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The intent of this thesis was to isoclate and

characterize thevc—inylase gene of Drosophila mselanogaster.
This prilhry step would be a starting point for studies on
the role of cis—acting factors in tissue-specific expression
of the gene.
| A Drosophila melanogaster genomic library constructed
in the lambda bacteriopbage vector, EMBLA, was first probed
using a wmurine pancreatic ac-amylase A, pHPa2l
(Schibler, et al, 1980). Probing -under 1low stringency
hybridization conditions, eight recombinant clones were
isolated and Egaracterized. However, these Tlones are not
related and do not-encode c~amylase. In order to increase
the hybfidization stringency, a second probe (pUCal),
believed to contain a Drosophila amylase cDNA wvas next uséd
to screen the librafit
B Using pUCai, ¢ recombinant clones were isclated from
the Drosophila genomic library and were characterized by
restriction : endon\:le‘i’ée digestion. Al though, pUcCal
expteisaed a starch-hydrolyzing activity, hybridized to zn
REA of the same size as c-amylase, and'hybrldized to pMPa2l,
it was suobsequently found not to contain a-amylase coding
sequences , but the bacterial insertion seguence IS1 (M.

¥hitely & P. Moreau, personal communication).

ix



The intensity of hybridization of the probe to the two
isolated recombinants suggested that both recombinants
contained IS1. Characterization of these two clones
continued and restriction and hybridization data confirned
tbat-thay harbour IS1. Tb? two isolated recombinants also -
hybridize to discrete Drosophila genonic.DHA sequences which
are not homeologous to IS1.

This thesis describes the isolation of eukaryotic
genomic .sequences which h;ve served as targets for the
insertion of the prokaryotic mobile element, ISl. The
conclusions presented serve as a wvarning to '‘molecular

biclogists using prokaryotic systems to propagate eukaryotic

genes.



BESUME

Liobjet . de cetfe thése était Ad'izoler et de
caractériser le géne ac-amylase chez Drosopbi}a ﬁelanognste;.
Cette premiédre étape Adevait @tre le point de départ d'une
étude sur le rodle aes facteurs-responsables de 1‘'expression

‘des géges dans des tissus spécifiques.

Une 1librairie de séquences génomiques de Drosopbila
neianogastcit construite dans lambda EMBL4, a été sondéde en
utilisant le cDNA du géne c—amylase pancréatique de sou;is,
pNPa21 (Schibler, et al, 1980). En utilisant des conditions
d'hybridation non stringentes, huit recombinants ont\j?té
isolés et caractérisés. Cependant, aucun de ces clones ne
sont identiques. Afin d'augmenter la stringence

' d'bybridation, nous avons utilisé une deuxidme sonde
croyant qu'elle contenait le cDNA «-amylase de Drosophile
(pUCal).

En utilisant pUCal mme sonde, deux clones
recombinants furent isolés e la 1librairie génoniéue de
Drosophile et furent caractérisés par des digestes d'enzymes
de restriction. Bien gue pUCal exprimait ane activiteé
capable d'hydrolyser 1'amidon, s'hybridait 4 un ARN de
méme taille que celui de l'c-amylase, et s'hybridait au
pMPa2l, i1 a é&té (ESﬁontré qu'il ne contenait pas de
sdquences c—-amylase, mais plutdt, une séquence d'insertion,
ISl d'origine bactérienne (M. Whitely & P. Moreau,

communication personnelle).

xi



L'igten51£‘.-d'hybridation de la sonde aunx deux
recombinants isolés suggerg_ghe ces deux clones contiennent
ISl. Pour cette rgison nous avon# poursuiyi la-,
_caractérisation de ces clones. Nos résultats dés digestes )
‘at hybridatlonsfonf'bar la 3u1te confirmé qu'ils contenaient
_ effectivement IS1. De plus, les- deux réconbinaﬁfs isolés
.s'hybrident A des sééucnces spécifiques d4' ADN génomigue dg
Drosophile qui ne soﬁt pas homologues au IS1: . .

thﬁe thése décrit comment des sdquences eucaryotes
génomiques ayant se;vi de cibles pour 1l'insertionh .de
l1'édlément mobile procaryote ISi, ;htlété:isolees.-De plus,
les conclusions présentdes devraient;sérv1r d'avertissement

aux biologistes moléculaires qui‘dfilisent des systémes

procaryotes pour la propagation de génes eucaryotes.
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. ' - Chapter I o

INTRODUCTION

The function _of a particular tissue 'is gefined by
'exbre;siop of gpecified sets of g?nes ui;ﬁin the cells
. that compose thaf tissue. One o; the fundaﬁental gquestions
" of modern Dbiology is howr—selective expfegéion of genes

in>_§pecifié tissues is regulatéd. xW_~we;E inéerested in
“studying tissueiqucific control of 'éeﬁe éﬁpressionf using
Drésbphila melanogaster as a model system. |
Thexu:amylase‘gene of Dr&sopbilé‘helénogaster encodes
a ?epfeseﬁ;a}ive,tissue—;pecific en;yﬁ;.exﬁréssed primarily
:in'midguticélls of DrosopHila.“ “Thefbriginal purpose of
‘this thesisﬁwés_tp isolate andlEhafgcﬁgrize the «-amylase
geﬁe of Drosophila_melanogaster. I;olapiqn of the gene was
ito be the primary sfepjin a lafgér:;tudy ;n'which'phe gene
woﬁld Ibe used to exahiné qbntf§1 of fissue-specific gene
expres%ibn in wvivo . by methodé' dédelspeq by Rublin and .
Spradling (1982). BT
| ‘In order toﬂis;iéte the g;amyiégé gene, % Drosophila
melanogaster. geﬁoﬁ}c:‘iibrary'_yés= fi:s& " screened. using a
mouse.nru—émylaSe-::cDNA probe \ uﬁder low ‘Est:ingency .
hybridizgtign 'conaitions. : ,The low stfiqgency, of the}
hybridization c":onc.i_it.icns. and  the minimal h'omc?'lo.gy-:o‘f the
mouse cDNA t§ the Drosaphilé gene'resﬁlted in 1solation qf.
se&eral 'ﬁnrelated clones, .
_ Subseqqently,- a cDNA made in our ‘laboratory by M.

Whitely frém Drosophila messeﬂgef RNA} was used to pro5e the
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libraryi This-;cDN& prCal)”expresﬁes a protein capable.of
hydrolgziﬂg sﬁafcﬁ. In addition,i'pUCal hybridizes on
Nortﬁefn Blots to a 1.6 Kb RNA, the cof}ect size to encode
.Q-amylaSe. Frém these data we congluded that pUCal encoded
Droscophila melanoééster c-amylasé. Usigg pUCal as a probe,
two recombinant clones were isolated. from the genomic
library. These clones were characterized by restricéion
endonuclease digestion and hybridization to the probe.
Simultaneously, pUCal was sequenced . and, to ou;
astonishment, was found not to contain Drosophila «-amylase
codiné seqﬁences but a bacter;al insertign sequenée closely
related to IS1 (M. Whitely & ©P. Moreau, manuscript in
preparation).

Further characterization ‘of the recombinant clones
isolated using pUCal suggests that they also contain ISl
which has integrated info Drosophila DNA. This event has
never been documented previously andrrgises intriguing and
pertinent questions: .Is there homology between prokaryotic
and Drosophila transpoéable elements? Are there  specific
target sites for insertion off bacterial sequences into
Droscophila DNA?"Are these target sites similar to ones in
prokaryotic DNA? Most importantly, what is the broader
significance of insertion of prokaryotic seguences into
eukaryotic DNA? Answers to these questions }gay have
implications regarding the evolution of mobile elements énd

the context in which molecular biology is studied.



The first part of this introduction wil} explain the
rasearch project within the context of tissue-specific gene
" expression of a-amylase. and thé strategies employed to
isolate the Drosophila melarcgaster a«-amylase gene. In the.
second part, the involvement . of bacterial Insertion

Sequences in the research project will be explored.

1.1 Drosophila melanogaster 3s a model system for the
study of control of tissue-specific gene expression

The fruit fly, Drosophila melanogaster, is a
perfect tool £for the  study of tissue-specific gqene
éxpression in vivo. The genetics of the fruit £ly have
been intensively studied by classical geneticists
and most structural genes  have been mapped to chromosomal
loci. Selective preeding'has created fly strains which are
mutant for many tissue-specific gqneé. iIn additicn, genetic
manipulation of embryos has been made. posSlble within
the last few years (Rubin & Spradling, 1982; Spradling &
‘Rubin, 1982) wmarrying the techniques of genetics with
those of molecular biology. This technoleogy, called
germl ine transformation, allows exogenous genes to be
introduced into germline DNA of Drosophila gmbryés (Rubin &
Spradling, 1982). The exogenous gene thus becomes an
inherited trait of the transformed line. Insertion of the
gene into the germline is facilitated by using P-element
transposable elements a; vectors (Sp;adlihé &_Bubln, 19823,

P-elements are a family of transpésable elements of

Drosophila melanogaster which transpose with high



frequency in fly strains ;hich carry no endogenous
P-elements {M-strains}. Further, P-elements transpose
prefereﬂtia}ly into germline chromosomes (Engels, 1880;
Kidwell, et al, 1982; Spradling & Rubin, 1983). Hence, an
exogeﬁous gene ls incorporated into the genome by cloning it
into a transpesable P-element and microinjecting thé

" cloned gene directly into the primordial éermline cells of
M-strain embryos (Rubin & Spradling, 1983; Spradling &
Rubin, 1983). The P-element carries. the cloned gene into
the germline DNA of the recipients resulting in
microinjectgd embryos which caéry an exogenocus gene stably
integrated inte their genome. Thereafter the new geg; is a
heritablg trait of the transformedstrain.

Genes microinjected thus far are gxprESsed in
appropriate tissues, at the correct developmental stage,
and, for the most part, independently of the insertion
site of +the gene into the genome. For example,
microinjection of the genes for Xanthine Dehydrogenase
{Spradling & Rubin, 1983; Rubin & Spradling, 1983), Alcohecl
Dehydrogenase (Goldberg, et al., 7 1983}, Dopa
Decarboxylase (Scholnick, et al., 15983), and SGS3 ‘glue'’

~, (Richards, et al, 1983) all reconstitute some level of
tissue—specific; enzyme activity in £ly strains mutant at
these loci. Conversely, injection of mutated genes can
cause anomolous activity in recipient flies (Hiromi, et al,
1986).' Although the integration site of the microinjected

gene is random, enzyme activity is limited to those
' J
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_ _ v
" tissues where the native gene would normally be

expressed. Therefore, = it appears that control of
tissue-specific expression in Drosophila iz contiguous
with the gene and itz flanking sequehces.

Germline transformation of Drosophila melanogasterl
using P-elements provides an ideal system for in vivo study

of control of tissue-specific gene expression.

4
1.2 DNA sequences controlling gene expression
Already there is much evidence that csntrol of tissue-

speé{fiq gene expression is to a large exteﬂt exerted at
the 1level of transcription. Germline transformation. has
demonstrated that cis-—acting sequences control. tissue-
specific gene expression. DNA sequences flanking or within
lthe .coding segquences dictate thé efficiency of gene
transcription via specific trans—actfﬂé cellular factors. ~

Transcription of most eukaryvotic genes transcribed by
RNA polymerase II is  maintained at a basal level by'
promoter sedquences which flank the gene on the 5'(upstream)
side. The promoter acts as a focus for RNA polymerase II
and thus potentiates accurate and efficient transcription
from the correct start site, the cap site, defined on the
gene sequence as nucleotide +1 (Benoist & Chambon, 1981).
The following elements comprise the typical eukaryotic
promoter: the Goldberg-Hogness seguence which lies
approximately 30 base palrs (bp) 5' to the cap site of
most eukaryotic genes and conforms to the consénqus :

sequence, TATAAA, and 2a -second region 70-S0 bp upstream



wvhich may have canonical séqnences GGCAATCT or GGGCGG
(éenoist. et ali{ '1980; Benoist,% Chambon, 1981; Mathis &
Chambon, 1981; Dierks, et al, 1983; Efstratiadis, et al,
1980). |
' Other elements cﬁlled enhancers are found flanking
many viral genes (Moreau, et al, 1581; Hen, et al, 1983:
Fubrman, et al, 1981; Hearing & Shenk, 1986; Hynes, et al,
1983) and some cellular genes (Voss, et al, 1986;
Goodbourn, et al,1985: Gillies, et al, 1983). Enhancers
are usualiy found far .upstream of the cap sigg, (more
than 100 bp) but are occasionally found within the gene
ceding sequences (Kheury & Gruss, 1983; Banerji, et al,

1983; Queen & Baltimore,. 1983; Gillies, et al, 1983;

&

Osborne, et al, 1984). First cﬁaracterized . in Simian
Virus 40 (SvV40), these elements were called enhancers
because :hey increased trénscripfion from, the associated
promoter (Moreau, et al, 1581; Banerji, et al, 1981). As
with promoters.-enhancers act in c¢is (Hogeau; et al, 1981).
However, enhancers are typically distinguished from
promoters by several characteristics. Unlike prgmgters,
enhancers increase transcriptional efficiency eéén vhen
placed at a distance from the gene {Hareau, et al, 193&:
Afchison & Perry, 1986; Fromm & Berg, 1983),. Additionally,
’ enhancers can exért tﬁeir effects from 3' or 57 positicns
relative to the promoter and can act independently of

orientation relative to the direction of transcription

(Fromm & Berg, 1983; Wasylyk et al, 1983). A ‘core! sequence
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.h;:‘(ﬂelher, et ;1._1983) and repeated sequence motifs (Khoury &
Gruss, 1983; Serfling, et al, 1985), are common features of-
many enhancers. However, unlike the promoter, no single
sequence feature 1is characteristic of all enhancers. As
well, promoters usually function in all cell types whereas
viral enhanc;ers function maximally within the range of
hosts that the virus infects and, within tbe host, the
enhancer usually functions best in particular cell. types~
(Berg, et al, 1983; Yoshimura, et al, 1985; Laimins, et al,
A982; Laimins,et al, 1984} Zaret & Yamamoto, 1954; H&n&s, et
al, 1983: de Villieré; let al, 1982); cellﬁia} 'qﬁhancers
direct transcription within specific cell typéS'(Hafday..et
al, 1984; Gerlinger, et al. 1986; Karin, ef al. 1984; Voss,
et al, 1986; Ciliberto, et al, 1985; Adams;.etral, 198%) or
are inducible bﬁ - specific physiological circumstanc?
(Goodbourn, et al, 1985; Bienz & Delham, 1986). Yet, as
analysis of wvarious upstfeam sequences continues, the
distinction betwéen enhancers and . promoters becomes
increasingly blurred (Serfling., et al, 19861. Thus,
promoters associated with some cellular genes direct
tissue-specific transcription initiation from heterologous,
non-tissue-specific enhancers (Héson, et al, 1985;._
Grosschedl & Baltimore, 1985; Gillies, et al, 1983).
Other cis-acting sequences associated with cellolar
genes display some characteristics of enhancers and elicit
expression of cloned heterologous genés only in those

tissfg; or analogous cell system= vhere _the native genes



wvould be expressed (Grosschedl, et al, 1984;.Chgaa. et al,
198%; Townes, et al, 1985, Hanahan, et al, 1985: Swift,et
al, 1984; Ornitz, et al; 1985; Hammer, et al, 1984; Palmiter
et al., 1982; Walker, et.al, 1983: Bodary, et al, 1983:
'Zinn, et al, 1983; D'Onofrio, et al, 1985; Hiyashi, et al.
1985; Xosche, et al, 1985; Charnay, et al, 1985;
Hagenbuchle. et al, 1985; Fujita., et al, 1986) .

Interestinglf. DNA sequences assoclated with some genes
have the characteristics of enhancers except that they act
to repress transcripéion. Thus, upstream sequences
associated with rat insulin I gehe (Laimins, et a1, 1988},
vyeast silent mating type cassette (Brand, et al, 1985), and
HTLV III viral genes ERosen, et al, 1985);_can act in cis,
at a distance, 3' or 5' to the gene, and regardless of
orientation to stop ‘transcriptional “activity. These
*silencer’ sequences‘shut down activity of an associated
enhancer but this can presumably be reversed once #fhe
correct physiological conditions for transcription
initiation prevail.

Maxims £for gene expression in other euikaryotic systems
apply to control of gene expression in Drosophila
melanogaster as well (Hatfox, et al, 1984; Benyajati, et
al, 1984; Heberlein, et al, 1885%; Skuse : Sullivan, 1985;
iarin, et al, 1984; Hoffman & Corces, 1986; Xlemenz &
Gehring, 1986; DiNocero, et al, 1983; Rio & Rubin, 1985;
Amin, et al, 1985). The control of tissue-specific gene

expression in D. melancgaster is particularily well



illustrated by the ‘nested! pupai cuticle protein gene

which lies in the intron of a gene encoding an enzyme of the

purine_pathway. These ' two:-genes are encoded on opposite
strands of. the same DNA sequence but are unrelated by
fﬁngtion. Each is expressed at different developmental

stages in distinct tissues with no apparent overlap .of
' - \

"ekﬁress;on (Heniko€£, et al, 1986).

a t o s

Cis—-acting sequences are targets‘ for trans-acting
factors which moduiate gene expression. by binding-the
DNA (Davison, et al, 1983; Dynan & Tjian, 1985; Sassone-
Corsi & Borrefzi, 1986; Gariglio, et al, 1981).  Unlike
prokaryotic RNA polymerasé, eukarvotic RNA ppiymerase II
dees not  have an intrinsic ability to recognize the
promoter in vitro. Assembly of trans-acting factors into
initiqtion complexes allows RNA polymerase II to recognize
and bind the promoter and commence ac&urate transcription
(Davison, et al, 1983; Dynan & Tjian, 1985; Takahasi, et al,
1986).hCrude cellular extracts such as, S100 (Manley, et al,
1980), whole cell extracts (Weil, et al, 1979}, and
~mammalian nuclear extracts (Dignam, et al, 1983), can
reconstitute faithful in vitro transcription Dby RNA
.polymerase II.

" BAs well, in vitro competition experiments between

uifd-typé and mutant upstream sequences for limited cellular

factors and DKAase I footprinting of sequences bound by

these £factors (Wu, 1985), have ,Enapled the 1isoclatlion of

-
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- trans-acting factors which are required for transcription of

particular genes (Dean, et al, 1983; Ucker, et al, 1983;
Payvar, et al, 1983; Chandler, et al, 1983; Sawadogo &
Roeder, 1985; Hayward. eé al, 1982; Miyamoto, et al, 1985:‘
Oblsson, et =21. 1986; Renkawitz, et al, 1984; Kovesdi, et
al, 1986). These factors evoke transcription in'spécific
cell-types or under particular physiclogical circumstances.
For example, Scholer and Gruss (1983) showed that extracts
of B an@d T ly@phocytes and Hela cells cause SV40 enhancer
activ;ty but only the lymphocyte extract allows IgH
enhancer activity. Some lﬁmphocyte specific factors have
recently beén identified {Maeda, et al, 1986; Church. et al,.
1985; Ephrussi, et al, 1985; Mercola, et al, 1985;
Henninghausen, 1985; Weinberger, et al, 1986). As well,
trans—adting factors which repress transcriptional activity
"from enhancgrs have also been characterized. (Borrelld,
et al, 1%84. Gcrmén, et al, 1985).

Dr;sopbilé“melanogaster genes also respond to a variefy
of trans-acting cellular factors ir wvive and in vitro
(Parkér & Topol, 1984a; Parker & Topol, 1984b; Heberlein, et
al, -1985; Desplan, et al, 1985; Benvajati & Davis, 1984;
Chao & Guild, 1986; Gilmour & Lis, 1985; Gilmour, et al.
1986). Hést impor;antlf to the study undertaken for this
thesis, the pattern of a-amylase expression in the posterior
midgut of Drosopbila' melanogaster is regulated by the
prdduct of a linked gene called map (midgut activity-

pattern) (Abraham & Doane, 1978); another gene is postulated
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to direct expression of a-amylase in the antef;pr midgut
(Doane, et al, 1983).

In summary, cell-type specific gene expression in

eukaryotes can be achieved by the binding of trans—-acting

factors to particular cis-acting DNA seguences. Tissue— . -

specific gene expression of «-amylase in 'Drosophila
.melanogaster is expected to be directed by means similar to
those already discussed. Isolgting and characterizing the
amylase gene would be the first step towards confirming this
hypothesis and would enable us to explore other aspects of
tissue-specific gene expression. For instance, by
mutating upstream seguences of ‘ the géne, would it be
possible to destroy tissue-specificity 6f expression without

eliminating expression altogetler?

1.4 The c—amyvlase genpe of Droscphila ;elgngggggg;

The intent of this research project was to isclate and
chéracterize the a-amylase gene from D. melanogaster.
Subsequently, the_gene would be microinjected into embryos

of 2 Drosophila strain which do not produce viable «-amylase

- -- an «-amylase null strain (Haj-Ahmed & Hickey, 1982) -- to .

study the various levels of control of «-amylase gene
expression In vivo.

We chose to study the «-amylase gene in Drosophila
melanogaster because it provides a complex and interesting
system o0f tissue-specific gene expression. c—-amylase

activity is expressed mainly in the midgut and hemolymph
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of D. melanocgaster (Abraham -& Doane, 1978). - As _uell;ﬁu
expression of the gene is controlled at variou§ 1eve1s by
cis— and trans-acting factors: it is squect to changes in
its temporal and spatial expression du;ing develoément
{Doane, et al, . 1983) and the levelrof expréss;on can be
manipulated through diet composition inckey, 1975; Hoorn &
Scharleoo, 1981). |

The structural gene for u—amyldse in Drosopbiia‘
melanogaster has been mapped to a locus on cgfomosome éR
(Bahn, 1971). Among different strains of D. melanogaster
there exist a number of polymorphic forms of «-amylase which
can be distinguished L on the basis of differences in
electrophoretic mobility (Deocane, 1969). Expression of ;wo
different isozyme wvariants within the same D. ;elanogaster'
strain led to genetic recombination studies by Bahn (1980)
who determined that the Amy gene is éctually comprised of:
tightly linked duplicate 1loci which are separated by 0.008
crossover units. Ih mammals, the amylase 'gene 1is also :
dublicated and evolution of the two copies has resulted in
distinct pancreatic and salivary gland «-amylases (Mackay,
et al, 1985). |

Distribution of «-amylase expression within the
posterior midgut (PMG) is genetically deﬁermined (Doane, et
al, 1983) by different alleles of the linked gene
designated map (Abraham & Doane, 1978). map activity is
conspicuous in strains which produce identiéal amylase

isozymes yet display distinct patterns of expression in the
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PHG; Abrahaﬁ_ané Dcané (LS?S):suggest that ‘map regulates
-exbression{.qf  u—amyla§e via:_a. trans—actingmffactor which
. ‘binds £§  cis—eléments_‘on, Amy: withip- the ?HG (Abraham &
Doane;?1978;‘Trea;—CIemons & Doane, 1980).- Indeed, in vivo .
trahggripfion: ané '_transléfioﬁ of amylase -ﬁRNA injected
-into‘kenépus odcytesg(LaBatca aﬂd'Pai;En, 1977) demonstrated
‘;ﬁatr map Controls VAmy"expressioﬁ-laé ‘.the level of
‘ fran$ia£éble-mRN§}(Dgane,ﬂeﬁ 511‘1583). ,Thé-map gene also
exertsﬁalgtééiﬁ spgbifgé;temﬁoréll;switch"fgom larval to
© adult pétterns.lof  e#pfessi;n in ' the PMG -(Hickey, 1981;
-Doéne, et al, t1983).-5 _A;_$imila; tempofal switch from
.nédnafal ‘to aduif transcripﬁion Jpatterns of the murine
ajahylase | geﬁé . ieéds fo.‘ t;ssue—specific. promoter
utilization in ‘parotid and liver cells (Harding, et al,
1978; Sha;LJ et. al, :1935).‘ map may wmodulate 'amylase
expression'in'.D. melanogastér by switching @31 an ‘tadult'’
épecific premoter. Tﬁe.map gene exerts its gbntrol only in
the PMG and *is, therefore, itself a tissue-specific gene.
Strain specific activity patterns ig the anferior midgut
(BAMG) suggest that there is probably a gene similar to map
which controls the pattern of'expression of e-amylase in the
AMG (Doaﬁe, et al, 1983).

Additionally, «-amylase activity can be mapipulated
through the diet; high 1levels 6f amylase activity are
characteristic of flies reared on complex carbohydraté media

whereas flies raised on simple sugar media have low levels

of «-amylase activity (Hickey, 1979; Hoorn & Scharloo,
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1980). | Correspondingly, tﬁe chromosone_ puffs'}yn theierea_
to vhich the c—anylase gene has been mapped inérease in7 
size in flies fed on a starch carbohydrate source (Doane, et:
al, 1983). In Drosophila nelanogaster | puffing of the“
chromoseme is asSociated with’ 1ncreased transcription of
genes in the region of the puff (Danehol;,'et'al, 1975).
‘Accordingly. g-amylase " mRNA leveis‘_ are higher in fiies
reared on the starch dieti;s shoen'by translation of eRHA
| " injected ;ﬂfo oocytes (B. Benkei.'persenaf'comeunication).

-QThe phenomenoﬁ of diet—controlled expression is also seén
for the rat «—~amylase gene and s reflected in a
corresponding concentration of amylase mRNA 15 the pencreas
(Giorgl, et al, 1984).

°  Additional considerations made «-amylase an attractive
system for study. ée had available a mouse «—amylase cDNA .
to ‘use as a probe for the Drosophila gene . (a gift from U
Schibler, Sviss Institute ;or Experimental Cancer Research).
A strain of a-amylase null £flies (Donal Hickey) eas
available for the microinjection experiments. As well, the
enzyme ls easily _isolated and the test Afor activity is
.uncomplicated. The enzyme is purifieg as-a monomer with
_a;proximate molecular ﬂeight of 54,000 daltons {Doane, et
al, 1983). | It is a~ digestive enzyme which randomly
hydrolyzes the a-(1-4) glycosidic bonds of starch to vield

s

glucose and maltose molecules. Therefore, simple tests with

I,-KI reagent are sufficient to show c-amylase activity.
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_The c—amylase g%fe. of'ibif melanogaster. includes many'
aspects vhich _make it interesting to study _ Expression of
the-. gene is controlled by cis— and trans-ecting factors
which affect its tissue—specific expression, developmental
aspects of its expression- and diet—reguloted expression{

5 o . at c—amy
R. pelanogaster
Originally, it was intended.tnat the u—amylase!gene of
‘D, melanogaster would be isolated uslng a murine x-amylase
;cDNA as probe. Hurine, human, and Xenopgs nomeobox genes
\uhaye been isolated by .vl}tue Aof;dhonoloéy ulth.hDrosophila &
. sequences -used as probes ftolﬁeté—?oley,i‘ét‘ al, 1985;
‘Carrasco, et al, 1984;LHcGinnis,ﬂet\al,-lSéﬁ).::Conversely,
‘Drosophila‘genes have been‘isolated>using'mammalianlgenes or
cDNAs as probes (Cowman, et al, 1985; éaggese, et al, 1986).
Therefore, there is reason to‘expect that‘the u4amylase gene
for D. melanogaster ‘coolebe isolated_by'homology with the
c—-amylase gene from nnother anlmal. a—amylase has much tﬁe;
same digestlve. fnnction,‘in all,reukaryotes andr one mlgnt"
prediot, therefore, a similarity in amino;acid sequence.and
possibly, to a’lesSer extent, in the mRNA among.species.
Indeed, for eukaryotic «-amylases characterized’lto date,
there are four conse;ved domains in tbe p;otein‘whlch may
be reflected in conserved DNA sequence‘domains (Hockay, et
al, -1985).
We chose to use a complenentary DNA for mouse

pancreatic c-amylase (a gift fron.U. Schiblerl te probe the
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Drosophila ﬁelanogastef genome for the correspondind'gene

in Drosophila. Doane,‘et al, (1983) had conducted’ pilet
éxperiments which established that a cDNA for mouse salivary
a—-amylase (Schibler, et al, 1980; Hagenbuchle, et al, 1980)
had hémology with discréete sequences in the P. melanogaster
. geﬂwﬁe. Similarily, P. Moreau {unpublished data) showed
that the pancreatic «-amylase cDNA £from mouse had homology
to discrete sequences in DNA from Oregon R strain of
D. melanogaster and to DNA sequences from Drosophila tissue
culture lines. 'Thgse preliminary data indicated that it
should be possible to isclate the <«-amylase gene Zfrom

Drosophila melanogaster using the mouse «-amylase pancreatic

cDNA. In éact, several recombinant c¢lones were isclated
- during this study using the murine probe. However, the low
"stringency of the screening conditions resulted in the

isolation of cloné5¢which appeared. to be unrelated to each
other. A more homologous probe was required to distinguish
which, if any, of these clones encoded a-amylase. A second
cDNA, pUCal, which expressed a starch-hydrolyzing activity
much like «a-amylase, was ” made in our laboratory by
M. ﬁhitely from Drosophila melanogaster mRNA. The enzymatic
activity hipfessed-?y pUuCal from an eipression vector and
its hybridiiation t6~an mRNA species on Northern blots in
the  correct size range for «-amylase was convincing
evidence tﬁat the CcDNA encoded Drosophila «-amylase,.

Therefore, pﬁCal was used to screen the clones isclated
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with the murine probe and also to re-screen the genomic

library.

»

We were unaware that pUCal harboured a sequence almost
identical to prokaryotic .Insertion Sequencg I81.  Yet,
pUCal expresses an enzymatic activity akin to a-amylase
wh;ch has never been described for ISl. Because the library
of genomic DNA is propagated in a prokaryote host, by uéing
the pUCal.probe we ;ere unknowingly looking for In;erfion
Sequences in the éenomic libraéy. Previously, two
occurances of IS1 insertion into genomic ;ibraries had been
documented (Deveos, et al, 1979; Fernandez, et al, 1986}.
However, the event documented in this thesis is distinct
because ISl has transposed into eukaryotic DNA.

We know now that the original premise of using the
mouse pancreatic cDNA ;ould have permitted the isolation of
the Drosophila «-amylase gene because in 1985, Gemmill, et
al, isolated =and characterized t£e a~amylase gene from
Drosophila melanogaster strain Canton S using a mouse
salivary «a-amylase cDNA gs probe. The final proof that the
gene 1is «-amylase is thaf the isclated éequence expresses
x-amylase in Xenopus ococyte translation systep (Levy, et al,
1985)1 Sub;equenxly, x~amylase genes from six additional
strains, including the.amylaée—null strain, were isolated
and characterized (Gemmill., et al, 1986). |

It is not within the Ecope of the Introduction. to

discuss all aspects of this project. * However, these

particular facts are pertinent because the surprising

DoaN,
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results presented in this thesis changed the direction of
the research. The use of pUCal as a probe to screen the
Drosophila genomic library resulted';n isclation of two
clones which harbour a bacterial insertion seguence. In
addition, these clones contain Drosophila genomic sequences.
Therefore, this thesis documents the isolation of eukaryotic
genomic sequences into which bacterial insertion sequences

have integrated.

P arvot Insertion Sequence IS1

Smﬁll DNA sequences called insertion sequences (IS)
comprise approximately 1 to 2 percent of the genome of thg
bacterium, FEscherichia coli. Insertion sequences are
traﬁsposable elements that can move to new locations on the
chromosome and alsorto eitré—chromosoﬁél elements such as
plasmids and bacteriophage. Insertion sequences range in
size £from 768 to 5,000 bp and are flanked byl terminal
inverse repeats of 20 to S0 Sp (Klecknert 1977; Tida, et al,
1983). The inverted repeats.ére essential for transpesition
and prbbébly serve. as _recognition points for- thes
transposifién mechanism by defining the ends of the element
(Gamas, et al, 1985).

Larger prokarvotic transposable elements, some of
which include IS ap their termini, usually encode antibiotic
" or heaﬁy metal reSistance,- making their presence easily
idenfiﬁiable in prbkaryotes. IS, however, do not have marker

phenotypes. IS were‘detect;a,because of their strong polar
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effects on. target genes, that 1is, théi ity to
inactivate not only the gene into which'they insert,‘but
also genes downstream in the operon (Iida, et al, 1983).
This polar effect is due to nonsense codons in most reading
frames of the insertion sequence and served to distinguish
IS mediated mutations from simple point mutations which
usually only inactivate the mutated gene (Calos & Miller,
1980). That these polar mutations could revert to wild-
type with concommitant loss of discrete DNA sequences at the
reverted gene pointed to the mobile nature of the insertion
matation. Occasionally, insertion of an IS can cause
activation of a flanking gene by readthrough from promoter
sequences in the IS (Calos & Miller, 1980).

Models of IS transposition ©propose that insertion at
the target site requires duplication of the element. The
discovery of cointegrate structures,” the proposed
intermediate of trgnspcsition, argues for the replication
model of transposition (Kleckner, 1977; Bukhari., 1981; Galas
& Chandler, 15982; Braedt, 1985). Transposition proceeds,
according to‘ the models, by 1) introduction of a -
sfaggered break in both DNA étrands-at the farget seguence,
2) fusion of the donor and :  recipient replicons by. the
insertion sequence, 3) replicatién through the insertion
sequence and staggered cuts at each end of the insertion,
hencé- gengrating the duplication ini target seguences
'charactéristic of each insertion seguence  and, finally,

4) resolution of the cointegrate structure: by deletion of
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thé donor repiic;n and one éopy cf the inse?tion seguence. —
Functions required”for transposition and resolution are most
likely encoded on the sequence itself (Bukhari, 1981; ‘
Kleckner, 1977}.

Some insertibn sequences have-a stringent requirement
for particular DNA sequences at the target site. These
*hotspots' are frequent sites for insertion of an element.
For - éxamble, IS4 displays the most stringent sequence
requirement and has only ever been shown to insert at one
\site on the gal operon (Chadwell, et al, 1877). ‘

Insefticn seguences can cause rearrangehents;
insertions and-deletions within the host genome. As proposed
by the transposition models, IS can fuse independently
Feplicating gencﬁes. ' Thesé.cointegrates are unstable and
break down causing resolufion cf the genomes, each di_which
then carry an IS. IS also serve as portable regions of
homoleogy and can catalyze homologous recombination between
unrelated DNA sequences by reéombination of homologous IS
within i1ne host sequences. In addition, two IS flanking an
gnrelated DNA sequence, can cause inversion or deletion of
the seguence by homoldgous recombination of thé two IS and
resolution of the receombined structuréCé&S;if & Saedler,
1973). Large composite elements are actu%ily coﬁprised of _
DNA sequences flanked'by IS copies which cause mSBilization
of the' intervening DNA (Kleckneér, 1977; Cornelis & Saedler,
1980; Galas & Chandler, 1982). Occasionally, an insertion

Sequénce leaves its target site altogether. Excision is
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independent of transposition (Calos & Miller, 1980; Machida,
et al, 1982) although prec;se exé}sion ig probabiy also
dependent upon exact recognition of_tpelinvertéd repeats of
the IS (Gamas, et al;'ISSS). Usually,;excision is accurate
and only the.IS is deleted-but, occasionally, excision of XS
from a_target site can causé déletién of ste flanking ‘host
DNA (Kleckner, 1977).

.IS81 1is Pr;bably the best characterized of - the IS of
E. coli énd related enteric bacteria. Sequencing data
established that a modified copy of ISl is present in pUCal
(M. Uhit;}y & P. Moreau, manuscript in péeparatién). ISl Is
768 bp long and includes invertéd'repeats of 20 to 23 bp at
each end of the insertion séquence. Is1 generates a
characteristic 8 or 9 base pair duplication of target DNA
upon insertion (Johnsr?d, 1979; Ohtsubo & Ohtsubo, 1978).
Although ISl does not have a strfngent sequence requirement
for its target site, it does have . a preference for
insertion into AT-rich DNA squanes ‘and cleavage at the
target gsite usually 'falls at .a' GC couplet (Ohtsubo &
Ohtsubo, 1978; Kleckner, 1977;'Iida. 1983).

IS1 was originally 'i%glﬁted by virtue of its
insertion into the lactose opefo;"of E. coli whera it
created a revertible mutation (Starlinger & Séedler, 19761} .
ISl, or related variants, have also been isolated £fronm
Shigella dysenteria, and from other ‘operons of E. coll

(Iida, et al, 1983). Approximately five to eight dispersed
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coples of IS]1 noraally reside on the chromosome of E. cold
strain K12 (Saedlar and Heiss, 1973).

IS1 bas two long open reading frames on one DNA strand
and several smaller open reading frames on both DNA strands
(ﬂachida. et al, 1984). It has been demonstrated that the
tvonlong open reading frames encode proteins (insA and insB)
which—=3are required ﬁor plasmid céintegrationfmediéted by
IS1. InsA and insB are transcribed from the same promoter.in
the sam: oricnt&tioﬁ. They are basic proteins which may

,Save DNR binding potential (Machida, et al, 1984). The

possible protein products of the other reading frames have
ﬁnot been determined but deletion studies indicate that these
putative proteins would not pe‘réquired for transposition
functions (Machida, et al, 19é4). .The =modified ISl in piCal
is disrupted by a a one base pair deletion in one reading
frame; the reading frame is festored by 2 one ba&e pair
insertion further doﬁnstream in the sequence (M. Whitely,
enpubl {shed data).

Characterization of the two recombinant clones isolated
using ﬁUCal as a probe points t; the conclusion that each
one also bharbours a bacterial insertion sequence closely
related to IS1. These two clones are interesting because
tbe-target sites for insertion of the prokaryotic seguences
are Drosophila melanogaster. genomic sequences. This raises
- questions as to how the selection gf target site for

insertion occurs and whether prokaryotic insertion seguences

preferentially integféte at specific eunkaryvotic targets.
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Are —the targets in both cang the same? Were the two
insértions‘independent events? the eukaryotic targets
_for these prokaryotic seguences share homology with targets
for Drosopﬁila transposable elements? These provoking
questiéns may elucidate aspects of the: evolution of all
moblile genetic elements,

In addition, 4id insertion of %IS1 into Drosophila
sequences cause rearrangement ¢of the target DNA?* Could this
type o©f rearrangement have evolutionary significance for
Drosophila? For instance, the proxim;ty of common bacterial
strains; such as FE. coli, and the gut cells of most
eukaryotes, suggests that blurring of the boundaries between
evkaryotic and prokaryotic DNA sequences may occur in vivo.

This event also has implications for the study of
molecular 5iology. It is possible that some well-
. characterized genes isoclated from, genom&c libraries of
eukaryotic DNA also ceontain bacterial insertion seguences.
Can wve assume that all eukaryotic cDNA and genomic libraries
contain insertion sequences? What is their frequency? Do
bacterial strains commonly used to propagate these libraries
contain insertion sequences? This work, therefore, poses
some interesting questions which pay have gone unanswered
had@ not these surprising events taken place. In addition,
it is a cautionary tale £for thoselof us working with the

common tools of modern molecular biclogy.
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1.7 Thesis Outline
The next chapter outlines the methods used in this

thesis. These methods were used id order to isclate the
z—amylase gene of Drosobbila melanogaster. Instead,
bacterial insertion seguences which had inserted inte
.Drosophila DNA were (isclated. Nevertheless, the same
methods for isolation_ and characterization of the DNA
sequence are used despite the origin of the sequences.
Cﬁapt;r III 1is éivided into two parts; the £first part
details the results of screening the genomic library: the
seéohd part describes data that led to ldentificaﬁion of IS5l
in the two recomﬁinants isclated probing with pUCal, and
experiments which led to the conclusion that ISl .had
integrated into Drosopﬁila genonic sequencés. Chapter IV

is a discussion of the implications of this work and and the

pos;ible'direction of further research based on the results

obtained. Finally, Chapter V closes the thesis with

concluding remarks,
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Chapter II

METHODS AND MATERIALS

2.1 SCREENING DROSOPHILA GENOMIC LIBRARY

Techniques to isclate genes from total genomic DNA were
developed by Begton and Davis (1977) and Maniatis, et al,
(397§). Genomic DNA is isolated and fractionated, either by
random exonuclease digestion or by‘partial digestion with a
restriction endonucleases The digestion strategy prcduées
large random pieces of DNA rather than a biased populafion
of specific fragments generated by limit digestion. The
fractionated DNA is cloned into a suitable cloning vector
(eg. plasmid, bacterlophage or cosmid DNA). The recombinant
vector is propagated in an appropriaFe prokaryotic host and
sqfeened for sequénces homologous to a chosen probe.

The Drosophila gencmic DNA was fractionated following
partial Sau3hAl digest and cloned intc bacteriophage lambda
EMBL4 (Frischauf, et al, 1983). Sau3Al has a four base pair
recognition se@uence; G-A-T-C which s compatible £or
cloning into the BamHI sites in the lambda wvector. Sau3Al
sites should occur every 256 bp in a genome with 50 perc;nt
G+C conteht and only a fraction of these sites need be
cleaved to broduce fragments 20 Kb long (Karn., et a}, 1980).
The digested Droscphila DNA is enriched in the 14-20 Kblsize
rShge to avoid multiplg insertions of small unrelated pleces
of DNA. The ent;re Drosophila genome o©f 4x10” bp can be
represented in the equivalent of 1x10* phage 1f the average

insert size is 17 Kb (Manjatis, et al, 1978).
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DHA was isclated f{g:ﬂfh;fﬁ}anogaster strain Oregon R

and cloned %ptﬁfrgggz;riophage lambda EMBL4 - (European

-

Molecular Biology Laboratories, Heidleberg, FDR). The phaég
”‘génbhé was altered such that a substantial proportion of its
gene complement was removed. The genes which were removed
‘lie on an internal DNA fragment and are not requiredlfor
phage propagétion. This ‘“stuffer' fragment wés replaced by
the Drosophila DNA which was ligated to the left and right
tfarms' of the phage genome; thesé remaining pieces of phage
DNA encode all information essential for phage propagation.
The recombinant DNA molecules were packaged in vitro.

Phage lambda cannot package genome sizes less than 80%
or more than 120% of wild-type so fhat only those phage
which have incorporated Drosophila DNA of sufficient size
will be packaged (Karn, et al, 1980; Xarn, et al, 1983).
In addition, phage which may have been reconstituted wifh
the parental stuffer fragment can be selected against by Spi
selection (Karn, et al, 1583; Frischauf, et al, 1983). This
selection system is ‘based on growth restriction of the
parental phage in a specific bacterial host strain. ‘The
restrictive host, 0359, carries a P: lysogen on the
bacterial chro;osome which does not all&u growth of lambda
phage cargying the stuffer fragment. S5pi selection and
genome size limitation make EMBL4 an ideal choice for the

propagation of gendmic libraries.

26
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<. 1.1 Plague Lifts

The recombinént Drosophila melanogaster genomic library
const?ucted in the vector _EHBL4, was screened by the
method of Bentén and Davis (1977) and Maniatis et al (1982).
Briefly, on the initial screening, 1x10+ ﬁfu/lSOmmilSmm
petri plate were plated on Escherichia coli strain Q358 or
LE392 in 0.7% top NZ2CYM-agar on 1% agar-N2CYM plates (N2CYM
medium is 10g/L N-Z Amine A, 5 g/L ﬁaCl, 5 g/L Yeast
. Extract, 1 g/L Casamino Acids, and -2 g/L Mg50.). Plaques
were grown at 37°C for 12-16 hours until they were 2-3mm in
diameter. The plates were trénsferred to 4°9C to allow the
top agar to harden. The : plaqués were replicated onto
Biodyne A filters (Pall Co.3 by laying a filter onto the
surface of the plate for 1 minute. The £ilter and plate
were marked to allow the plate to be aligned with the
autoradiograpg c¢f the filter after hybridization. The filter
was lifted from the agar surface and treated sequentially
for 1 minute in 0.5 M KaOH, 1.5 M NaCl; for 5 minutes in
0.5 M Tris-HCl, pH 7.5, 1.5 M NaCl; then briefly in 2xSSPE
(20x§SPE_is 3.0 M NaCl, 0.2 M NaPO. pH 7.7, 0.02 M EDTA).
The filters  were air dried for 30 minutes then baked in a
vacuum oven at 80°C for 1 hour. These filters were

hybridized as outlined in Section 2.4.4.

2 . l . 2 §Q[g§nix|g EQ&i;ng Elgggg:
Plaqgues which hybridized the probe above background
level on the inlitial screening were isolated and replated at

lower density (50-200 pfu/l100mmxiSmm petri dish). Putative
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positive pf;ques vere isolated from the initial screening
plates by placing the plate over an’autoradiograph of the
hybridized nylon £filter and aligning the ink marks. The
plaque cogresponding to the hybridization signal was drawn
through a sterile paster pipette. The plaque waé
resuspended in 1 mL SM buffer (0.1 M NaCl, 8.3 mM MgSO., 50
mM Tris, pH 7.5) and either replated at lower density for

second or third screening or the phage DNA was isolated for

analysis by restriction endonuclease digestion.

2.2 BACTERIOPHAGE LAMBDA ISOLATION

%.2.1 3Jtocks of Lambda Bacteriophage Library

A stock of  the brosophila melanogaster genomié
library constructed in EMBL4 was made by plating 2x10+
pfu/l150mmx15mm petri plate. The plates were. incubated
overnight at 37°C then placed at 49C for 1 hour to
harden the top agar. The plates were then oveflayed with 10
.mL of cold SM and agitated gently for gt least 1 hour. The
liquid was - pipetted from the plates and CHCl. was added.
Cellﬁlar debris and agar were rgmoved from the supernatant
by centrifugation. The titre of the library was determined
(Maniatis, et al, 1980).

For sﬁocks of'purified recombinant bacteriophage,
cne purified plaque was picked from a plate and resuspended

in 1 mL SM ‘buffer with a few drops of CHCl; then stored

alrtight at 40C (Davis, et al, 1980).

28
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Bacteriophgge lambda were grown on NZCYM-1% agar meaia
(Maniatis, et al, 1980) plated at a density of
approximately 100 pfu/l100mmxl5mm petri plate. Individual
plagues were .picked and eluted into 1 nmL of SM Buffer
plus 3 drops CHCl.. These were .agitated or allowed to
stand at room temperature until phage dissipated into
‘solution.

100 uyL of the phage-infused SM was added to 100 ulL. of
stationary phase host Escherichia coli strain and to this
4 mLL of NZCYM broth were added. This‘uas then agitated
with aeration at 37°C for approximately 6 hours. Once lysis
was apparent, 100 ulL of CHCl: was added to lyse any
remaining infected intact cells and agitated for an
additional 15 mindtes. The cellular debg;s was centrifuged
at 40C at 4000xg for 10 minutes. At th"i§ point the small

>

lysate can be titred for phage and «can be used to

[

ﬁnfect a large preparation of cells or the DNR can be

“extracted. This is also the method of. choice for keeping

. . .,".:-.
stocks of individual recombinant bacteriophage lambda
clones.
2.2.3 _Large Scale Lambda Isolation
The small lysate can be used to do a large-scale

infection of cells. Ix10" cells/500 mLi NZCYM broth were
infected to a multiplicity of 1infection (m.o.1.) of

0.5. The culture was agitated for 6 hours at 37°C at
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which time lysis was apparent. " CHC1la (5.5‘ mL} and
approximately 1\ ug/mL DNAase I were added to the 1lysing.
cells and agitated for a further 15 minutes. Cell debris
was remcoved by centrifugation at 8000xg for 10 minutes at
40C. NaCl and PEG 8000 (Flsher Scientific Co.) were f1gea :
sequentially to .final concentrations of 0.5 M and 10%,
respectively and left to stand for at least 1 hour at
4¢C to precipitate the phage particles. The precipitated
phage were collgcted by centrifugation at 4¢C at 8000xg
for 10 minutes and then resuspendéd by rotation in 10 mL
cold SM buffer. Cesium chloride (IBI, Boeringher-~
Mannhfem) was adéed to 0.75 g/mli the phage were then
centrifuged to equilibration on the CsCl gradient atl4—15°C
using a Beckman Ls—éd ultracentrifuge (Beckman, Quik-
Seal Polyallomar tubes) for 4-16 hours at 45,000
25,000 rpm, respectively. The band .of bacteriophage
particles was removed from the gradient through a syringe
and dialyzed against a large volume of SM buffer at 4°C to

remove Cesium Chloride.

2.3 DNA ISOLATION

2.3.1 Spall Scale Lambda DNA Preparation

| Small DNA preparations from recombinant phage wéfé—made

for preliminary analysis of insert DNA. DNAase I was added

to small lysates of the recombinant phage (Section 2.2.2) to
. :

a final concentration of 10 ug/mL and incubated at 370C for

1 hour. NaCl and PEG 8000 (Fisher Scientific Co.) were



31

adcded éequentially to a final concentration of 0.5 mM
and 10%,\respec?ive1y, gnd incubated 1l hour at 4¢C. The
PEG precipitate§. phage were collected_ by centrifugation
and thg pellet was resuspended in 0.2 mL cold SH‘buffer._
This was extracted three times with an egual volume of
CHC1,. EDTA was then added to a final concentration of 10
mM. This was then extracted sequentially with egual’
volumes of pheneol, phenol/chloroform, and chloroform. The
DNA was precipitated in 0.3 M NaCl, 2 volumes absolute
’:ethanol at -20°C and collected by centrifugation.‘ The

pellet was dried and resuspended in 100 uL TE (10 mM Tris,

pH 7.5-7.9, 1 mM EDTA, pH 8.0). This crude DNA was stored
at -20°C.
2.3.2  Large Scale Lambda DNA Preparation

DNA of better gquality was isclated from é?age taken
from CsCi gradient (Section 2.2.3) Phage dialyzed against
SM were treated with 10 mM EDTA, pH 8.0, 0.3% SDS and 100
mg/mL Proteinase K (Sigma Co.) and incubated at 37¢C for
1 hour to destroy the phage protein coat. The DNA was
then extracted three times with an equal volume of
phenol. The £irst phenol interface was re-extracted
with 200 ulL TES (1C mM Tr;s, pH 7.5-7.9, 1 mM EDTA, 100 mM
NacCl). The resulting £inal agueocus phase was dilalyzed
against a large volume of TES for 3-12 hours at 4°C. The
concentration of DNA was estimated by spectrophotometry at

260 nm.
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. Plasmid DNA was isolated f£from host cells (Ce00,
HB101) by the method 'of Kahn, et al, (1979). Competent
bacterial cells transfected with the plasmid to be isolated
were - grown Bvernight in 500 mL L-broth (10 g/L Tryptone,
5 g/L Yeast Extract, 10 g/L NaCl) at 37°C with agitation in
the presence of the appropriate selective antibiotic. The

cells were centrifuged to a pellet ét 4,000xg £or 15
-minutes. The céll pellet was resuspended in 10 mL 20%
sucrose, 40 mM Tris, pH 7.5. The ,resuspended cells were
treated with 2ml (30 mg/mL) of lysozyme (Sigma Chemical
Corp.) for 10 minutes on ice; 10 mL 0.2 M EDTA, pH 8.0 for
10 minutes; and £inally, with 10 mL 2% Triton. The
resulting lysate was centrifuged for 45 minutes at 35,000
rpm in a 42.1 Ti rotor (Beckman) to pellet the cellualar
debris. Cesium chloride was added to the supernaténf to
1.03 g/mL and ethidium bromide to 1.3 1@>mL. The plasmid
DNA was equilibrated on the CsCl gradient at 44,000 rpm for

14-16 hours in a Beckman 50vTi rotor in Beckman 40 ' mL

Quik-Seal ultracentrifuge tubes in a Beckman L8~-70
ultracentrifuge.
The (supercoiled) plasmid DNA was removed from the

gradient"through an 18 gauge needle 1into a rsyrinée.
Ethidium bromide was removed by four extractions with
equall volume of isopropanol equilibrated with TE and
saturated with CsCl. The erdde DNA was dialyzed against 2 L

of TE for 2 hours. The DNA was further purified. by treating
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o with 10 ug/mi. RNAase A (Sigma Co.) for 1 hour at 650C

followed by 100 ng/mL Proteinase X (Sigma Co.) aﬁé,O.Z\ SDS
for 2 hours at 37°C. The DNA was finally phenol extracted
twiceiang‘extraéteé once with® CHCl,. ‘The purified DNA
was prééipitated in 100 mM NaCl, 2 volumes absolute
ethanol at —206; for 1—12‘ hours. fhe precipitate
lwas collected by centrifu@afion,\_ lvophilized and
resuspended in 0.5 mL TE. The concentration of DkA was

estimated b§ spectrophotometry at 260 nm.

2.3.4 R d m r o
?or quick analysis of plasmids, rapid DNA isclation by

the alkaline-lysis method of Birnboim and Doly (1979) was

carried out.

. 3.5 o a omic

500 mg live weight flies (Strain Oregon R) vere
homogenized . in a sterile gléss Dounce hdmcgenizer in 1 mL
Buffer A (10 mM Tris, pH 7.5, 60 mM NaCl, 10‘63 EDTA, 0.2
mg/mL Proteinase K). The buffer was equilibrated to 37¢C
for 1 hour before use. After homogenization the Dounce was
rinsed with an equal volume of Buffer B (0.2 M Tris, pH
9.0, 30 mM EDTA, 2% SDé, 0.2 mg/mL Proteinase X). The two
extracts were combined and incubated at 379C for a minimum
of 1 hour.

The homogenate was then extracted with an equal volume
cf phenol egquilibrated with TE. The interface of the

£irst phencl extraction was re-extracted with 200 pL TE.
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Following phenol extraction, the aqueous phases were

coembined ffi_::ﬁ;nctqg with an equal volume of CHCl,. The

crude nucleic acides were precipitated from the £final
aqueous phase at -ZJBC for 1-12 hours by addition of NaCl
to 100 mM and 2 volumes of cold (-20°9C) absolute ethanol.
Precipitate was collected_py cehtrifﬁgation at 10,000
rpm at 4°9C in a Sorvall RC2-B then dried under vacuum.
The preciplitate was resuspended in 2 mL TE, = NaCl was
added to 100 mM and RNAase A (Sigma Co.)} to 10 ug/mL and
the solution was incubated at 37°C for 1 hour. Next, the
DNA was treated with 50 ug/mL Proteinase K at 37°C for 1
hour. The - DNA was pﬁencl and CHCl, extracted and
reprécipitated in 100 mM NaCl, 2 volumes cold absolute
ethanoi. The precipitate was resuspended in l.mL TE.
DNA cohcentration was eﬁfimated by spectrophotometry at 260

nm.

a3 .

Bacterial DNA was isolated from stationary phase cells
of strailns 6600; Q358, or LE392. The method follows that of
Sato and Miura (19€3) ;ith modifications. 1.5 mL of cells
were centrifuged énd the pellet was resuspended in 50 uL of
a so%ﬁﬁion of 2 mg/mL lysozyme, 0.15 M NaCl, 0.1 M EDTA,
pH 8.0. The cells were then incubateq a£ 37°C until 1lysis
was apparént-(approxiqately 10 minutesi. The lysate was
quick frozen in a dry ice—ethanol bath. 125 jL of 0.1% SDS,
0.1 M NaCl, QJI M Tris-HCl, pH 9.0, was added to the frozen

cells. The cells were then allowed to thaw -slowly or ice. .
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‘oﬁée thawed, the‘lysed-cells were extracted 1-4 ‘times with

phenol or until the aqueous phase became cleared of debrls

i
Then the aqueous phase was extracted with CHCls. The

‘nucieic aclids were precipitated by addition of 100 mM NaCl
. andféﬂvolgmes cold absolute ethanol. The nucleic acids were

"ccllected by centrifugation and resuspended fn 100 uL TES.

To this, 5 pL 20xSSC and 3 uL RNRase at 5 mg/mL were added.

The crude DNA was then incubated at 37°C for 30 minutes.

' The DNA was extracted twice with phen01 once uith CHCIh

and precipitated with -addition of 2. volumes colad absolute

ethanol. The final precipitate was - collected . and

,resuspended in 100 uL TE.

=

2.4 DNA ANALYSIS

Purified DNA was;_CIeaved .wich various restriction
endonucleases by the method of_ Davis, et al, (1980} anag
Maniatis, et al, (1980). Bsiefly, an appropriate amount of
DNA (0.1-1.0 ug) dissolved iE.TE or TES a2 reguired amount
of 5x restriction buffer of the approriate salt compoaiéion
and 3-5 unitsu of enzyme/ug of DNA (New England Blolabs,
Boeringher4§annhiem, Bethesda Research Labs), with the
volume completed with sterile, double—distilled Hiﬁ was
digested at 37¢C for 1-1.5 hoo;s. Restriction enzyme buffers
were typically made with high salt (100 hn NaCl), medium

salt (50 mM NaCl), or low salt (0 mM NaCl) in 50 mM Tris, pH
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7.5, 10 =M MgCl.. .The enzyme was lnactivated by incubatiné
at 65°C for 15 mingtes or by addition of an equal volume
of pbenol followed by ‘CHC1=_extraction angd ethanocl
precipitation. For digests of lambda DNA, treatment at
650C for 10 minutes also denatures the cohesive (cos) ends
of the lanbda DNA.

Genoﬁic DNA vas digested with 6-12 units of enzyme/ug
of DNMA for 12-18 hours. .An internal standard of EMBL4 wild-
type DNR was 1nc1ude<§ in ge-nomic DNA digests to indicate
wien the digest was complete.

A combination of pBR32Z and rabbit s8-globin gene DNAs
digested with . Hin€I, EcoRI, HindIII, BamHI serve as
molecular veigﬂ% markers. The molecular weights of the
markerlAfragﬁénts are listed (bp): 15,000, 8,600, 7.600,
6.600, 6,000, 4,365 (pBR322 cleaved at single EcoRI site),
2,900, 2,150, 1,630, 1,260-1,200 (doublet), 516-506

3

(doublet), 396, 344, 298, 22z1-220 (doublet), 154, 75.

DNA cleaved with ' restriction endonucleases  was

separated on agarose gels (0.7% - 1.4%) electrophoresed in

TAE (0.04 M Tris-acetate, 0.001 M EDTA) or TBE (0.08 M
Tris-phosphate, 0.002 ¥ EDTA) buféer:; 'Higher percentage
gels were used for analysis of small_DBA’fragnénts of less
than I Kb while low percentage gels'weréiused to, separate
higher 'molecular veight DNA. Gels  -were stained with
ethidium Dbromide (1 ug/mL of gel) Snd‘ visualized under

shortwave ultravislet light.

36
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DNA was digested and electrophoresed as described
in the previous section usually on 0.8% agarose gels,
Transfer of .DNA to membrane was carried out according to
the hethods of Southern (1975), Meinkoth and Wahl (1982),
and Reed and Mann (1985), using nylon (Amérsham_Hybond~H);
modified nitrocellﬁlose-(Bio—égd 2-probe), or nitrocellulose
membranes (Schleicher and Schuell). Transfer to nylon or
modified nitroceilulose was carried out in 0.025 M NaPO4,
pH 6.5 or 20xSSC and to nitroceilulose in 20xSscC. GenomE?

DNA was transferred to nitrocellulose only.

4.4 @ -
» i

The £first probe use§ on the Drosophila library was the
a—amflase cDNR from mouse pancreas. The: evolutionary
distance. between mouse and Drosobhila suggests that there is
a minimum of homology between coding.sequences for a-amylase
in each organism. Therefore, it was necessary to maximize
hybridization parameters which wbulé'all;w tpese two regions
of presﬁmed low homology to form stable hybrids.
| Several parameters affect the hybridizationr of two
strands of DNA. These pafameters affect tﬂe rate of hybrid
formation or hybrid stability. The cardinal‘parameter of
hybrid £formation 1is, obviousiy, the degree o©f homology
between the two sequences. . The other pérameters can be

adjusted to allow sequences with low homology to form stable

hybrids.
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The 'rate of hybrid formaticn is maximized with
appropriate salt. concentration ~(>0.4 M NaCl) (Dove &
Davidson, 1962), optinhm pH (in the range from 7.049;0). and
by addition of anionic dextran polyﬁc%s (Wahl, et al, 1979)
which decrease actual volume of hybridizapion. The optimal
length of the probe is between 500 and 1,500 bp. The
degree of complexity of both the’probe and gene also affects

-the rate of hybridization, but for any two pieces cf DNA
this is constant.

Hybridization of two DNA sequences. is a reversible

38

process and by understanding the factors which affect hybrid

stability one can optimize conditions to ?llow formation of
stable hybrids between two sequences with a high percentage
of mismatched base pairs (Meinkoth & Wahl, 19845. We
expected the mouse cDNA to form many mismatched base pairs
with the Drosophila sequence we were seeking. The equation
below (Meinkoth & Wahl, 1984) describes the effects of salt
concentration, base composition iuhi;h is constant for any
given’p;obe and gene), the length of hybridiiing ;egions,
and the concentration of helix destabilizing agents such as
formamide cn the melting temperature (T.) of duplexes:

Ta = 81.50C + 16.61ogM + 0.41(%G+C)- 500/n -0.61(%formamide)

salt concentration (mol/liter)
C = base composition

M
G

+ 0N

The T. 1is approximately 250C above the optimal
temperature .for hybrid formation £for any given pair of

sequenées. The T. decreases by approximately 10C for every
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mismatched base pair between the two strands of the duplex

- (Bonner, et al, 1973). —

The stringency of hybridization \is, therefore, a
medsure of .the degree of homology expected between two
strands of DNA. 1In the hybridization of the mouse a-amylase

\ v
cDNA to the corresponding gene in Drosophila melanogaster,

4 ) ~
the stringency was lowered to allow for low homology of the
two segquences. Stringency can be altered during

hybridization by changing the formamide concentration or
e

temperature, or during post-hybridization washes by changing

- salt concentration and temperature.

Hybridization was performed as described by Wahl,

- at af, (1§79). Theomas (1980), and Maniatis, et al, (1982)

in a sealed plastic bag. Prehybridization of the Southern
fransfer or p;aque l1ift filters was for 4 hours at either

376C or 420C (depending on the stringency requirements) in
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the following conditions: 40%-50% formamide (depending-

on stringencyj (BDH Co.), 5xPAF (50xPAF or Denhardt's

.Sélution iIs' 1% Ficoll (Sigma Chemical. Co.). 1%

Polyvinylpyrrolidone, 1% Bovine Serum Albumin), 5xSSPE. 0.1%
SDS, 0.2 mg/mL denatured salmon -  sperm . DNA.
Hybridization solution ‘.c:onditions~ were as follows: 50%-40%
formamide, 2xPAF, 6xSSPE, 0.1% SDS, 0.2 mg/mL denatured
salmon sperm DNA;— 6%—10%. dextran sulfate (Wahl 1979), and
107-10* cpm/ug of radiolaSelled probe (Haniatis; et alt

1980) for 12-18 hours at 37-42°C.
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?ost-hybridization- washes were in the following
conditions: twice for 15 minutes at room temperature in 2x
séc (20xSSC is 3.0 M NaCl, 0.3 M Sodium Citrate buffered to
a final pH of 7.0), 0.1% SDS, followed by 2 washes for 30
minutes at 50°C or 65°C (depending on stringency) in a
solution of 0.1xSSC to 2xSSC (again, depending on stringency
requirements).ro.l% SDS. . :

The Southgrp transfer or plagque 1lifts were tﬁen
aut;radiographed for 4 hours to 7 days at =70°C with a
Dupont Cronex Lightning Plus intensifying screen on Xodak

XAR-5 X-Ray £ilm. -

2.5  RADIOLABELLING OF DNA

2.5.1 Nick Translation

Approximateiy 0.1 - 1 pg purified DNA was labelied
in a nick translation reaction_aécording to the method of
Rigby et al (1977) and Kelly, et al, (1970).

100 uCi of @D-dCTP (sometimes wWith 100 uCi «’p-
dATP, as well) (stabilized aqueous solution, | 3000
Ci/ﬁﬁgfr-ﬁgagrsham' Ccrp.5 were used in a total reaction
volume of 100 uk. The reaction c¢onditions were as
follows: 25 mM KHzPOQ., pH 7.4, 5 mM MgCl:, 10 pM each
dTTP, dATP (unless used as a second label), d4GTP, 50 ug/mL
BSA (Pentax Fraction V, Boeringher—Hannheim) and double-
distilled sterile H:0 to make up the volume. Activated
(1l pg) DNAase 1I,(Sigma Chemical Corp.) was added for 1

minute at 159C followed by addition of 5 units of DNA
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polymerase I (Boeringher-Mannheim). The reaction was then
incubated at 150C for 1 hour. The reaction was terminated
by addition of 0.5 mlL Stop Buffer‘(loo mg/mL denatured
salmon sperm*ﬁmﬁfﬁgns Buffer (0.1 M HEPES, pH 7.2, 1 mM
EDTA, 0.01 M NaCl, 0.1% SDS)) and heating the reaction
to 65¢0C for 10 minutes. Unincorporated nucleotides were
separated from incorporated products by passing the
reaction through a 10 mL Sephadex G50 medium column
equilibrated with HENS Buffer. Just prior to use in
hyb;idization reactions,the probe was denatured by boiling
for three minutes.

Alternately, double strand probes were made to high
specific activity (10 cpm/ug) using the Multiprime System
(Amersham Corp.). This procedure involves denaturation of
the DNA to be labelled, hybridization of a random hexamer
primer to the DNA, synthesis of DNA from the pfimer using
E. coli DNA polymerase I (Klenow fragment) and incorporating
«*P-dCTP (3000 Ci/mmol, Amersham Corp.). The radiolabelled .
probe was denatured from the unlabelled template by boiling
for 3 minutes 3Just prior to use. With this labelling
procedure there is ne reguirement for removal of

unincorporated label as Iincorporation 1is typically above

60%.
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. _ . . an
Small preparations of single-strand M13 recombinant

Qacfertophage.vere made for the purpose . of preparing

"single strand radiolabelled probes.  Single plagues of
L ipfeéted cells were grown wifh host JM 101 for 6.5 hours in
_5 mL L-broth. The infected cells were separated from phage

" in the supernatant by centrifugation. 200 uL of 40% PEG 8000

(Eisher. Scientific Co.) aﬁd'z,s M NaCl were added to the
supernétant then incubated at' room temperature for 15
hinutes. -Tﬁe phaQE'were‘peileted by centrifugation. Phage
protei;s_were removed by extrécting twice with phenol, once

'uitn pheﬁo&/chloroform; and once with chloroform. The

: resulting'singleJStfand'DNA was precipitated in 100 mM NaCl,

2 ﬂoiupes céld absélute ethanol, at -209C. The final pellet
waéjresuspenﬁed in 40 uL TES.

‘ iOO ng single strand phage DNA was annealled to 0.6 ng
17-mer sequencing primer (Amersham Corp.) The primer
yas extend?d in 'a_.reaction jmixture comprised of 10xHIN
Buffer (100 mM Tris, pH 5,5, 506 mM NaCl, ‘50 mM MgCla, 10 mM
Dithiocerythritol} S0 uH. deP,dATP,dGTP, and 20 pnCi of
&r“P—dCTP (3000 Ci/mMol, Amersham Corp.) in the
presence of A.S uni%# DNA polymer;se I large_(Klehow)

fragment (Boeringher-Mannheim) at 150C  for 30 minutes.

The unincorporated nucleotides 'wére .separated from

x\incorporated ‘products as described for nick translation

b

g products in Section 2.5.1. Before use for hybridization,

the probe was denatured by boiling for 3 minutes.

”
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2.6 SUBCQONIHG '
2.6.1 Igglggiga of DNA fragments for subecloning

Fragments to be subclonéd'were isclated frém 1% agarose
gels. The plasmid.or phage DNA containing . the fragment of
interest was digested with the appropriate restéiction
enzyme‘to isolate the #ragment. The digest Rés run through
a 1% agarose gel.in TAE ‘buffer at 100 volts for 1-2 ﬁours or
at 20 volts for 12 hours. The DNA fragment was isolated by*;
cutting a secti?n of agarose from the gel just in front of
the fragment. The fragment was electrophoresed into the TAE
fillihg this cavity. The TAE in the c;vity was collected
aﬁd passed through an Elu;ip (Schléichér and Schuell) -to
remove impurities. The DN% eluted from the Elutip was then
precipitated in 100 mM NaCl; 2 volumes of cold ethanol. The
precipitate was collected by éentrifigation. An aliquot of
the isélatgd DNA fragment was run through an agaroseé gel to

estimate the concentration of the fragment.

2.6.2 tion of. t to vecto

The fragment was ligafed to, plasmid vectcr by the
cohesive ends of the DNA molecules. ° The vector DNA was
dephosphorylated with Calf Alkaline §hosphatase {Boer ingher-—
Mannheim) at 25 units/uL at  37°C for 1  hour.
Dephosphorylation was carried out simultaneously with
restriction eﬁzyme digestion in restriction enzyme buffer.
The reactions were terminated'by addition of phenol followed

by chloroform extraction and precipitation of the DNA.



DNA at a ratio of approximately 2 fragment molecules to
one vector molecule was ligateﬁ in Eppendorf tubes in a
volume of 20 nL.. The reaction -was carried out iﬂ 0.6 mM ATP
‘(Sigma c;:rp.)_.- 20 mM 'Tris',' pH ‘7.5, 10 mM MgC1d, 10 mM
‘dithicerythritol _with the addition of 1-2 units T4 DNA
Lig;se ,(Boeringher;Hénnheim) at rooﬁ 'temperature fo£ 2-4
hours or for 12 hours at 15°C; The ligation products were
transfected into compgtent E. coli cells and plaied on

appropriate selective antibiotic supplemented L-broth agar

plates. -
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Chapter III

RESULTS

~ . '
PART Isolation of the Drosophila z-Amylase Gene

o

= e

3.1~%, SERIES 100

3.1.1 Probing with a Mouse Amylase cDNA
Series 100

The liporary of Drosophila melanogaster genomic DNA
(strain Oregon R) cloned intd the lambda vector, EMBL4, was
constructed in the Edropeaq Molecular Biology Laboratories
(Heidleberg, FDR). For the f£irst plating (Series 100),.
5x10* pfu (1x10* pfu/l150mmxl1Smm petr;e plate) were used to
infect host strain Q358. Considering that the average insert
size in EMBL4 is 15 Kb (Frischauf, et al, 1983; Xarn, et al,
1883) and that the hapleid genome of D. melanogaster 1is
4x107 bp. this represents the equivalent of five
Drosophila melanogéster genomes. Series 100 was screened
with' the ﬁouse pancreatic «-amylase cDNA kU. Schibler, Swiss
Institute.fqr ﬁxéerimenﬁal Cancer Resegarch). The a—-amylase
éDNﬁ was exéiséd from:.a' pilasmid constructed in_ our
laborafory, pHGCaR. This‘coﬁstruct allows excision bf the
compléte cDNA via BaﬁHI sites at either end.

The first screening yielded approgimétely 50 plagues
which gave signals of varying inténsity above background. 50
plagues =represent 0.1% of the total number of plated
plagues. Assuming that the library is composed c£f single
copy sequences (Maniatis, et al, 1980), one plaqﬁe per 1x10*

or £ive plaques £from this plating, should be «-amylase

’



clones. Thus, not all of.the 50 hybridizing clones should
represent a-amylase seqdhnces. )

Because a low homology murine probe was used, Series
100 was .hybridized under low stringency conditions
(hybridization was in. 40% formamide at 37°9C). ° Post-
hybridization w:;:shes were as follows: twice in 2:;:‘SSC at
room temperature, followed by two washes in 2xSSC at 50¢C
for 15 minutes. Using the equation from Section 2.4.4, we
estimate that hybridization and stringency wash conditions
impose a miﬁimum duplex length of 12 bp assuming a 50% G+C
compbsition of the probe. .

The plagues wﬁich hybridized -above background did so
with ‘varying intensity. At this pointﬁ:in the screening
procedure it would have been misleading to select plagues
for further screening on the basis of the relative intensity
of the.hybridizaticn signél apove background, The plating
density of the library results in the plagques being almost
confluent which may prevent strong signals froﬁ' some
potential positive clones. Therefore, the first potehtialiy
positive plaques were isolated on the basls of a higﬁer than
background signal but randomly as to the strength of that
signal. Fourteen plagues were picked for further screening
(designated 101 to 114).

Plaques were picked as outlined (Section 2.1.1) but,
invariably, because of the high plating_density, potentially
positive plaques were still contaminated with phage from

-surrounding plaques. In fact, the contaminating negative
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‘pPhage served as a negative control for positive phage. The

second screening was plated at lower density _(50-100
‘pfu/100mm115mm petrie dish) to isolate plaques £rom each
other, positive £rom negative. Twelve " of the original
fourteen plaques still gave a positive hybridization signal.
The sigﬁal of each positive plague was more intense than the
signal seen in the £first screening.

The third screening sServed to purify the positive
plagues further. Eight of the original fourteen remained
poéitiv; through this screening. The four el;ﬁiﬁated
between the second and third screenings were re-screened to

ensure that they were negativd.

3.1.2 Isolation and charécterization cf DNA from
Series 100 recombinant clones

DNA from small lysates of the eight pcsitiva clones

(101, 105, 107, 109, 110, 111, 113, 114)‘was isoiated for

preliminary characterization. DNA was digested with EcoRI

which should excise the insert DNA from the vector. There

are two EcoRI sites in the vector and these £flank the two

BamHI sites used to clone the Drosophila DNA. However, the

.BamHI sites are not necessarily regenerated upon ligation of
the vecter to the Drosophila DNA. |

The fragments generated by EcoRI were run through a

0.8% agarose gel, é;ansferred te Z-probe membrane (Biorad).

and hybridized to the murine -a-amylase cDNA under low

stringency conditions. Table 3.1a lists the sizes of the
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EcoRI'f;agments of each clone with the hybridizing fragment,
underlined;

- Each of these eight clones gave a distinct restriction
pattern (Figure 3.1a) and the probe hybridized to a single
EcoRI fragment in each of the eight cleones (Figure 3.1b).
The EMBLA4 vecﬁor digested with EcoRI generates thrge
fragmepts :(Figure 3.ia, laneAS); the left arm (20.4 Kb),
right arm (9.2 Kb) and stuffer fragment (13.4 KXb). There
was no hybridization of the ‘probe to the lambda vector
(Figure 3.1b, lane 9). However, the probe hybridized a
9.2 Xb fragmentain two of the clones (105 and 110) thch
co-migrates wiéh the shorter of the vector arm; {lanes 2)and
5, respectively, Figure 3.la,b}. If these two clones
continued to generate identical restriction and
-hybridization patterns during subsequent analyéis, if might
have indicated that they are"overiapping'clcﬁes.

As an additional control, the same blot was
deﬁyb;idized and re-probéd with pBR322 which did not
hybridize to any of the Drosophila fragments under the'same'
hybridization conditions (data not shown).

There_ is considerable variatibn in the strength of
hybridization signal for each hybridizing fragment.  This
can be explained, for e¥ample,.for clones 109 and lil, by
the corresponding amount of DNA on the gel. However, £or
clones 105 and 114, fdf example, approximatgly the same

amount of DNA wgs' lcaded on the gel, yet 105 gives a



TABLE 3.1 . - SERIES 100.
ECORI & KPNI/ECORI FRAGMENT SIZES.
" {Kb) -

a) i - EcoRI
101 105 107 109 110 111 113 214 EMBL 4§

20.5 20.5 20.5 20.5 20.5 20.5 20.5 20.5 20.5

. 12.2 13.4
9.20 9.20 9.20 9.20 9.20 9.20 9.0 9.20 9.20
6.6 :

5.3 5.4
4.8 4.8
4.2 4.3
3.9 3.7
3.4 3.3 3.4 3.6
3.3
3.0
2.6 .
2.2 2.1 2.2 2.2
2.0
< 1.8 1.8 1.9 1.8
: 1.6 1.6 1.2
1.3

| *

* small fragment not visible on gel hybridizes the probe
at 1 Kb

b) Xpnl /EcoRI -
101 105 107 109 110 111 113 114 EMBL 4

20.5 20.5 20.5 20.5 20.5 20.5 20.5 20.5% 17.5%

’ 12.2 13.4
9.20 9.20

9.20 9.20 9.20 9.20 9.20 $.20 9.20
6.6 : :
5.4 .
4.2 4.8 ’
4.2 3.3
3.9 3.7
3.4 3.3 3.6
3.2 3.0 3.0
2.6 2.6d 2.5
2.2 2.2 2.2
2.0 2.0
1.8 1.8 1.8 :
1.6 1.6 h

1.2 1.2 1.2 1.2 1.2d l.2d 1.2 1.2 1.2

[ %

. ) .
* small fragment not visible on gel hybridizes the probe
at 1 Kb .
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FIGURE 311

DMA isolated from Serles 100 lambda recombinant clones was
EcoRl digested, fractionated on a 0.8% agarose gel in TAE,
blotted on a nylon filter and hybridized for 12 hours at
379C in the presence of 40% formamide with pMPa2l nick-
translated plasmid (specific activity 1x10*" cpm/ug).

Panel a is the ethidiuvm bromide stained gel with marker
fragpents (lane m) indicated. Panel b ls the autoradiograph
of the hybridized filter exposed with an intensifying screen
&Sor 24 hours with the marker fragments (lane m) 1lndicated.

Lane 1) 101, ) 05, 3) 107, -4) 109, S5) 110,.6) 111 m) 1 ug
Marker, 7} 113, 8) 114, 9) EMBLA4
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qualitatively stronger signal than 114. This may be due to
more homology of 105 to thé probe. - o

Sub;equently, the eight recombinant clones were
digested with Kpnl and HiIindIII and with these enzymes in
combination with EcoRI. Tables 3.1b., 3.2a, and 3.2b, give
the respective sizes ‘OE fragments from these digests and
the hybridizing fragment £for each.clone is AAnderlined.

Tﬁe two 9.2 ‘kb fragments generatea in the EcoRI
digests of 105 and 110 generate fragmenté with different
sizes ané hybridization patterné in the double digest with
KpnIﬁ 105 gives a2 4.2 Kb hybridizing fragmenﬁ in‘the double
.digest, whereas the 9.2 Kb_fragmentAgenerated from 110 by
EcoRI is not cleaved by XpnI (lané; 2 and 5, respectively,
Figure 3.2). It i; exéected that identical seguences frbm
the . same DNA strain would have identical .restriction
patterns (Maniatis, et al, 1980; Gemmill, et al, 1986).

. Because o0f the expected low homolog§ of the .murine

probe to the Drosophila c-amylase gene, we had used low
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stringgncy to probe the genomic library. We anticipated

that we Qould 1solaté some c¢lones which hybridized to .the
murine probe but which were unrelated to D. melanogaster
a-amylase. However, as well, we expected to isolate
ﬁverlapping clones comprisiﬂg - the a—amflase‘ gene. The
dissimilar restrictioﬁ patterns of the eigh; isolated clcones

suggested that they did not overlap.

L
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FIGURE 3.2 _ .

EcoRI/KpnI digested DNA, isolated £rom Series 100 lambda
recombinant clones, were fractionated on a 0.8% agarose gel
in TAE, blotted on a nylon filter. The Southern transfer was
hybridized for 12 hours at 379C in the presence of 40%
formamide with pMPa2l nick-translated plasmid . (2xl0®
cpm/ug). ) :

The figure shows the autoradiograph of the hybridized filter
exposed for 24 hours in the presence of an intensifving
screen. The sizes of the hybridizing bands are indicated:
lane 1) 101, 2) 105, 3) 107, 4) 109, S} 110, &) 111, 7) 113,
g) 114. ) . S

/‘\
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At this point we had the choice;bf‘two stfategies for
isolating the c¢-amylase gene: we could re-screen the library
using the murine amylase probe ﬁnfil we 1solated overléppihg

clones, or we could find a probe which sha#ed more homology

with Drosophila melanogaster «-amylase. We chose to £61low .

the second route. To this end, a cPNA (pUCal) had been
isolated in our 1aborator§.‘which was synthegized 'ffgm
Droéophila ’mélanogaster polyA+ mRNA and which- disﬁiayed
many characteristics of a Drosophila cDNA encoding u—ahylase
(M. Whitely and P. Moreau, unpublished data). TPe fol}ow;pg
observations 1led to the conclusion that pUCal encoded
Drosophila «-amylase: 1) pUCal was isclated by virtue of
expression, from an expression vector, of an enzyme capéble
of hydrolyzing starch 2) pUCal hybridizgd to a Drosophila

RNA on Northern blots at approximately 1.6 Kb, the

estimated size for the «-amylase mRNA 3) pMPa2l, the ;"

murine «-amylase cDNA, hybridized to £fragments generated

from pUCal digested with various enzymes. Therefore, pUCal

appeared to encode the D. melanogaster a-amylase cDNA. This.

was ' the homeclogous probe with which we would isolate fhe-

a«-amylase gene of Drosophila melanogﬁster. ‘

pUCal was first used to probe the DﬁA of the eight
clones which had been isolated using the ﬁouse,pancreatié
&—amylase cDNA to determine if any of theﬁe clones contained

the a-amylase gené.
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3.1.3 Series 100 probed with pUCal

Hybridization of pUCal to the eight recombinant clones
from Series iOO ias performed under more stringent
cénditioés (hybridization in 50% £fcrmamide at 42°C, post-
hybridigation washes twice in 0.2xSSC., at 659C_ for 30
miﬁhtgs) because perfect homology was expected between a
Drosbﬁhila cDNA and the transcribed regions; of the
corresponding ﬁéosophila gene.‘"In addition, more ‘stringent
cbnditions would eliminate clones isclated by virtue of
héméiﬁgy to pMPa2l under 1low stringency conditions, but
whiéh-are ﬁnrelated to @«-amylase. Higher strinéency reguires
',thg form%;ion of 1longer dupleiés, in other words, more
O.ﬂ;ﬁology.ff |
| Hybridization of EcoRI digested DNA from the eight clones
of Series 100 to pUCal shows that hone have homology with
pUCal (Figure 3.3). Hybridization of pUCal to the lambda
véctor was .evident after 1long expo;ure of the blot (48
hoﬁrs):but not to the insert DNA. It was not obvious at this
) ﬁbint wﬁy pUCal should hybridize to lambda, .but as analysis
of pucai progressed this .aspect of the probe was clarified

and wlll'bé discussed later.
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FIGURE 3.3

" EcoRI digested ©TNA - isolated £rom Series 100 1lambda
recombinant clones was fractionated on a 0.8% agarose gel
in TAE, blotted on a nylen filter .and hybridized for 16 °
hours at 4209C in the presence of 50%. formamide with pUCal
nick-translated plasmid (specific activity 5x10? cpm/iug).

The figure shows the autoradiograph of the hybridized filter
exposed for 48 hours .in-the presence of an intensifying '
screen. The sizes of the Marker bands are indicated
although the marker is not included on the figure: 1lane
1y 101, 2) 105, 3). 107, 4) 109, 53 110, &) 111, 7) 113,
g) 114. -
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3.2 SERIES 200-1200

Because - none of the clones isolated using the mouse

amylase cDNA probe hybridized to pUCal, the entire genomic
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llbrary was rescreened. The next set -of éxperiments}

invelved hybridization of pUCal (or subclones derived ~from

pUCal) to the EMBL4 Drosophila melanoqéster genomic library.

3.2.1 Probing with pUCal-—-Series 200

The cDNA in pUCél had been cloned inte the expression
"vector pUC8 which contains geﬁes from the lactose operon of
Eﬂ’&oli. The strain‘used_to propagate the genomic library.
Q358, also contains genes of the lactose operon. Therefore,
it was not possible to preobe with the entire pUCal plasmid
as this would result 'in interfering background hybridization
of the pUC8 vector to Q358 cﬁromoscmal DNA. For this reason,
the cDNA was excised from pUCal by digestion with EcoRI
which yields éhe 2.7 Kb pUC8 vector, and fragments from the
cDNA of 3.2 Kb and 0.3 Kkb. The 3.2 Kb £fragment was
extracted from a 1% agarose gel and nick translated
incorporating «=-p-A4ACTP. Nick translation | typically
produced probes with a specific activity of 107-10° cpm/ug.
The stringency of hybridization conditions for
screening the library was increased to 50% formamide at
429C and the post~hybridization washes were done in 0.2xSSC
at 60°C twice far 30- minutes (compafe to .low stringency
conditions: 40% formamide at 37°C for hybridization and

2xSSC at 500C for post-hybridization washes). The filters

-
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_were hybridized with the radiolabelled plUCal 3.2 Kb fragment
J

'probe. Hybridizea filters were subsequently exposed to X—réy

film for 24 hours at -700C with an intensifying screen. The

resulting autoradiograph shows that the pfobe hybridized to

all plagues and resulted in interfering Dbackground

hybridization (Figure 3.4). There were approximately twelve

pPlagues which gave hybridization signals. above “the

background 1level and these were picked for -sgbseqhent

screenings (Series 200).

‘The twelve plaques picked’ from the firsﬁ screenin§ of
Series 200 were plated at lower density and screened again
with the puCal 3.2 Kb fragmént» cDNA. On this second

screening only four plates had plaqués which gave higher

than background hybridization signals:and the  signal was

net as intense as;éhose seen with*fhe.positivés picked in

Series 100. A totai of six piaqdes wgre'picked for a third

screening. The hybridization signal from the third

screening was again very‘ "qéakf -Nonethgless, DNA was
isoliated from small lysafeé sf %héserplaqﬁes and prob;d with
pUCal (the entire plasmid). Only: éhe lambda vwvector
hybridized the probe and this was cbvious only after long
exposure of the Southern transfer (data not shown). We
concluded that these ‘false positives' were picked due to
hybridization of the brobe to lambda DNA or to the host
strain used to propagate the ilibrary. The level of

background hybridization is expected to be equal for each

-
N
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- FIGURE 3.4

Autoradiograph of one plaque 1lift £filter from the £first
screening of Series- 200 probed with the 3.2 Xb EcoRI
fragment from pUCal nick translated (specific activity 1x1l0°
cpm/ug)l. Each of 5 plates contained 1x10* pfu/150mmx15mm
petrie plate, plated on E. ceoli strain -Q358. The plagues
were replicated onto nylon filters and hybridized in the
presence of 50% formamide at 420C. The hybridized filters
were exposed for 24 hours with an intensifying screen.






J ] 60

piaque, yet the plaques picked had a higher than background
hybridization signal on the first scresnias. Therefore, on
subsequent screenings of the library, putative positive

plagques were compared to i‘negative control plaqgue.

3.2.2 Series 300

Serles 300 was a re;crqening of the library w;th pUCal.-
The librari( wvas pléted in a ‘nev host strain; Escher.‘fchia‘
colil strain LE392, ;hicﬁ has all genes of the lactose
cperon delé:ed. The change to a new plating strain’was made
to allow pUQal, the-cﬁtire piagqid, to b4 used as probe and
t; reduce backéround hybridization of vector sequences to
the host strain, Q358, q;eé' until now  to propagate the
LLbr;ry.

On the: £irst screening there qés,hybridization of alll

pla&dgs'ib the grobﬁ, however, as before, some plagues gave:

a signal above this background signal. Plaques were picked.
from the £irst #?:éening of Serles 300, but the second
scregning of Seriés 300 cleafly_showed that none .of these
plaques was a true positive by cémparison to a negative
control. -

Series ZdU aﬁd 306 deﬁ?nstrated that sequences present.
in pUC;l hybridized to flambda DNA causing iﬁterfering
backéround signal. Therefore, the c¢DNA £rom pUCal was
cloned into‘pBR322';o alleviate any background hybridization
‘of ‘PGCS vector sequences to the genomic li"ﬁary vector,

~
EMBLA. ‘

~

<
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3.2.3 Probjing with 3.5/pBR--Series 400

- The 3.5 Kb éDHA insert of pUCal was clbnea inte the
éE%gI site of pPBR322 (3.5/pBR). This subgclorne was made ta
screen the library and alleviate any background which may
be due to hybridization of the pUC8 vector. Series 400 was
probed with 3.5/pBR and éuplicate filters were péobed with
PBR322 as a comtrol. Both probes were nick translated to a
similar specific activiﬁy, however, the filters probed with
3.5/pBR gave very high uniformly distributead backgrouhd

hybrldlzatlon signal whereas the duplicate filters probed

with.pBR322 gave only a low level of background signal.

It was becoming increasinglf evident with each
screening of the library that the pUCal cDNA itself was

causing interfering background hybridization éignal. The
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major part of the cDNA is 3.2 Kb long which is twice the-

requireq cod;ng capacity for e¢-amylase mRNA (1.6 Kb). . The
‘éDNA must cont;in extraneous seguences unrelated to
a-amyiase which ”;ere causing backgrouna hybridization.
Therefore, we beiieved that using. a smallier probe derived
from pUCai might eliminate these interfering segquences but
‘woulﬁ s5till retain coding sequence§ for «-amylase.

- Subsequently, the 0.3 Xb EcoRI fragment from pUCal was

seguenced (M. Whitely, personal communication) and was

identified as a cDNA of Drosophila mitochondriai rRNA. This

ﬁart}cular sequence occurs at high frequency in transcribed

populations of Drosopkila melanogaéter‘genes. Thus, it is
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not surprising that such an RNA species would be cloned
inadvertantly because of its small size and relative

abdndance compared to other RNA sequences. We felt that

this small cDNA was responsible for the high level of

interfering background  hybridization signal " seen on
pfevious screenings of the genomic library. The next set of
screenings used smaller probes derived from pUCal which did

not include the 300 bp rRNA.

3.2.4 Probing with Oril apnd OrilI--Series 500-600

To facilitate the sequencing of pUCal, the 3.2 Xb EcoRI
fragment had been cloned inte bacteriophage M13mp8 and
partially deleted using the protoéol of Dale, et al, (1983)
(M. Whitely: personal communication).

The subclone designated Oril contained 3' sequences
from the cONA and its reverse complement, OriIl contained 5°
sequences from the <cDNA. .The 5' emy was mapped teo the EcoRI
site distal to the 0.3 Kb small EcoRI £ragment because
transcriptiag.initiated fromlthis end relative to the small
fragment.

We ‘used two of these deletion mutants to probe the
genomic library. - With some of the extraneous saquence
deleted from the' cDNA, it was hoped that the interfering
background hybridization would disappear. The replicative

form (double stranded) DNA of Oril and Orill deletion

" mutants was used to screen the'library (Series 500 and 600,

a

" respectively). The background ' hybridization was much

‘reduced over that seen with 3.5/pBR and several putative
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positive plaques were picked for second screening. Howevef}
upon second screening,. nene of these plaques yiended a
positive hybridiéation signal.

The library was resgreened with 6riI and OriEI and the
stringency of bost—hybridization washes was Feduced to
1xSSC at 60°C, twice, for 30 m;nutes which allpwed hybrids
oé minimum length 20 bp to be retained. This change was
effected because it was possible that a weak positive signal
from a first screeniné might be neglected and that_ thgs
signal could be increased by reducing ™ the washing
stringency. ‘For instance, if the‘probe hybridized to a part
of the gene which cqntained an intron, the duplexes formed
may not be stable at higher stringency. However, dsing
Oril and OriIl to probe _the l}bréry under these new

conditions did not yvield any positive plaques.

3.2.5* Probing with(pMPaZl and pUCal--Series 700-800

Series 700 and 800 were probed with pMPa2l and pUCal,

t, .
respectively, under lower stringency conditions in strain
LE392. These re-screenings did not jield any positive

plaques beyond the second screening stage. -

3.2.6 Probing with p5—-—Series 900

Seguencing data showed that one of the deletion
mutantside;ived from pUCal contained. at least one long open
reading £frame (M. Whitely, personal communicétion). This
mutant, p5, was derived £from Oril by furtﬁpr deleticon from

the 3' end of the insert. The insert in pS is about 200 bp

~
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long and 1s near the 3' end of the large EcoRI fragment of
the cDNA. A

Replicative form DNA from p5 was used to probe .the
library for Series 900. Screening with p5 did not yield

positive clones beyond the second screening.

3.2.7 Probing with single-strand probes p5 and p?2

Serjes 1000-1200

Because single strand probes have_been found to give

.stronger hybridization signals and 1es§A interfering
background (Meinkoth & wahl, 1984), the next strafegy for
séreening the library was to use single-strand DNA from p5
and its reverse complement p2 és probes. P5 is the coding
strand from the open.reading frame and p2 is the reverse
complement of pb.

- The;positive strand DNA ﬁf each deletion mutant was
labelled by‘primer extension from a 17-mer seéuencing primer
annealed at the 3' end of the multiple cloning site of
M13mp2. Series 1000 was probed with pS5 and liOO and 1200
we}e probed with p2. Each of these series vielded putative
positive signals on the first screening (Figﬁre 3.5).

On a second screeninrg of the putative positive rlagues
from Series 1200 (probed with p2)., six plaques on one plate
and one plaque on ancther plate gave positive hybridization
signals (Figure 3.6). BRll of the positively hybridizing
plagues were picked as well as a.negative control £rom each
plate. A third screening of the saven pﬁtative“ positive

plagues confirmed that they gcntaineé sequences which
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~, FIGURE 3.5

~ Autoradiograph of one plague 1lift filter £rom the first
screening of Serles 1200: This filter was probed with p2
M13mp8 single strand DNA, primer extended from a 17-mer
sequencing primer annealed at the 3' multiple cloning site
(specific activity 1x10* cpm/ug). Each of 5 plates contained
1x10* pfu/l50mmzxl5mm petrie plate, plated on E. coli strain
LE392. The” plaques were replicated onto nylon £ilters and
hybridized in the presence of 50% formamide at 420C. The

hybridized filters were exposed for 24 hours with an
intensifying screen.

Arrows indicate the two putative positive plagues picked
for subseguent screening.
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"FIGURE 3.6

Seéond and third screening of putative _positive plaques

picked - from first plating of Series . 1200. = ‘'Putative.
pOSlthES were replated in E. coli.strain LE392 at a density
of 50=-100 pfuleOmmxlSmm petrie plate. " The filters- were

hybridized at 420C in 50% formamide with prlmer extended p2
M13mp8 (specific activity 5x107 cpm/ug)

:Arrows indicate the positive plaques - on 'the° second
. screening. Panel a shews seceond, screening “and- the  six”
‘positive plagues ,later designated L1231 a-f; Panel b- shows:

the second .screehing and the ©positive plaque™ later.

fdesignated' L1232 'Panel ¢ shows the third screening of .
"L1231le; and Panel d shows the third’ screening of L1232.-
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hybridized the p2 probe whereés negative plagques did not
(Figﬁre 3.8, The six po%itive plaquesrpicked from one
plate oﬁ‘ the .secoﬁd screéning‘.were expected to be
identical having been derived ﬁrom one plague from the
first screening. Therefore,'thefe were two potentially
independent positive plaques.‘. These twd plagues were
designated L123i(§—£) and L1232. Both were re-screened
with p5, the reversé complement of p2, and also gavé a
positivé_signal_:Eth‘this probe, indicating that the two
recombinant clones are homologoué to this particular
~seguence. |
Fihally, p5 and p2 werelused to probe the library
'égain but no new positive clones were isclated. A
summary .of the various 'screenings of  the Drosopbiia
melaﬁogaster genomic library in EMBL4 is™ presented in
Table 3.3.

‘The results which follow - outline the
characterization of L1231 and L1232 and various subclones
derived from these oriéinal . recombinants.
Characterization eventually led "tc the conclusion that
these two recombinants do no: encode a-amylase. Howeler,
at this point in thg researqh this fact was not evident
and characterization proceeded as if the clones contained
genomic sequences from Drosophila melanogaster. In fact,
they - do contain Drosophila sequendes but they also
contain a sequencé <closely "related or identical to
Inseftion quuence 1 (ISl).of E. coli. These clones were

isolated because pUCal'i;self contains IS1.



TABLE 3.3

7

N

SUMMARY OF
SCREENINGS OF DROSOPHILA MELANOGASTER
GENOMIC LIERARY

4

Series No. Host Strain - Probe

100 Q358 . *  pMPa21
200 Q358 B pUCal
300 LE392 pUCal
40C LE392 _ 3.5/pBR
500 LE392 Oril
600 LE392 Orill
700 LE392 pMPa21l
800 LE392 pUCal
900 . LE392 p5
1000 LE392 s5~p5
1100 LE392 ss=p2
1200 LE392 ss-p2
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3.3 CHARACTERIZATION OF- L1231 AND L1232

DNA from L1231(a—£)7and L1232 was isclated and digested
with EcoRI. As expected, the EcoRI digests from L1231(a-f)
were.identical, indicating that tge first six clonifﬂs?ntain
"the same insert DNA; fhe EcoRI restriction ‘pattern of.L1232
was different from the L1231 clones, suggesting that L1232
is an independent clone. The approximate size of inseft is
15 Kb for both recombinant clones.

| One of the identical L1231 clones and clone L1232 were
digested with EcoRI (Fiéure 3.7 a,b,” lanes 2 and 3,),
HindIII (Figure 3.7 a,b, lames 5 and 6) and Xhol (Figure 3.7
a,b, lanes 8 and 9).and were hybridized to p2. In the EcoRI
digest the prcbe hybridized an 8.5 Kb fragmgnt in L1231 and
a 7.1 Kb fragment in L1232. No hybridization to EMBL4 DNA
w;s seen (Figure 3.7 a,b, lanes 4, 75. Subsequently,_the
recombinaét clones were digested with EcoRI/HindIII,
EcoRI/XhoI,.and HindIII/Xhol and probed with p2 (Figure 3.8
a,b; Yanes 1 and 2, 3 and 4, 5 and 6, reépeégivel;). Table - .
3.4 lists the fragments generated by these digests and the
hybridizing fragment in each case.

These aigésts narrowed the region of homology of the
probe to ﬁhe Drosophila DNA insert. The locatioA of the
hyoridizing-region for each clone was deduced by HindIII and

"XhoI digests (Figure 3.11).



TABLE 3.4 L1231 and L1232
.DIGEST FRAGMENT SIZES
(Kb)
a) ' L1231
. . ) -7 @
EcoRI HindIII Xhel EcoRI/HindllY ¥®coRI/Xhol XhoI/HindIII
20.0 22.0 22.0 20.0 : 20.0 . 220
9.2 : - D ' 8.8
8.5 7.9 :
5.0
4.8 4.8 < 4.8
4.5 4.5 o 4.5
4.0 4.0
3.2
7 2.7
2.4 2.2 2.44 - 2.4
. 2.2 2.1
1.3 1.4
0.8 1.4 _
0.6 0.8 0.6 0.6 0.8
-
_— . o
bﬁ/ L1232
/  FEecoRI HindIII Xhol EcoRI/HindIII EcoRI/Xhol XhoI/HindIII
20,0 - 26.0 20.0 20.0 20.0 20.08
9.2 11.0 9.2
7.3 7.0 6.4
5.8 .
4.8
4.5 5.2 ~Sd 4.5
3.3 = 3.3d 3.3
3.2 2.6 2.5 2.8
2.0
2.0 2.0 2.0
1.9 R
1.8 1.8 1.8 X 1.7
1.1 1.4
l1.2d 1.24
0.5
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- FIGURE 3.7

L123) and L1232 (lug) digested with EcoRI, HindIII and Xhol,
was fractionated on a 0.8% agarose gel, blotted on nylon and
hybridized at 42°0C in 50% formamide with p2 primer extended
single strand M13mp8 (specific activity 1x10° cpm/ug).

Panel a shows the ethidium bromide stained@ gel with- the
marker bands (lane m) indicated. ~ Panel b shows the
autoradiograph exposed for 4. hours with an intensifying
screen and the hybridizing fragment sizes indicated.

Lane 1} 1x10-° ug pUCal digested with EcoRI, 2) L1231 EcoRI,
3) L1232 EcoRI, 4) EMBL4 EcoRI,™5) L1231 HindIII, 6) L1232
HindIII, 7) EMBL4 HindIII, 8) L1231 XhoI, 9) L1232 XhoI
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" FTGURE 3.8

L1231 and L1232 - (lug) dlgested with EcoRI/HindII1I,

EcoRI/Xhol and HindITI/Xhol, fractionated on a- 0.8% ‘agarose
gel, blotted on nylon and hybridized at 420C In- 50%:
formamide with p2 primer extended single strand -M13mp8
(speciflc activity 5x107 cpm/ng). : .
Panel a shows the ethidium bromide stained gel with the
marker bands (lane m) indicated although the marker is not
included on the figure. Panel .b shows the auteoradiograph
exposed for 4 hours with an - intensifying screen and the
hybridizing fragment sizeés indicated. .

Lane 1) L1231"EccRI/HindIII, 2) L1232 EcoRI/HinglIIl,
3) L1231 EcoRI/Xhel, . 43 11232 ' EcoRI/XhoI, 5) L1231
HindIII/XhoI, 6) L1232 HindIII/Xhel.

——
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. EMBL 4 is not cleaved byJXhoI,_therefore, the vector
‘arms'i must be included in two fragments which also contain
insert DNA cleaved at internal XhoI sites.. The iargest\‘

fragments generated by XhoI from B1231 are 22 Kb - and 13 Kb-sh

-

" the 22 Kb. fragment includes the Ieft arm and "the '13 Kb
Lo

-rragment inclndes the 9.2 Kb right arm. Since, the 13 Kb~

3

‘éragment also hybridizes the probe, 3.8 Kb of. DNA .some

of which is homologous to the’probe, is from _insert.DHA

A .
+
3

adjacent to the right arm of the lambda vector. ¥ ,-'.} 5%
For 11232," the Xhol- hybridizing fragment is 3.3 Kb
long:- ~ Thus, Ein‘ L1232 'the_ hybridizing fragment 1ies
internal ‘to the vector arms and is completely excised by
The left arm of the vector has no HindIII ‘sites - andn
therefore must generate a fragment larger than 20 Kb ,ihe\
right arm is cleaved once by HindIII, generating a 4 5 Kb
fragment from the ‘axtreme right end of " 1ambda The other

Y

4. 8 Xb of lambda must be included in a fragment which also

"contains insert DNA.

In L1231 the probe hybridizes an 11 Kb HindIII fragment
which contains the remaining { 8 Kb of the right 1ambda arm. -
The HindITl Zand XhoI digest data suggest that fthe;v
hybridizing fragment in L1231 is adjacent to- the right arm
of the vector. Thus,_ the - hybridizing EcoRI fragment of
L1231 would be generated by an EcoRI site at least 8.5 Kb

fromfthe vector EcoRI site‘in the right arm.



>

'

'hybridizing region.v:, . R !

The largest fragment from the HindIll digest of L1232
hybridizes the probe. o This suggests that the hybridizing
region of L1232ilies_ciose to the left arm. However, the

XhoI digest precludes .the hybridizing 'fragment being

3

directly apposed to the vector since Xhol excises a 3.3 Kb

e’

ngests ﬁith' pairs of the enzymes EcoRI, Xhol and

HindIII served to,;efine the mad Eurther (Figune 3.11). ‘From

- s!!

uL1231 EcoRI/HindIII yielda a 5.0 Kb hybridi:ing fragment by

ol -

.cleaVing the 4n83§b Qf the iambda.vector-from the 11. Xb

_HindPig fragment. Howeverr addition-of”these“two fragments

- 1

leaves approxlmately 1 Kb unaccounted fcr whichﬂcannot be .

-

~generated by HindIII.- Therefore, 1t must _be, generated by

EccRIsfrom the vector‘clcning 51te.3nd andther, site -1 Kbhgi

. 3

-
' & LY A

v_Oiﬁ and 1"4 Kb 1cng, generated by EcoRI single and double

digest with HindIII EcoRi/XhoI gives 2 2:7 Kb hybridizing

5

' fragment, cleaving the 9 2. Kb lambda right arm from the

-1

. 13. 0 Kb XholT iragment %gaip, 1 Kb cannct be. aécounted for

~

by-Aaddition ‘of these fragments and must .be generated by

‘““

.EcoRI sites fromwtbe vector and.the 1nsert. XhoI/HindIII,

gives an'8,8‘i Kb fragnent‘which hybridizes the probe ahd

which 1nc1udes 4.8 Kb of lambda DNA from the vector HindlII

v e s

site. "Therefore,thoI cleaves 2.1 Xb~ ffom the- HindlIII

hybridizing fragment. I e g

From L1232, EcoRI/HindIII generates a « 4.5 Kb

hybridizing fragment co-migrating with the 4.5 Kb fragment

Pwithigtthe ¥nsert’ There are two fragments, approximately_

o
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generated;by HihdIIr from lambda. - The EcoRI 51te of ‘the

qector7 cleaves the ‘20 Kb left ‘lambda arh from. the

75

—nybridizing insert - fragment generated by HindIII.:

e

ECoRI/Xhol and Xhol/HindIIIl digests both yield a 3.3 Kb

X

hybridizing £ragment _which "is the .same size ds the

hybridizing fragment from fkthe Xhol single digest.
. L

Therefore, “the Xhol 51tes flanklng the hybrldlzlng reg;on

are internal to the EcoRI and HindIII generated fragments.

Further napping of insert fragments was onlg_bessible

if the vector DNA remained_more or less intact. Table 3.5

-

gives "the sizes "of’, the ‘fragﬁents ~for BamHI and' Asp718

‘digests of the two clones (Flgure 3.9, 3. 10) < :?rbm‘L123lﬁ

. BamHI generates a 10 8 Kb hybrldiaxng fragment (F;gurers.sa,‘

kd &=

oyl

lane 10; 3.9b, lane 5); one_BamHI_sxte,was regenerated‘at
the cloning site ipternal ang, adjaceat to the vector EcoRI

site and the other is 11 Kb from this. site. Asp718 generates

‘a 20 Kb hybridizing fragment uhlch 1ncludes the rlght arm of

"
-5

'the uector and e&tends close to the most lnternal BamHI site

(Flgure 3.9a, lane 7 3 9b, bane 2)~
. - : r

For L1232, Asp718 gives an 11 Kb hybrld121ng fragment‘

which includes sequences {approximately 1'Kb)dfrom the left
: : bt : ;
arm o!'the‘vector (Figure 3.10a, lane 7; 3.10b, lane_ l)

_ BamHI generates a 23 Kb hybridizing fragment which includes

20 Kb from the lepft arm of thé vector (Figure 3}10a, larne

L4 L4
.

3.1 Xb hybridizing fragment (Figure 3.10a, lane 11; 3.10b,

.1ane 5). Addit;onal-digests were‘made choosing enzyme& on

10;? 3.10b, ‘lane "4); BamHI/EcoRI double digest vyields 2

>
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FIGURE 3.9 ,
L1231 (lpg) was ° digested with varibds enzﬁmes‘ fractionated
on 0.8% agarose gel and transferred; ~to’aqwylon. KThe Southern
brot was hybridized to HlSmp&_QZ‘single.strand DNA primér.
extended from a l17-mer sequencing -primer (ﬁpec1f1c activity

1x10" cpm/ug). Hybridization was -in 50% fogmamide at 4az°cC

.for 16 -hours and the filter was: subsequently exposed for 4

w

hours with an intensifying screen. ~ ) . -
Panel a shows the ethidium bromide stained ~gel .and “the
marker fragment sizes (lane m)* are indicated kane
1) EcoRI, 2) ¥ HindIII, 31 EcoRI/HindIII, 4) XhoI,
5) XhoI/EcoRI, 6) Xhol/HindIII, 7) Asp718;, 8) Asp?lS/EcoRI
9) BglII 10) BamHI 11) BamHI/EcoR{ 12) BamHI/XhoI

Panel b shcws the autcradiograph of some of the digests in
Panél -a hybridized: to the prnbe Lane . 1) XholI/HindIZII,
2) Asp718, 3). Asp?lS/EcoRI 4) BglII - 5) , - BamHI,
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v

-with anm intensifying screen.

“% .

1232 (1ug)~was digested with various enzymes, fractionated
on 0.8% agarose gel and “transferred to nylon. The Southern

blot was hybridized to M13mp8 p2 single strand DNA, primer

extended from a l17-mer sequencing primer (specific- activity
1x10%). Hybridization was in 50% formamide at 42°C for 16
hours and the. filter was subsequently exposed for q hours

" -

. Panel -a shows . the ethidium bromide stained ~gel and the
.marker fragment sizes (lane m)_ are ..indicated. Lane

1) EcoRI, 2) _HindIII, 3) EcoRI/HindIlI, 4 )~ XholI,
5) XhoI/EcoRI, 6) Xhol/HindIII, 77 Asp718 ., 8) Asp718/EcoRI,
9). BglII 10) BamHI 110 BimHI/EcoRI .12) BamHI/Xhol i

'Panel b shows the autoradiqgraph of some of the digests in

Panel a hybridized to the probe, The sizes of ‘the
hybridizing fragments are indicated. Lane 1) BAsp718,
2) Asp718/EcoRI, 3) BgllI, 4) BamHI., *5)» BamHI/EcoRI,
6) BamHI/Xhol . L . - - -

-
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FIGURE 3.11 - —

Restriction enzyme site map of L1231 (upper) and L1232
(lower)showing tlte EcoRI (E), HindIII (H). XhoI (X), Asp718

(A), and BamHI (B) sites on each recombinant clone. The
organization and sizes of the EcoRI, HindIII, and: Xhol
fragments are indicated beneath each map. The fragments

subcloned into pl1231B (11 Kb BamHI fragment) and pl2327A
(10.8 Kb Asp718 fragment) are indicated above each map. . The
shaded area ‘represents the smallest hybridizing restriction

fragment:  for each clorne. The EcoRI sites shown in brackets ™

_are the cloning sites.in lambda.
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Phe_b&ﬁif'offffcqueﬁcf and site of cleavage in the.  EMBL4

DHA.ff Flgure“ 3.117 summarizes _mapping of . the two lambda

clanes. The two clones were also digested with'the following

*En:yhes;f'Smagy SmaI/EcoRI " BglIF, Pvul, Sall, Xbal,

Xbif[ﬁgéRI,“Sﬁtfi5szT/Eco§Iﬂ Ncol (data not shownl. )

- - . " - T

3.3-2_“Subclones pE2IlB and plRid . "

-

- _ffhe_tq;krpf:mépping ﬁhe“Ecoer HindII) and Xhol sites

in" the insertSjbf'lejl and L1232 was not Yacilitated by

-

”tﬁg,ﬁargp size 6f the lambda vector. This was. especially

- - - -

_apparént- in cases where one of- the lambda arms Temained
~- - [ . - .

- . e e . ——

Qattached tq:zfnscfﬁ',QNAf " Resulting size estimates. were

hié&lyg;ngcéufate;dﬁé to‘tﬁe'ﬁigh molecular weight of the

DNA. In order .to -locate these-sites within the -insert DNA

it vas necessary to~ subclone some of the insert into a-
1le. @o;g;;mgnageqple vector. . Therefore, the 11 ‘Kb

hybridiziﬁi._ﬁamﬁff fragment - of Q1231' and fhe ,11"Kb‘

hybridizing Asp?lS. Eragment )of-rhi232 were subcloned into

compatible sites “in the mulﬁ;pleicloning site of the vector
pUCle. These two large fragments were. chosen for subcloning

in order to includelthe.hyb:idizing region.and_to preserve
DNA ‘lankiﬁg‘the ﬁyb:idiziné‘EEgion. ?he_resuit;ng subclones

vere called p12318 and p1232A r'espéc"'ivelyi
The £irst digesh-of the subclones with EcoRI confirmed’

that the same (Q:SaKb:and.Z.l Kb) hyb;idizing fragments were
retained (Lane 1. éiéurg;:§.12_ a _and b,” Tespectively).

- - - . A .
- - RTINS
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FIGURE 3.12 ~

p1231B™ and 'pl232A (2ug) digested with various enzymes,
fractionated on a 0.8% agarose gel, and hybridized with
Primer extended single strand Ml13mp8 p2 DNR (specific

activity 3x10* cpm/ug) in 50% . formamide at 420C for 18§
* hours: - . ' -

The figure shows the autoradiographs. of digested pl231B
{Panel a) .Lane 1} EcoRI, 2) EcoRI/BamHI, 3) BamHI,
4) HindIXI, 5) XhoI, 6) Asp718. pl232A (Panel b) Lane
1) EcoRIl,: 2) .EcoRI/Asp718, 3) Asp718, 4) HiIindIII, S5) Xhol,
6) BamHI. Both autoradiographs- were exposed 4 hours with an
intensifying screen. The size of the hybridizing fragment
from each digest is indicated. T
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FIGURE 3.13< ~ . . =~ -

pl231B (1ug)ﬁwas digested with various enzymes, fractionated
on a 0.8% agarose gel, and hybridized with primer extended
"single strand M13mp8 p2 DNA (specific activity 4x10’ cpm/ug)
in 50% formamide at 420C for 16 hours. . v
Panel a shows the ethidius bromide stained gel and‘ the
marker fragment sizes (lane m}! are indicated. Panel %b .
“the autoradiograph exposed for 4 hours with an inten51fying,
screen and the sizes of the hybridizing fragments ®are
indicated-- : :

Lane 1) XhoI/HindILI, 2) BamHI/XhoI, 3) BamHI/HindIII,
4) Pstl, "5} BgllI/EceoRI. 6) Bgill/BamHIl., 7) BglII/ HindIII..
8) BglII/XhoI., 9) Sau3AI, 10) Rsal. _
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FIGURE 3.14 ~ L . -

. - D * - . ' " . . . -
- pl232Aa (lug)"mas: d;gested with wvarious’ Eniymes “and
- fractionated on a 0 8% agarose gel, and hybridized with

primer extended 51ngle strand M13mp8 p2 DNA (specific..

activity 4x107 cpm/ug) in, 50% formamide at 429C for 16
hours. R )

Panel a shows the ethidium’ bromide stained gel and the
. marker £fragment sizes_ are 1ndicated although, the marker ig-

not included on the figure .Panel b 1s the amntoradiograph
exposed for 4 hours with an intensifying screen and the
- sizes ‘of the hybrxdlzlng fragments are indicated

s ' B : >

Lane 1} Asp?lS/HlndIII 2) Asp718/EcoRI, 3V AspTlS/XhoI
4) Pstl., 5) BglII, 6) BglII/EcORI,-7) Sau3AIl, 8} Rsal
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. and XhoI (Flgure 3.13) and p1232A was dlgested wlth Asp?ls

As Hell “the subclonés were digested with HindIII Xhol,

-

Asp718 and BamHI (Flgure 3.12 a,b). Subsequen&ly, p12313
I

7 was dlgested ‘with BamHI in comblnatlon with EcoRI HlndITI

in comblnatlon thh EcoRI, HlndIII..and Xheol (Flgure 3 14)

Table 3.5' lists ‘the fragme&ts generated by these

.

dlgests and the hybrldlzlng fragment 1n‘each case gIhese

{ . 7 A

digests served firstly, -to orﬂent the.subcloned insert’ and

secondly, to piace with finaiity, the-. Xho!, ‘Ecbnz;f_and

HﬁndIff“sites shown on the map of the lambda clones (Flgure

td - —

.3,11} and‘ on the map - o . the two subclones (Figure 3 157
- - #
_ Other restrlctlon enzyme dlgests were made whose sxtesf
- 't'. B
areamot shown because they Eo not add pertinent 1n£ormation_

) * 3 T 1

to theﬁmap Qhe Eollow1ng eneymes were used “to dlgest p12318

’and:p1232A:1Ach BglI BglI/Bamﬂl BglII BglII]BamHI

b4

SglszEcoRI - BglII/HlndII{ BglII/XhoI; EcoRI?PvuI Hf%dII’
X ' . - i

Ncol, PstI, DvuI PUnlY: RsaI» Sal SauBAI."SmaI' SphI
R .-

SstI’, ‘Xbal, XHbI/PvuI, XmaI/BamHL (data hot shown) S

. -

- PstI, Rsal, andrSau3AI (Figures«S 13 and 3 14) which yieldfg

. e

numerous frégments from each subclone. Only'some of the PstI'~

- . , 4 .
sites 'are ~shown" in Frgure- 3115, PstI was: later 'used to

-

,sdbcléne the 1 3 Kb,hvbrLGLZLng fragment from p123lB (Figuré

a /- ? .
3n13'~ lahne 4) and the- 2. l Kb hybrldlzing fragmemt ‘from

~

T pi232h (Figuré 321gﬁ.1ane_4)=into pERS22. ‘Rsal and-Sau3dl =

digests' “yield - mapy <restriction ' fraghents ‘*from the
3 e L et -7 N }
.. * -. * + . * 7 ) ()

- - _ T S S

. k4 e
Impottant 1nformation was obtalnqd ‘from digests with- -~
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TABLE 3.6 - | . 2o T .
. -pl23lB and pl232A
: .~ DIGEST FRAGMENT SIZES
o (Kb) -
) pL231B

) _ EcoRI/ EcoRI/ “Xhol/ EcoRI/ _.BamHI/  BamHI/
EcoRI HindIIT Xhol ‘HindIII  Xhol HindIII BamHI __HindIII Xhol

8.5 8.5 1l0.2 : , 8.5 - ,
' ' - 7.0 - 6.6 .
5.0 3.3 . o 4.2
. 3.3 . 3.2 3.3
2.7 2.7 2.8 2.7 2.7 2.7
. 2.5 2.7
2.3 2.3 2.2 2~ 3
1.4 - 1.4 1.4 1.4. -
0.9 1 0.9 - 0.9 : 0.8
0.6 L 0.6 0.6 g.6
b : : : pl2323
- : o . '~ EcoRI/ EcoRI/ : & ~-BAsp718/ Asp718/ Asp718/
EcoRT HindIII Xhol HindIII __Xhol BamHI EcoRI HindIITI Xhol
7.1 7.6 - 7.1 :
: ) 5.5°

r

w
o
.
W
(PR oF )

4.5 4. 3

N3
w
Ly G
w

3.2 3.3 - 3.3 3.5 . 3.3
3.0 - , 3.0
. 2.7 2.5 2.7 2.7 2.7
2.4 2.5 2.1 2.4 2.3 . 2.5
) 1.8 1.8 - 1.8 1.8
: 1.5 :
1.3 " 1.2 1.4 .
0.9 0.7 0.9
0.6 0.6 0.6
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FIGURE 3.15

Restriction enzyme site map of pl231B (upper) and pl2327A

(lower) showing the EcoRI (E), HindIII (M), Xhol (X), Asp718"
(Ad), and BamHI (B) sites on each recombinant clone. As well,.
the pertinent Pstl sites (P) are indicated. The organization.
and sizes of the . EcoRI, HIndIII, and Xhol -fragments are -

"indicated béneath each map. - ' -

The shaded area corresponds to the shaded area in Figure

3.11. The ISl and its orientation are indicated above the
map as 1s the Pstl fragment subcloned inteo pl231P and

pl232P. The sites in the multiple cloning site on either.
side of the inserts are indicated for reference. -
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subclones yet in each digést 9nly one‘small‘fraément from
each subclone ?ybgidizéd the probe (Fiéhres 3;i3jand 3.14).

The small size qf these hybridizing fragments. pointed out
that thelhybridizidg.region of both sﬁbclones is not 1érgér
than approximately 1 Kb (figure 3.1§b, lanes 9 and 10,
:espectgvely. -for pl231B: Figuré 3.14b, Jlanes 7. and .E,
respectively, for p123%A). This obsérvation."was very
disturbing- because the coding f;gion for the w-amylase gene
‘mist be at least 1.6 Kb (without introns) to encode the
54,000 dalton protein. One eiplénation of this obsgrvaf?én
would be that . the gene present in the lambda clones may
have been truncated by the Sau3AI digest used .to cdnstruct
the Or?gon R lib:aﬁ}. However, as determined later, fhis was

-«

not the case.

*-3.5.3 Cross—hvbridizatioﬁ of DI23&B apd pl232A

-Because the two origipg} lambda clones were isolated
using the same ﬁrobe, it was probable that they shg?éd
common seguences. To. tést fhis §ossibility, L1231 and
L1232, the or;ginal lambda clones, were digeéted'with EcoRI
and each was probed with the 'subclone of the other phage.
Therefore, pl231B was used ﬁo probe L1232 and p1232A was
used to probe L1231. Figure 3.16 demonstrates that plZ231B
hybridizes to thg 7.1 Kb band generated by EcoRI in.L1232
(Figure .3.16a. lane 4). LConversely, p123ZA hybridizes to
the 8.5 Kb, band of EcoRI digested L1231 (Figure 3.16b, lane

5). In addition,- pl232A hybridizes the left arm of the

lambda vector. This was expected because one ef the Asp718 .

X B
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FIGURE 3.16

,"?

This figure shows results of crosshybridization of pl231B to
L1232 (Panel a) and pl232A to L1231 (Panel .b). The two
plasmids (pl231B and pl232A) were nick translated .to a
specific activity of 3x10® cpm/ug and were hybridized to the
EcoRI digested lambda recombinant clones (L1231 and L1232)
immobilized on nylon filters. Hybridization was done in 50%
formamide at 420C ‘for 16 hours. ~ Exposure. of  the
antoradiographs shown, K in the figure was for 4 hours with an
intensifying screen. N
The marker fragments are indicated (lane 1). Lane 2} EMBL4
digested with EcoRI (lug)., 3) L1231 (lug) digested with
EcoRI, 4) L1232 (1lug) digested{with EcoRI.

<
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sites used to subclone the L1232 fragment into pUC1H is

<,

within the .left lambda arm. o ) o .
This experiment demonstrated that L1231 and L1232 are

£

homologous at some part of their sequence and these

homologous regions cof?pspond to theirrpomoloéy”to the p2

v

probe. . “ e

.

pl1231B -and pl232A were also probed with M13mp8 which
did not hybridize to the insert DNA (data not shown) but did

ot

hybridize to the pUCI8 vector.

L

3.3.4. _Hybridization.of pl23iB and pl232A to Orosophila DNA

The two subclones were next .hybridized o Oregon R
genomic DNA in order to see if sequences in the isolated

SR

prot

clones corresponded to unique sequences in the Drosophila . ..

[

genome . s : -
’ - o ..."._‘,";. = -

Subclones pi2318 and p1232Aq}efe”nicb-Iraas%atedféﬁd*““'

hybridized to EcoRI digested D. melanogaster_stféin Orégoﬁ'R

DNA transferred to nitrocellulose ‘(Schl'e‘ichvér E‘”;Sc.ht;'al.l);-

Both probes hybridized a genomic f{agment*Egvéppfﬁxiﬁately-

-

7.6 Kb (Figure 3.17 a,b). 1In addition, pl231B hybridized a

band at 1.0 Xb and clone pl232A hybridized a band a;.GJO Kb.™

The plasmid pPa-1 contalining the Dfosopbila

- -
e

3

Alcohol Dehydrcgenase Gene (ADH) was used as a .positive .

W e

control and hybridized to the predicted fragment .at 4.4 Kb,

3

(Figure 3.17¢). pBR3I22 and EMBLS served as negative

controls and did not hybridize -to Oregon R DNA (Figure 3.17 ..

d.e, respectively). As an additional control. a randomly

-

melanogaster = -

v
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FIGURE 3.17

Oregon R Drosophila melanogaster DNA was digested with
"EcoRI, fractionated on a 0.8% agarose gel in TAE,
transferred to -nitrocellulose and hybridized in  5S0%
formamide at 420C to various probes nick translated to
similar specific activity (1-3x10° cpm/ug). The hybridizing
marker fragment sizes are indicated. The hybridized filters

were exposed to”"X-ray £ilm for 72 hours with an intensifying
screen.

Panel a probed -with pl231B; Lane 1) 0.1 ng marker,
2) Oregon R DNA. Panel b probed with pl232A; Lane
1) Oregon R DNA, 2) 0.1 ng marker. Panel c probed with
D. melanogaster alcohol dehydrogenase gene cloned into
pBR322, panel d probed with pBR322, panel e probed with
EMBL4, panel £ probed with random clone £rom Drosophila
Oregoen R genomix library:; Lane 1) Oregen R DNA, 2) 0.1 ng
marker. The marker fragments are indicated.
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isolated clone from the Drosophila §enom1c library was
alsc used as probe. The hybridization pattern suggests that
this clone may contain: repetiéive sequences from the
Drosophlila genome (Figure 3.17£).

The 7.6 Kb band, which may be common to both clones,
indicates that the £fragment in pl231B is larger than its
corresponding genomic fragment by approximateiy 1 Xb. The
genomic fragment hybridizing pl232A is approximately 600 bp
larger than the 7.1 Xb band from the lambda clone but this
observation is misleading because L1232 is truncated at the
_EcoRI site of the lambda éloning_site: The observation that
the genomic fragment hybridizing L1231 is smaller than the
corresponding fragment £rom the clone, coinéides with data
presented'later leading to Fﬁe conclusion that a prokaryotic
insertion sequence had integrated into D. melancgaster DNA.
pl231B generates EcoRI fragments of 0.6 Kb and 1.4 Kb either
(or both).of which could be hybridizing to the genomic DNA
in the 1 Kb range. Clone L1232 yields a 5.8 Kb EcoRI
fragment, a part of which Is present in pl232A and which
corresponds to the hybridizing 6.0 Kb band in genomic
Oregon R DNA.

These-. observations are important because they
establisheawthat the two isolated subclones. contain unique

sequences which hybridize to discrelte seguences in the

Drosophila melonogaster genome. Th hybridization is

specific to the insert DNA of the subclcones because lambda

\

and pBR322 DMA do not hybridize to Oregon R DNA.



v

It was interesting that both subcléhes h§bridized to -a

genomic restriction fragment of similar size. ‘This could

92

indicate that the subclones contain the same DNA sequence.

~

However, this is not obvious from the

restriction digest.

data of the subclones and to confirm .these observations it

- -

was necessar to carr out more refined mapping. The '
y r 3

[y

results of these experiments are presented'latgr.-

3.3.5 Hybridization of pUCal to Drosophila
gepnomi¢ DNA

To ensure that pUCal, the probe used to isolate L1231

and L1232, did indeed encode Drosophila sequences, Oregen R

DNA digested with EcoRI was probed with pUCal (Figure

. /f‘ . . .
3.18a). The 300 bp Drosophila mitochondrial ribosomal DNA

fgg;\pUCal was cloned into pBR322 (pBR/300) and served as a

control (Figure 3.18b)J. Both probes hybkbridized te a 1 Kb

specie§ {Figure 3.18a,b). However, pUCal did not hybridize

any other Drosophila genomic DNA. Thus, the major part (3.2

Kb EcoRI fragment) of the pUCal ¢PNA did net hybridize to
corresponding Drosophila ‘sequences. This observation could
have no other explanation than that, apart £rem the

mitochondrial DNA, pUCal does not encode a Drosophila gene.
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FIGURE 3. 18

Oregon R and Canton S- genomxc DNA (5 ng) ‘were digested with-~
"EcoRI, fractrbnated on 0.8% agarose in TAE, transferred teo

nitrocellu}ose and hybridized in 50% formamide at 42°C for

" 16 hours. The plasmlds were nick-translated to a specific
activity of 1x10% cpm/ug. The. autoradlographs were' exposed

- toX- ray fllm for 72 hours with an. intensifying screen

Panel a was hybrldlzed with pUCal and panel b ‘was hybrldized
with - the 300 bp “Drosophila mitochondrial ribosomal ' cDNA
cloned into pBR322. . The marker (.1 nug) - tragments are
indicated. . Lane 1) Oregon R DNA, Lane 2) Canton S DNA-~
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PART 2 Identifying Sequencgs Comprising L1231 <ha L1232

3.4 IDENTITY OF THE P2 PROBE

- By the time we arrived at this poiht in the research,
- . z .

data had accumilated which ipdfcated-tgat pUCal does not

ehcodefDrosophila a—amylase. However, because of its starch
'hyérolyzing activity, we felt pUCal must still ‘encode
another amylase, Finally, the sequence data for pUCal had

beqn éompleted. We compared the sequénce data to compﬁtaé

géne -banks expecting to find some homology. for pUCal with

ghblished © a=amylase sequeﬂces. étartlingly, _ﬁcne o§ the
pub}isheé géne sééuéﬁces of starch-hydrolyzing enzymes
shared extensive homology with pUCal. To our even greater
st@?ﬁfection we founq,that‘pUCal, the probe we had used on
theééehomiczlibrary; shargd almost perfect homciogy (S8%)
witﬁtin$ertion sequéncé Iéi of E. coli. Yet, pUCal produces
an ?amylasejliké enzymatic activity which has never been

demonstrated for IS1.

Homology of the probe (p2) with ISl starts at
nucleotide‘;43 and ends at. nucleotide 583 in IS1. . The
cqrrééponding region in p2 is _from nucIeopide. 541 to

nuclectide 1, respgctively, in "the reverse orientation to

which p2 was seduenced-(Fighfe 3.195. The ., two sequences

-

~differ at only $ix nucléotides. Four of these are base

pair mutations within the last ten nuclectides of pf;rﬁhe
£fifth mutation fs a -one base pair deletion 4n p2. at
nucleotidé.67, £h¢ sixth change is a one base pair insértion
at nucleotide 119 ;n}pz. These last two mutations disrupt

and.then'réstore the apen readihg frame in p2.

95
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FIGURE 3.19

-3
-

\\._ .
Sequence of ISl (Johnsrud, 1979; Ohtsuboe & Ohtsubo, 1978)
with homology to p2 shown below (Whitely & Moreau,
unpublished data) and homology to the two Pstl subclones
(described later) within the box brackets,

The restriction enzyme sites pertinent teo mapping the two
subcdlone=s are indicated: Alul, HaellI, HaellII, Hinfl, Rs
PstI. -

.
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The 6n1y other segquence ﬁparing extensive homolegy to
p2 is ISl from Shigella dysen;eriae (95% homology), which is
.a close relative of E. c;lirlacI ISf. The‘femainder of the
insert of pUCal is compfised of the 300 bp mitochondrial

rRNA and rearranged pUC8.sequences including the lacl gene.

87

Thus, the two récombinant clones isolated from the‘

Drosophila genomic library had been isclated, not by virtue
of homology to an - «-amylase cDNA, but by homology to a
seduence now shown  to be a close variant of ISl. The region
hybridizing the probe in the recombinant clones gives a
gualitatively infense hybridizatien signal, indicating a
high degree of homology with the probe. 1Indeed, the
stringepcy tsed during hybridization and pcst—hybridizafion
washes regquires a minimum duplex length of 60 bp given
that the G+C content of ISl is 53%. It was then apparent
that the hybridizing sequences in the recombinant _clones
probably contained ISl as ;ell. Accordingly, the small size
of the h bridizing fragments from digests of pl221B and
pl2328 with Rsal and Sau3AI., also suggested that these two
clones contained bacterial insertion seguences.

~
The clcones 1solated f£rom the géﬁgalc library hybridize

to D. melanogaster DNA but theg also ﬁybridize a sequence
shown to be ISl. Together, these obsérvations led us to
surmise that some of the 5NA in these genomic clones shares
almost perfect homology with IS1. Although the original

intent of this research was not to isolate such sequences.

Intriguing questions are raised by these results. Two

&



possibilities exist for this situation: Is the region
hybridizing te ISl a D?osobhiia melanogaster sequence with
extensive homology to 1IS1? Orl,‘is it possible that ISl
transposed into Drosophila DNA d;ring the prepgratioh and/or
propagation of the genomic library? The hybridization signal
from Oregon R DNA probed with the tuo_'subclo;es‘ i$
comparable to that of a single copy gene in Drosophila.
Yet, from the stringéncy conditions employgd, we estimate a
substantial duplex of perfect homologgi It-is improbable
that a Drosophila sequence would sﬁare such extensive
hoﬁ%logy te bacterial DNA. We deci@ed to pursue these
conjectures and the next sét of experiments were performed
to test.the two possibilities.._

3.4.1 Subcloning of the hybridizing Pstl fragments
from pl231B and pl23248

-

The region homologeus to IS1 in the two subclones had
been pared down to single Rsal fragments which are less than
la Kb in 1length. In order to preserve scme £flanking
sequences, the larger hybridizing PstI fragments of pl231B
(1.3 Kb; and pl232h (2.1 Kb) were excised and subcloned into
pBR322. These two lnew s&ggéghes {designated E}ZBIP and
p1232P) were used to characterize thgl ISl-homologous

sequences and the flanking Drosophila sequences of the

recombinant clones.
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1;1;a_ux9:igizgxign_gi_glzélzmggg491232? to D.meldneogaster
DNA, E- _coll ONA., and Baclllus DNA

Chromosomal DNA <£rom 0. melanogaster strain Oregon R

-

and from E£. coli strains C600, LE392 and 0358 were digested

with EcoRI. Samples of each DNA were electrophoresed through
fou; 0.8% agarose gels. The gels werertthen probed Qith
1) pl231P , 2) pl232P, 3) pPa-1l, containing the ADH gene of
D. me}anogaster, and 4) pBR322. ~ D. melanogaster ADH clone
pPA-1 served as a positive control for a Single. copy
Drosophila gene. pBR322 served és a negative control.

Both pl1231P and pl232P hybridized very strongly to

E. coli DN& f£rom all three strains (Figure 3.20a.b,

89

respectively). Several discrete bands are discernible in-

the prokaryotic gencunic DNA and the pattern of hybridization

suégests that the probe  Thybridices to a ‘dispgrsed,
repetitive element in E. coli DNA. - |

As well, both Pst subcliones hybridize under the same
hybridization conditions to Oregon R DNA (Figure 2.202.b,
lanes 2, 3, 4). Both probes again hybridized to a 7.6 Kb
fragment in Oregon R~ DNA. The ADH positive control
hybridized a specific band in Orégon R DNA at 4.4 Kb (Figure
3.20c). The ADH serves as a positive control shewing the

hybridization intensity of a single copy gene to Drosophila

DNA. The hybridization signal from ADH and from the insert

DNA are of similar intensity and thus
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FIGURE 3.20

Oregon R genomic DNA and Escherichia coli strains C600,

LE392, and Q358 chromosomal DNA digested with EcoRI. The
genomic DNA was fractionated on a 0.8% agarose gel in TAE,
transferred to nitrocellulose and  hybridized in 50%
formamide at 42¢C for 16 heurs. The probes were labelled by

random primer extension (Multiprime -- Amersham Corp.) to
similar specific activity (1x10” cpm/ug). The
autoradiographs were exposed for 12 hours with an
intensifying screen. The marker. fragments are indicated

although the marker is not shown con the figure.

Panel a was probed with pl231P; panel b was probed with
pl1232P; panel ¢ was probed with D. melanogaster alcohol
dehydrogehase gene; panel d was probed with pBR322. Lane 1}
5 ug Oregon R DNA, 2) Sug Ce600 DNA, 3) Sug LE3S2 DNA, 4) Sug-
Q358 DNA.



Bt X4 B R N Y

LI ¢ £ PO

1
;i—.-




are similar in homoiogy to their respective genomic
sequences. The ADH plasmid hy?yidized siightly to E. coli
DNA but, given the low coﬁpléiity of E. coli DNA the
hybridizati;n signal cannot be directly compared to ADH
hybridization to Oregon R DNA. The ADH control hybridized
to one band in the C600 lane at the origin of the gel. This
band may Dbe contaminating prctein of.undigested DNA and no

other Dbands are present that would suggest specific

101

hybridization to sequences 1in £E£. coli DNA by the D,

melanogaster ADH gene. pBR322 used as a negative control
does not hybridize to either E. woli or Oregon R DNA (Figure

3.20a8).

Because pl231P and pl232P are Pstl subclones from the
original lambda clones, we next used the Pst subclones to
probe Oregon R DNA digested with PstI. We reasoned that {f
the sequence present in the recombinéht clones was comprised
solely of ﬁrosophila seguences, plZ231P should hybridize a
1.3 Kb fragment and pl232P should lLybridize a 2.1 Kb
fragment £rom Oregon R DNA. On the other hand, £ 1IS1

seguences had inserted into Drosophila DNA, the sizes of

hybridizing Pstl fragments in Oregon R DNA would not

correspond to the sizes of the hybridizing Pstl fragments
from the recombinant clones. Pstl fragments £from the
recombinants shcould be larger than corresponding genomic
fragments unless there are internal Pstl sites in the
insertion. Accordingly, Pstl digested Oregon R DNA was

probed with the excised PstI £fragments of pl231P and pl232P
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FIGURE 3.21
Oregon R DNA digested with PstI, fractionated on 0.8%

agarose gel in TAE, transferred ‘to nitrecellulose and
hybridized in 50% formamide at 420C to. multiprimed plasmids.

A{5x107 cpm/ugl. The autoradiographs were exposed to X-ray

£ilm for 72 hours with an intensifying screen.

Panel a was hybridized to pBR322 DNA, panel b to pl231F and
panel ¢ to pl232P. Marker f£ragment sizes are Indicated.
Lane 1) 5 nug Oregon R DNA, 2) as lane 1, 3) .1 ng marker
DNA, 4) 1 ug marker DNA:

-



' o

‘.

A

f)

"y




j-‘ . . ] 103‘

(1.3 Kb -and 2.1 Kb, respectively) and with‘_pBR322.
Interestingly, pl231P and pl232P both hybridized a fragment
at 5.0 Kb in the genomic DNA (Figure 3.21b,c).

Firstly, these results indicate that neither subclone
confﬁins 2 hybricdizing PstlI £fragment corresponding to one
of similar size in Oregon R-DNA. Secondly, the fact that
both subclones _hybridized to Pstl fragments of identical

size, as they' had in EcoRI digesgéd 5NA, suggests  the
possibility, with eveg more probability, that both subclones
contain the same Drosophila' sequences. -Experiments
described later tested this pcss;bility further. Again,
pBR322 did not hybridize.to Oregon R DNA.

To test the specificity with which. the subclones
hybridized to prokaryotic DNA, pl231P, pl232P, &and p2 were

used to probe chromosomal DNA from two different strains of

Bacillus. . In parallel, COregon R DNA3 and E. coli DNBA were

probed to ensure tpat~p2-hybridized to E. coli DNA but not
to Oregon R DNA. .

The .two subclones hybridized the same 7.6 Kb band in
Cregon R DNA_and also hybridized to E. coli DNA as reported
previously (data not shown), whereas p2 hybridized only to
E. coli DNA uﬁder the same hybr;@ization conditions (Figure
3.22f. | None of the probes hybridized to Bacillus DXNA
inéicating that the‘prokaryotic element present in all thfee

prebes is specific to E. coli DNA.
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FIGURE 3.22

Oregon R genomic "DNA, C600 DNA, Bacillus subtilis, and
Bacillus amyloliquifaciens digested with EcoRI and
fractionated on 0.8% agarose gel in TAE. The DNA was
transferred to nitrocellulose, hybridized in 50% formamide

at 420C for 16 hours, and exposed to X-ray £ilm £or 12
hours.

The figure shows the autoradiograph of the filter hybridized
te primer extended M13mp8 p2 single stranded DNA (specific
activity "3x10* cpm/ug). Lane 1) 5 ug C600 DNA 2) 5 ug
_B. amyloligquifaciens DNA, 3) 5 ug B. subtilis DNA, 4) 5 ug
Oregon R DNA, 5) .1 pg marker DNA. '

i~
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In_ summary, ‘the recombinants contain Drosophila
sequenceé as -shown by‘hybridization te Oregon ﬁ DNA. The
Drosophlla -sequences hybr1d121ng to the two PstI subclones
do not dlsplay homology to ISI as demonstrated by the non-

hybridi;ation of p2 to'these‘sequences. As well, the PstI

subclones _hybridized to E. " coli sequences which also
',hybridizé‘to ISl.‘ None of.the probes used hybridized to
Bacillus DNA.  Thus, we bhad demonstrated that the

recombinant clones .isolated from a Drosophila genomic
.libféry contained sequeﬁces from E. coli DNA as well as
diécrete.seqﬁencesfﬁrom Drosophila melanogaster.
Nexfi it was important to establish 'whether the
E. coli sequences in the two subclonéé could be-any seguence
other than IS1. |
3.4.3 Homolo of F. coli sequences a
pl232P to otherkinsegt;on seguences
" We needed now to estaﬁlish that the E. coli seguences
present in L1231 and L1232 were in fact IS1. GENBANK wa§
searched for sequences sharing homeology with the ISl probe
used to isolate these recombinants. ﬁIn particular, other
insertion sequences {(besides ISl) and transposable elements
were.scanﬁed for homology. |
Our experiments haad been per formed under high
'stringency conditions and only one published sequence was
presented which had the extensivq‘homology required te form

a duplex of sufficient length under these conditions; that
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" is, 1IS1 isolated from E. coli lacIl gene of the lactose

operon which shares 98% homology with the probe.

\3.5.5 Mapping pl231P and plg?gg
It was almost certain that L1231 and L1232 contained
Drosophila sequences into which ISl had integrated.
Certainly 1t did not appear as if the region of homology was
due to Droscophila sequences which themselves are homologous
to IS1. To test ;ﬁe premise that pl231P and pl232P each
contained IS1l, the. two subclones were digested with several
restri;tion enzymes based on sequence data from IS1.
~ Fragments ' generated from digests of tﬁe subclones which
would hybridize the probe could be predicted if ISl was
present in the two clones. Figure 3.24 outlines the
fragments hybridizing the ISl probe (p2) .and the
" corresponding sites in IS1. - A descripticn followslof the
reasoning by which we 'arrived at the sdmmarizing restriction
site map for each Pstl subclone (Figure 3.25).

There is one Pstl sjite at nucleotide 235 in IS1. If
plZ?lB and pl232A contained IS1, by subcloning the 1.3 Kb
aﬁé 2.1 Kb fragments, respedfively, 235 bp of sequence had,
been eliminated from the 5' end of ISl 1in the Pstl
subclones. Additionally, this should mean that more than
one fragment from pl231B and pl232A digestéd with PstI
should hybridize to the probe. Indeed , for pl231B another
fragment at 6.0 Kb and for pl232RA two fragments‘ét 3.0 Kb

and 2.7 Xb hybridized the probe, but with 1less intensity

than the 1.3 and 2.1 Kb fragments which had been subcloned

——
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(Figure 3.13 and 3.14, reSpectiveLy). One, interpretation of

this data could be that pUCl8 sequences hybridize the

H;a-derived probe tb illuminate the other hands. However,

since PstI does not cut within pUCl8 except at the multiple
cloning sife, this explanatiocn does noi account for three
hybridizing Pands for pl232A.

L Therefore, the extra hybridizing band has‘hﬁmology to
thé,insert in p2 which would be dué_to 235 bp of IS1 to
the "internal Pstl site. In pl231B, since thére is only one
1e;ser band, the 235 bp from ISl would be attached di%ectly
to:ﬁhe pUCl8 sequences. Therefore, the orientation cf the
proposed ISl sequence was established in pl231B and pl232A
(Figure 3.15).

Additional digests with Hinfl, Rsal, Aluwl, Haell, and
Sau3AI (Figure 3.23) teséed the hypothesis that pl231P and
pl232P contained one copy each af ISl or a closely related
sequence.

The. orientation of the fragment in each subclone was

given by the Hinfl digest (Figure 3.23, lanes 3,4). The

fragment which hybridizes the probe must contaiﬁ thé
sequence from nucleotide 235 tPétI) to a Hinfl site at
nucleotide 623 in the putative IS1. Fragmehts generated by
HinfI sites paét this point will not hybridize the probe
because p2 homelogy with IS1 ends at nucleotide 584 within
IS1. The insert in both subclones is'flanked by HinfI sites
in éBR322 at- nucleotides 633 and 3364, which generate

fragments of 1,382 bp and 250 bp, respectively, to the Pstl

107
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FIGURE 3.23 :

pl231.P a P1232,P digested with various enzymes,
fractionated 1% agarose in TAE, transferred to nylon and
hybridized in 50% formamide at 42°9C for 16 hours. The:

filters'. were hybridized to primer extended single strand
M13mp8 p2 DNA (specific activity 3x10%) and were
subsequently exposed for 4 hours without an intensifying
screen. :

Panel a (i) shows the ethidium bromide gel of Sau3al (lanes

1,2}, HimfXl (lanes 3,4), Haell (lanes 5,6), and Pstl (lanes.
7,8); panel a (ii) shows the ethidium bromide gel of ‘Alul

(lanes 1,2) and Rsal (lanes 3,4). Panels b (i) and (ii)

show the correspondig auteradicographs. In panel a the

marker fragment sizes are indicated and in panel' b the

hybridizing fragment sizes are indicated. Each odd numbered

lane is pl231P amt each even numbered lane is pl232P.
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FIGURE 3.24

Restriction wap of ISl with homology to Pstl subclones and
homology to p2 shown above the map. The corresponding
"hydridizing fragments and their .sizes £rom each Pstl
‘subclone are shown below the map.

The shaded area represents the extent of homology with pZ
and the crosshatched area further represents the extent of
IS} in the subclones. Each (a) diagram represents the
hybridizing fragments £rom pl231P and each (b) diagram
represents the hybridizing fragments from pl232P. Diagram
1) Alul digest (Alul site a ), 2) HaeIl digest (Haell

siteQ), 3) HaellIl digest (HaeIll site &), 4) HinfI digest’
(Hinfl site ¥ ), 5) Pstl digest, 6) Rsal digest (Rsal-’

site 3), 6) Sau3Al digest (Sau3AIl site >X ). The numbers.in.
brackets are the pBR322 sites (not shown on the map).which’
generate the particular fragment. o '
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site in pBR322 at 3,614. Therefore in'oﬁe orientation the
hybridizing £fragment. would 'Ee 1,770 bp' and in the other
oriéntation the hybridlizing fragment would be 638 bp, if ISl
is present. In pl231P and -pl232P, - the Hinfl genérated
hybridizing fragmenf is 640 bp (Figure 3.23bi, lanes 3 and
4, respectively}. Therefore, fhe orientation is dictated by

Hinfl sites and in both clonés, 5 a?d 3' designated -ends
would be in the same ocrientation as transcription of the
Tetracfcline resistance gene but opposite that of the
B8-lactamase gene into which they are in;erted.

The Rsal hybridizing fragment in each case is generated
from an internal Rsal site in IS1 and should be at least
621 bp long because a single Rsal site in IS1 fé%ls at
nucleotide 263. This would leave 28 bp of ISl attached to a
1.3- Kb fragment genefated from a site in pBR322 at
nucleotide 2,28&. This fragment would not hybridiéé
strdngly, if at all, under the stringency conditions used.
The site which determines the size of the Rsal hybridizing
fragment would be within Drosophila DNA as there 1is only one
Rsal site in IS1. The hybridizing - Rsal fragment of pl231P
is 740 bp .long (Figure 3.23bil, 1lane 3); in_ pl232P the
hybridizing fragment is 940 bp long  (Figure 3.23bii, lane
4.

Alul should generate a hyvbridizing fragment from each
clone of 490 bp generated from an internal Alul site at 6543
bp in IS1 and a site in pBR322 at 3,558. Each clone gives

such a bybridiz;né fragment (Figwre 3.23bii, lanes 1 and 2).

110
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The other fragments -generated from Alul, one internal
fragment of 114 bp and ohe fragment extending.'into
D. melanogaster bNA of at least 127 bp, are not hybridized
by the probe because p2 homology with ISl ends at nucleotide
584 in IS1.

H;eII cleaves IS1 once -at nucleotide 475, -therefore,
i_Hae.II should give two hybridizing fragments from eadh clone
extending in either direction £rom :this site. Given the -
orientatioﬁ, orne hybridizing fragment includes an 890 bp
pBR322 fragment (from a HaeIl site at 2,724 to Pstl at
3614), attached to the ISl fragment from nucléotide 235 to
475, to give a total length of 1,130 bp. Both subclones
hybridize one fragment approximately 1,100 bp long (Figure
3.23bi, lanes 5 and 6). The other hybriéii;ng fragment
‘would have to include ISl sequence from the Haell s¥té at
*nucleotide 475, to the end of ;Sl at nucleotide 884,
attached to a Haell fragment from D?osophila sequences. In.
pl231P there do not appear to be any Haell sites in the
Drosophila DNA., as the second hybridizing fragmént is
2,047 bp long which would include the 409 bp from IS1,
approximate;y 650 bp of Drosophila DNA, and 987 bp from the
pBR322 Haell site at nucleotide 237 (Figure 3.23bi, lane 5).

If thé ‘ISi of pliBZP was duplicated, as mig%t be
predicted by £he larger size of the insert in this subclone,
we Qould expect to have at least three hybridizing fraéments
from Haell. Such is not the case, as each subclone

hybridizes two fragments. from the Haell digest. The second
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FIGURE 3.25

Summarizing restriction enzyme map of each Pstl subclones.
_The shaded area represents the extent of homology with p2
{nucleotide 235 to 584 on this map) and the crosshatched
area represents the extent of ISl in the subclones. Alul
(A), HaeII (©), Hae III (Q), Hinfl (v), Rsal (o), Sau3Al
(X); these sites in IS1 are shown below the diagram in the
shaded  and crosshatched areas. The pertinent ISl
coordinates are shown above the cross-hatched and shaded
areas. pBR322 sites are shown above the map and in brackets.
The sites mapped to Drosophila DNA £flanking the ISl
insertion in each subclone are shown below the map.
Nucleotide 884 is the end of IS1; coordinates in Drosophila
DNA are measured from thils peint (Johnsrud, 1979; Ohtsubo &
Ohtsube, 1978).- ’
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hypridizing fragment of - pl232P is appgcximafély 1,300 bp

long (Figure 3.23bi,-1$ﬁe 6}; This hybridizing band must Ep

an internal fragment generated ffom-nucleotide 475 in‘ISI to

a HaeII\si%e‘within‘Drosdph;Ia sequences, apprdiimately 840

bp froﬁ }he end of IS1. Anoéger fragment, 1.5 Kb in‘length,

does not hybridize (Figure 3.23bi, lane 6) and would be
comprised of seguences from an .internal Haell site in
Drosophila DNA to the flanking pBR322 - HaeIl site at ~

b

nucleotide 237. . .. N A -

b}

Sau3AI dees not cleave IS1 so tﬁe_hybridiiiqg fragment
should be at least 932 bp long, one site being.at 3;331 in
pBR322 and the other being past'the¥ehd of iSIM(nucleotide
884 in IS1) within -Drosophila Sequences. pl231p hybridizes
a fragment of 1,300 bp and pl232P hybfidizes a I.Kb fragment
(figure'3:23bi, lanes 1 and 2, respectively). -

In summary, the restrictiqn data indicates. that the
hybridizing “sequences 'preseﬁt in each subclone ié *ISI.
Based on the premise that there is.éne ISl1present in each
--subclone, it would appear that p1231P gés, in additi&nfto
IS1, 650 bp of Drosophila melanogastet DﬁA\th that §1232P
carries 1,450 bp of D. melanogaster DNA (Figure 3.25)..

Further characterization of .the subcloned PS¥I -
fraéments was carried out by crosshybridizaéion' to e;ch .
other and to p2 (the ISl probe). \\u/(”—‘

.4; Cros dization of excised fragments
To demonstrate that the ;same E. coli sééue;ce was

present in both subclones the Pstl £fragments from each

subclone and the IS1 sequence from double stranded p2 were
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crosshybridized.. The Pst fiagments from P1231P and pl232pP

were excised from pBR322 and digested with Rsal and HaeIII
p2 was excised from mp8 via the EcoRI site at the’ end of the
insert and a PvuI Site - 156 bp from the other end of the
insert -within mPB sequences. Duplicate blots with samples
of each digestedﬁéfagﬁent uere probed;with the "excised PstI
fragments of p1231P and pl232P. .‘ -

Only the Rsa; fragments proposed to ccntain the 621 bp
of - ISl sequende crosshybrldized with ISl or the other’
subblone used as probe (Figufe-WS 26J "The hybridizing
fragment from p1231P is approximately 750 bp (Figure 3:26--
b,c,d, lane 1) and from p1232P is 940 bp (Fig{ire 3.26,
b,c,d; lane 2).- The hybridizing Rsal fragment from p2. is
approximately' 800 bp, and includes 156 bp- from the EcoRI
site to tﬁgdpvul site in HlSupS as well as 620 bp of ISl
seduence (fféure 3.26, b,c.,d, lane 3).

The remalining Rsal fragments from the"sudeones are
- surmised to contain only Drosophila DNA and  do hot
hybsidize to ISl' Nor do the Drosophila seqguences from one
subclone hybrldlze to Drosophila DNA"from the other
subclone:

HaellI digested DﬁA from: the excised fradﬁents of p2.
pl231P and pl232P all crosshybridized a.fragment of 240 bp
&Figure 3.27 b,c) as predicted by the 1IS51 sequence. In
addi£ion, a 950 bp fragment £from pl231FP (Figure 3.27.b,c,
lane 3) and a 640 bp fragment from pl2327 (Figure 3.27, b.,c,
lane 2} hybridized when self-probed or when probed with the

excised fragment of the: other subclone. A corresponding

hybridizing fragment probing. the p2 £fragment with the



115 T

FIGURE 3.26 . : .

The Pstl fragments were excised from subclones pl231P and
pl232P (1.3 Kb and 2.1 Kb, respectively) and the #coRI/Pvul
fragment from double stranded p2 (800 bp). These were
digested with Rsal and fractionated on a 1.4% agarose gel in
triplicate then transferred 'to nylon and the triplicate
blots were cut apart. Each excised fragment was also
multiprimed to a specific activity of 1x10° cpm/ug and used
as probe on one of the three identical £filters. The filters
were hybridized in 50% formamide at 42¢C for 16 bhours and
exposed to X-ray £film for 4 hours without an intensifying
screen.,

Panel a shows one of the triplicate ethidium bramide stained
gels with the marker fragments (lanes m) indicated. Panel b
shows the filter hybridized with the 1.3 Kb pl231P fragment..
.Panel ¢ shows the filter hybridized with the 2.1 Kb pl232P
fragment. Panel d shows the filter hybridized with the 800
bp p2 fragment. Lane 1) 1.3 Kb pl231P fragment, 2) 2.1 Kb
pl232P fragment, 3) 800 bp p2 £fragment. The sizes of the
marker fragments and hybridizing fragments are indicated for
the filters. 4 -
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FIGURE 3.27

The PstI fragments from subclones pl231P and p1232P (1.3 Kb
and 2.1 Kb, respectively) and the EcoRI/Pvul fragment £from
double stranded p2 (800 bp) were excised and digested with

-Hae III. These were fractionated on a 1.4% agarose gel in
duplicate in.TAE then transferred to nylon. The duplicate
blots were cut apart. Each Pstl fragment was alse”

multiprimed to a specific activity of 1x10' cpm/ug and used
as probe on one of the two identical filters. The filters
were hybridized in 50% formamide at 420C for 16 hours and
exposed to X-ray £film for 4 hours without an intensifying
screen. : :

Panel a shows one of the duplicate ethidium bromide stained
gels with the marker fragments (lanes m)} indicated; Lane 1)
1.3 Kb pl231lP fragments, 2) 2.1 Kb pl232P fragments, 3) 800
bp p2 fragments. Panel b shows the filter hybridized with
the 2.1 Xb pl232P £fragment. Panel ¢ shows the £ilter
hybridized with the 1.3 Xb pl231P fragment. Lane 1) 800 bp
p2 fragment digested with HaellI, 2) 2.1 Kb pl232P fragment
digested with HaelIlII, 3) 1.3 Kb pl231P f£fragment digested
with HaellI. The sizes of the hybridizing fragments are
indicated for the filters.
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.

subclone fragments, 1s consplcuously absent (Figure 3.27b,c.

IS1 at nucleotide 613 to the end of IS1 (nucleotide 884)

attached to Drosophila sequences .to the.firs; HaeIIl site.
.Thus, the subclone-derived probes hyﬁfidize to sequences
N from the other clone but not to p2 sequences because p2
homolog& with IS1 does not extend beyond nucleotide 584 in

ISl. ‘

< The Drosophila DNA flanking IS1 deoes not hybridize the

probe unless it comprises part of a restriction £ragment

: \
including IS1. In addition, because fragments generated by

subclone, the immediately fdanking DNA of each suSclone must
be differenf.- However, Oregon R DNA digested with EcoRI and
Pstl hybridized identical fragments when probed with bofh
subclones, suggesting that the recombinants could. contain
the same Drosophila genomic segquences.

The oppoéing viewpqints ﬁkesented by these observations
were resolved by crosshybridization of Drosophila’ sequences
from the Pst subclone of one recombinant to the larger,
pUCl8, subclone of the other recombinant.

3.4.6 Crosshvbridization of Droscphila sequences from
pl232P to p12318

Oregon R DNA digested with PstI and EcoRI and probed
with pl231P and pl232P suggesfed that the same Psti fragment

of genomic DNA had served as a target for insertion of ISl.

lane 1). The cross-hybridizing fragments from the subclones

are comprised of sequences from the HaelIl site in

sites in the flanking Drosophila DNA are different in eacq'

V4
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Both probes hybridized é'genomic fragment of‘similar size
(Section 3.4.2). However, the restriction data for p1231B
and pl232A do not confirm this h*gothesls as the restrictlon:
maps do not appear to coincide. Accordingly, pl231P and
pl232P appear to contain different: Dfosophila sequences.
flanking ISl. It is possible that ISl inserted at a
different point on the samé sequence of Drosophila DNA in
each subclone. To determine if there is a common fragm?nt of
Drosophila DNA in both subclones, the Drosophila DNA from
pl232P was excised and used to probe pl231B.

pl232P was digested with Rsal and ‘the_1.1 Kb intérnal
fragment, which contains only Drosophila DNA, Qas excised
from the subclone.  This £fragment was radiolabeled and used
to . probe Xhol/BamHI and HindIII/BamHI_ digested pl231B.
pl231P and pl232P were digested with Rsal _to serve as

negative and positive controls, respectively. The pl232P

1.1 Kb Rsal fragment did not hybridize to pl231B or pl231P
{Figure 3.28). Therefeore, it appears that the Drosophila
'DNA present in pl232P is not derived from the same genomid
sequence as that present in pl231B. Thus, iﬁ two separate
digests of genomic O%egon‘ R DNA, two different probes

hybridized fragments of similar size but unrelated sequence.
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FIGURE 3.28

The . 1.1 Xb Drosophila DNA Rsal fragment £from Pl232FP was
excised from the plasmid and multiprimed tgo a specific
activity of 1:10' cpm/ug.. This was used to probe pl231B
digested with XhoI/BamHI (lane 1) and HindIII/BamHI (lane
2), pl231P digested with Rsal (lane 3), pl232P digested with
RsaI (lane 4), and double strand M13mp8 p2, (lane‘5) digested . :
with EcoRI/Pvul. -The digested DNA was fractionated on. a-
0.8% agarose gel in ' TAE, transferred to nylon and’ hyb:idized
to the probe in 50% formamide at 42°C -for 16 hours. - The
resulting autoradicgraph was exposed £or 12 hours with -an:
intensifying screen. - . .

Panel a shows the ethidium bromide- gel with the marker
fragment sizes indicated. Panel b’ "shows- the autgradlograph
with marker fragment slizes indicated -

v
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Alternatively, we could digest Oregon R'DNA with other
.restriction enzymes to ensure that'the Drpapphila sequené&g
pfeseht in each subclone are diffe}ent. ~ The two clones
should probably hybridize to fragments of different sizes
generated by other enzymes' if the rosophila sequeﬁces are

-

different.

.4.7 al om dat

Oregon’ R DNA was digested with ‘BamHI and Xhol thén
hybridized with pl231P, p1232P and pBR322. The size of
fragmnents hybridizing each .;robe in the digested- DNA are
different fgr each subclone (data not shown). pl231P
hybridizes a BamHI fragment of 4.3 Xb and an Xhol fragment
of 2.5 Kb. ,p12329 hybridizes a agmHI fragment of 2.5 Kb and
an Xhel £fragment of 2.5 Kb. Thus, it is confirmed that
different DNA sequences are present in the recombinant
clones and ISl .probably integrated separately into two

different target sites.

3.5 SUMMARY OF RESULTS |

We began by searéﬁing a genomic library for the ge@e
which encodes a—amylase in Drosophila melanogaster. Our
rfirst approach was to probe the Dro;ophila éenomic library
under low stringency conditions with murine pancreatic
c—-amylase cDNA. This probe was expected to share miniﬁum
homology with- _E?e corresponding Drosophila gene.

Accordingly, eight recombinant clones were isolated which

120
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were unéglated to each pthgr and pf&b&biy unrelatéd ko thé
u-amylaséhgene. g - ‘ LT
Next, we probed tbe Drosbpﬁilé- genomic 1library with
pUCal, .a <cDNA with ' characteristics- in - common with
Brosothia x-amylase cDNA. Foremost amqné these is the
enzymatie ability to hydrolyze starch-encoded b} VpUCal.
Probing-.thé ﬁrosophilé genqmic library usfng a
sequénce dériged from pUCal;“_tﬁo hygziéi;ing recombinant-
Ehage were isélated and .characterizatio; of the two ;as
undertaken. Howevér, unknown to us at that time, pUCal
contained, not u—amg;ase coding seguences, sut IS1 of
E. coli. + When this fact was evident, .we decided that
characterization of the two feccébinant ‘'clones should
continug because cbservation% about "these clones raised
interesting questions. .
- These recombinants'hybridized to discrete Drosophila_
sequences but also to E. coli sequences. ISl .did not
hybridize to Drosophila DNA. These considerations together
presented us with the unequivocal conclusion that IS1 had
integrated inteo Drosophila sequences..‘That a prokaryotic
insertion' seguence should- "find - suitable “targets in
D£bsophi1a sequences - appeared to us to be an interesting
phenomenon. We decided _to puarsue this anomaly and
characterize the insertion sequence and £flanking Drosophila
.seqguences.

The experiments which followed allowed us td orient IS1

with respect to the £lanking Drosophila DNA. In addition,



we determined from the degree of homology with the probe and
by restriction enzyme analysis, that the prokaryotic
sequence present in the two clones is ISl. Finally, it was
demonstrated that the Drosophila sequences in each clone are
different presenting the probabflit& that at least two

targets for ISl insertion exist in Ehe Drosophila genome.
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Chapter IV )

‘DISCUSSION

The e-amylase gene of DOrosophila melanogaster presented
an interesting opportunity te study a complex system of
. tissue-~specific control of gene expression. The gene  is
controlled by cis and trans-acting factors at all levels of
its expreséion: ) u—amyldse expression is iimited mainly
to the midgut‘tiséges, 2) within the posterior midgut, the
pattern of expression 1s subject to contrel by the linked
map gene; 3) expression of the gene is developmentally
regulated by a temporal ‘switch', 4) the level of expression
of «-amylase witﬁin the midgut appears to be dictated by
carbohydrate source in the diet.

The object o©f this thesis ;as to isolate and
characterize the u—amylaée gene of Dreosophila melénogaster.*
Subseqguently, the isclated gene wou;d be used for in vivo
studies on the nafure of contrel of tissue-specific gene
expression. "To accomplish the primary objective of
isolating the gene, we £first used a murine pancrea;ic
x—amylase cDNA to_probe a Drosophila gencomic library under
low stringency conditions. This probe did not immediately
vield the «-amylase gene and we §bught another approach. A
new cDNA probe, pUCal, synthesized from Drosophila RNA, was
isolated in our laboratory by expression of a starch-
h&dralyzing activity (M. Whitely and P. Moreau, unpublished

data). This cDNA also hybridized to the mouse amylase cDNA
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and to a 1:6‘Kb Drbsophila kua. We concluded that this °
cDNA encoded Drosophila melasogaster 'c—a':pyla‘se" aﬁd' _it was
used to screen the genomic library. | |

After various screenings of ° the 1ibrary._e‘two
recombinant clones were isolated using a p;obe-'derived from
pUCal (p2). It is eséimated that these two clones share
extensive homology to the probe. Characterization of the Ewo
ciones proceedeq.

Muc:h to our amazement, pUCal-uas found to contain IS1
of E. zclli and,h despite the starch-hydrelyzing c;pacity
encoded by pUCal, we could find nc homology with sequences , |
enceding starchrhydfelyzing enzymes. The .two-clones isolated
pgebing with pUCal segquences also appear to harbousr
s%&uences cl&sely related, if not identical, to IS1. - in

ddition to- the IS1, ehe two sepombinanés were shown to
contaih D. melancgaster sequences. Characterization of the
two clﬁnes continued because ;e had witnessed a uniquexevent
warranting explanation and discussion: the integratioﬁ 6f a
prokaryotie insertion sequence into eukaryotic ‘genomic
sequences. o

The following discussion continues in three parts. The
first part ocutlines the problems encountered seardhing for
the q—amylase ;ene. The second part provides a synopsis of
observations which 1led to the conclusion that ISl has

integrated into D. melanogaster genomic sequences Finally,;

the third part provides a general'discussion_ speculating on_n
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possiblities and implications raised by results presented in

'this thesis. - . g

4.1 Probing a Drosophila genomic library for
c—am sSe ]

- és ;tated in the Introduction, the original intent of
?hisf‘thesis was the isclation of the «-amylase éeﬁe of
brqébphféa melanogéster. A mouse pancreatlic «—amylase cDNA,
.pHszl (Schibler. et al, 1980), was employed to probe a
D%osophi]a melanogaster genomic library under low stringency
féonditions. When screening a genomic 1i5rary representing
'ﬂfoﬁr t& five total genomeg, several independent clones are
expecteh to sﬁare common hybridizing fragments. We .also
anticipated isclating many unrelated clones because we wvere
qsing a probe with low homology to the gene of interest
undefvlow stringency conditions; Thus, isolating related
clones under these conditions’ would be * especially
feas;u:ihg,
.- ‘:jUsing this strategqy, eight :reCmeinant clones which
J.hybyidized the murini probe were isolated. These were
' éhara¢ferized by restrictign-_endonuclease digestion and
-£ybridigation with the probe. As restriction analy;is
pfééréssgd, however, it became obvious .that the eight clones
were ﬁot related. Fragmentslof similar size in restriction
?diéqsﬁs were not all hybriaizing the probe.fIn particular,
. the' 'two fragments of identical size generated from two
clones (105 and‘ .1'10) by digestion with EcoRI which had
- looked so- promising, didr not ;féld 'identlcal hybridizing

'
|



ff

fragments when digested with ofhér enzymes. We were forced
%o conclude thaf the low'stringéncy conditions used for the
isolation of Drpsophiia sequehces homologous to pMPaZll
resulted in the isolation of seqdbnces unrelateé t§ each
other and prbﬁably unrelated to «-amylase. Increasing  the
stringency resulted in the- probe not hybfidizing to any of

’

the recomblinant clones.

N

The a:amylasé gene is not highly conserved between

.

spe;ieé as evolution has not imposed a stringent reguirement

for the enzyme. Genes encoding fundamental structural

-proteins such as actin and histones or developmental protein

amylase gene has a less cbnspicuous role in the developmegt
or stghctural ihtegrity of the grganism a£d so is subject to
more mutations than the more fundamental.genes.-‘Fof this
reason, it is exﬁgcteq that the, degree of homéloéy'between
sequences coding for émflases should be. minimal. Houever,
we predicted- that the basic enzymatic. fugétion of all
eukaryotic ‘amylases would provide a common ‘core' seguence
encoding the active}sité of the enzyme. This reasoning led
us to believe that the mouse pancreétic cDNA could be used

to isclate the core sequence of the Drosophila amylase gene.

Indeed, we weré later proven correct when the Drosophila
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% .
. ‘*switches' 1like ~.the homeobox génes, characteristically
share a high degree of homology _between species. The

melanogaster «-—ahmyldse gene was isolated using a mouse

salivary «-amylase cDNA as probe (Gemmill, et al, 1985;

Levy, et al, 1985).
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The isolation of unrélated sequences probing with the
mouse cDNA was a turning point as ve considered two options
to isolate the anmylase gene: we could continue probiﬁg the
library with the murine cDNA until related clones vere
isolated which, we hoped, gould encodé «-amylase; or, we
cquld isolate a more homologous probe. The £irst strategy
was rejected because at this time pUCai had been isclated.
pUCal, a cDNA made f£from Drosophila 'mRNQ, was isolated
because it expfessed a starch-hydrolyzing activity froﬁ an
expression vecfor. Bacterial éolonies harbouring.ﬁUCal and
" induced by IPTG in the growtﬂ medium were surrounded by
*haloes* of hydrolvzed starch when the plates wérémétained
with an Iodine reagent. Screening putative positiye
clones using a cDNA homologous to the gene has successfully
led to 1isoclation of several genes including the mouse
c—amylase gene family (Schibler et al, 1?82).’ As already
described, detailed characterizat;pn. or pUCal -ied to the

inevitable conclusion that the‘*tDNA/ did not encode

e

c-amylase. ‘ Insteaé, the pUCal insert 1is comprised of
rearranged pUC8 sequences, a 300 bp cDNA of Drosophila
mitochondrial rRNA seguences, and an almost 1identical
variant of F. coli ISl. Obviocusly, when we decided to use
pUCal as a probe, this data was not vet available to us.
pUCal was first used to screen the eight recombinants
.isolated using the murine probe. None of them hybridized
pUCal and the clones were rejected as not'encoding the gene

for e-amylase. pUCal was then used to re-screen the gencmic



library to isolate the a-amylase gene. Screening the
DrOSOpbiia-melanogaster genomic library using pUCgl and its
subcloned derivatives as probes ylelded the twé positive
recombinant clones already déscribed.

Tﬁe eduivalent cf 6.5xi0‘ plagues were sdreened t6
isoléte ‘these two positive clones. Interestingly, both
clones were isolated using the pUCal deletion mutant, p2,
as probe. During previous screenings,‘positive cloneé may
have been preéent but may not have bkeen detected'due to
consistently high background hybridization levels. Not -
_surprisiﬂéiQ;—_pUCal and the larger deletlion mutants contain
rearranged pUC8 sequences including the lacI gene which
contributed to the background probiem. In p2 all pUCS
sequences have been deleted and only the modified ISl
sequence remains, hence, it gives lower background. It is
apparent now why it was so Qifficult to overcome the
background problem that plagued every screening of the
library. Firstly., pUC8 segquences present in most of the
deletion mutants, except p2, hybridized to the host straim
or to lémbda sequences. -+ As well, thg lacI gene present in
all probes except bz would cause interfering hybridization
to (358, the first strain used to propagate the library.
Lastly, LE382, the strain used most often for plating the
libfary. contains IS8S1 sequences, as demonstrated 'in the
Scuthern blots of E. coli DNA. Every probe used, with the
exception of pMPa2l, harboured IS1 seguences. - p2, which

contains only IS1 sequences, hybridized to the two isolated
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clones above the background of IS1 hybridizing to the host
strain. ~This .stronggr‘ relative hybr?d;zatlon .signal
allowed fhe isolation of the two plaqﬁeﬁr because they
harbeoured more than the background number of ISl homologoﬁs‘
sequences. Accordingly, even on the two plates with positive .
plagues, the negative plaques'é;e still visible, probably as
a result of chromesomal coples éf Is1 hyb?idizing the §2
probe. The combinat o? of hgbrldizing pUC8:- segquences anh
; 3 N ,
:ISl signal from the 1£Y§er prdbes would have been sufficlent
to obscure signals from ;éositive- clones on préviéus
s%reenings. - ‘
| Inevitabl&, the isolat%bg.of'thQSE‘two clones leads us
away from discussion.af the{bfigina;fobﬁect of isdlatiﬁé‘the
"~ Drosophila «-amylase gene béb&dse these twofcloneé do not
'contain the gene. Nevenfheiéss}"they wvere isolated by
methods which are commonly eépfoyeé to isclate genes ﬁsing
a probe capablé of encédiﬁé‘an epz&matic activity akin to
a—-amylase. It is onlY’-iq: the‘,Chéractefization of aﬁ
isolated sequeﬁce thafr the‘ n;tﬁre .;nd origin of that
sequence 1Is truly detérﬁined,. Regaidiess of the origin of
the sequences we have iéolatédf.they mgy have as easlly been
the amylase' gene, and .we would ‘ﬁave proceéﬁed in an

identical manner.

Duplicated «-amylase genes have now been lsolated from
several strains of Drosopgila melanogaster, including the
amylase-null strain (Gemmill, él al, 1986). In each of

these strains the gene has Dbeen characterized by
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- restriction eﬁdonucleasé digestion and hybridizatioﬁ to the
_probe, the mouse salivary «—amylase cDNA (Schiblef; et al,
1980) . Undoubtedly, we would alsb have isolétedfthe gene
using the mouse pancgeétic\thA as probe. - |
We do not know how many clones Gemmill, et al, isolated
and characterized before the,u—aﬁylase geng‘was found. To
narrow the putative positive clones.to a féw possibilities,
Gemmill's group .hybridized them in situ to Drosophilg
polytene salivary chromosomes. The pasitive clones
hybridized to the reéion. on chromosome 2R to ‘?hich the
ae—amylase genes had been mapped (Babhn, 1971). The positive
clones were cqnfirmgd as u—émylase»genes by expression of a

protein hydrolyzing starch and gi&ing the isczyme pattern

expected £from the Drosophila strain! used to make their
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library (Levy, et al, 1985). We isolated and characterized
only eight clones of 50 that hybridized the murine
pancreatic cDNA on the first screening of the library. To

naréow cour search for the gene, we used a probe which was
beljeved to encode a cDNA homologous to the c«—amylase gene.
Ironically, had we not been looking for the Droscophila
melanogaster «—amylase cDNA by screening for thé enzymatic
activity, we would never have isolated pUCal. The fact that
this cDNA actually produced an enzymatié activity 1like
¢—amylase and hybridized a ;.6 Kb band on HNorthern bloﬁs,
prompted us to use it as probe.

Thus, Iinstead of prebing for the a—amylase.gene we

were actually. probing for insertion sequence IS1 in the
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Drosophila genomic library. - Even so, we”have chardcterizgd
./ -
- something unigque, an event which has not béiﬁﬁpreviously

documented ané which raises proveking questions.

4.2 Characterization of seguences in the posjtive clones
* Restriction endonuclease digests and Hybridizatioﬁ of
Southern transfers to the p2 ﬁrobe immediately narrowed the
homologous regiop 0f the two positive clones. These data
are sﬁmmarizedrin Figures-B.ll and 3.15. At this point in
the .characterization, it was not yet evident that the
seguences which had been isclated were not relatedi to
u;amylase. _ . .'

The £first réalﬁiﬁdicafion tﬁat L1231 and L1232 did
not contain the a-amylase gene came from restriction enzyme
digests with Sau3Ai and Rsal. Both o0f these enzymes
vielded one small band from each clgne which hybridized the
probe. Rsal in particular gave a very small hybridizing
fragment from each clone, less than 1 Xb, whicp is -“not

sufficient to’'encode «-amylase.

Simultanebusly. sequencing data established that pUCal
did not-con?ain the four conserved domains chaficteristic of
a—amylases (Mackay, et al, 1985). As well, the cDNA was too
large (3.5 Kb) to encode only the «c-amylase messenger, and
sequencing data did not reveal any duplication that would
account for its large size. Finally,lthe major part of the
cDNA (3.2 Kb EcoRI fragment) did not hybridizéAto Drosophila

gencmic sequences. Comparison of the DMNA sequence -of pUCal

to publlished seguences in GENEBANKX provided conclusive
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evidence that pUCai did not contain <-amylase. Instead,
pUCal ' had "plicked _up' a =mntated ;bactarial insertion
scqueﬁte.'a'close varlant of ISl. The rcmalnder:of pUCal was
comprised of rearrapged pucse sequén;es and ‘300 bp of
Drosﬁpbila ﬁitochondr}él ~ ribosomal " DNA. The speciés
th;I;?zing to pUCa%-on the Northern blot is aepually.the
nitdchgndria;f:ribosomal RNA correspoﬁding éo the 309 bp .
EcoRI rmoso;;{_l DNA ‘tragment from pUCal. |
Thus, faégs_about pUCal together with observations £rom
the two isolated geﬁoﬁib clon;s presented the indisputible
conclusion that none of these sequences encode Drosoébila
melanogaster c-amylase. « H '
The .search of GENﬁAHk'for Sequences héﬁblogous to ISl
yielded inforﬁ;tion that :vas impor}ant_ to identifying
sedhenpcs in the ;vo positivc c}ones hybridizing ;o is1. g n
The 6ﬁly published.seqdcnces with enough'homology te account. .
far éhc very:intensgpﬁybridiiation signal'observed weré two

;IBSEIy related vaEiants of ISl. Thus, restriction digest

data from the two Pstl subclones were analyzad from “the

"-

'.viewpd&nt that IS1 was present in each clone. 'As summar ized

-

in Figure 23J.25, theseldatafdemonstrate that the ;ubcldnes
have the réstrictiop’and hybridization @ patterns exﬁthed;
Lf IS1 is present in the inserfs. Accoégéagly, the two Pstfﬁ
subclones hybridized strqngly to three sfrains of E. coli
DNA on- Scuthern blsts. Combarison of thke Drosophila ,ADH

-

clone hybridized to the single copy brosophila gene

N

" demonstrates that ‘the subclones do not- hybridize in a
o LI <
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MQ§ similar manner. The subclones hybridize. to several, bands
of the prokaryotic DNA; this s characteristic of al
dispersed, repetitive sequence being present in the genome.//‘

The modified ISl in p2 hybridizes to C600 genomic DNA giving/

a similar’patternt‘hs well, the region of homology betweeq

the two clones which is demonstrated by cross-hybridization’

of the 8.5 Kb and A, 1 KB EcoRI fragments, coincides with
their homology to the probe. Taken together, these

'obse'vations point to IS1 sequences being present in the two

recombinant clones isolated from a Drosophzla melanogaster

genomic libra;?. ¢

DNA flanking the IS1 sequences ;n the two recombinant
clones could have been-bacterielcsequeeees inadvertently
cloned into -the decter and propagated along with Droedphila
recombtnant clones;. However, thi;_does not’ appear. to be the
case U. since botﬁ. tECombinants hybridize to discrete
Drosepﬁila genomic sequences. The aiﬁference_ in molecular
'weight‘ betweenl the éenomic-.fraéments apd .the‘ fragments
isolated trom the recombinant clones can be accounted for by-'
the size of the insertion seqpence.‘For instance, the 8.5 Kb
EcoRlI fragment from L1231 is approximately 1 Xb 1a"ger than
the corfesponding fragment hybrldizing in EcoRI digested

. eOreéon'R DNA. . ,

The relative iﬁtensities of hybridization signal
between prokaryotic DNA gand 'eukaryotic .DHA are - neot

comparable because the genome of E coli is seﬁeral’orders

. of magnitude less complex than the genome of Drosophila and

0



thus favours_thé kinetics of hybridization. However, the

1ntcnsit§ ef hybridization to Drdsophila DNA does compare to

thé hybridization'signal from the single copy ADH gene. of

Drosopkhila melanogﬁster.
The observation that both subclones hybridized
fragments of similar size in EcoRI Snd Pstl digested
6regon R genomic DNA may have indicated that 'the same
genomic sequence served as target in both clones. However,
Drosophila sequences flanking the insertion sequence in the
clones do not crdss—hybridize. Accordingly, the enzyme
Aigeﬁt data for each clone ‘is uniqué. . The restriction

enzyme sites immediately £lanking the insertion may be

i13a.

different in each clone due to DNA rearrangement caused by

the insertion, but,outéide <f this region, the fwo clones
should share common sites if the target sequence ;n both
élone; are the same.

Seduence requirements at the target site are more
stringent for ISl than for some drug resistance transposable
elements and for phage Mu (Xleckner, 1977). However, the DMNA
sequence requirement at the target' site 1is not absolute.
Thé insertion sites of ISl are usually AT-rich regions;
Tﬁ; enzymatic machiﬁery by which IS1 integrates at a target
site @ust_have recognizéd~similar target sites present on
the eukarvotic DNA. Confirmation of this would require

sequencing of -the eukaryotic target site in both cases or

DNA hybriad meltinélexperimenfs.
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4.3 Implications and.go§§;bil;§1g§ _

Drosophila DNA is not:the usual targef for bacterial
insertion segquences, as in their nofmal contexts the two
genoﬁes do ndt_meet( However, by prbﬂégating eukaryotic
genomicllibrarieﬁ in bacteriai hosts we force the blending
of genetic elements befween pr§karyote3 and_eukaryotés. To
déte, .this is l}he first documented isolatidn® of a
prokaryotic mobiie_gengtic elément f{Bm eukaryotic genomic
DNA. |

fInsertion sgquencesr éo. not encocde selectable marker
phenot?pés and were‘originallj isolated from tSe bacterial
genome because they can cause revértibie, polar mutations of
genes into which they lintegrate. Iﬁserticn of IS into
genémic eukaryotic DNA is difficult to detect because
isolatioﬁ oé eukaryotic anomic sequences is not based on
selection by gene product. I§ is pfobable that the nonsense,
codons present in most reading frames of IS would cause
mutations preventing éxpression of eukaryotic genes.
Within a prokaryotic host, selection of eukaryotic

génes into which prokaryotic drug or metal resistance

. transposons have integrated could be facilitated. It |is

possible that investigators have found such insertions in
their genomic libraries, but this has never been documented.
Identification of insertion sequences in eukaryotilc genes
would go virtuélly_undétected because IS do not have marker

phenotypes. Well characterized euvkaryotic genes isclated

from prokaryote-propagated libraries may contain insertion
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sequences which have not been detected because exﬁression of
the gene is not required. |

| Recently,” IS1 has been isolated frem a human genomic
library constructed in a cosmid vectcf (Fernandez; et al,
1986). The insertion sequence was present in the vector,
not in the cloned human DNA. Insertion of ISl in several

independently iscolated clones had caused repeated deletions,
of large segments of the human DNA insert. Indeed, some
isolated clones contained only the vector aed IS1l, the
human DNA had all been deleted.

In another study. IS1 was isolated frem fhree
independent recombinant clones of double stranded copy DNA
-of  ‘bacteriophage MS2 cloned into p3R322 {Devos, et al,
1979). In each case, IS1 had inserted into the poly(dA)-
poly(dT) linker used to clene the phage DNA into the vector.
Surprisingly, in successive transfer experiments, the I1S51-
containing molecules ° became lthe predominant species in
cultures inoculated with recombinant clones with and without

the IS1 sequence present. 151 presence in the plasmid

eonferred a selective advantage over plasmids which did not

contain IS1.

In our study,‘the.insertion sequence has integrated
into Drosophila DNA and not into the vector. IS1 is often
responsible for illegieimate recombination events such as
deletions and translocation of DNA sequences _nea; the
target site (Reif & Saedler, 1975). Hot sbdts for deletions

may not always colincide with ends of the insertion element‘"/
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(Ohtsubo and Ohtsubo, 1978). In our recombinants the
presence of IS1 does not appear-to have precipitated larg;
deletions of DNA. Therefore, it ‘would appear that in this
case insertion of IS]1 has not disturbed the stabilfty.of thé
replicon. Presumably,\ however; most IS1 insertions ' into
lambda sequences Qould cause mhtations‘reéultiﬂg in loss of
these bacE;riopﬁage to the library, hence, onlylihsértions
into ciogéd DNA wére’isolated. The pfesence of.1§1 does
not appear to confer a é%iective advantage té the phage or
the hdgt‘beil sgdnce many.plaques were screened'before these
two were isolated. | S _ . o v
;t is',not clear whether transposition of the two
elements isclated qP:ing this study were - the result of .
genetic ex;hange from one clone to the other or if ' these
were independent }nse}tibﬂ events once bacteriophagé DNA w#s
introduced into the cell. In the former case, one.of the
isplated fecombinants driginallf had two copies of the
nsertion. Insertion of‘one ofltheSe copies into the other
clone could be described by reco;blpation between Dfosophila
sequences common to botﬁ’ clones;' Further, homologous
recombinatgon gf Drosophila seguences resulted in exchange
of Drosophila sequences. and loss of one copy of ISl from the
first clone. In such a case, Drosophila sequences should be
common to both'clones; However, the data do not support
this view; the clones have d;sgimilar restriction digest
patterns ‘and their respective Drosophila genomic sequences

do not cross—hybfidize. In the latter case, in which the
by



two clones are the result of independent insention events,
the insertion olonent recognized a common target site on two
independent clones. The DNA flanhing the insortion in each
clone would then be dissimilar except for goneral homology
‘of the target sites. This possibility seems to’ be borne out

PO
by the evidence presented. ; o
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It is not possible to test ihethet the integrity of the

Drosophila sequences surrounding the insert is oreservod

until these sequences are identified. However,‘sequencing

of the termini of the insertion sequence would estabiiSh
vhether they are intact and whether duplication of‘8=9 bp at
" the target site occurred upon insertion. Identification of
this characteristic duplication of target sequences. would
prove that insertton of the element was an active event

rather than the result of inadvertant cioning of bacterial

sequonces:into the genomic library. ¢

The proposed pathways of transposition 13 prokaryotes
and eukaryotes aro descriptively similar (Calos & Miller,
1980 Bukhari, 1981). In both systems, insertion is
believed to occnr by duolication of the mobile element,
cutting of DNA at the target site, insertion of one copy of
the element into ‘the. break, and‘repait of the cuts made at
each end of the insertion. Alternatively, it 1is ‘believed
that_iSl can transpose directly to a new target site. The
_enzymes reguired for-cointegrate formation by IS1, namelg
insA and, insB (Machida, et al, 1984), must have recognized a

. suitable target for integration of IS1 in eukaryotic DNA for
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the insertions described in this thesis to take place. 1SY

does not have an absolute seguente requirement for a.targef
site, therefore DNa sequence ca an be the-ohly 'indication

of a suitable insertion p ‘ . -Sequences rich in AT—rqsidﬁes'

;re ﬁspal-target sites ih prokarﬁotés. In additioﬁ. fSi:hasﬁ
been shéwn to préfe;: integration. into target s;tes .thafl
’di;play hdﬁology with the ipﬁerted ;epeats o£ thé.element
(Caloé & ﬁiller,‘1980). As well, intggrity'of_fhé'terminal
reﬁeats of ISl -is egséntial for égéiciean<trahSposition
{Gamas, et =21, 19858). _éequenciﬁé éf the iﬁsértionlsites in
'Drcsoéhila DNA-w&uid determiﬂe if there is homology to 151
at these térgeté? -Héwever, regardless of how ISl recognizes
,suitable‘;ﬁsé{tioﬁ.'Sites, thésé sites.must be present in
" the t#ﬁ :ecombinanﬁ clones.

| ;‘anterestiﬁgiy,_IS}'inséftiéns into operons frequently
décur.infé‘Sequenées-con%orming“to fhe Pribnow consensus, a
-aef;ning eiement of the érokaryotic promoter. The Pribhow
box, ii@é the eukaryb;ic 'Goigberg—ﬂogness seqﬁence, is
;ﬂﬁolved in RNA polymerase binding. Ohtgubo and Ohtsubo
(1978) suggest that RNA polymerasg.may play'a role in IS1-
‘meaiated.recoﬁbiﬁantiqn by altering the conformation of the
DNA strands at fhe target site.  The Goldberé—Hogness and
Pribnow consensus Sequencés are strikingly similar; perhaps
the sites of integration of’TS@ in_this study ‘are Drosophila
promoter'sites. Probing a Northern blot of D. melanogaster

messenger RNA would elucidate ‘ﬁhether the the ‘two clones

contain transcribed reglons £flanking the IS51. Another
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possibility is tﬁqt ISl .ihserted ipto~r1bo§6ma1‘R§A,gene

(.

. sequences in the.Droséphiia genomic library.-- These abugd&nt

sequences are AT-rich and, in pUCal, onme _mitochondrial

QEJ///-ribosomal gene has already served as a target for ISi1

(&
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insertion (P. Moreau, personal communication). However,

-

this mitochondrial ribosomal cDNA. from pUCal and. the two

recombinant subclopes do not hybridize to similar fragments

“ of EcoRI digested genomic DNA (1 Xb and 7.6 Kb,

respectively). This-observation would suggeéé'ﬁhat‘the two
subélones do, not coﬁtain mitochondrigl ”riboséﬁai ﬁNA
sequencesﬁ Accordiﬁgly, the ribosomal mifochond;iél DNA
from pUCal does not hybridize to squeﬁces within the
subclones under high stringency conditions (P. Moreau,
perscnal communication}.

Drosophila transposable elements also display a range
of strinéency requirements for target site. For example,’
the white locus is a ‘*hot' spot for P—Elegent activity 4in
germ-line chromosomes of -Drosophila (Engels, 1980; Rubin &
O'Hare, 1984). In addition, P-elements frgquentlg sponsor
deletion and rearrangement mutations at Eheir target sites.
Anéther ‘characteristic common to bacterial insertion
sgquencés and Drosophila transposable elements is that
neither carry selectable genes. Identification of thé"target
sites for tﬁe two 1851 inseftions into Drosophila
melanogaster DNA isolated during this study, may elucidate
the evplutio-nary origin of a £family of Drosophila mobile

genetic elements. If the IS1 target sites ih Drosophila are
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similar in sequence or are derived from the same chromosomal
locus, they may coincide with &C;/ie of frequent insertion .
for’a particu}ar mobile elemgﬁt of Drosophila melanogaster.
The reqﬁitemenf for the same target site for prokaryotic ahd
eukaryofic mebile elements may - indicare a common .
evelutionary ancestor for both.

| Eukaryotic ﬁobile elements may be able to Iintegrate
into the'prckaryotic genome but this could only occur if
prokaryotic enzymes required fer transposition c¢ould

function on eukaryotic £ran§posons. Functions reguired for

traﬁsposition are encoded on the elements themselves and in

- eukaryotes coding regions usually contain introns. It would

be interesting to test the ©possibility’ of converse
trensposition and such.experiments could uncover cluee as
tc mechanisms by which transposition occurs and the
evolution of all mobile genetic elements.

The origin of the bacteriai insertion sequence found in
both recombinant Drosophila genomic clones is assumed to be
the bacterial host in which the 1library was made or
propagated. Southern blets demonstrate that three FE. coli
strains cemmonly ueed to propagate plasmids, bacterlophage,
and cosmids contain elements highly homologous to ISl.
Then, shouldn't the J4isolation of prokaryotic insertion
sequences from eukaryotic DNA occur frequently? This
thesis also serves as a warning to all of us who utilize

the common tools 'anq methods of molecular bilology to be



aware ©of the inherent pitfalls using pro@afyotic vectors
and cells to propagate eukaryotic genes. '

Alternatively, the inseffion segquences may have
originated in the eukaryctic DNA ;hd may have alreédy been
present -when “the library was made. This hypothesis cannot
be tested directly, however, the ISl preseht-in p2 does nﬁt
hybfidize to Oregoﬂ R seguences on our Soutbern'transfers:
This does-not exclude the possibllity that the Oregon R'DNA
source used to make the library harbours wvrokaryotic
insertion—-like seqguences.

As unrealistic as'this conjecture méy appear, there are
examples of prokaryotic and eukaryotic DNA being closely
juxtaposed in whigh such a scenario may conceivably occur.
For' instance, nitrqgen-fixing 'plants establish symbiotic
relationships with particular bacterial strains in the soil
enabling them to 'carry out_.pitrogen fixation. One such
bacterial specles, Rhizobium japonicum, harbours insertion-
11#& elements clustered around the nif region of its genome
(Kaluza, et al, 1985}. 'éoﬁld these elements not establish
themselves in plant DNA 'juxtaposed‘ to  the Dbactercid?
Similarily, many animal species r upon prokaryoetic
populations within the gut for é:;;gziii*Of plané matter.
It is not outside the realm of possibi%ity that mobile

. . L

elements from gut inhabitants could occas%enally take up

residence in eukaryotic DNA.
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The £requency of ISl translocation in E. coli is:

1

equivalent to the spontaneocus rate of mutation (Starlinger &
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Saedler,'1976). However, transposition'frequency may ﬁe a
characteristic of individual ISl cﬁpies as some appear to be
more active than others ‘(Machida, et al, .1982). It is
generally accepted 'that an equilibrium must exist for
transposition between integration events.,and loss of
insertion .sequences already present in the genonme. This
equilibrium 1s maintained Sy.the elements themselves as a
control .against their dominating the genome. and thereby,
destroying the host organism and themselves as well (Iida,
et al, 1983). This equilibrium maf be disturbed by
physiological factors or by intreduction of a genome devoid
of insertion elements into the cell. The new replicon may
be colonized by mobile elements already present in the cell,
hence plasmids and bacteriophage have been isolated which
carry transposable elements once- they have passed through
the cell (Calos & Miller, 1978; Arber, et al, 1981;
Campbell, 1981). Judging by the frequency of isolatioq of |
prokaryotic mobile elements from genomic DNA of eukaryotes,
prokaryvotic insertion elements enter eukaryotic DNA rarely
or else go undetected. The latter case 1is probably more
accurate. .. |

Physiocleogical conditions contribute té the rate of
transposition. For instance., high temperature genérally
resuits in an increased rate of trgnsposition perhaps
because of the presence of a cold-sensitive repressor
encoded by the IS element (Iida, et al, 19931. However,

transposition of IS elements from the E. coli bhrohosome
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appears to be induced in stationary phase cells especially:

when these are left standing in‘-the refri?//ator (Iida, et
al, 1983). Refrigeration of a stock of cells for plating
genomic or cDNA llbraries is a commop laboratory pract%se
and lends credence to the proposal thét more IS elements are
present in euk;ryotic genes isoiated from iibraries.than is
‘documentedzj'rn addiﬁion, changing the host strain used to

propagate the library may lead to apomolous insertions of

mobile prokaryotic elements (v. Seligy. personal

communication). Generally, 'it appears that increased
A

transposition of mobile elements is a response to stress in

~ the cells.
* .

This thes}; began with the task of Isolating the
Drosophila melaEBgaster amylase gene. The results presénted
detail in;tead the isclation of IS1 from Drospphilanenomic
~sequences. The isol&tion of the «-amylase gene 1is now a
‘faif‘aspompli' (Gemmil}, et al, 1985; Levy, et al, 1985),
while ;the insertion of IS1 irnto Drosophila éenomié DNA has
never been described.. Whether characterizétion of this
unigue event continues or not, we have p:oviaéd valuabie
thformation to the study of meolecular bioclogy. Firstly.
this may not be an isolated incident and we should never
take for granted that eukaryotic ~and -prokaryotic‘ genetic

elements are necessarily separate, and diétinguishible

eﬁtities. By bpropagating eukaryotic genes iﬁ prokaryotic

hosts, we take the risk of blurring the éistinctionS'betyeenf'
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these two systems. Secondly. the transposition of IS into
eukaryotic éénomic seguences may provide' a look back in
evolution:; £from this point it may be possiblé te gain new

understanding of the orlgins of all mobile genetic elements.
' ~

. *
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CONCLUSIONS

Two recombinant clones, .L1231 and L1232, have been
isolated from a Drosophila meianogaster genomic library
constructed in the lambda vecter EHBLQ. These recombinant
clones were isclated from the library using a probe

harbouring bacterial insertion sequence IS1. The isolatien

and characterization of the sequences within the isclated
recombinant clones are described in this thesis.
Hybridization of Pstl subclones of the original lambda
fgéémbinants to E. coli genomic DNA demonstrates that a
éispersed' repetitive element of the E. coli genome |is

g?: . present in both- subclones. Data resulting from restriction
- ﬂ : .

endonuclease digestion of the Pstl subélones of ‘L1231 and

. .. L1232 indid3te that this E. coli genomic sequence is ISl.

.

L ;G}ther; _ one ggpzﬂ,of IS1 is present in each of these

i

-

cloness =~ Crosshybridization of iscolated fragments from each

Pstl subcione conffraédf that the sequence _generates

restriégion fragments and hybrid;iat;on'patterné predicteg
£6Y “IS1. o

J* Fragﬂgptékéénerated*by restrictipn eﬂzyme digests of f-
the original lambda clones, L1231 and L1232, their subclgnes

”-’_'

in pUCl8, pl231B and pl232R, and smaller Pstl fragment
subclohes in pBR322, pl231P and pl232P, resulted in the
igstgiction maps in - Figures 3.11, 3.15, and, 3.25,

i ;2espective1?. Thesq'maps represent the best fit of the data

~



generated and coincide with the published restriction maps

¥ .
of ISl. ‘ “

*

Using subcloned fragments from the two recombinant

p—

:clones ..as probe,. it was demonstrated that other seguences

within the clones have homology. to discréte Drosophila

genomic sequencesﬁ?;. Hybridization of the ISl containing

probe, p2, to Drosophila DNA shows that these_  genomic

-~

sequences are not hoﬁologous to IS1. “In addition, pBR322
and éHBLq DNA do not hybridize to Drosophila DNA. Therefore.

we conclude that the recombinant clones, which we have shown

-

to include IS1, also contain Drosophila genomic seguences.

Comparison of restriction digest data generated from the two

recombinant lambda clones and their subclones to digested
-

‘Drosophila DNA, demonstrates that” IS1 has integrated into

Drosophila genomic seguences. Further, the ISi element has

-
-~

" inserted into two different target sites in each clone as

demonstrated by distinct restriction enzyme maps and _the

fact that Drosophila sequences in each subclone do -not

s -
-

cross-hybridize.

We have not identified the Drosophilad melanogaster

-

~ target sequences in the two recombinant clones. However, we

cin conclude .that the Drosophila sequences are not

mitophondrlal rihosomal rDNA. However, it is possible that

these sequences are transcribed regions. We feel that

~continuing rnveéxigat}ons will identify these Drosophila

sequences.

147
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The origin of the these insertion sequences isolated

from Droscophila melancgaster DNA is unknown.

148

However, ve

.-have shown that our source of Oregon R Drosophila
melanogaster - DNA.does not contain sequences homologous to

;Sl. In addition, we have'demonstrnted that three common

‘strains of E. coli, C600, LE392, and Q3%8, contain sequences

homologous to ISiT Therefore, indirect evideneelgndicates

that the source of ISl in both clones is one of these

prockaryotic hosts. The j‘%ber of library screen{ngs

;qujigdn:to isolate the two lambda recombinants further

e

indicates that insertion of IS1.

intc Droscphila DNA is a

rare event.
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