86€

u>>7 y1/1 8| SEVLY V8 1/T8 617 d S/1S 80¥ = | 11/6V L6E

v Cl/l L q STU1S 184 v £T/1S LOV u>>7 01/6¥ 96¢
y-edey

9 T4 v/1S L1y q £/1S 901 9-CH9T 2 6/6V S6¢

S q /1S 91y q LI0S SOy = 1/6¥ (433

14 H 61/1S 1444 ! T/0S 1414 V8 11/8v 16€

€ q Si/1§ 1284 d 1/08 0y q [4k:i4 P8¢

4 v y1/1§ (444 H L1/6¥ (4014 V8 8/9v 08¢

32038 s | aseyd Y2018 aus | oseyd 32018 s | oseyd ¥0018

[eY39] [BY39] reyR] | oulf A4 | (0109419

10320410 )| [M2771d

10122A10 ||  [Mo71ld

aur] A1 | [0320410

[moo1)d




S8l

El e9¢ | €/9¢ v8-d Siy| Sy q 9/LT o\R— P-EVHE q g/sT| 8ISt
v g/6| sl6T FV. 8/8T | 8/8C d ue|  weel L-sazs /87| 1145z
El 1/6C 16t z-19ze ust| L8t q g/t s8Iz ISt TSt
Li/gt| L1/8T 9/8C| 9/8¢C q vt | /9T c1/ST| €1/5T
S¥ILT v1/82 | v1/8C) £z-02008 q ST SN_ q 9z S9T 9| owsz| 91/5T
V| wmse| zise 1/8T 1/8C 99| 9/9C d| Lisz| Lise
| 11/8z] 11/8¢C viLy | vyl v-edi€ q soz|  soTll Tiay | owusz| oSt
T 1dze
q 6/8C| 6/8C| z1-11aLs vz | vzl 8-LO0E 97| 9/sT 9| 1ust| 1use
A-d46S
£/8C e8¢  s-1aLs d 897 | 8/9C a| ozsz| oustl ziaw €TST| €ust
AIS aseyd 32018 IS aseyd o038 FEUY I8 aseyd o038
I 1000A10 ||  [Movfld | rewel | sun A | (010041 [Mop]ld au] K14 | [032941D
q Z1/6 S/L ¥8
L9dE8
q 6/2S STy 81/01 €Il 1oLy | w1 6/6 001 || svars| FVH €/L €8
vi-1iaes |sV-V8|  wzs| vy oro1 | sor | 1/6 66 w>>1[ 819 6L
q 9/2S [543 1] z1/01 601 u>>7 S1/8 86l 148y L1/9 8L
Fv8 L/8Y L8E flr1-01v09 | uw>>T| Si/01 111 V8 11/8 6 q S1/9 9L
q 1/v 8f v8| 601 LOT )l 89009 |FV V8 8/8 €6 z19 L
LIT] L1 /01 901 )| 9-Sa9s q 9/8 16| 9-vveT q 01/9 L
S-vAaoL
14y q 0z/1 L vi-1ivey q /01 o1 | s-1915| v8d €/8 88|l 61-L100s | U>>1 8/T L1
T°1d8t
z-1d6% 6/8 6/3 €01 __ 8 8ll ziosz| 13 9€/T e
d|l cmw| € zot || g 9/L S8 V| e 8T
B aseyd ¥oois Y0018 IS aseyd Y2018 IS aseyd o018
[movgld | el | ourf A1 | (0109419 , [01204]1D | Movld | el | aun Al [1o0hIo | [Mov7ld | el
- “ Sﬂk TISTE vr.s: > . , e o ” o _ 1000 . . F¢ - ” a __. P .




98l

71087 1/L1 €51 VAl 1z vel || {l
¥ 8/7C 891 q €91 ZS1) S+€09 8/l €1 I
68VLS| T4 9/T¢ L91 q 1/91 151 )| 91-5109 /Tl 871
q 1/2C 91 || 6-8992 q 1/S1 8l el 9Z1 FVV8 /ST S/ST
SvaAty
€91 d £/l 91 SAIE a| owl €71 q y/SS | b/SS
Wl V| ower] v a1l wn| ou V]| ww| vl
191 q 8/E1 vl | S-+909 q 8/S g9 SILT SILT
091 q LIE] i || o1-si9Ly V8 Ly (73 ust| LSt
9-vdIT 9G] q e/€l oyl q 9/ IS ovvs | oS
SSIf| z-1dsy v 1/£1 g€l fl z-10st q S 0S 1/9v 1/9%
s o038 218 aseyd o018 AIs aseyd 0018 30018
t (o7 100K )| [Mov7ld | eyl | dun Al |1030AID | [mMopld | el | dull A1 | 10129410 auif A1
& & B T m« I 2 7 NN‘ 100 - T
-£499L
Z-1:46€ d| 6uvs| 6Tvs 9¢/96 |  9€/9¢ q /9% S/9%
- 1V9S B uss|  wssl 8-Lagz SES | SEms | z-1dsy a zusv| TSy
SI-1120€
Z-14€€ 8p/vs | spvSl|  z-1dos | vews| veEmS 9-GA8% ol/sy | ol/sy =
v-€dit LyivS | LyivS zews| cews| cr-caov [ a1 Tamws| Tuwslol-orvey |  d-1 visy| ISyl
SvvS | SwIvS 1evs| 1emslf svaor| T1A| o0zas| 0wS q 1/St 1/Sy
Z-149¢€S VS | THIVS LTYS S%F vs| 1i/gs| 11/gs ffer-1ivog Y 11/€ 4
Z-1468
S-vE9Y WS | oS oIS | 9Tvs u>>7] 1/8% 1/8% a| 1w | 1ty
(% 20 113
9171208 6E/VS | 6E/HS Td| suvs| SuvS| TIvie V8 ey | vl e1asv | w>>1| Ly | Lty
d] 8ews| 8eHS a| vaws| vaws vsd| o1/zy| oizzv|l 71909 q ety | ety
IS aseyd ¥oo01s S aseyd Yo01S IS aseyd 30018 s aseyd o018

Suu:

1030410 || [M277)d

10129410

0120410

¢ Xog TAI9P]Id 39 JO SUOEO0] [EWOSOWOIYD PUE Saseqd [eyla] Soul] A[J sUIpUuOdsaliod YIIA SPIWse[d panosal JO IST ]




/81

£1-01498 41| 8uks €St d-1 1/5S 66v ]|  9-cars | zV-V8 2043 %v__ 4| e€ues (744
SI-11D0S
u>>7] 1/1¢ [443 q|  vs sevll z-1d0s a|  pegs 9t __ v | zirs 144
14 v/9% 9LE v8-d| SviS 961 01/¥S oy g  6l/1s viv
68909 q PILE o1efl z-1ags a| eems S LI¥S zovll  z1acs | FVV8|  ousy 06
7-194S V| ey 8¢ 61/%S Ly 9/tS 199 d 9/8% 98¢
Fvd 1/8¢ [ vI/S 01/£S St u>>7] /9y yLE
q 154 S9¢ E1/4S 6/£S 444 FVE| ey 7LE
T-1ave q 9/cy 9P a| 1 /€S wrfl  z1ase q 6/SH 69€
L+40S q LI6Y P6¢ d1]  e6t/Es TES 65 14 8/SY 39¢
q LIES 343 d /Y vI/TS 0Et ve-d| Sl £9¢
s | aseyd 0018 IS aseyd 2018 aus | oseyd 2018
aul| A4 aur] A4 aurf A4 [ 1000410 | [Mov7)d | rewer | aui AL | 0390410
9123 553 al  11/9¢ 1/1¢€ u>>7] €/ST 081
z-149% 3V 8/cY 8 FVV8 YIE zI/Ig 05T q ST 6L1
q Iy 443 u>>7] 9043 01/1€ 8PT q 1/5T LI
9-6d0S 9-€dLT
SpALT d 1/Ep 823 TE Lstll  z-10te LIE 9z |l  s-cdse v 9T LLI
v-1g8z | FVE| oz oce || 14y |  vi9e $0€ q /8 68ll v-1asg| u>>1 ST 9Ll
T14p6
ve| 9wz ceell 6909z q 743 osz|l z1gev| FVE 8/0€ LET d ET SLI
aosé
91-S1EaYS 9-GVET
9Ty tzell zi-edss| wvsd| Luig sszfl z-1ass d-1 LIOE 9€T d 14T pLI
T-1dv6
£/6€ siefl zive dd | i/ zs)l  z-idger v $/0€ PET q TIET Ll
€/LE 60€ __ TIViy d]|  €UIE sz |l u>>7] ZI0E ZeZ | I-1IVLY V3 1/£2 IL1
1/LE [ | g /8 se8fl  svaer | u>>1 S/6T osz |l vIfTT 0Ll
0018 aus | oseyd 2018 ans | aseyd Y2018 aus | aseyd 32018

103K | [Mv7ld | ewer | dui AL | [039941D

10300A10 || [Mov7ld | reyor | au AL | (0190419




881

_— 1/8 98 a] 8mc]  00c]| a]  sikc] 69
p-€dsE q ¥1/5C 681 LI/T 9T q ¥/9¢ 86T u>>7 6/t 0LT __
L9D0¢€ 01/5C S8l 8-LHIT | U>>T] 91/9 LL ¢ 1dLy q y1/S€ $6C Hq 8/¥E 187
T-10vp | £V-V8 £/TC S9l1 __ S-vd8S | FVd 11/9 €L El 47453 76T V8-d 1/S¢ mwN=
1-64
¢-1dst q C/El 6t d Z/9 99 om- wﬂmm 9/5¢ 88¢C 7-10ES H (4443 LLT
y-1VIT q 9/T1 6C1 dd LIS PO TI-1149¢€ Hq S/SE L8T ¢-1ays v £/EE 99T
9-€18% q (744! LI TH 14%i4 SS q £1/S¢ £6C 8-LHIS | U>>T 9l/EE SLT
011 q 01/¢ 154 H 01/S¢ 06¢ 01/ee 1LT
L6 q LIE |44 H 11/8€ 162 11/€€ LT
S06 ||IZI-11V9E v 1/€ 9¢ H 1/9€ 96C| T 1VLE C/EE §9C
Y0018 s | aseyd o018 ans | oaseyd Y0018 ans | aseyd o018

(030K | [Mo77]d | eyl | dun Al |102h10 )| [Momrld

10320410 | [Mov7ld | rewady | ouy AL | 0100419

€T S1/PS 68arc| vsd| €0c]| cec Ta| S| vl

¥9¢ e1/vS V8-d Sivy £9¢ v p/EL §4!
0¥C 9E/vS d S/8% G8E 8PS | uw>1 6/T1 el
£5C (4743 H SITy 9Z¢ c1dey q LIT1 0€1
SYC) 9-v4IT 1/¥S q 01/9¢ 20¢ V8 9/11 611
9T 1£/TS v 8/tY 8¢ 9-649% q L1/01 (4489 |

(244 TV ST/TS v 9/LE 11¢ V8-d (441! ol

1£C FV°V8 ya/Ts | vy 9¢ 10T | U>>1] 02/9 18

8€T d S/eS V81 0Ty 9¢¢ V8 T/L 78
6€1 ¢ 1dES = | £EvS H T1/9 {3 FV-V8 61/v LS
}2018 aus | aseyd aseyd Y2018 aus | oaseyd o018
[0120AID ff  [Mo77ld | eyl | dui A YR | uif ALf [ 10320410 )| [Mov7)d | ey | dul A1 | (0320410
. ¢¢ jood prusejd > Jood pruuseld I  €c joodpruselyg

TXog TAROP[]d 991 JO SUOIEI0] [EWOSOWOIo pue Saseqd [eqia] "Saul] A[J SUIpuOdsaliod qIiA Spruise[d pandsal JO 15T ]




681

0120410

d4] SI/sS 9IS | 21-0149S d| LI/ES mvv— 3] Ty 19¢
d| Tl/SS 1459 £T/TS 9tV )| 6-849C d| 114y 09¢
C-1HES H] €££9¢ 675 V8-d 8/5S (45 u>>T\1  61/TS gEvfl €-1V6S dq 6/vy 86¢
0E/vS [4:14 | LISS LIS 81/CS (434 d 8/vv LSE
H3] 8Uvs 08y d| Te/SS ¥Zs q4) S1/28 IV || 8-LO8T V38 vy £6¢
11-014909
V8-d £/SS 10§ FV-V8| €TSS 128 T-1dS¢ 11/2S LTV || T 1dSS H 1/¥y (433
d| 61/ 1854 __l u>>7\|  61/SS 0zs H) 01/2¢ £144 V| Tl/Er 0S€
dT1]| €l/Es Lyy H3] 8I/5S 615 FvVd| TIS Siy 3| 812y SEe
L9478 4_
L-9DLE
(4423 194 ¥-1Aase d L1/SS 8IS q v1/6v 001 9-6A8Y H ey (433
CE/ES SSy V8-d 91/58 LIS 9/6v goc |l T-1ase| vsd LITY 8CE
aus | oseyd Y2018 aus | aseyd o018 s aus | oseyd 30038
1010410 | [M2v1]d [mor1ld
b-€48Y gl wre|l 19t
d £y | 443 d q S/1E e
v ¥/0¥ 12E)l TIVLy d-1 H] 01/0¢ 6£C
9-SO8v q S/6€ 8I¢ H H] ¢€l/LT ST
6-SdEY v ¥/6€ LIE) 8-6HTS |FV-V8 V8-d ¢/LT 80T
d-1 1/6€ vIE)l T 1d6C TV -eHCS d1| SI/92 90C
H C/8¢ ele H ¢-130€ H 11/9¢ 0T
¢ 10¢S q 6/9¢ 10€ H 6-8411 | £/9¢ 861
T4 L/I9¢ 66C | 8-LAIS| U>>T] H S1/T || v-edst H /9T L6]
d) SI/S¢E Y6C H| SIl/£e PLTY €TOLT| V8d 914 i_ q 1/9 961
aus | oseyd 2018 aus | oseyd Y0018 aus | aseyd 32018 aus | aseyd Y2018
[012041D) [01204]1D auly A4

0320410

Ponosal Jo 15T ]



061

u>>7 /89 89L Vv 01/TC 691 N>>T LIT9 S99 — TH STLS 8LS
- 1dos q 1T7/8S 96S H /89 99L 1499 d-1 S/29 £99 ¢-1dsy q ¢1/99 OvL __
¢ 1det v 91/8S 68 V8-d 1/89 SOL y-10¥S q /9 099 L-9408 q 81/99 0SL =

8-LAT6

T 1dLE q 11/8S 88S TH v1/L9 oL £e/19 8S9 V8-d ¥1/99 SvL __

q 8/8S S8 Y-€d8T V8-d LT/E9 689 H e/19 LS9 L908S | U>>T] L1/99 6bL

T ldLy
y-£dET d-1 LI8S 78S Td 9T/£9 889 q 1€/19 959 q 07/99 ZSL
, 21409

v 9/8S £8S TIVIE | U>>T] ¥T/E9 L89 ” 6-8VIY <9 - 1VIE (372

q TT/LS LLS 9-caye H 1T/€9 89 , £€9 OvL

! SILS 99¢ y-1dSE q 11/29 L99 ” 789 6€L

d S/9¢ 6ZS IT1-01VTY 01/29 999 | 059 veL

ans | oseyd 32018 IS }001s W IS Y0018 IS 2018

[Moold | reyep | oul AL | 0109419 10120419 | 010410 )| [M277]d 10322419

_.,F_wrm-.. f Mr -

7-1d8S q S1/59 £EL d £2/9S (423

d v1/S9 CTEL 9-C4LS q 1/9S 8¢S SvdIS \£'] 6£/9S €58 q ¥T/9S 1349

11/S9 1€L v TILS S9¢ q 0y/9S 1233 q /98 LTS

H v/S9 9TL TH 8/LS L9S v L1/9S 1§23 TH 198 1429

SI-¥1DES v £/59 STL -£20€ H Cl/LS 0LS T4 ST/9S 1423 q 8/9¢ (439

01-64d1¢

FVVB| €19 9Ll 9-sdIs a] 159¢ 19¢J| s-+€09 a]  €e/98 6vS a| s 6£5

¢-1d0€ TH 91/¥9 8IL 2 | L1/LS PLS L9V9E q LT/9S SvS 1482 E4 €1/9S LES

S¥OIT| V8d 9/S9 8CTL H /98 966 q €198 8vS ! 11/9S 9¢¢

FV-V8 61/¥9 1TL V8-d LYv/I9S LSS | 0€/9S LvS q 01/9S Ses

H 1/¥9 YOL 19/9S 999 q 6C/9S 9¥S u>>7 9/9S 0€S

aseyd 2018 aseyd s | oseyd o018 aus | oseyd 32018

10122410 aui| A1 | (0120410 M2711d ey | aulp A1 | (0190410




61

61/19] 6] L9012 q] 1/19] SeO] bedvb a]  9/09] 19 q] 69] e8]
LyOLY

al o]  svoll iiivis al vzoo| ze9 w>1| 9| 619 al wes| wsL

9| 1w a| cooo| 169 V-Vv8| oues| 919 vsd| 12/89] I8L

V8| p1/19] owofl szasy| dd| 12/09] 09 ] vr-orars a| owes| w19 vs-d| 02/89] 08L
PI-LIVLY a| 2119]  v9|| ovaic| vsd| 61/09] 629 q| c1/65] 019 a] 61/89]  6LL]|
a|_ 819 119 a| 81/09] 809 q| 01/65|  L09 vs-1| 81/89]  SLL|
19| oo a| o] coof a| smes|  soofl siviv| zva| ciso] Ll

al <19 869 v8| 11/9] 99 Ta|  Ues|  ¥09 V-V8| s1/89] 9LL

14| wi9|  Le9 al 0109 v wes| w09 v8| vi/89|  siL

VLL

1S Yo01s

I 0120410

d ¥S
q el
q| 91/69 16L q £/L9 SSL V| 11/0L 208 V8 6/vE [4:14
S-EOPE H| S1/69 06L q 1/L9 PSLY| S¥OIC d S/OL 66L SIvE 6LT
TH| 01/69 68L q3] €v/E9 0L H3) 11/89 ELLY T 199% Hg) T1I/I€ 6¥C
FVd 6/69 88L FvVd| TheE9 10L g| 01/89 CLL H| Ol/LT 1414
Fvd 8/69 L8L V-V8 £/0L 86L v 8/89 ILLY T1dgy H| ¥T/OL 018
V8-d £/69 8L d /0L L6L 3] €U/LS €LYl T-199¢ d| 0Z/0L 608
q 9/69 98L _— V8-d | TT/69 S6L 4] Tl/L9 COL J|IST-¥1D0S TH| 8I/0L 808
u>>7 ¥/69 S8L v8-d| 07/69 6L d 6/L9 6SL|| T-18vp | FVd| #10OL S08
aus | aseyd o018 Aqis | aseyd 32018 aus | aseyd o018 ans | aseyd }2018
[01224]1D)

[012041D

10129410

[01224]1D) Mor1ld




c6l

wv-d| cueL] szor a] se/L al soL| oe6]] ciaoe[ V] ewi]  os

>>T] 126l m8_= T1VSh a| LeiL al emL|  ve6 V1| yeiL] 98

ad| 61/6L| 1201 9-sdec al oe/LL V-V8| woL| ee6]] €-106c| v V8| SwIL| €8

01-sass | zv-a| oi6L]| 6101 ad| Lo a| swer| e8] 6-8ags al swic] o8
>>T| zi/6L]| 9101 q| eZL| €96 v8-d| ce/cl| €98 U>>T| 82009 | ¥€9

9-CV9T
! 8/6L 7-1a62 a4 viLL LS6) z-10sT 81/TL 758 V8
d LI6L ziaze | w>T| LILL S96 ||  L-9d6 91/TL 0s8 |f Fvd
8-Lviy| TH| OI/8L g 11/LL 196 || L-9d6v /7L 6£8 El
V|  emsL dd| guL] 096 8€/1L 9¢8 q
El S/8L dd| oz9L 616 9T/1L 878 V8
IS aseyd AIS aseyd }oois 1S 32018 IS aseyd

[Mo7]]d | Teyep | ouy A4 [eyid] | aur A | (019419 aur A4 | [010K19 | [MOv7ld [ reyd)

£

‘ d| ¥T/EL H] g€/t 798 0Z/1L ¥Z8 = |

Fvi CUEL T109% | U>>T1 LEITL L98 91/1L 178 q
q E1/EL T-1dES | £V-V8 0T/TL PS8 || 6-LA9S 8/1L SI8 149y | FvVd
PI-11VLY V-€49¢
d 1T/EL 888 9-GALS d VITL (4% T-1d5T H 6/1L 918 V8-d £/89 L9L
c1d6e

Jlv| V8d Cl/EL V88 L-9d6V q 11/TL 918 FvVd 9/1L ¥18 q 81/£9 £89
S-v¥OI1T q 01/¢L 788 C-1DES TH LTIL 678 FV L S/1L €18 Vi 6/£9 LL9
¢ 149€¢ H 1/€L SL8 u>>7 1€/TL 298| T-1vze | FV-V8 1€/SS 9Z§ u>>7 §/£9 L9
V8-d YyITL L8 9-SHTS TH 9¢/TL 998 ONI_.MMM q vs 85 P-€26T | U>>T] £/€9 L9
H 9/EL 6L8 C-1d€S 8T/TL 098 q SIvS 09% FV-V8 £1/29 899
d-’1 Ov/TL 0L8 ¢ 1dES = 9TTL 858 V] 61/9¢ LOE S-IVIS | U>>7] £/79 199
aus | aseyd o018 aus | eseyd Y201$ s | aseyd o018 aus | aseyd ¥o01s
(movpld | rewor | oun A | 1000410 || [mMovgld | eyt | oun A |10300K1D || [Mor7ld | rewer | sun AL | 100410 )| [Mo77)d | ey | dul AL | [03994]1D

6 Xog TMoP]Id Q) JO SUOEo0] [EUIOSOWOIYD pue Saseqd [eglad] ‘Saul] A[J SUIPUOASILIOD (IIM SPIUSe[d pandsal JO IST ]




€61

|

H) 91/SL vZ6 4] 91/5L ¥Z6 U>>T1  0p/E9 669 V8 £T/8S L6S
u>>] S1/SL £76 u>>7 SI/SL €6l CTIVIE SE/E9 969 H 81/8S 65
4 8/L9 8SL Td 8/L9 8SLYP1-11VLY 0£/€9 769 FV-V8 L1/8S £6S
Fvd 11/69 1€L d-d 11/59 1€L 81/€9 £89 p-£d6€ | FV-V8 S1/8S 165
V| TIH9 SIL V| TIN9 SIL 12/29 0L9)| S-¥OTE q3)] TI/8S 685
8-LO9% v 8/¥9 LILY 8-LO9% v 8/¥9 1L 0€/19 €S9 H ¥/8S 186
V8d| ¥¥/E9 £0L v8d| ¥h/E9 £0L 11/19 €79 FV-V8 1/86 6LS
2 1%/€9 00L ! 17/€9 00L 61/6S SI9 FV-V8 81/LS SLS |l
u>>7|  TE/E9 £69 U>>T|  7E/E9 €69 | 6-899C L1/6S £19 V-1 11/LS 696 |l
3] O0I/€9 8.9 || 3] 01/£9 8L9 6/6S 909 |f d LISS 115 |f
ans | oseyd ¥2018 aus | oseyd 0018 IS ¥o01s ans | oseyd o018
Morrld | teyer | dun Al [10:0KID )| [Mor7ld | Tewel | Sum Al ji0:okiD | [M971ld aut A1 eyl | dul 14 | (0199419
d 19/18 011 H 62/0 d| 91/08 Ly01
dd| 6€/18 1011 V| TI/18 £801 S-vdT LT/08 S-vdty V8 11/08 Zr01
1oty
1514947
SvaIT
SdSE
1468 dHd]| VvE/I8 L601 | zi-11d5¢ | V1 9/18 LLOT FV1| ST/08 SS01 TH S/08 LEO]
LT/18 S601 9-vHI1T V. T/18 £L01 S-edis H £2/08 g€SOL Y| v-edIT| U>>T ¥/08 9¢01
C-10€T H ST/18 601 | 1/18 CLOIL q 12/08 1501 £/08 SE01
/18 £601 4| Sv/08 6901 d| 61/08 0501 q 1/08 £E01 |t
17/18 0601 H| S€/08 £901 TIVEy | U>>1 81/08 6701 u>>7 TE/6L [430)!
61/18 8801 y-£d6t 3| +E/08 2901 q3] L1/08 8¥01 9-¢4SS TH 1£/6L 1€01
| 81/18 L801 H| T&/08 0901 S-€dlIs H3] SI1/08 9101 u>>7 8T/6L 6201
V4| 91/18 9801 V8-d 1£/08 6501 FV-V8| +1/08 S¥01 u>>7 LT/6L 8201
aus | aseyd Yooss | aus | aseyd o018 s | aseyd Y0018 aus | oseyd ¥oo1s
1039410 | 1033240 | 0120410 10122410

0T ¥od TM27]1d 943 JO SUONEI0] [CWIOSOWOID pUe Saseyd [eId] 'Saul| A[J SUIPUOUSIIIOD YA SPIWSe[d pandsal JO IST ]




v61

1089

q 61/78 SII $-1dse | U>>71 P/18 SLOI . 6/6L S101 Hq L1/8L 066
S-¥IIT 81/78 1491 q £/18 ¥LO1 9-CSVLS Hq 6¢/8L 9001 91/8L 686
V8-d L1/T8 eIl q 19/08 8901 L9°9yE | V8d CE/8L €011 ¢-1dSS H v1/8L L86
11/28 OLLT[{TI-11dp | FV-V8 0%/08 L901 v 1€/8L 2001 d-1 €1/8L 986
q 8/C8 8011 -€H6€ q ¥£/08 2901 q LTUSL 866 SvOvy | V8d 11/8L 86
11-809S q €/T8 9011 q /08 501 7108 Hq VT/8L 966 9-64¢T H 6€/LL 9L6
FV-V8 11/18 2801 u>>7 6/08 0v01 Hq €T/8L $66 q SE/LL L6
q 6/18 0801 6-949¢ 7/08 €01 d (44478 766 V8-d CTULL 896

2 L/18 8L01 d S/6L 1101 q 1T/8L £66 V8-d 1T/LL L96 —

q S/18 9L01 d T/6L 8001 v 81/8L 166 61/LL 996 —
aus | oseyd 32018 aus | oseyd }o018 aseyd o018 30018
[M2711d eyl | aulp A1 | (010041 aury A1 | [012941D ego | aurp A4 | (0109410 aui| >E} 012041
9-CH9% q SILL 856 9/9L LE6 FV-V8 LISL H TE/EL S68
¢-ldev | v8d YT/9L 56 V9L S€6 q S/SL S16 3| 0U/EL L88
Z-1909 q €TI9L 156 ST/SL 0£6 d TISL £l6 q SI/EL 988
91-S1HEY | £V-V8 61/9L 876 (419,44 q 1T/SL 676 q eE/vL 116 ¢ 1499v TH 6/EL 188

409°d8s Y1-CIVO0S
I 9-€496 | U>>7] 81/9L Lv6 q 61/SL LT6 || 9159ty us] 1E/VL 016 y-19ES q S/EL 8L8
1-11VLY
C10th | V8d 91/9L SYe || V-EVIY TH L1/SL ST6|| 9-Sd6v d UYL 606 8E/TL 898
H SI/9L vr6 || O1-LHEY q E1/SL 176 q UYL 806 2 | YeITL $98
FV-V8 CI9L (443 q Cl/SL 076 d 6/vL S06 ¢ 1d9% | U>>T1 LTITL 658
- 1dagL

q 11/9L 176 V8-d L1/SL 616 Hq SivL 06 C-1dLE Hq L SS8
9-¢azs [zV-V8 | o1/9L ov6ll z-1avs |V-v8| 6L L16)| T-1vPbE a] wL 106 a] LizL 168
aus | aseyd PRUD ons | aseyd y}o018 s | aseyd 0018 aus | aseyd 32018
0120410 [(DERINTS) morrld 0122410 [010241D

1T Xog TAM9D]]d 947 JO SUOIEI0] [EWOSOWOID pue Saseqd [eq)ad] ‘Soul] A[J SUIpUOdSalIod YIM SPIuISe[d pandsal JO IST ]




S61

(mo711d

[mor1ld

81/88 | 1ITI El y/IL8 | 8611 d] 12/98| #8I1 V8-1 9/58 | 8911
dpy| 14 L/88]| O1ZIff Z-109¢ ] €8] L6l ] L1/98] 1811 q S/S8 |  L911
d] €1/88]| 80TI| #-€EVSE V| TuL8| 9611 g €198 SLII| TIviy v p/S8 | 9911
u>>T1  Z1/88| LOTI el g/L8 | Sell |l 4 198 LLIT 4] Siw8| 911
-1v9S | uw>>T| 01/88| 90TI V-d L8| ¥611 g 11/98| 9LII q 6/¥8| 8SI11
71052 q 6/88 | SOTI El S/IL8| T6lI 6/98 | vLIL| T-140€ d e8| LIt
E 8/88 | 0TI d] 0€/98| 6811 El S/98 | €LITY T-1dTs uy8| 9SI1I
q 9/88 | €0zTI d| 67/98] 88II El $/98 | TLII d-1 viv8 |  ESII1
S-vAES S/88| zoTl| c-1dey d| sz/98| L8I1 q 798| IL11 o_N.mmwm FV-V8 uy8 | ISII
-V
FV-V8 p/88 | 10T1 d] €7/98) S811 N-M,%w LS8 | 6911 — V8 /48| 0SII
aus | aseyd ¥o018 aus | oseyd Y0018 aus | aseyd ¥oo1s ans | aseyd ¥o018
our] AL | 1020A1D | [Mo7)d | ewal | dun AL | 10300410 10320A1D I [Mo77)d | reer | Qui AL | 0399410
166 d LyIT) 9-SHTS V8 /€8 |  ¥Ell
0vS d Crail ] Lv/eg]| O¢ll
e8| 6vll €95 || T-1d8S a| oueg]| #ril V| svreg] e6tll
17/€8| 8vIl 869 4| ol/gg]| 1vll 6£/¢8 | LTI
p-edev | FV-V8 | TI/LL 796 089 8/€8 | OFlII d| €erg| 9zl
11-8V09
V8 1/9L 7€6 || 01-8A8S s 4 £/9S 8T8 m-mwmm V8-d Lgg |  6gll g 1€/28| vl
S
91/0L LO8 v8-d| vI/LS TLS TV 9/€8 | 8EIl M..womﬁmvm d] Lzreg| 1Tl
£1/99 LyL d| 9/8S 865 || 9-SVLS v S/e8 | T/LETT d] ve/eg| 6111
6/%9 TIL||ST-11D08 q €/8S 08S Vi v/E8 |  LEIIL g| 178 LI
8€/€9 L69 |l 14| €118 1LS u>>T| e8| SEll via| ozzs| 9l
¥2018 s | aseyd 32038 aus | oseyd 32018 aus | aseyd 32018
| oul A1 | 1039041 [eye] | durf Af | 019041 el | duy A1 | 10320410 || [Mov7)d | 1ewd] | aulf AL | (0390410




961

d C1/86 P8El q 62/96 SOtEl = 9/96 £SE1 v1/v6 PTel __
S-yd8S 11/86 £8€1 dd 61/96 09¢1 __ 8-LLvy H £1/56 £eel | e1/v6 1 X4%!
9-6d9¢ | FV-V8 01/86 C8EI Y 11-014LS H L1/96 8SE1 H 9/S6 0Eel C1d8T | U>>7] 11/¥6 ¥4%!
FV-V8 6/86 18€1 q 8/96 PSEl u>>7 C/S6 LTE] V8 ¥Iv6 LIl
Svass| Fvd 8/86 08€1 FV-V8 /96 0S¢el u>>7 (43143 0621 FVd £/v6 91¢tl __
Y S/86 | 6LEI 3] 19/S6| 8t H| 82/06]| 0TI H uve|  sici|l
9-£d9S £/86 8LET H| 6¢£/56 L¥El L-S49¢v H (42043 9671 v TT/E6 (453 _
v LI/L6 pLEL 9-C49% 2 | 8E/S6 9pel V| 9¢/26 (414! q 61/€6 0I€l
y-1dey 3 91/L6 ELET TH 9E/S6 el Hq $/06 9¢C1 q Cl/e6 y0EL
£-1d4SS H 01/L6 0LE] p-£A8Y v ££/56 TYEL || 01-SHSS | V8- 1£/68 £eTl 01/€6 £0c]
aus | aseyd Y0018 anus | aseyd ¥2038 aus | aseyd ¥2038 aus | aseyd Y0038
[Mov7ld | rewap | ouy Ajq ey | dun AL |10:0K10 | [mov7ld | rewl | dun Al Jiosohiol|  [ooild | reuwl | Sull w_m;_eo&_o
w-eeﬁ T ¥ ; T jood piu d pnusejy
L-9dSS
¢ 108T d 9/£6 (443! 843 H v/16 091 FV-V8 81/T6 0821 T ldLE q 17/68 8TTI1
LY/T6 66C1 d /16 6ST1 ||Z1-11dTs V-d L1/T6 6LT1 H 61/68 97Tl
T4 Yv/T6 L6T1 T 1DST | U>>1] 11/06 86C1 q y1/26 LLT1 d 81/68 744!
c1age| FvH 0v/T6 S6¢C1 q e/06 £5C1 V| 01/26 9LT1 H 6/68 44!
¢-1d9C v 6£/76 ¥6C1 q 0£/06 1STI1 V8 6/T6 SLTI H L/68 81T1
¢ 1V8T v 8¢€/76 £6C1 I _N.mﬂww Hq §T/06 8vCl d-1 8/T6 VLTI H 9/68 LI1TI
H 6C/T6 88CI |W1-11VLY d ¥2/06 LvTl vear §/T6 £LT] £/68 314!
u>>7 ST/T6 L8TI __ v S1/06 oyl V81 £/T6 1LT] 9-6ASS 7/68 414!
H ¥2/T6 9871 H 8/06 LETL || T1-8V09 | FV-V8 1/26 69C1 191-S14vS 1/68 1414
1899 | U>>7] 12/26 £87C1 ¢ 108T H £/06 SeTl v S/16 19C1 61/88 414!
s | oseyd o018 ans | eseyd ¥2018 ans | aseyd ¥2018 aus | aseyd o018
[Mo7]]d | Teyie] | suif AL | [0304]D [Mov1ld [eg] | our AT | (0399410 [Moold | ey | surf A | [010941D
001 M—sﬁ. N CEE T —8&1 R

¢T Xog TAIoP]Id 347 JO SUONEO0] [BWIOSOWOI]D pUe Saseqd [eqid] ‘Soul] A[J SUIpUOUdSalIod (IIM SpPIuIse[d pandsal JO 15T ]




L6l

d] ol 1Ll dd| zzm01| 9eSif]  L+d0S d] ciril] o1 V8| 6/II1]  p6SI
a|l ewa| wuull ziase al wsor| sisi a1| aren|  zion V8 ginir]|  eest
svasy | TV V8| e m;;. V8 g | o991 al owzit| oo al omi| 161
w>1|  mzi]| L VT euenn]| worll ziasy | TV VR cmin|  soor U1 %m;
ad| wez|  eoLl al 1erin|  weor w>1|  emir] o091 f| 1101082 T | sserff
al wozi| 6691 a1| verni|  ezorll or-cass al zen|  zoon] V| 1eo11]|  wst
7-9Q8S , c-£dE6
zielt | eot||  z-1aos a| swein| ol zissy al | 109t st d| vzorr]  1ssi
SaES verr | szt al zzen| st svasy | TV V8| ozain|  ooor al oworr| Lt
V| cein| 6191 ve-1| ciit| 9191 al o] cest|| o1-s1aps al zionn| st
VI-TIVLY
Z-1V9F Z-1088
o-svor | wvsd| 1|  1on daa| sieun| s V| su| oest||  svacy
IS aseyd Y0018 IS aseyd ¥o01s NS aseyd 32018 B
(Movld | rewr | oun A1 | 10120410 J|  [movrld | rewer | oun AL J1010K1D || [Mop7ld | rewdp | oui Al | 1033041 )| [Mo71ld
iy joodprwseld || YIT  jood pruselq | orr oodpmuseld || 60 |
ved| oweor| s9st w>1| simor|  west | w>1|  omor|  ezsi 744
ve-1| 601 | 9951 1| cmor|  ees al ssoi| wsifl ziaw v 66| 8191
V| aeor]| st zior | zestfl  z1aoe ve| wso1| eIl V38 uee | Lip
Z-1a5¢ a| Li/801]  sscl d| 01901 Ttesil  c-1a9e a| comol | 9IStl| c-1asc| v-d| 0s/86] 1wl
U>>1| ZI1/801 | £6sl U>>1| 0c/v0l | SISt a| oiwol | eIt c-1aoe | Lvis6| 60wl
u>>1] 117801 |  essi|f| c-iacz | ciowe €166 | 8Ivl v8| 9zi01|  19v1||  S-1dse | ve/s6| 10wl
Ta|  #/801]  8¥Sl a| su86|  96el ]l 9-Svre a| e/1o1| Ll z-1ose a| ves6 | Seel
a|  e/801 ]  Lpsl a|  81L6|  SLel a| sUI01 | 9spl | 0c/86] 166l
V| weor| ses 61/96 | 091 al 1o ISP v-d| Lise]| esel
S-vasL ¥ J_
¢ 141§ ve| wot| Lest w>t| wwor| ozsifl oz | FVVE| zees|  vew al sime| Lsel
s | oseyd 30015 s | oseyd 30018 s | eseyd 3001S ans | eseyd ¥001S
wovld | ewer | sun A1 [0k | [movpla | rewer | sun A |1osokin || [movnld | rewer | oun A1 1030k || [morrld | rewer | sun AL | 10390410
o —sau DIISe[d * = Sﬂ § V:,:...M e ,...._,_,H_ podpriusejld ™ | S( DOC ...-.: T Eie

¥T X0 TA2P]1d 201 JO SUONEJ0] [EWOSOWOIYD pue Saseqd [eqio] 'Saul| A[J sUIpUOdSaIIOD [IIA SPIWiSe[d panosal JO 15T ]




861

T-196L
P-EVEE v | €I/pll $$91 z106€ | v8-d| 9eil 1291 d| zi/Lol €51
vI-lIVLY
TIvoy 8-LOYS _V-V8
1 LUpll 2891 9-CVoL Yid LIl 1191 £1-01g¢e ¥ 9/L01 4531 d S1/96
8-9419 v
y-EVLY a| il 191 9-60ST ¥ 9T 9091 V| snol 1S1 q 596 |  Tsgl
- 10¥S < %
9-CASY 4|  swil L¥91 ¥ LI/TIT 8651 V| wior ovs1 )l s-vast ¥ LIS6 1€€1
T1dIT
a| il 9991 9-vALy 4| ol 651 8-LA6 Td|  L90] 87S1 S1/€6 |  90€l
V1) ezen| worfl zias|  FV| vweor|  c9st al emor| sost /g6 | 1081
9-SVHE d| 8zl 191 zidee | TV VR pinn 0651 a| 1£/86 86¢1 9%/76 |  86TI
v ¥-10€¢S
zioiz| FVA| pzen 6£91 )l ¥-€008 4| 9z/ol11 Z8s1fl  T-1asy g 127/86 T6€1 £2/26 S8zl
V| owgnn 1£91 4| Le01 961 10t 61/86 /76
TELL 6291 6-94€S S1/801 a| ozLe [
AIS 32018 s aseyd
aut] A4 | 1020410 || [M27]]d ey | aurf A1 aurf A4
. : 61 __Jooa e d pruisej,
SAIE 91/16 $ozl 0ZLI s-1dev | ve1| /611 8/S11
g 1em6]  zstl 8-LD0E 4] satl 8ILI SAST g  smil S/S1I
T-10LT 4| o6 STl T-100¢€ v-d| entl 9Ll u>>T | ZH/ST] 1E/€11
01-6498 v
yI-11VLY d1| 0z/06| ¥l 4| vzl ZTILI $-€ALS ¥ E£€/S11 LL91 d| 8TEll 1¥91
71486
4| 81/06 £T1 d| wga 0ILI dd | og/sit pLOL)|  T-1dIT ST/EN 0¥91
y-ed6b
11/06 | 6£2l $I1T1 LOLI dd | 9z/sil 1| z-1asT a| sikll 9€91
g  0z/68 LTl Tiver Ta|  TItl POLI a| Sistl S991 4| <ikll SE91
u>>7 9/L8 €611 UST| izt £0L1 od | €I/511 £991 w>>T | ZIEL £€91
¢-1gze | FVV8 S8 |  ¥SIL|l  €1asy g 1ozl 8691 9-GHST 11/511 So___ V] ougn €91
Fvd £/+8 511 S/611 o%__ 6/S11 1991 S-€:8% 81/56 |  9¢€l
aus | oseyd 32018 2018 AIS 2018 A1 32018
[01224]D 10122410 Ma711d aulj A1 | 10102410 [Mor1ld aulj A1 | 10192410




661

Z-1OLS | w>>T| €/8¢1| 8581 g 60€1| TvLlfl 9-SOLE |FVV8| 8€/S11| 0891 w>>T| pizin] w191
V-1 1/8€1| 9581 ) eocr| ovLl g 61511 [ L991 g si/iir]| 6681 |
u>>T| 61/L€1 | €581 6/921 | SzL1f| T10LT V| owsii| 9991 || ziazz |FV V8| seoll ;2_
1499
- 1ai9g
9-5V9Z g or/Ler| 181 dd| wmozi| zzLl a| visi1|  #991 w>>T| sg/011|  $861
9-C49%
e-1aLs|  Td| 9Ler|  ev81 Y vi-11viy | szi| €Lt z1ovs V| wsit| 6591 9| $z/801 | 65S1
T-1d6v
9-vdIT vZ/9¢l | 0€81 FVV8| zrzi| 8oLl v8-1| Zimit| €591 || si+100s 12/801 |  8SSI
17/b€l | S6LI V| wea| 9oLl Ta| 41| SP91 81/801 | 9sSI
1/vel | SSLIY| S-+€09 g enci|  soLl d] 61/e11 | L£91 L/801 |  0SSIT
zaeel | vsLL vi611 | S69Lll z-1avs| w>>T| 1i/eii|  zeorff ¢/801 | 6vSI |l
enet| svif g emo11| €891 LETIT | ST91 1/801 | svsi |
18 ¥o018 A aseyd o018 o018 IS ¥oo1s
[mov7ld aui] A4 ouif A4 aui] A4 [Mov7]d aui] A1 | (0320410
YI/LOT [ ST v8-d | Zz/101 SP/86 €/611 ]  ¥691
__ 8-LVOE SHV98
v8| €/L01| 6¢STfl s-vIS g| 1101 vp86 | 90v1 | or1-Lacy v8| well| €691
I 8-9oLz| TAa| L1901 | SeStlf z-1a9z €2/66 | oepl || /86 | SOvI w>>T| Le/STT|  6L91
FV | 8/901 | 6281 usT| 1266 wS; a4 1986 | vovi 14| swsii| 191
d-1)] 61/401 | ¥ISI w>>T| 61/66| 9yl |l 8-Ld6v V| ce/86| 00v1 ve | czsii| 6991
FV | 01401 | 60SI1 )| SI-849S a| 81/66| STyl 7e/86 | 66¢€1 V| 1zsii| 8991
g| 6e/01] 80SI) 8-L3TS d] o1/66| €Tyl a4 6286 ] L6€l d| 9511 ] 8591
g zwo1 | c€osipi-ziags| us1 L66 | 1Tyl g 61/56] Le€l v8-d| wSII] 9991
v8| 1401 | 20SI Fvd 9/66 | 0T¥l d| Lew6| 9sT1 g wsii| §s9l
p-196€
FV | Lzior | 7ol | zsige| civi|l ziase [FVV8| Liwe| TwvTifl zoides| v-d| omil]| 0591
aseyd o018 ous | aseyd 30018 aus | aseyd 32038 aus | oseyd 0018
ey | oul AL {10140 || [Mo77ld | Tewa] [01224]D 1032041 || [Mo77ld | reye | sui AL | [012041D
> .H § s f..r_ T | D wl\ 300 wEe e , .m —g USE]d : b |




002

>>1] _I91] 901C Ot/e1l ] evoL] d-1] SIM01]  ove e/8S1] 1L0C)|
14| 01/091 | €01 FV | el | pe91 V8| €Il ]| SHTt aal siwst| evorlf

z-1doy 91-Z14pS
ziges |  TH| 6/091| 2012 v8 | 0z/801 | LSSI|f z-1ase d| 6/€11| €vTT u>>7 | $ISI|  THoT
u>>T| 8/091 | 10IT g w801 | 9¥sI g| 1891 | vozzl ) 1iwst|  1#0T
d| zz/gst | T80T)| T-1€8T g L1e6| vevl |l T-196C ¥V | suio1| 8vee | 6/S1| 6€0T
d] 11/6€1| 8L81) 8-€9TS V8 §/66 | 61v1 U9 | LyTT g emwsi] ooz
8I/FEL |  €6LI q 1/66 | 9Ivi)l 9-Sdvv al oznor| izl ziger [£V°V8| wevi| sooc
6/VE1 |  88LI d| 6€/86] €ovl g| L1191 S1IT V| werl| Looz

8-LdSh 9-SV09
e/vEl | L8LIY| T-148T 7u86 | €6E1fl  8-svoz 9/091 | 00I1T) z-1d6¢ v8| TLvl| S861
TIEL] vvL1 || 8-LOSY 91/86 | 88€I1 11/8S1 |  vLOT 3] v1ovi| 1861
0018 s 2018 IS o018 aus | aseyd ¥o018
our] Al 1010410 )| [M2771d aur] A4 | 1039410 || [Mo771d auif A1 | [012941D [eyie] | aurf A | (0199419
TI9%1 | 0861 17/vp1 | TS61 p/ivl | 0161 4] oy €881
=V | oovi [ 66t || 9l/ppl |  0S61 I7/0v1 | 8061 a| LuLer| Tssl
a| owsvi| oer |f 6/vvl | b6l 8€/0v1 | S061 y1/S01 | 92T
61-SIVTy

g| s1/sp1 | 6961 || z-196T vyl |  Tvel || L-998Y d| 9¢/0p1 | €061 0S| Tvet
u>>T| 9/5p1 | 1961 VIE /vl | 8€61 v8-d | 67/0v1 | 2061 v8-d| Sz/8¢l | 0L81
z-106€ [FV'V8 | s/spi | 0961 ||  8-Ld6 Tl/gpl | sg61 d| Sz/ovr1 | 8681 7V | zzsel | 6981
u>>T| ¢Syl | LS61 piEvl | 6261 d-1] 81/0v1| €681 g] o1/8€1| €981
9-640€ g zsyi| 961 /vl | 8261 a| vi/ov1 | 1681 Jjr1-T1V0S 6/8¢1 | 7981
FVV8| cuwpl | vs61f| T-1d0€ vreyl | 8161 f| z-1ase 4| o1/0v1 | 6881 FVV8| g/8¢1| 0981
L-sase |FV-V8 | zzvl | €561 6/1v1 | <61 LILEL |  v¥8I V| w8er| 6581
aus | oseyd }2018 IS 30018 ans | oseyd ¥0018 ans | oseyd 0018
[Moold | rewey | sui A 10120410 )| [Mo771d aurf A4 |10300K10 |  [mMov7ld | rewep | oun A f019K10 )| (M7l | [ewep | oul Aj4 | (0190410

1 Xog TAoD]Id 943 JO SUOIEo0] [EWOSOWOI) pue Saseqd [eqla] Soul] A[J sUIpUuOdsalIod I SPIWSe[d pandsar JO 15T ]




s

—— S — 5=

102

3T Xog  [AoD]1d U3 JO SUOTEI0] [EWOSOWOIYD pue Saseqd [eqio] ‘Seul] A[J SUIpuodsalioo [IIA Spruise[d pandsal JO 18T

vg| wovi| sssi al owezi| weLi)]  vease al ziwe| s | vuse
ve-d | 61ger | z8Ll al ewzi]  esL al iese| e al omsi| ooz
seves | TV V8| viger| e ve-d| swoei| zour V8| ozgs| operl] 59K a| vusyr| 9961
Tal|  weet| Sl svove| w>1| wioei | 1041 a]  12/56]  8eel || o1-s1aps al 1shi|  ssel
civoe| ¥V weer] wuerf al eoer| oo a|  wse| seeif] ziow | 7V VE| zmvi|  overf
NG ad| sner|  osu a| sl we 6| 6lgl al owgs| rogt
LbAa8Y aos oL
11-01V6P ad| wner]  everfl awviges| w>1|  ovme Eoves ome | sietll  sdes dl  ers]|  ooer
nousel  mal wner| owrll 2T al swee]|  woel al 1wl uetll oozl  FV| swes|
V8 ener] i ve| szme| g9l al umws| o911 ved| owes| 1z
Cpasy -~ __
veotz | w>1| ewezi|  seet]  z-1oez al cese|  sper B o | esi 1a| s8] elz
aus | aseyd ¥o01s aus | oseyd ¥0018 ous | aseyd ¥001S IS aseyd 32018
(mov1ld | reyel | dun Al 100010 | [moz7)d | reuwl | Sun AL 100k )| [Movrld | tewiel | Qun Al |100KD f  [Mov7ld | [Pyl ) oul A1 | 1019041D
~ pp] [oodpseid | €pl_ 100 2l o ood prwiseld || bl 10 g
V| ves| e FVV8 irze| 69z al onor| euiz] z1d9s d| oeor| zerz
71996 T-10¢ __
¢-2dIT al o] eortfl 11-8vo9 al owe| 1 al wnor| ol ri-uivir greot | 1g1T
al vws| o] +eaoe al ows| seur V) emwor| ez | orot] sz
T ve| ms| osufl cvass| 1Al wour] ozl ziosz| w>1| simer| 691z al 1enot]|  suz
a| ssrg| ecu al eigor| 861z __ c991 | 191z FVV8) oenor| eIz
gs/e8 | 1el]|  z-10s¢ a| ci/go1 | L6Ie al 1991|091z v8d| SuIol| oeie
1089
e ] FVA| eprs| szinf]  o-saer al wsor]| s61z al swrot| 1wz e al venor]  eniz
a|  ce/18] 8601 >>1| /891 161T ad | ot | ovic v8-d| ce/191] 81T
CpaLL Z-1409 82055 __
01-6Y0S al eng| oeorfl z-1aie al wsor| szl oeaer|  1a| 1zeer] ez gl nnet| iz
val cus]| wo] G al suot]| osiz)] svvoe a| sicor] el w>1|  zrsi| 8oz
ans | oseqd ¥001S aus | oseyd ¥o01s ans | oseyd Y0015 1S ¥o01S
[morfld | reyor | oun AL | 103010 || [Morgld | reyer | dun AL | 10100410 | [Mo77ld | rewer | dui Al | (0390410 || [Mo77]d [019941D
- 0PI Jood pruiseld 6L —§ wsejd - 8¢ .—i—uo: Seld & IE)




c0¢

I FY | euer| ov8ifl s-vasy V| em9¢1| 8181 d| wsel 1081 v8-d| OI/v€El | 68LI
108
u>>T| zg/9¢l | Se81 g woel| LISIf| odiz| TH| wWSEI| 008] | omwel| 98LI
u>>T| 0g/9¢l | €81 4] 1zser| €18l g 1SEr]  66LI g| €r/eer|  8LLI
d| Lol | zesl g| owser | zisi a| oepel | 86LIJ 9-SASY FV | ziger | LLLY
9-Sasy
u>>T| S1/9¢l | 98I g| 61/5€1| 1181 DIy | u>>T| Zawel | L6L] u>>T| Ol/€€l | 9LLI
9-6azol
g| z19¢1 |  vTs8l u>>T| LI/SEL| 6081 v8 | Luvel | 96L1 Z-198¢ o/gel | ¥LLI
6/LET | 98I o1/ser | 8081J| z-10ST g| ozvel | v6LI || 9-SH0E S/EEl | ELLI
8¢/9¢€1 | 9€81 || #-€48T d| o1/s€1 | LO8I 9I/¥El | T6LI TI/ger | ILLI
6/9¢1 | €z81 )| z-1vse |FVV8| Lger| €081 SIpEL|  16LI Tl | oLl
/91 | 0z81 al sser| zosi tiper | oeLt || s-edse gi/zer | soLt
¥o018 s aseyd o018 ¥o018 AIs o018
aur] A | [039K1D || [M2v7]d | 1eywf | ouif A | [03904]D aul] A4 | 10320410 || [M277]d auif A1 | [013941D
d| Luzer | v9LI V| oer| 8pLl eyl | Liel )| 9-SHTS L1/OV1 |  T681
__ TH| S1/zel |  €9L1 g 10er|  6€L y1/1v1 | S16] 9/0L1 | 0TTT
] vireel | 2oL T106C g viect | LELT €/1v1 | 6061 €/661 | L80T
L-908S g 11/z€l 19L1 FV | Ti/6T | 9ELl 0v/0v1 | 9061 6/¥S1 |  6£0T
T-1dSy | uw>>T| 8/Z€l |  6SLI ¥V | weri| etLl 6€/0¥1 | LO6] g| o1/zst| ot
£-148€
LTel | 8SLI V| wett| TeLl 7-142T 9E/0L] | 8€TT u>>T | 7/zs1 | 810
1/zel | SSLilf L-sdLs| u>>T| s/6Ti|  OELI w>>1|  8/56| el | 96496 |FV V8| €z/svi |  1L6]
11-69€6
7-148¢ g oiier | #SLIY| T-1D€T ¥V | 16T | 8TLI g €7/68| O€Tl|| 8-L4IT v8| /Syl | 8S6l
g €1/1€1|  €SL1 FV| /82| LTLl q /88| 6611 g| €iwpl |  Lv6l
S-vETT
g or/1€1 | TSLI dd| iz 9zLl | Lv08]| 1L01f| z-10TH v8 | LT/OvI | 0061
aus | oseyd ¥0018 aus | oseyd ¥o018 aus | aseyd }0018 aus | aseyd Y0018
(Moopld | rewar | oun A1 | 100K )| [Mozld | eyl | sun A 10k | [Mo77ld | rewop | sun AL | 100K | [Mov)d | reudl | dulf A4 | (0399410
S e nlone s B B i G = e 8& 2 A 8& i

6T X0d TA9D]Id 341 JO SUONEI0] [EWOSOWOID pue Saseqd [eqid] Saul] A[J sUIpUuOdsalIod I Spruise[d pandsar JO 1ST]




€0¢

[012241D

aulf A4

w>T| pI/191 | v11T u>>T | SI/LS] %8__ 8-SOPS dd | zisst| 8oz V| ensi| 910z
P19
[ad 1259
-1z | w>>T| €191 | €11z u>>T| 0zZ/9S1 | 290T a| siwst| 0T d LeL| €101
v-Eivy a e191| 111z Ta| 61981 | 1907 [ owst|  ovozT TA| 0z/8p1 |  £00T
a| s8m91| oriel| z-1dcs V| L1961 | 0902 FVV8| 1| Leoz)| SvOpE V| L1/8v1 |  T00T
N>>T| 97191 S_N— w>>T| p1/9s1 | 850T q| zwsi| seoz V| 9€01| 68%1
- 19¢¥ d| o] soizf| svarz| TH| zioST|  LSOT V| 1igst| ocozfl z-19sz |V V8| w001 |  8EbI
S-13€S | V8-d| S1/651| S60T | 9| 8m9s1| ssoz FVH| eest| 9gzozl| 9-vdIT ad| €001 | Lepl
q| €1/651 |  €60Z |61-L1D0S | omst| vsoT w>>T| 11/zs1| €20z q| ss/is6|  Sivi
FVA| 11/681 | 7602 | smost| esozf z-1asz| T1H| 9zsi| 120t | 6£/08| 9901
e-14LS
c-1aevy $-€0SL
a| ems1| 160T g orsst| 0sozfl vi-11viy dd| smsi| ozoz) 9-sver g owos| 1401
aus | aseyd Y0038 ans | aseyd 30018 ans | oseyd ¥0018 ous | oseyd 32018

10122410 |

(Maold

ZU6EL |

0122410

¢

11/8¢€1

081 |

61/9¢1
¢ 14LT g Sl/Eel 08LI || g LE/OV] 061 v8d| 6/6£1 9L81 u>>T|  9/8¢1 1981
694LE 3] ¢/eel OLLY V8¢ 8T/0¥1 1061 ¢ 1doy 3] 9/6€1 SL8I d] ITLEL Se8I
q 1/€€1 69L1 V| siopl L3881 {1 1-01V9¢E 3| S/6E1 vL81 €709z | FVd| oz/Lel PS81
€-zdey ,
V| snegl LvL1 __ S-€47T V8| 9/0vl 9881 7 q £/6¢el £L81 d] LI/LEL (431!
L-9DL8
11/621 SELI __ 91 #/0vl S881 7 d| T6Ll CL81 T-148¢€ FV | Su/LEl 0S81
svasz| FVH| €/L6 ILE] 4| Oyl £881 d| LT/8E] 1L81 8-LOIT FV | TiLen 6181
u>>7 1/96 6vEl S-¥OET q [/0v1 881 V8| LI/8El 8981 C-14d8T | u>>T| €l/LE] 8v81
VE/IS6 evel d| vI/6€1 1881 q3] v1/8€1 L981 V8| CI/LEL Ly8I1
1078
q /06 vell 91T TH] USEl 0081 V8-d | CTI1/8¢€I S981 _— u>>T |  B/LEI Sv8I1
s | aseyd ¥o01s aus | aseyd 2018 ans | oseyd 30018 aus | aseyd 0038
(Moo | rewer | oui A1 |1000K10 )| [morgld | rewer | sun A1 |1000A10 )| [Moryld | rewer | sun AL f[0:0K1D )| [Mom7]d | reyio | duif AL | 10390410




—

v02

=

y-€OLY H] 81/011 8LS1 6/001 0124 145y = | yT/68 §94| m 6/0L 108
q /011 1LS1 ¢-1d¢gs d 6/201 Sovi 9-CH6T /88 00Z1 TH 8€/9S SS
3] v1/011 9LS1 8VVSY v 9/101 Lyl 01/98 SLIT q §6/9S 95
€106V
v [/011 69€1 ¢ 145y FV | €1/201 89711 S48% SI/E8 (344! d CEISS s
N>>T| LE/OLT 9861 S-pdES V. 5/86 484! FVV8 9v/08 0L01 H LTISS £CS —
v z-1aLs v-1OLY
SHVTE ¥ 4! LSLI V8-d /86 80%1 1408 q TT/08 7801 S-¥O8T 1T/SS (443
V8 (443! 9SLI ¥1/86 98¢€1 u>>7 ST/6L 9701 q S1/5S 91§
pi-civiv|  dd] 1zeor| 661 FVd| vzee| cigl si/eL| 8101 | zuss]  wis]
L948Y d | 8Z/C01 6L71 S-y409 q L1/€6 80€1 V8-d 9/6L 101 V8-d 8/5S TIS ||
S-vdiIs
q | LZR01 8LY1 q 11/16 Y9T1 q 1/LL €S6 - 1d1€ q 9/6¢ 61¢
}0018 ¥o01s o018
aui| A1 | 10109410 auly A4 | (0122410 aur A aurf A1 | (0102410
H | 0T/0L1 LTTT L1/891 20Tt 91/991 S1/€91 13414
y-10€S d C/OL1 £CTT 91/891 10TC 8/991 p/£91 [44Y4
g1 11/0L1 CCCTY| 9-S4ET d-1| v1/891 661T /991 61/791 8€IT
H-DES
VIS H] 0I/0L1 17T Hq ¥/891 061C q £/991 91T 9-Cdvy g 81/291 LEIT
S-vd8S T4 CT/OL1 91TC q £/891 68IT| 9-vdIT V| 01/591 TS1T q3] v1/291 yEIT
p-£d8¢ q3| 61/691 544 TH| /LI 981T d LIS91 ISIT) T-1d9S | U>>1] LIT91 0€1T
d| €1/691 13§44 L% (44 FV | L9l S81T THd /591 8YIT| VoLV H 9/791 6C1T
us] $/691 012T H] 61/L91 €81T|| SvvViv d £/S91 6v1T ¥ £/791 9CIT
- 1dao9
H /691 60CC €-7409 | N>>7T | v1/L9] 181T p-146¢ FV £/v91 SPIT u>>7 | 67/191 £€C1T __
T ldvy
1/691 80¢CC H 1/L91 vLIT 2-100¢€ q 1/¥91 1T - 19ve V| 81/191 911¢C
30018 W o018 as | oseyd o018 s | aseyd o018
aul A1 | [012041D) [Mov7ld | eyl | ouy Al | (012241 guu:mL ] | ouif A1 | (0129410
d prusej, | ¢ - 7Q] _.... .l”: zmnu e e o] —3@ DITUS Bly 5 1




S0¢

v8-d]| 8I/SL 9z6]] 9sd6£] 1A] €1/19 r9 a]_ 6l EI0LL ] veee
9-SVPE a| el 9c8 || 11-8asy al_ 09| 029 =1 T SOLL | 6lee
al oL 008 a|_ s1/6s 719 q| LEOLl PIOLL | 8IZC
A al 99 Ll zave al  61/ss sesll  ziasy|  Ta| sencr gLt | Lize
V| wso 67L ve|  6/ms L8S o4 I e B 20 81/691 | #izT
£E/£9 769 | 6/8S 985 || 11-014S¢ a| Looll | e 01/691 | tite
11/£9 6.9 a|  euss czs | L-9ass a| oLt | wee gl weor| tice
L9418
0T/£9 89 Loos d| Luss gisfl  sace | TV czour]| e w>>7| 87891 | 90z
/29 799 v8-d| 91/5s L1S a| vooL | osce a| 1emor | voee
S/65 €09 ve| oss| ois gl w>1| ewour| orzefl ziaz| vsd| suor| oz i
Y2018 aus | aseyd 2018 aus | aseyd ¥001s ans | aseyd 32038
our] A4 | 0300410 | [mor7ld | rewer | oun A1 | 100K | [mMovrld | rewer | oun AL f1osokiD | (Movnld | rewiol | oun AL | [0320K1D
N bubtert o domaed |1 SRS SRR T R e
C1a0r 9+aLS
w>1| cigor|  oozefl SR a| owgor]| ssiz al ewst| ool Ldos al ey | zeer
Fc]
zigpe | T g:o1 | weizll  z-10st al raor] szl orsiver | w>1| oimsi|  esocfl ziawy|  v-a| eewei|  6zst
- 14.9
svasy|  FY| omor| weiz v| vigor| esiz Ado al owssi]| osoz __ sT|  greer| 4081
6-8897 a| zmor]| ssiz vl w>t|  wsor| izl vedez 6imst | svozfl  z-1aes v | eirzer]| 9oL
pi-iivey | 1Al cmor| iz V8L omor|  opiz ve| wevi|  eoozl| cvasy ad| wigr]  epen
T1ace s¥as
al ror| oz a| oizor| ezl s-ever al ousri| 100z o] al ewzi] 6L
aise
p-€d1Z 01991 | 1912 b al eweor| ez al viser| ooozl| ziass| vl vesin]  scor
V| omor| soiz d| oznot| izl ziois a| wi| eserf GEEE| 1Al vwsin] ool
o-aey | ral| weor| iorefl  FIgE a| o] vorz al wsvi| seetfl zioez| FV| czori]|  oss
ovaiz|  1al rwsor]| sz seowr | TV V8L ozmsi|  esozl| zi-60ss vyl | ovel || z-1Eze al 1z | e
ons | aseyd Yo01s aus | oseqd ¥o01s | as | oseyd Yo0is | ans | oseyd Yo01s
[m2071d ! [03204]D ! {01241 101410 || [Mov7]d I [01304])




90¢

fl |
| ;_r
|
|
+ I
|
I
32018 aus | oseyd Y0018 aus | oseyd s | aseyd ¥o01s
10220A1D |  [Mo77)d | eyl | un AL (010410 | [Mopyld | Tewl | dun AL

¢ 14L9
148y us] [ei4! ¢ 13yS v 1/9%1 PL61

L9479
yI-11VLY 3| 9T/6L LT01 u>>7 | 0l/pvl Sy6l
FVH| 11811 L661 u>>T|  8/pvl £V61
— ¢-1VOL d] 91/Ly] £661 U>>T | S/ppl 1761
H| SI/LYI 661 dd | emvl 6¢£61
fle1-S1vZy d] Ol/Ly] 1661 TH| 11/Ep] PE61

¢ 1ass
L-998% V8| LT/OYI 0061 d)] 0l/evl ££61
N>>T] 8/9¢1 | 8L6l |l a] sevi | 1e6l |
V8-d| LI9VI LL61 __ 3] 9/evl 0g6l1 ||
w>>T|  €9p1 | 9L6] V| eizvi | ozel |
s | oaseyd o018 aus | oseyd 32018 aus | aseyd 2018 s | aseyd 32018

1032410 || [M2p7ld

10129410

[01224]1D




References

Alphey, L., Patker, L., Hawcroft, G., Guo, Y., Elledge, S., Kaiser, K., Glover, D. M, and
Morgan, G. {1996). KI.P38B- a mitotic kinesin-related protein from Drosophila which
associates with PP 1. Ce/f (submitted).

Anraku, Y., Hirata, R., Wada, Y. and Ohya, Y. (1992). Molecular genctics of the yeast
vacuolar H+-ATPase. [ Exp. Biol 172, 67-81.

Arai, H., Teires, G., Pink, S. and Forgac, M. (1988). Topography and subunic
stoichiometry of the coated vesicle proton pump. /. Bio. Chem. 263, 8796-8802.

Ashburncr, M. (1989a). Drosophilz: A laboratory manual. Cold Spring Harbour
Laboratory Press.

Ashburner, M. (1989b). Drosgphila: A Laboratory Handbook. Cold Spring Harbour

Press,

Azuma, M., Harvey, W. R. and Wieczarek, H. (1995). Stoichiometty of K+/H* antiport
helps to explain extracellular pH11 in a model epithelium. FEBS Letters 361, 153-156.

Ballinger, D. G. and Benzer, S. (1989). Target gene mutations in Dresophila. Proc. Natl,
Acad, Sei. USA. 86, 9402-9406.

Banga, S. S. and Boyd, ]. B. (1992). Oligonucleotide-directed site-specific mutagenesis in
Drosophila melanagaster. Proc. Natl, Acad. U.S.A. 89, 1735-1739.

Baron, R., Bartkicwicz, M., David, P. and Hernando-Sabrine, N. (1994). Acidificarion
and bone resorption: The role and characteristics of V-ATPases in the osteoclast. In

Organcllar proton-ATPases (ed. Nelson, N}, pp. Austin, Texas: R. G. Landes Company.
Baud, V., Mears, A. ]., Lamour, V., Scamps, C., Duncan, A, M. V., McDermid, H. E,

and Lipinski, M. (1994). The E subunit of vacuolar H*-A'l'Pase localizes close to the

centromere on human chromosome 22. Human Molecular Genetics 3, 335-339.

207




Bauerle, C., Ho, M. N., Lindo:f er, M. A. and Stevens, T. H. {1993). The
Saccharomyces cerevisiane VMAG gene encodes the 36-kDa subunit of the vacuolar H+-
ATPase membranc sector. /. Biol. Chem. 268, 12749-12757.

Bellen, H. J., O'Kane, C. J., Wilson, C., Grossniklaus, U., Pearson, R. K. and Gehring,
W. J. (198Y). P-clement-mediated enhancer detection: a versatile method to study
development in Drosophila. Genes Dev. 3, 1288-1300.

Berkelman, T., Houtchens, K. A. and Dupong, F. M. (1994), 2 cDNA clones encoding
isoforms of the B subunit of the vacuolar ATPase from barlcy roots. Plant Physiel. 104,

287-288,

Bernasconi, P, Rausch, T., Struve, I., Morgan, L. and Taiz, L. (1990). An mRNA from
human brain encodes an isoform of the B subunit of the vacuolar H*-ATPase. /. Biol.
Chem. 265, 17428-17431.

Bier, E., Vaessin, H., Sheperd, S., Lee, K., McCall, K., Barbel, 5., Ackerman, L., Caretto,
R., Ucmura, [, Grell, E., Jan, L, Y. and Jan, Y. N. (1989). Searching for pattern and
mutation with a P-laeZ vector. Genes Dev. 3, 1273-1287.

Birman, S., Mcunicr, F.-M., Leshats, B., Lecaer, J. P., Rossicr, J., Israel, M, (1990). A 15
kDa proteolipid found in mediatophore preparations from Torpedo electric organ

presents high sequence homology with the bovine chromaffin granule protonophore.
FEBS Letters 261, 303-306,

Bingham, P. M. (1981). Cloning of DNA sequences from the white locus of D.
melanogaster by a novel and general method. Cefl 25, 693-704.

Birnboim, H. C, and Doly, J. (1979). Rapid alkaline extraction procedure for screening
recombinant plasmid DNA. Nucl Acids. Res. 7, 1513-1523.

Black, D. M., Jackson, M. S,, Kidwell, M. G. and Daver, G. A. (1987). KP elements
repress P-induced hybrid dysgenesis in D. melanogaster. EMBO J. 6, 4125-4135.

Blackman, R. K., Koehler, M. M. D., Grimaila, R. and Gelbare, . M. {1989).

Identification of a fully functional hobo transposable element and its use in germ-line
transformation of Drosaphila. EMBO J. 8, 211-217,

208




Blair, H., Teitelbaum, S., Ghiselli, R and Gluck, S. (1989). Osteoclastic bone reorption
by a polarized vacuolar proton pump. Science 245, 855-857.

Bowman, E. J. (1983). Comparison of the vacuolar membrane ATPase of Neurospora
crassa with the mitochondrial and plasma membrane ATPases. J. Biol. Chem. 258,
15238-15244.

Bowman, E. J., Tenney, K. and Bowman, B. J. (1988). Isolation of vma-1 Encoding the
Neurospara Vacuolar ATPases. J. Biol. Chem. 263, 13994-14001.

Bowman, E. J., Stcinhardt, A. and Bowman, B. J. (1995). Isolation of the vma-4 gene
encoding the 26 kDa subunit of the Newrospora crassa vacuolar ATPase. Biochim. Bivphys.
Aecta 1237, 95-98.

Boyle, . S. and Lew, A. M. (1995). An inexpensive alternative to glassmilk for DNA
purification. 77G 11.

Brown , D., Gluck, S. and Hartwig, J. (1987). Structure of the novel membrane-coating
matetial in proton-secrecting, cells and identification as an H*ATPase. J. Cell Biol. 105,
1637-1648.

Brown, D. , Hirsch, S, and Gluck, S. (1988). An H*ATPase is inscrted into opposite
plasma membranc domains in subpopulations of kidney epithelial cells. Nature 331,
622-624,

Brown, D., Lui, B., Gluck, S. and Sabolic, I, A. (1992). plasma membrane protan
ATTasc in specialized cells of rac epididymis. American Journal of Physiology - Cell
Physiology, 263, C913-C916.

Brennan, M. D., Rowan, R. G. and Dickinson, W. J. (1984). Introduction of a

Functional P Element into Germ-Line of a Drasophila hawaiiensis. Cell 38, 147--151.
Bullock, W. O., Fernandez, J. M. and Short, J. M. (1987). XL1-Blue: A high effenciency

plasmid transforming recA Escherichia coli strain with § Galactosidase slection.
Biorechnigues 5, 376-379.

209




Calvi, B. R., Hong, ‘L. J., Findley, S. D. and Gelbarr, W. M. (1991). Evidence for a
common evolutionary origin of inverted repeat transposons in Drosophila and plants:

hobo, Activator, and Tam3., Celf 66, 465-471.

Castrillon, D. H., Gonezy, P., Alexander, 8., Rawson, R., Eberhart, C. G., Viswanathan,
S., DiNardo, S. and Wasserman, S. A. {1993}. Toward a molecular-genctic analysis of
spermatogenesis in Drosophila melanogaster - Characterization of male-sterile mutants

generated by single P element mutagenesis. Geneties 135, 489-505.

Cavener, D.R. (1987). Comparison of the consensus sequence flanking translational start

sites in Drosophila and verebrates. Nucleic Acids Res. 15, 1353--1361.

Chambers, T. J., Fuller, K., McShechy, P. M. J. and Pringle, J. A. S. (1985}, The effects
of calcium regulating hormones on bone resorption by isolated human asteoclastoma

cells. fournal of Pathology 145, 297-305.,

Chin, A, C., Burgess, R. W., Wong, B. R., Schwarz, T\ L. and Scheller, R. H. (1993).
Differential expression of transcripts from syb, a Drosopbila melanogaster gene encoding

VAMP (synaptobrevin) that is abundant in non-neuronal cells. Gene 131, 175-181.

Chisholm, D. (1989). A convenient moderate-scale proccdure for obtaining dna from

bacteriophage-lambda. Biotechniques .7, .21-23.

Chiu, S.-J., Huang, S. -H., Lin, L. -Y. and Pan, R. L. (1995). A ¢cDNA clonc cncoding
the A subunit of the vacuolar H+-ATPase from etiolated mung bean seedlings. Plant
Physiol. 109, 1125-

Choi, K. R., Lee, K. S., Oh, Y., Back, K. and Yoon, J. (1995). Isolation and
characterization of the Drosvphila-melanogaster gene encoding the vacuolar ATPasc

subunit-A. Molecules and Cells 5, 544-548.

Chomczynski, P. and Sacchi, N. (1987). Single-step method of RNA isolation by acid

guanidium thicyanate phenol chloroform extraction. dnal. Biochem. 162, 156-159.
Clark, A. G., Silveria, S., Meyers, W. and Langley, C. H. (1994). Nature screen: An

efficient method for screening natural-populations of Dresophila for target P-clement
inscrtions. Proc. Natl Acad. U.S.A. 91, 719-722.

210




Conley, L., Kelley, R. and Spradling, A. (1988). Insertional mutagenesis in the Drosaphila
genome with single p elements. Seience 239, 1121-1128.

Daniels, S. B. and Chovnick, A. (1993). P-clement transposition in Drosophila
melanagaster -An analysis of sister-chromatid pairs and the formation of intragenic

secondary insertions during meiosis. Genetics 133, 623-636.

Das, L. and Martienssen, R. {1995}, Site-selected transposon mutagenesis at the HCF106
locus in maize, Plant Cell 7, 287-294.

Davis, M. B. and Maclntyre, R. J. (1988). A genetic analysis of the alpha-
glycerophosphate oxidasc locus in Drasaphila melanagaster. Genetivs 120, 755-766.

Davies, S. A., Goodwin, S. F., Kelly, D. C.;, Wang, Z., Sozen, M. A., Kaiser, K. and
Dow, J. A. T. {1996). Analysis and inaccive of vha$3,the gene encoding the V-ATPasc B-

subunit in Drosaphila melanogaster reveals a larval lethal phenotype. [ Biol Chem. (in

press).

Denda, K., Konishi, J., Oshima, T., et al., Date, T. and Yoshida, M. (1988). The
membrane-associated ATPase from Sulfolobus acidocaldarius is distantly related to F1-

ATPase as assessed from the primary structure of tts Gi-subunit . J. Biol Chem. 263,
6012-6015.

Denda, K., Konishi, J., Hajiro, K., Oshima, T., Date, T. and Yoshida, M. (1990).
Seructure of an ATPase operon of an acidothermophilic archaebacrerium, Sulfolobus

actdocaldarius. J. Biol. Chem. 265, 21509-21513.

DeFranco, P. L., FHaragism, L., Schmitz, P. G., Bastani, B. and Li, J. . (1995). Absence
of vacuolar H*-ATPase pump in the collecting duct of a patient with hypokalemic distal

renal tubular acidisis and Sjogren's syndrome. J. American Society of Nephrology 6, 1046-
G673,

Dietz, K. J., Rudloff, S., Ageorges, A., Eckerskorn, C., Fischer, K. and Arbinger, B.

(1995). Subunit E of the vacuolar H*-ATPasc of Hordeum wvulgare 1 - cONA cloning,

expression and immunological analysis. Planz /. 8, 521-529

211




Ding, D., Parkhurst, $.M. and Lipshitz, H.D. (1993). Diffcrent genetic requirements for
anterior RNA localization revealed by the distribution of Adducin-like transcripts during
Drosophila oogenesis. Proc. Natl. Acad. Sci. U.S.A. 90, 2512-1516.

Dorn, R., Szidonya, ]., Korge, G., Sehnert, M., Taubert, H., Archoukieh, E., Tschiersch,
B., Morawietz, H,, Wustmann, G., Hoffmann, G. and Reuter, G. (1993). P-transposon-
induced dominant enhancer nutations of position-effect variegation in Drosophila
melanogaster. Genetics 133, 279-290.

Dorssers, L., and Postmes, A. M. E. A. (1987) A simplilied orientation specific cDNA
cloning strategy. Nucl. Acids Res. 16, 3629.

Dow, J. A. T. (1984). Extremely high pIl in biological systems: a model for carbonate
transport, Amer. J. Physiol. 246, R633-R635,

Dow, A. ]. T. (1986). Inscct midgut function. Adv. Incect Physiol. 19, 187-328.

Dow, J. A. T. and Harvey, W. R. (1988). The role of midgut clectrogenic K* pump
potential difference in regulating lumen K* and pH in larval lepidoptera. J. Exp. Biol.
140, 455-463.

Dow, J. A. T, and Peacock, J. M. (1989). Microelectrode evidence for the electrical
isolarion of goblet cavities of the middle midgut of Manduca sexta.. J. Exp. Biol. 143,

101-104.

Dow, [. A. T. and O'Donnell, M. J. (1990). Reversible alkalinization by Manduca sexta
midgut. /. Exp. Biel.. 150, 247-256.

Dow, J. A. T., Goodwin, S. F. and Kaiser, K. (1992). Analysis of gene encoding a 16-
kDa proteolipid subunit of the vacuolar H*-ATPase from Manduca sexta midgur and
tubules. Gerne 122, 355-360.

Dow, J. A. T. (1992). pH gradients in lepidopteran midgut. J. Exp. Biol. 172, 355-376.

Dow, J. A. T. (1994). V-ATPasc in insccts. In Organcllar proton-ATPase. {ed. Nelson,
N.), pp. 75-102. Austin Texas: R. G. Landes Company.

212




Dow, J. A, T., Maddrell, S. H. P., Gértz, A, Skaer, N. J. V., Brogan, S. and Kaiser, K.
(1994). The Malpighian tubules of Drosophila melanogasicr: A novel phenotype for
studies of fluid secretion and its control. J. Exp. Biol. 197, 421-428.

Dow, J. A. T., Davis, S. A., Guo, Y., Graham, S., Finbow, M. and Kaiser, K. (1996).
Molecular genetics analysis of V-ATPase function in Drosophila melanogaster. §. Exp. Biol,
202 (in press).

Emori, Y. and Saigo, K. (1994). Calpain localization changes in coordination with actin-
related cytoskeletal changes during eatly embryonic development of Drosophila. J. Biol.
Chem. 269, 25137--25142.

Engels, W. R. (1979). Hybrid dysgenesis in Drosophila melanogaster. Rule of inherirance
of fcmalc sterility. Genet, Res. 32, 219-213.

Engels, W, R, Benz, W. K., Preston, C. R., Graham, P. L., Phillis, R, W. and H. M.
Robertson (1987). Some effects of P element activity in Drosophila melanogaster: Pupal
lechality. Gesnetics 117, 745-757.

Engels, W. R, (1989). P elements in Dyosophila melanogaster. In Mabile DNA (ed. Berg,
D. E. and Howe, M. M.), pp. 437-484. Washington, DC.: American Society for
Microbiology.

Engels, W. R., Johnson-Schlitz, D. M., Lggleston, W. B. and Sved, J. (1990). High-
frequency P element loss in Drosaphila is homolog dependent. Cell 62, 515-525.

Feinberg, A. P. and Vogelstein, B. (1983). A technique for radiolabeling DNA restriction

cndonuclease fragments to high specific activity. Anal, Biochem. 132, 6-13,

Finbow, M. E., Eliopoupos, E. E., Jackson, P. J., Keen, J. N., Mecagher, L., Thompson,
P., Jones, P. and Findlay, J. B. C. (1992). Structure of a 16 kDa integral membrane
protein that has identity to the putative proton channel of the vacular H*-ATPasc.

Protein Engineering 5, 7-15.

Finbow, M. E. and Pitts, J. D. (1993). Is the gap junction channel-the connexon-made
of connexon or ductin? /. Cell Sci. 106, 463-472.

Finbow, M. E., Goodwin, S. F., Meagher, L., Lane, N. J., Keen, J., Findlay, J. B. C. and
Kaiser, K. (1994a). Evidence that the 16 kDa proteolipid {(subunit ¢) of the vacuolar H*-

213




ATPase and ductin from gap junctions are the same polypeptide in Drosophila and
Manduca: molecular cloning of the Vha 16k gene fromm Drosophila. J. Cell Biol. 107,
1817-1824.

Finbow, M. E., Harrisons, M. and Jones, P. (1994b). Ductin -a proton pump
component, a gap junction channel and a neurotransmitter release channel. BioEssays 17,
247-255.

Fischer, J. A., Giniger, E., Maniatis, I and Ptashne, M. (1988). GAL 4 activates
transcription in Drosophila. Nature 333, 853-856.

Forgac, A. H. (1989). Structure and function of a vacuolar class of ATP-driven proton
pumps. Physiol. Rev. 69, 765-769.

Foury, T. (1990). The 31-kDa polypeptide is an essential subunit of the Vacuolar ATPase
in Saccharomyces cerevisiae. [, Biochem. 265, 18554-18560.

Fridell. Y.W. and Scarles, L. L. (1991). Vermifion as a small sclectable marker gene for
Drosophila transformation, Nucleic Acids. Res., 19, 5082,

Frischauf, A. M., Lehrach, H., Poustka, A, and Murray, N. (1983). Lambda-rcplaccrent
vectors carrying polylinker sequences. . Mol Biol. 170, 827-842.

Galli, T., Mcpherson, P. 8. and Decamilli, P. (1996). The VO sector of the V-ATPase,
synaptobrevin, and synaptophysin are associated on synaptic vesicles in a triton X-100-

resistant, freeze-thawing sensitive, complex. f. Biol Chem. 271, 2193-2198.

Garayoa, M., Villare, A., Klein, U,, Zimmermann, B. and Mentuenga, L. (1995).
Immunocytochemical localization of a vacuolar-type ATPase in Malpighian tubules of
the an¢ Formica polyctena. Cell and Tissue Research 282, 343-350.

Garrettengele, P., Moilanen, B. and Cyert, M. S. (1995). Calcineurin, the
Ca?+/calmodulin-depedent protein phosphatase, is essential in yeast mutants wich cell

integrity defects and in mutants that lack a functional vacuolar H*-ATPase. Mol Cell.

Biol 15, 4103-4114.

Gausz, J., Bencze, G., Gyurkovics, H., Ashburner, M., Ish-Horowitz, 3. and Holden, J.
J. (1979). Genetic characterization of the 87C rcgion of the third chromosome of
Drasophila melanogaster. Genetics 93, 917-934.

214




Gausz, J., Bencze, G., Gyutkovics, H., Ashburner, M., Ish-Horowicz, D. and Holden, ]J.
J. (1979). Genetic characterization of the 87C region of the third chromosome of
Drosophila melanogaster. Genetics 93, 917-934.

Ghislain, M. and Bowinan, E. J. (1992). Sequence of the genes encoding subunits A and
B of the vacuolar FI+-ATPase of Schizosaccharomyces pombe. Yeast 8,791-799.

Gloor, G, B., Nassil, N. A., Johnson-Schlitz, D. M., Preston, C. R. and Engels, W. R,
(1991a). rarget gene replacement in Drosophila via P element-induced gap repair. Science
253, 1110-1117.

Gloor, G. and Engels, W. (1991b). Single-fly DNA preps far PCR. D. . 5. 71:148--

149,
Gluck, 8. L.., Nelson, R. D. Lee, B. 8., Wang, Z.-Q., Guo, X.-L., Fu, ].-Y. and Zhang,
K. (1992a). Biochemistry of the renal V-ATTPase. /. Exp. Biol. 172, 219-229.

Gluck, S. and Nelson, R. {1992h). The role of the V-ATPase in renal epithelial H*-
ATPase in renal epithelial H* transport. /. Exp. Biol 172, 205-218.

Gluck, S. {1992). V-ATPases of the plasmid membranc. J. Exp. Binl 172, 29-37.

Gluck, S. L., Nelson, R. D., Lee, B. S. M., Holliday, L. S. and Iyori, M. (1994).
Properties of kidney plasma membrane vacuolar H-ATPases: Proton pumps respousible
for bicarbonate transport, urinary acidification, and acid-base homeostasis. In Organellar

proton-ATPases {(ed. Nelson, N.), pp. Austin, Texas: R. G. Landes Company.

Gogarten, ]. P., Yichmann, J., Braun, Y., Morgan, L., Styles, P., Taiz, S. L., Delapp, K.
and Taiz, L. (1992a). The use of antisensc mRINA to inhibit the tonoplast H*-ATPase in
carrot. The Plant Cell 4, 851-864,

Gogarten, ], P., Starke, T., Kibak, H., Fishmaan, J. and Taiz, L. (1992b). Evolution and
isoforms of V-ATPase subunits. J. Fxp. Biol. 172, 137-147.

Goldberg, D. A., Posakony, J. W., and Maniatis, T. (1983). Correct developmental

expression of a cloned aleohol dehydrogenase gene transduced into the Drosophila germ

line. Cell 34,59-

215




Goldstein, D). J., Finbow, M. E., Andresson, T., Mclean, P., Smith, K,, Bubb, V. and
Schlcgel, R. (1991). Bovine papillomavirus ES ancoprotein binds to the 161 component
of vacuolar H+-ATPases. Nature 352, 347-349.

Golic, K. G. (1994). L.ocal transposition of P elements in Drosephila melanogaster and

recombination between duplicated elements using a site-specific recombinase. Genetics

137, 551-563.

Gottlicb, R. A., Giesing, H. A., Zhu, ]. Y., Engler, R. L. and Babior, B. M. (1995). Cell
acidification in apoptosis-granulocyte-colony-stimulating factor delays programmed cell-
death in neutrophils by up-regulating the vacuolar H*-ATPase. Proc. Natl. Acad. U.S.A.
92, 5965-5968.

Graham, L. A,, Hill, K. J. and Stevens, T. H. (1994). VMA7 encodes a novel 14-kDa
subunit of the Saccharomyces cerevisiae vacuolar H)-ATPase complex. J. Biol. Chem.

269, 25974-25977.

Grif, R., Novak, F. J. S., Harvey, W. R. and Wieczorck, H. (1992). Cloning and
sequencing of cDNA encoding the putative insect plasma membrane V-ATPase subunit
A. FEBS Letter 300, 119-122.

Guif, R., Harvey, W, R. and Wieczorek, H. (1994a). Cloning, sequencing and expression
of cDNA encoding an insect V-ATPase subunit E. Biochim. Biophys. Acta 190, 193-196.

Grill , R., Lepiet, A., Haevey, W. R. and Wicczorek, H. (1994h). A novel 14-kDa V-
ATPase subunit in the tobacco hornworm midgut . /. Biol, Chem. 269, 3767-3774.

Guo, Y., Wang, Z., Carter, A., Kaiser, K. and Daw, J. A. T (1996a). Characterisation of
vha26, the Drosophila gene for a 26kDa E-subunit of the vacular ATPasc. Biochem.
Biophys. Acta 1283, 4-9.

Guo, Y., Kaiser, K., Wieczorek, H. and Dow, J. A. T. (1996b). The Drosophila
melanogaster gene vhal4 encoding a 14-kDa F-subunit of the vacuolar ATPase. Gene
172, 239-243.

Guo, Y., Gillan, A., Torok, T., Kiss, [.,, Dow, J. A. T. and Kaiser, K. {1996c¢}. Site-

selected mutagenesis of the Drosophila second chromosome via plasmid rescue of lethal P-

element insertions. Genome Research 6:972-979.

216




Guo, Y., Dow, J. A. T., Gillan, A., Kiss, I. and Kaiser, K. (1996d). Molecular
characterisation and inactivation of the 68kDa A-subunit of V-ATPase in Drosophila. A.
Dros. Conf. Res. 37, 91.

Haenlin, M., Steller, H., Pirrotta, V. and Mohier, E. (1985). A 43 Kilobase cosmid P
transposon rescues the £5{1)K10 morphogenetic locus and three adjacent Drosophila
development mutants. Ceff 40, 827-837.

Hamilton, B. A., Palazzolo, M. J., Chang, J. H., Raghavan, K. V., Mayeda, C. A,,
Whitney, M. A. and Meyerowitz, E. M. (1991). Large scale screen for transposon
insertions into cloned genes. Proc, Natl. Acad. Sci. USA. 88, 2731-2735.

Iamilton, B. A. and Zian, K. (1994). from clone to mutant gene. In Practical uses in
cell and molecular biology. (ed. Goldstein, L. S. B.; Fyrberg, E. A.) .pp. 81-94.

Academic Press.

Hanahan, D. (1985). Techniques for transformation of E. Coli. In DNA Cloning (ed.
Glover, D. M.), pp. 109-135. IRL Press.

Handler, A. M., Gomez, S. P. and Obrochta, D. A. (1993). Negative regulation of P-
element excision by the somatic product and terminal sequences of I’ in Drosophila
melanogaster. Molecular & General Genetics 237, 145-151.

Iarvey, W. R. (1992). Physiology of V-ATPases. /. Exp. Biol 172, 1-17.

Harvie, P, D. and Bryang, . J. (1996). Cloning of the C subunit of V-ATPasefrom
Drosophila melanogaster. A. Dros. Conf. Res. 37, 92.

He, J. and Kramer, H. (1996). Search for proteins that bind to Hook, a novel
component of the endocytic compartment. A. Dros. Conf Res. 37, 93.

Hemken, P., Guo, X.-L., Wang, Z.-Q., Zhang, K. and Gluck, S. (1992). Immunologic
cvidence that vacuolar H+* ATPases with heterogencous forms of Mr=31,000 subunit
have different membrane discributions in Mammalian kidney. /. Biol Chem. 267, 9948-
9957.

Hernando, N., Bartkiewicz, M., Collin-Osdoby, P. and Osdoby, P. (1995). Alternative
splicing generates a second isoform of the catalytic A subunic of the vacuolar H+-ATPase.

Proc. Natl, Acad. U.S8.A. 92, 6087-6091.

217




Hilario, E. and Gogarten, J. P. {1995). The V-ATPasde A-subunit gene (VMA-1)
Giardia lamblin. Biochim. Biophys. Acta 1238, 94-98.

Hirata, R., Ohsumi, Y., Nakano, A., Kawasaki, H., Suzula, K, and Aaruku, Y. (1990).
Molecular structure of a gene, VMALI, encoding the catalytic subunit of H*-translocating

adenosine triphosphatase from vacuolar membranes of saccharomyces cerevisiae. J.
Biochemestry 265, 6726-6733.

Hirsch, S., Strauss, A., Masood, K., Lee, S., Sukhatme, V. and Gluck, S. (1988).
Isolation and sequence of a cDNA clone encoding the 31-kDa subunit of bovine kidney
vacuolar H*-ATPase. Proc. Natl. Acad. U.S.A. 85, 3004-3008.

Ho, M. N, Iill, K. J., Lindorfer, M. A. and Stevens, T. I1. (1993}, Isolation of vacuolar
membrane H*-ATPasc-deficient yeast mutants; the VMAS and YMA4 genes arc essential
for assembly and activity of the vacuolar H+-ATPase. J. Biol. Chem. 268, 221-227.

Jager, D, Novac, F. J. S., Harvey, W. R., Wicczorck, H. and Klein, U, (1996). Temporal
and spatial disturbution of V-ATPase and its mRNA in the midgut of molying Manduca
Sexta. J. Exp. Biol 199, 1019-1027,

Johnsonschlitz, D. M. and Engels, W. R. (1993). P-clemeni-induced interallelic gene
conversion of insertions and deletions in Drosophila melanogaster. Mol Cell. Biology 13,
7006-7018.

Jones, P. C., Harrison, M. A, L., K. Y., liinbow, M. E. and Findlay, J. B. C. (1995). I'he
fizst putative transmembrane helix of the 16 kDa proteolipid lines a porc in the V(0)

sector of the vacuolar H*-ATPase. Biochemical Journal 312, 739-747.

Kaiscr, K. (1990). From gene to phenotype in Drosaphila and other organisms. BioEssays
12, 297-301.

Kaiser, K. and Goodwin, S. F. (1990). "Site-selected" transposon mutagenesis of
Drosophila. Proc. Nat. Acad. Sei. U. 8. A. 87, 1686-1690.

Kaiser, K. {1993). Second-generation enhancer traps. Current Biology 3, 560-562.

218




Kaiser, K., Sentry, J. and Finnegan, D. (1995). Eukaryotic transposable elements as tools
to study gene structure and function. In Mobile Genetic Elements (ed. Sherratt, D. J.),
pp- 69-100. IRL Press.

Kalderon, D. and Rubin, G. M. (1988). Isolation and characterization of Drosaphila
cAMP-dependent protein kinase genes. Genes Dev. 2, _1539-1556.

Kane, P. M., Yamashiro, C. T. , Wolczyk, D. R., Neff, N., Gocebl, M. and Stevens, T.
H.(1990). Protein splicing converts the yeast TFP1 gene product to the 69-kD subunit
of the vacuolar H*-adenosine triphosphatase. Science 250, 651-657.

Kane, P. M. (1992). Biogenesis of the yeast vacuolar I1"-ATPase. J. Exp. Biol. 172, 93-
103,

Kane, P. M. (1995). Disassembly and reassembly of the yeast vacuolar H*-ATPase in
vivo. f. Biol. Chem. 270, 17025-17032.

Karcz, S. R., Herrmann, V. R. and Cowman, A. F. 1993. Cloning and characterization
of a vacuolar ATPase A subunit homologue from Plasmodium falciparum. Mol Biochem.

Parasitol. 58:333-344.

Karess, R, E. and Rubin, G. M. (1984). Analysis of P transposable element function in
Drosophila.

Kassis, J. A., Noll, E., Vansickle, E, P., Odenwald, W. F. and Perrimon, J. {1992).
Altering the insertional specificity of a Drosophila transposable element. Proc. Nati. Acad,

Sei. USA 89,1919-1923.

Kaufman, P. D. and Rio, D. C. (1991). Germline transformation of Drosaphila
melanogaster by purified P element transposase. Nucleic Acids Res., 19, 6336.

Kidwell, M. G. (1986). P-M mutagenesis. In Drosophila, a pracrical approach. {ed.
Roberts, D. B.) pp. 59-81. Oxford: IRL Press.

Kidwell, M. G. (1987). A survey of sucess rates using P element mutagenesis in
Drosophila melanogaster. Drosophila Inf. Serv. 66, 81-86.

219




Klambt, C., L. Glazer, and Shilo, B. Z. 1992. Breathless, a Drosophila FGF receptor
homolog, is essential for migration of tracheal and specific midline glial cells. Genes Dev.

6: 1668-1678.

Klein, U. and Zimmermann, B. (1991). The vacuolar-type ATPase from insect plasma

membrane. Immunocytochemical localization in insect sensilla. Cell and Tissue Res. 266,

265-273.

Klein, U., Loffelmann, G. and Wieczorck, H. (1991). The midgut as a model system for
insect K*-transporting epithelia: immunocytochemical localisation of a vacuolar typc H*

pump. J. Exp. Bivl 161, 61-75,

Klein, U. (1992). The insect V-ATPase, a plasma membrane proton pump energizing
secondary active transport: immunological evidence for the occurrence of a V-ATPase in

insect ion-transporting epithelia. /. Exp. Biol 172, 345-354.

Koralnik, 1. J., Mulloy, J. C., Andresson, T., Fullen, J. and Franchini, G. (1995).
Mapping of the intermolecular association of the human T cell leukaemia/lymphotropic

virus type I p12I and the vacuolar H*-Atpase 16 kD subunit protein. J. General Virology
76, 1909-1916.

Kurkulos, M., Weinberg, ]. M., Roy, D. and Mount, S, M. {1994). P-clement-mediated
in-vivo deletion analysis of white-apricot-deletions between direct repeats are strongly

favored. Genetics 136, 1001-1011,

Kiippers, J. and Bunss, I. (1996). A primary cation transport by a V-type ATPasc of low
specificity. J. Exp. Biol 199, 1327-1334.

Laski, F. A, Rio, D. C. and Rubin, G. M. (1986). Tissuc specificity of Drosophila P
element transposition is regulated at the level of mRNA splicing, Cell 44, 7-19.

Lepier, A., Grif, R., Azuma, M., Merzendorfer, H,, Harvey, W. R. and Wicczorek, H.
(1996). The periphral complex of the tobacco hotnworm V-ATPase contains a novel 13-
kDa subunit G. J. Biel. Chem. 271, 8502-8508.

Lindlsey, D. L. and Zimm, G. (1992). The genome of Drosophila melanogaster. Academic

Press.

220




Littleron, J. T., Stern, M., Schulze., K., Perin, M. and Bellen, H. }. (1993). Murational
analysis of Drosophila synaptotagmin demonstrates its cssential role in Ca2t-activated
neurotransmiteer release. Cell 74, 1125-1134.

Liu, Q., Kang, P. M., Newman, P. R. and Forgac, M. (1996). Site-directed mutagenesis
of the yeast V-ATPase B subunit (Vma2p). /. Biol. Chem. 271, 2018-2022.

Locketr, T. J., Lewy, D., Holmes, P., Medveczky, K. M. and Saint, R. (1992).I'he rough
(rot) gene as a dominant P-element marker in germ line transformation of Drosophila
melanogaster, Gene 114, 187-193,

Loukeris, 'U'. G., Arca, B., livadaras, I., Dialektaki, G. and Savakis, C. (1995a).
Introduction of the transposable element minos inte the germ-line of Drosophila
melanogaster. Proc. Nail, Acad, Aci. U, S, A. 92, 9485-9489.

Loukeris, T, G., Livadaras, 1., Arca, B., Zabalon, S. and Savakis, C. (1995b). Gene-
transfer into the medfly, Ceratitis capitata, with a Drosophila hydei transposable element.
Sciences 270, 2002-2005.

Lukacs, G., Rotsein, Q. D. and Grinstein, S. (1994). An Overview of Intracellular pH
regulation: Role of vacuolar H*-ATPases. In Organellar proton-ATPases (ed. Nelson,
N.), pp 28-47. Austin, Texas: R. G. Landes Compuny,

Mackenzie, C., Stewart, B. and Kaiser, K. (1989). A device for creating and replicating
ordered arrays of plaques or colonies. Technigues-A journal of methods in cell and

molecular biology 1, 49-32,

Maddrell, S. H. P. and O'Donnell, M. J. (1992). Insect Malpighian tubules: V-ATPase
action in ion and fluid transport. J. Exp. Biol 172, 417-429.

Mandel, M., Moriyama, Y. and Hulmes, J. D, (1988). Cloning of <DNA scquence
encoding the 16-kDa proteolipid of chromaffin granules implies gene duplication in the
evolution of H+-VATPases. Proc. Natl. Acad. U.5.A. 85, 5521-5524.

Marra, M., Bullio, A., Battirossi, P., Fogliano, V., Fullone, M. R., Slayman, C. L. and

Aducci, P, (1995). The fungal H*-ATPase from Neurospora crassa reconstiruted with
fusicoccin receptors senses fusicoccin signal. Proc. Natl. Acad, U.S.A. 92, 1599-1603.

221




McCabe, B., Guo, Y., Sweeney, S., Goldstein, E., Kaiser, K. and O'Kane, C. (1996).
Investigation of the function of synaptobrevin proteins in Drosophila melanogaster. A.

Dros. Conf. Res. 37, 102,

McCarron, M., Duttaroy, A., Doughty, G. and Chovnick, A. (1994). Drosophila P-
clement transposase induces male recombination additivelyand without a requirement for

P-element excision or insertion. Geneties 136, 1013-1023.

Mead, D. A., Skorupa, E. S. and Kcmper, B. (1985). Single-stranded "Blu" T7
protomoter plasmids: A versatile randem promoter system for cloning and protein

engeering. Nucl Acids. Kes. 13, 1103-1118.

Meagher, L., McLean, I'. and Finbow, M. E. (1990). Sequence of a ¢cDNA from
Drosaphila coding for the 16 kD prowolipid component of the vacuolar H+-ATPase.
Nucleic Actels Res. 18, 6712.

Mears, A. J., ElShanti, H., Murtay, ], C., McDermid, H. E. and Patil, S. R. (1995).
Minute supernumerary ring chromosome 22 associated with cat eye syndrome: Further
delineation of the critical region. Awer. J. Human Genet. 57, 667-673.

Mellman, I., Fuchs, R. and Helenius, A. {1986). Acidification of the endocytic and
exocytic pathways, An#n, Rev. Biochem. 55, 663-700.

Merli, C., Bergstrom, D. E., Cygan, ]. A. and Blackman, R. K. (1996}, Promoter
specificity midiates the independent regulation of neighboring genes. Genes Devel. t 10,

1260-1270.

Moffett, D. F. (1992). Driving forces and pathways of H* and K+ transport in insect
midgut goblet cells. /. Exp. Biol 172, 403-416.

Nelson, N. and Taiz, L. {1989). The evolution of H+-ATPases. Trends in Biochemical
Sciences 14, 113-116.

Nelson, H. and Nelson, N. (1989). The progenitor of ATP synthases was closely related
to the current vacuckar H*-A'l'Pase, FEBS Letters 247, 147-153.

222




Nelson, H. and Nelson, N. (1990). Disruption of genes encoading subunits of yeast
vacuolar F*-ATPase causes conditional lechalirty. Proc. Natl. Acad. U.S.A. 87, 3503-
3507.

Nelson, N. {1992a). The vacuolar H+-ATPase - one of the most fundamental ion pumps
in nature. /. exp. Biol. 172, 19-27.

Nelson, N. (1992b). Evolution of organcllar praton-ATPases. Biocheim. Biophys. Acta
1100, 109-124.

Nelson, R. D., Guo, X.-L., Masood, K., Brown, D., Kalkbrenner, M. and Gluck, S.
(1992). Selectively amplified expression of an isoform of the vacuolar H*-ATPase 56-kilo
dalron subunit in renal intercalated cells. Proc. Natl Acad. U.S.A. 89, 3541-3545.

Nelson, N. {1994). Molecular and cellular biclogy of F- and V- ATPases. In Organellar
Proton-ATPases. (ed. Nelson, N.), pp. 1-27. Austin: R. G. Landes Company.

Nelson, H., Mandiyan, S. and Nelson, N. (1994). The Saccharomyces cerevisine VMAT
gene encodes a 14-kDa subunit of the vacuolar H(*)-ATPase catalytic secror. J. Biol.
Chem, 269, 24150-24155,

Nelson, H., Mandiyan, S. and Nelson, N. (1995). A bovine cDNA and a ycast genc
(VMAS) encoding the subunit D of the vacuolar H-ATPase, Proc. Natl, Acad. U.S.A. 92,
497-501.

Nishihara, T, Akifusa, S., Koseki, T., Kato, S., Muro, M. and Hanada, N. (1995).
Specific inhabitors of vacular type H-ATPases induce apoptotic cell death. Biochems..
Biophy. Res. Com. 212 255-262.

Noumi, T, Beltrin, C., Nelson, H. and Nelson, N. {1991). Mutational analysis of yeast
vacular H*+-ATPase. Proc. Natl Acad. U.S.A. 88, 1938-1942.

O'Connell, P. and Rosbash, M. (1984). Sequence, structure, and codon preference of the
Drosophila ribosomal protein 49 gene. Nucleic Acids Res. 12, 5495-5513.

O'Donncli, M, J., Dow, J. A. T., ITuesmann, G. R., Tublitz, N. }J. and Maddrell, S. H.
P. (1996). Separate control of anion and cation transport in Malpighian tubules of
Drosophila melanogusier. J. Exp. Biol. 199, 1163-1175.

223




O'Hare, K. and Rubin, G. M. (1983). Structure of P transposable elements ans their sites
of excision in the Drosophila melanogaster genome. Cell 34, 25-35.

O'Kane, C. J. and Gehring, W. J. (1987). Detection in situ of genomic regulatory
clements in Drosophila. Proc, Natl, Acad. U.S.4. 84, 9123-9127.

Orr, W., White, T. C,, I3, B., Robert, L. and Singh, J. (1995). Characterisation of a low-
temperature-induced cDNA from winter Brassica napus encoding the 70 kDa subunit of
tenoplast AT Pase. Plant Mol. Biol 28, 943-948.

Pan, Y.-X., Xu, J., Strasser, J. E., Howell, M. and Dean, G. E. {1991). Structure and
expression of subunic & from the bovine chromaffin cell. FEBS Letzers 293, 89-92.

Paques, F., Bucheton, B. and Wegnez, W. (1996). Rearrangements involving repeated
sequences within a P-element preferentially occur between units close to the transposon
experiments. Genetics 142, 459-470.

Patton, J. S., Gomes, X. V. and Geyer, P. K. (1992). Position-independent germline
transformation in Drosophila using a cuticle pigmentation gene as a selectable marker.
Nucleie Actds Res. 20, 5859-

Pedetsen, P. L. and Carafoli, E. (1987). Ion motive ATPases. II. Energy coupling and
work output. 77P5 12, 186-189,

Pedersen, P. L. and Amzel, L. M. (1993). ATP synthases-structure, reaction center,

mechanism, and regulation of one of natuie's most unique machines. /. Biol Chem. 268,

9937-9940.
Peng, §.-B. Crider, B. P., Zie, Z.-§. and Stone, D. K. (1994). Alternative mRNA splicing
generates tissue-specific isoforms of 116- kDa polypeptide of vacuolar proton pump /.

Biol. Chem. 269, 17262-17266.

Peng, S.-B. (1995). Nucleotide labelling and reconsticution of the recombinant 58-kDa
subunit of the vacular proton-translocating ATPase. /. Biol, Chem. 279, 16926-16931.

224




Peng, S. B., Crider, B. P., Sue, J. T. Xie, X. S. and Stone, D.K, (1996). Identification of
a 14-kDa subunit associated with the catalytic sector of clathrin-coated vesicle H+-

ATPase. f. Biol. Chem. 271, .3324-3327.

Perin, M. S. , Fried, V. A,, Stone, D. K., Xie, X.-S. and Seudhof, T. C. (1991). Structure
of the 116-kDa polypceptide of the clathrin-coated vesicle/synaptic vesicle proton pump.
J. Biol Chem. 266, 3877-3881.

Puopolo, K. , Kumamoto, C., Adachi, I. and Forgac, M. {1991). A single gene encodes
the catalytic 'A" subunirt of che bovine vacuolar He-ATPase. J. Biol Chem. 266, 24564-
24572.

Puopelo, K. , Kumamoto, C., Adachi, 1., Magner, R. and Forgac, M. {1992).
Differential expression of the 'B' subunit of the bovine vacuolar H+-ATPase in bovine

tissues, /. Biol, Chem, 267, 3696-3706.

Ray, K. and Ganguly, R. {1994). Organisation and expression of the Drosophila
melanogaster G protein gamma subunit gene, FASES /. 8 A1399.

Rio, D. C., (1990). Molecular mechanisms regulating Dm{pbi[a: P element transposition.
Annu. Rev, Genet. 24, 543-578.

Rio, D. C. (1991). Regulation of Drusophila P-clement transposition. 1rends Genet. 7,
282-287.

Robertson, H. M., Preston, C. R,, Phillis, R. W., Johnson-3chlitz, D. M., Benz, W. K.
and Engels, W. R. (1988). A stable genomic soucce of P element transposase in

Drosophila melanogaster. Geneties 118, 461-470.

Rubin, G. M. and Spradling, A. C. (1982}, Genetic iransformation of Dresophila with

transposable element vectors. Science 218, 348-353.

Rubin, G. M., Kidwell, M. G. and Bingham, P. M. (1982). The molecular basis of P-M
hybrid dysgenesis: the nature of induced mutations. Cefl 29, 987-994.

Rubin, G. M. (1988). Drasophila melanogaster as an experimental organism. Science 240,
1453-1459.

225




Rushforth, A. M., Saari, B. and Andersan, P. (1993). Site-selected insertion of the
transposon Tcl into a Caenorhabditis elegans myosin light chain gene. Mol. Cell. Biol.
13, 902.

Salz, H. K., Cline, T. W. and Sched!, P. (1987). Functional changes associated with
structural alterations induced by mobilisation of a P element inserted in the Sex-lethal
gene of Drosaphila. Genetics 117, 221-231.

Sambrook, J., Fritsch, E. F. and Maniatis, T. (1989). Molecular cloning: A laboratory
manul. Cold Spring Harbor Laboratory Press.

Sander, 1., Lottspeich, F., Appelhans, H., Kojro, E., Spangenberg, J., Weindel, C., Haasc,
W. and Koepsell, H. (1992). Sequence analysis of the caralytic subunit of H*-ATPase
from porcine renal brush-border membranes. Biockem. Biophys. Acta 1112, 129-141.

Sentry, J. W. and Kaiser, K. (1992). P element transposition and targeted manipulation
of the Drosophila genome. Trends Genet. 8, 329-331.

Sentry, J. W., Yang, M. and Kaiser, K. (1993). Conditional cell abation in Dresophila.
Bioessays 11, 491-493,

Sentry, J. W., Goodwin, 8. F., Milligan, C. D., Duncanson, A., Yang, M. and Kaiser, K.
(1994a). Reverse genetics of Drosophila brain structure and Function. Progress in
Newrobiology 42, 299-308.

Sentry, J. W. and Kaiser, K. (1994b). Application of inverse PCR 1o sitc-sclected
muragencsis of Drosophila. Nucleic Acids Res. 22, 3429-3430.

Sentry, J. W. and Kaiser, K. (1995). Progicss in Drosophila genome manipulation.
Transgenic Research 4, 155-162.

Shih, C.-K., Wagner, R., Feinstein, S., Kanik-Ennulat, C. and Neff, N. (1988). A
dominant trifluoperazine resistance gene from Saccharomyces cerevisiae has homology
with FOF1 ATP synthase and confers Calcium-sensitive growth. Mel, Cell, Biol 8, 3094-
3103.

Siebert, A., Lotspeich, F., Nelson, N. and Betz, H. (1994). Purification of the synaptic
vesicle-binding protein physophilin. Identification as 39-kDa subunit of the vacuolar H*-
ATPase. J. Biol. Chem. 269, 28329-28334.

226




Skoulakis, E. M. C., Kalderon, D. and Davis, R. L. (1993}, Preferencial expression in
mushroom bodies of the catalytic subunit of protein kinase A and its role in learning and
memory, Neuron 11, 197-208.

Snaith, H. A., Armstong, C. G., Guo, Y., Kaiser, K. and Cohen, P. T. W. (1996).
Deficiency of protein phosphatase 2A uncouples the nuclear and centrosome cycles in

Drosophila embryos, J. Cell Sci. (in press).

Spradling, A. and Rubin, G. M. (1982). Transposition of cloned P clements into
Drosophila germ-line chromosomes. Scicnce 218, 341-347,

Spradling, A. (1986). P-element mediated transformation of Drosaphita. In Drosophila, a
practical approach {ed. Robert, . B.), pp 175-198. Oxlord: IRL press.

Spradling, A. C., Stern, D. M., Kiss, 1., Roote, J., Laverty, 1. and Rubin, G. M. (1995).
Gene disruptions using P transposable elements: An integral component of the

Drosophila genome project. Proc. Natl. Acad. U.5.A. 92, 10824-10830.

Starke, T. and Gogatten, [. P. (1993). A conserved incron in the V-ATPase A subunit
genes of plancs and algae. FEBS lezters 315, 252-258.

Stellar, H. and Pirrotta, V. (1985). A transposable P vector that confers selecrable G418
resistance to Drosophila larvac. EMBO J. 4, 167-171.

Straus, D. and Ausubel, F. M. (1990). Genomic subtraction for cloning DNA
corresponding to deletion mutations, Proc. Natl, Acad, Sci, U.S.A . 87, 1889-1893.

Sumner, . P., Dow, }. A. T\, Earley, F., Klein, U,, Jiger, D. and Wieczorek, H. (1995).
Regulation of plasma membrane H* V-ATPase activity by dissociation of peripheral

subunits. /. Biol Chem. 270, 5649-5653.

Supek, F., Supekova, L. and Nelson, N. (1994). Fcaturcs of Vacular H*-ATPase revealed
by yeast suppressor murtants. [, Biol. Chem. 269, 26479-26485.

Supekova, L., Supek, F. and Nelson, N. (1995). The Saccharamyces cerevisine VMALQ is

an intron -containing gene encoding a novel 13-kDa subunit of vacuolar H+-ATPase, /.

Biol, Chem. 270, 13726-13732.

227

-
E
4




Supekova, L., Sbia, M., Supek, F., Ma, Y. and Nelson, N. (1996). A novel subunit of
vacuolar H+-ATPase related to the b subunit of F-A'l'Pase. J. Exp. Biol 199, 1147-
1156.

Sweeney, S. T., Broadie, K., Keanc, ., Niemann, H. and O'Kane, C. J. (1995). Target
expression of Tetanus 1'oxin light chain in Dresophila specifically eliminates synaptic

cransmission and causes behavioural defects. Newron 14, 341-351.

‘l'aiz, L., Nelson, H., Maggert, K., Morgan, L. and Yarabe, B. (1994). Functional analysis
of conserved cystene residues in the catalytic subunit of the yeast vacuolar H+-ATPase.

Biochim. Biophy. Acia 1194, 329-334.

Takase, K., Kakinuma, S., Yamato, 1., Konishi, K., Igarashi, K. and Kakinuma, Y.
(1994). Sequencing and characterization of the ntp gene cluster for vacuolar- type Na(+)-
translocating ATPase of Enterococcus hirae. J. Biol. Chem. 269, 11037-11044.

Tanida, L., Hasegawa, A., lida, H., Ohya, Y. and Anraku, Y. (1995). Coopcration of
calcineurin and vacuolar H+-ATPase in intracellular CaZ* homeostasis of yeast cclls. /.
Bial. Chem. 270, 10113-10119.

Theopold, U., Pintér, M., Daffre, S., Tryselius, Y., Friedrich, P., Nisscl, . R. and
Hulemark, D. (1995). CalpA, a Drasophila calpain homolog specifically expressed in a
small sct of nerve, midgut, and blood cells. Mol Cell Biol 15, 824-834.

Tower, J., Karpen, G, H., Craig, N. and Spradling, A. C. (1993). Prcferential
transposition of Drosophila P elements to nearby chromosomal sites. Geneties 133, 347-

359.

Térsk, T., Tick, G., Alvarado, M. and Kiss, L. (1993). P-lacW inscrtional mutagenesis on
the sccond chromosome of Drosophila melanogaster: Isolation of lethals with different

avergrowth phenotypes. Genetics 135, 71-80.

Tsubota, S. and Schedl, P. (1986). Hybrid dysgenesis-induced revertants of insertions at
the 5' end of the rudimentary gene in Drosophila melanogaster: Transposon-induced

control murations, Genetics 114, 165-182.,

Umemoto, N., Yoshihisa, T., Hirata, R. and Anraku, Y. {(1990). Roles of the VMA3

gene product, subunit ¢ of the vacuolar membrane H*-ATPase on vacuolar acidification

228




and protein transport. A study with VMA3-disrupted mutants of Saccharomyces cerevisiae.

[ Biol. Chem. 265, 18447-18453,

Umemoto, N., Ohya, Y. and Anrakyu, Y. (1991). VMALL, a novel gene that encodes a
putative proteolipid, is indispensable for cxpression of yeast vacuolar membrane H*-

ATPase activity. Bial. Chem. 266, 24526-24532.

Ultsch, A., Schuster, C. M., Laube, B., Betz, H. and Schmite, B, {1993). Gluramare
receptors of Drosophila melanogaster - primary structure of a putative NMDA recepror
protein expressed in the head of the adult fly, KEBS lesters 324, 171-177.

van Hille, B., Richener, H., Evans, D. B., Green, J. R, and Bilbe, G, (1993).
Identification of 2 subunit A isoforms of the vacuolar H*-ATPase in human

ostcoclastoma. /. Biol. Chem. 268, 7075-7080.

van Hille, B., Vanek, M., Richener, H., Gieen, J. R. and Bilbe, G. (1993). Cloning and
tissue distribution of subunit C, D, and E Of the human. Biochem. Biophys. Res.
Commun. 197, 15-21.

van Hille, B., Richener, H., Green, J. R. and Bilbe, G. (1995). The ubiquitous VAGS
isoform of subunit A of the vacular H*-ATPase is highly expressed in human osteoclasts.
Biochem. Biaphys. Res. Commun. 214, 1108-1111.

Viereck, R., Kirsch, M., Low, R. and Rausch, T. (1996). Down-regulation of plant V-
type H*-ATPasc genes after light-induced inhibition of growth. FEBS letters 384, 285-
288.

Voelker, R. A., Greenleaf, A. L., Gyurkovics, H., Wisely, G. B., Huang, S. and Seatles,
L. L. {1984). Frequent imprecisc cxcision among reversions of a I elemenc-caused lethal
mutations in Drosophila. Genetics 107, 279-294.

Weaver, D. T. (1995). What to do at an end: DNA double-strand-break repair. 77G' 11,
388-391.

Wechser, M. A. and Bowman, B. J. (1995). Regulation of the expression of three

housekeeping genes encoding subunits of the Neurospora crassa vacuolar ATPase.
Molecular and General Genetics 249, 317-327.

229




Whictaker, P. A., Cambell, A. J. B., Southern, E, M. and Murray N. K. (1988).
Enhanced recovery and restriction mapping of DNA. fragments cloned in a new lambda
vector, Nucl Acid. Res. 16, 6725-6736.

Wieczorek, H., Weerth, S., Schindlebeck, M. and Klein, U. (1989). A vacuolar-type
proten pump in 2 vesicle fraction enriched with potassium transporting plasma

membranes from tobacco hornworm midgut. [ Biol Chem. 264, 11143-11148.

Wieczorek, H., Putzenlechner, M., Zeciske, W. and Klein, 1. (1991). A vacular-type
proton pump energizes K¥/H* andport in an animal plasma membrane. J. Biol. Chem.

266, 15340-15347.

Wieczorck, . (1992). The insect V-ATPase, a plasma-membrane proton pump
energizing secondary active-transpott - molecular analysis of electrogenic potassium-

transport in the tobacco hornworm midgut. /. Exp. Biol. 172, 335-343.

Wieczorek, 1. and Harvey, W. R. (1995). Energization of animal plasma membranc by
the proton -motive force. Physiol. Zool. 68, 15-23.

Wilkins, T. A. {1993). Vacuolar H+-ATPase 69-kiloDalton caralytic subunit cdna from
developing cotton (gossypium-hirsutum) ovules. Plant Physiolagy 102, 679-680.

Wolfersberger, M. G. (1992). V-ATPase-encrgized epithelia and biological insect control.
J. Exp. Biol. 172, 377-386.

Yang, M. Y., Armstrong, J. D., Vilinsky, I., Strausfeld, N. J, and Kaiser, K. (1995).
Subdivision of the Drosophila mushroom bodies by enhancer-trap expression patterns.

Neuron, 15, 45-54.

Yaver, D. S., Nelson, H., Nelson, N. and Klionsky, D. J. {1993). Vacuolar ATPasc
mutants accumulate precursor proteins in a pre-vacuolar compartment. J. Bial, Chem.

268, 10564-10572.

Y1, Y. and Samuelson, §. (1994). Primary structure of the Entamoeba histolytica gene

(Ehvmal) encoding the catalytic peptide of a putative vacuolar membrane proton-

transporting ATTase (V-ATPase). Molecular and Biochemical Parasitology 66, 165-169.

230




Zhang, J., Myers, M. and Forgac, M. (1992). Characterisation of the VO domain of the
coated vesicle (H*)-ATPase. /. Biol. Chem. 267, 9773-9778.

Zhang, P. and Spradling, A. C. (1993). Efficient and dispersed local P element

transposition from Drosophile females. Genetics 133, 361-373.

Zhang, P. and Spradling, A. C. (1994). Insertional mutagenesis of Dresgphila
heterochromatin with single P elements. Proc. Narl. Acad, U.S.A. 91, 3539-3543.

Zhang, J., Vasilyeva, E., Feng, Y. and Forgac, M. (1995). Inhibition and labeling of the
coated vesicale V-ATPasc by 2-azido-~[32PJATP. /. Biol. Chem. 270, 15494-15500.

Ziegler, K., Hauska, G. and Nelson, N. {1995}. Cyanidium-caldarium gencs encoding
subunit-A and subunit-B of V-ATPase. Biochi. et Bioph. Acta-Bioenergetics, 1230, 202-
206.

Zimniak, L., Dittrich, P., Gogasten, J. P., Kibak, H. and Taiz, L. (1988). The cDNA
sequences of the 69-kDa subunit of the carrot vacuolar H-ATPase homology to the B-
chain of FQF1-ATPases. /. Biol Chem. 263, 9102-9112.

Zwaal, R. R., Broeks, A., Vanmeurs, J., Groehen, J. T. M. and Plasterk, R. H. A. (1993).

Target-selected gene inactivation in Caenorbabditis elegans by using a frozen wansposon
insertion mutant bank, Proc. Naxl Acad, U.S.A. 90, 7431-7435,

231




