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ABSTRACT

The, cloning vector pPLEC3D.1 carries a promoteriess chloramphenicol
acetyltransferase .gene and is designed to facilitate the cloning of
sequences that zflow transcription of this gene.” This vector has been
used in the construgtfon of recombinant piasmids bearing genes for
a-amylase uhd proteass, It was found that in all of these recombinant
plasmids, a fragment {the P2 fragment) had been co-cloned with the
a-amylase and protease gene. The P2 fragments of the independently
isolated recombinint plasmid$ pVC102, pSRIT and 12 appear to be simiiar
in size, and in the possession of a unique Sstl site. In contrast

the P2 fragment of pSRS1 {which carries a protease gene) seems to be
different. At present it is unclear why the same P2 fragments are
independently isolated or why the P2 fragments recovered with the
a-amylase genes differ from the one associated with the protease gene
44 pSR51. The aim of this project was to characterise the P2 fragments
of pSR11, 12 and 51 by DNA sequencing in order to elucidate in move
detail the nature of any differences or similarities between themselves
and with the P2 fragment of pvC102 which has already been sequenced,

To this end, the relevant P2 fragments were isolated by restriction
digestion and preparative electrophoresis. After extraction and
appropriate digestion of the bacteriophage M13 vectors, the fragments
were Jigated to them. After the cloned fragments had been identified
as being correct, the orientation was established where necessary.
Subsequently chain termination seguencing of the cloned fragments was
done. Partial sequences in one orientation (pSRI1 znd 12) or both
orientations {pSR51) were determined. These results confirmed the
identity of the P2 fragments from pV¥C102, pSR11 and 12, as well as the
¢istinctness of the P2 fragment of pSR§1. This work was complicated
by the fact that the pSR11 and 12 appeared to be structurally unstable.

The second part of the project was to investigate certain aspects of \>:

structural instability in pVC102. First, attempts were wade to use
direct plasmid DNA sequencing t. determine the endpoints of previously
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ABSTRACT

The cloning vector pPL603b.1 carries a promoterless chloramphenicol
acetyltransferase gene and is designed to facilitate the cloning of
sequences that allow transcription of this gene. This vector hes been
used in the construction of recombinant plasmids bearing genes for
o-amylase and protease, It was found that in all of these recombinamt
plasmids, a fragment {the P2 fragment) had beén co-cloned with the
a-amylase and protease gene. The P2 fragments of the independently
isolated recombinant plasmids pVCT0Z, pSRIT and 12 appear to be similar
in size, and in the possession of a unique $stl site, In contrast

the P2 fragment of pSRS1 (which carries a protease gene) seems to be
different. At present it is unciear why the same P2 fragments are
independently isolated or why the P2 fragments recovered with the
a~amylase geties differ from the one associated with the protease gene
in pSRET. The afm of this project was to characterise the P2 fragments
of pSR11, 12 and 51 by DNA sequencing in order to elucidate in more
detail the nature of any differences or similarities betwaen themselves
and with the P2 fragment of pVC102 which has already be¢ equenced.

To this end, the relevant PZ fragments were isolated by réstriction
digestion and preparative electrophoresis, After sxtractioh and
appropriate digestion of the bacteriophage M13 vectors, the fragments
were Tigated to them, After the cloned fragments had been identified
as being correct, the orientation was established where necessary.
Subsequently chain termination seguencing of the cloned fragments was
done. Partial sequences in one orientation (pSR11 and 12) or both
orientations (pSRB1) were determined. These results confirmed the
jdentity of the P2 fragments from pV¥C102, pSR11 and 12, as well as the
distinctness of the P2 fragment of pSRS1. This work was complicated
by the fact that the pSR11 and 12 appeared to be structurally unstable.

The second part of the project was to investigate certain aspects of
structural instability in p¥C102. First, attempts were made to use
direct ptasmid DNA sequencifig to determine the endpoints of previcusly




isolated deletion mutants of pVC102. Although this sequencing was
unsuccessful, associated dot blotting experiments with end-iabelled
primers allowed the endpoints of the deletions to be confirmed or
determined more precisely. Second, additional deletion mutants were
isolated from prolonged cultures and plasmid screens showed that these
deletants fell into three size classes: Tlarger, smaller, or equal to
the smallest deletion type previously isolated from fennen,'itat'ions,
Preliminary restriction analysis, which was partly successtul, was
done oh three of these dsle¥ants. In géneriﬂ thi! deTetions studied
here seeft to be similar to those previously characterised.
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BENERAL INTRODUCTION

In order to use genetically~engineered micro-organisms for industirial
use, it is necessary to have a detailed knowledge cn their molecular
genetics. Most work involving recombinant DNA research has been done
on Escherichia coli. At the pt 'sent time it has become necessary to
apply these principles und techiiques to organisms that are betier
suited to applied use. The Bacilli display many features that could be
used to advantage in industry. These organisms Secrete proteins into
the medium, function well in fermentations and are historically used in
the fermentation industry (Dol 1984, Ostroff and Péne 1984). Amongst
them, Bacillus subtilis has been better characterised genetically than
other members {Doi 1984) and information is available on the genetic
map, transformation systems, cioning vehicles and bacterioptiages
{Ostroff and Péne 1984). If this organism is to be modified in order
to house and allow expression of artificially manipulated plasmids,
four factors require attention (see Doi 1984):

- the transcription, translation and regwlation of cloned
genes;

- the utilization of stabie recombinant plasmids;

- the study of protefn secretion;

~ the reduction of protease and nuclease contents of host
bacteria.

A fifth factor that will undoubtedly have a significant role to play
1s the relationship between the bacterium and its environment. Seo
and Bailey (1985), for example, have demonstrated a two-fold higher
specific activity of cloned gene product, obtained by environmental
manipulation as opposed to genetic manipulation. It is unlikely that
any of these factors could be manipulated extensively in isolatien of
one another; it could be argued that a negative feature. that of
plasmid instability, acts as “common ground" between different aspects
of gene cloning and use.




Instability

The question of instability is important in the context of new
developments fn fermentation strategy. At the present time efforts
are under way to utilize the process of continuous culture. In
theory, this method presents many advantages over traditional methods
such as batch culture. Continuous cultivation makes it possible fo
separate and define various parameters independently of each other,
such as nutrient supply, effluent removal, growth rats and cell density. H
Despite the positive features associated with this form of fermentation, i
it is not often used. The major problem in this regard (and most
difficuTt to correct) is that of strain degeneration (Stafford 1386). B
This degeneration is manifested as a gradual and irreversible Toss of ol
product expression. By means of a growth advantage, hosts with smaller -
or no plasmids, or with plasmids expressing less of the cloned gene
product, soon become the dominant bacterial species.

]

HELETPRES AN

In broad terms, the most important factors influencing the stability -
of a {recombinant) plasmid are the following: L3
- The replication functions of the plasmid (Doi '984). <

- Partition and segregation functions (Meacock and Cohen 1980).
- The size of the cloned insert (Warnes and Stephenson 1986).
The structural qualities of the plasmid {including the "
insert), the presence of repeated sequences, seguence
similarities and palindromes (Albertini et al 1982, Hagan
and Marren 1983, Alonso and Trautner 1985a, Hahn and Dubnau
R 1985).
R The degree of expression (promoter activity) of the cloned
o gene (Gentz et al 1981, Stassi and Lacks 1982).
) The host background. This includes the rec phenotype and
g the influence of other genes such as, for example, thé
plefotropic sacld mutation in 8, subtitis (Uhlén et al 1981,
Hahn and Dubnau 1985, Vehmaanperd and Korhola 1936).
The metabolic environment within which the host proliferates. j
This includes the role of selective (antibiotic) pressure !
on the plasmid and the host. "

T
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@iven the complexity of plasmid instalility, an investigation of the
phenomenon would have to be done from various specific aspects.

The Host-Plasmid Relationship

Since plasmids are dependent on the host for proliferation, there is a
definite 1ink between the phenotype of the plasmid and its success as
replicon. The metabolic influence from the exterior {the medium)
dictates to an extent the response of the host to the plasmids, The
presence of large inserts in recombinant plasmids results in an
instability which is caused by the metabolic load the large plasmid
places on the cell and which fayours cells with Jess "expensive" or no
p'la§mids. This point has been empirically demonstrated by Godwin and
Slater (1979). Accordingly, large inserts often result in segregational
instability (Kim and Ryu 1984, Bron and Luxen 1985, Warnes and
Stephenson 1986). In some cases, however, exceptions to this rule
have been noticed. Hakkaart et al (1985}, for example, reported the
Toss of the smaller plasmid from a population. Such exceptions can
often be accounted for in terms of the net load the plasmid places on
the host. This load is composed of various subsections including at
Teast the size of the plasmid and the Jevel of expression of the
cloned gene. Certain plasmid functions are associated with their
preservation, and serve as linkages between the plasmid and host
fitness. These functions involve diverse genes, such as segregation
(seg) (Alonso and Trautner 1985b), partition functions (par) (Meacock
and Cohen 1980, Gruss and Novick 1986), copy number controlling genes
(see Seo and Balley 1985), pleiotropic genes such as sacld (Vehmaanperd
and Korhola 1986), functiohs affecting multimerisation and
concatemerisation (see Bron and Luxen 1985), membrane binding regions
{McKenzie et al 1986) and the replication origin of the plasmid.

These interactitns appear to be multiple, highly developed (selected)
functions. This fact, in conjunction with environmental selective
pressure, makes the form of instability represented here {segregational
instability) very difficult to prevent or to eliminate.
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The structure of the plasmid and the influence of certain host genes
are connected with structural instability. The maintenance of a
plasmid, including any cloned DNA, is limited by the requirement that
cartain forms of DNA structure are incompatible with survival, The
presence of repeated, similar or inverted sequences, palindromes or
“deletion generators® often result in the elimination of certain
stretches of DNA or complete Toss of the plasmid (Albertini gt al 1982,
Hagan and Warren 1983, Alonso and Trautner 1985a, Hahn and Dubnau 1985).
Such rearrangements can be independent of the general recombination
systems of the host, but it does appear that rec and related enzymes

in the general sense often play a causal but incidental role. This
includes other enzymes such as polymerases or gyrases whick are also
thought to be involved with the generation of deletions (Albertini et al
1982, Hahn and Dubnau 1985). ODue to the primary influence of the
sequence on this type of instability, deletion prone areas or "hot
spots" are created (see Primrose and Ehrlich 1981). Thus deletions
often fall into various defined classes, although this phenomenon is
not always observed (.climadnpard and Korhola 1986). The factors causing
structural instability are unlikely to have evolved for this purpose
and structural instability can be viewed as an escape "mechanism', based
on chance, by which unfavourable host-plasmid interactions are modified.
This medification is enforced by selection affecting the hest-plasmid
relationship and is mediated by segregation. The Tatter phenomenon
explains how a population becomgs homogenous for a certain structural
variant. Although it is possibie that the final results of structural
instability may vary, 1t is Tikely that most variants produced during
instability are part of a series leading towards a specific endpoint.
The immediate endpoint in a trend of deletion events is determined by
the ease with which the physical process of elimination can take place
and the metabolic Toad the plasmid represents. Without selection, the
endpoint is almost always elimination of the plasmid.
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SECTION -

AN INVESTIGATION INTO THE NATURE OF THE P2 FRAGMENTS OF
PLASMIDS pSR11, 12 AND 61

1. Introduction

The vector pPL603 (3.1 megadaltons) (see Witliams et al 1981) is a
recombinant plasmid, constructed so as to facilitate the cioning of
DNA fragments which will act as promoters. The plasmid was derived
from an earlier construct, pUB110 (which confers neomycin resistance)
by the insertion of an EcoRl fragment of Bacillus pumilis DNA which
bears a functional chloramphenicol acetyltransferase (CAT) gene. This
functional CAT gene was subsequently deprived of its promoter (or
whatever sequences were acting to allow expression of the gene). The
CAT gene was also placed in reverse orientatioh with respect to
sequences with potential promoter activity jocated in pUB110. A
derivative plasmid of pPL603, pPL603b, was created by inserting an
M13 Tinker containing a BagHI site into the EcoRl site of pPL603 (see ;
Corfield et al 1984). Since pPLGO3b showed some CAT gene activity in ' o {
stationary phase, a variant pPL603b.7, chloramphenico) sensitive at
all growth stages, was isolated (Corfield gt al 1984).

This vector is specifically designed for the detection and cloming of
sequences that can allow transcription of the CAT gene. In an analysis
of fragments cloned into pPLE03, Williams et al (1981) found that some -
sequences permitted expression in only one and others in both
orientations, By virtue of the construction of pPL603, 1t is not
possible to clone in isolation a gene consisting of promoter, structural o
snd terminator régions and have simultaneous CAT gene expression, If
the terminator is absent, the gene fragment could be cloned, providing s
that read through into the CAT gene takes place. The remaining ‘a
possibility is that the CAT gene be activated by a promoter (or a o




sequence with similar activity) unrelated and unlinked to the promoter
activating the cloned gene.

The cloning of certain exoenzyme genes with pPL603b.1

This plasmid was used to clone Bglil digested host DNA and the resulting
recombinant plasmids were screened for o-amylase (or protease) activity.
When such genes were cloned in the vector, it was found that a similar
fragment with promoter activity had been repsatedly cloned, This
fragment, distinct from the promoter of the cloned o-amylase or protease
gene is known as the P2 fragment, It is about 0.7 kb in size and is
present in the separately isolated plasmids pvC102, 210, 220, 230, 310,
320 and pSR11, 12 and 51 (Corfield 1986a) (see Figure 1). Similarity
between &i1 these P2 fi-agments (except the PZ of pSR51) was emphasized
by the fact that all could be characterised by a unique internal Su..
site. 1In pVC102, this enzyme cleaves the fragment in two pieces of
roughly 560 and 180 bp. The identity of P2 fragments in a-amylase gene
bearing recombinant plasmids was confirmed by hybridization studies.

The pVC102 P2 fragment was cloned into the RNA probe vector pSR65 and
tramscripts were used to probe pvCi02, 210, 220, 230, 310, 320, pSRIT,
12 and 51. Only pSR51 did not have sequences complementary to the

probe (Youngleson 1986).

These observations raised the question as to why the P2 fragments were
always the same {with respect to the criteria mentioted above), why the
P2 fragment from pSR51 was different, and why the cloned gene was in
opposite orientation to the CAT gene.

Two explanations for the P2 fragment cloning phenomenon can be forwarded
{Corfield 1986a). Either the P1 and P2 fragments are 1inked on the
chromosome of the host or they are hot. In the former case & pariial
digest of the host DNA at the first cloning step would explain the
presence of a BglIl site between the two promoters. In the latter,

the same P2 fragment would have to be repeatedly and independently
cloned. Blotting and hybr' ization studies have strongly suggested
that the two fragments are unlinked on the chromosome (Corfieid 1386a).
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sequence with similar activity) unrelated and unlinked to the promoter
activatin, - cloned gene.

The cloning of certain exoenzyme genes with pPL603b.1

This plasmid was used to clone BglIl digested host DNA and the resulting
recombinant plasmids were screened for a-amylase (or protease) activity.
When such genes were cloned in the vector, it was found that a similar
fragment with promoter activity had been repeatedly cloned. This
fragment, distinct from the promoter of the cloned w-anmylase or protease
gene is known as the P2 fragment. It is about 0.7 kb in size and is
present in the separately isolated plasmids pvC102, 210, 220, 230, 310,
32 and pSR11, 12 and 51 (Corfield 1986a) (see Figure 1). Similarity
between all these P2 fragments {except the P2 of pSRS1) was emphasized
by the fact that all could be characterised by a unique internal Ssil
site. In pVC102, this enzyme cleaves the fragment in two pieces of
roughly 560 and 180 bp. The identity of P2 fragments in a-amylase gene
bearing recombinant plasmids was confirmed by hybridization studies.

The pvCl102 P2 frigment was cloned into the RNA probe vector pSRES and
transcripts were used to probe pVCi02, 210, 220, 230, 310, 320, pSRil,
12 and 51. Only pSRST did not have sequences complementary to the
probe (Youngleson 1986).

These observations raised the question as to why the P2 fragments were
always the same (with respect to the criteria mentioned above), why the
P2 fragment from pSR5) was different, and why the cloned gene was in
opposite orfentation to the CAT gene.

Two explanations for the PZ fragment cloning phenomenon can be forwarded
{Corfield 1986a). Either the P1 and P2 fragments are Tinked on the
chromosome of the host or they are not. In the former case a partial
digest of the host DNA at the first cloning step would explain the
presence of a BglIl site between the two promoters. In the latter,

the same P2 fragment would have to be repeatedly and indipendently
cloned. Blotting and hybridization studies have strongly suggested
that the two fragments are unlinked on the chromosame (Corfield 1980a}.
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These experiments are based on the patterns resulting from the presence
or absence of at least one Pstl site in the DNA presumed to separate
the P fragments in vivo. Because of a deletion event shortly after
cloning (see Corfield 1985, 1986a) which may have altered the
intervening DNA, it is not rigorously proven that the ¥2 fragments

are separate in the host. Therefore explanations have to be found to
account for the repeated co-cloning of the c-amylase genes and the P2
fragments. The phenomenon is complicated by the fact that the P2
fragment of pSRS] is different from the others.

‘\ The project attempted here was to deteriine the nucleotide sequence of
FRP i the P2 fragments of pSRI1, 12 and 51. This would allow comparison
vl \)’ with the corresponding fragment in pvC102 which has already been
:‘ Y ; sequenced (Herbst pers. comm.}, and revea) any differences between the
. E P2 fragments of pSRIT and 12 and 51, In order to achieve this goal
R the following strategy was adopted: ’

- Preparation of CsC] extracted plasmid DNA
- ldentification and isolation of P2 fragments by agarose

Ve . electrophoresis
‘ T ~ Preparation of M13 vectors
4 of - Appropriate digestion of M3 vectors

Ligation of vectors and fragments

Transfection of recombinant vectors

- Scregening of vectors and identification of cloned inserts
Preparation of single stranded DNA

Sequencing

i

2. Materials, Methods and Results

To avoid unnecessary repetition, in each experiment the technigues used =
are given, followed by the results obtained in each case. The hacterial 4
strains used in this work are 1isted in Appendix 1. “




2.1  Preparstjon of plasmid DNA

Lo ]
The preparation of large amounts of pure plasmid ONA was essentfal to :
this project. For this to be done, the fcllowing procedure was adopted:

{1) The strain was streaked to single ¢olonies on selective medium.

" {2} 10ml of culture in selective medium was grown overnight (LB and e
antibiotics).

(3) 250m1 of LB and antibiotics were inoculated with 1ml of overnight ,
oy culture and allowed to grow for 18-20 hours.

e (4) The DNA was then extracted by the following modified protocol of
Lovett and Keggins (1978):

{a) 250mT of culture were centrifuged at 7000 rpm in a JAIO
L rotor in a Beckman J2-21 centrifuge for 10 minutes.

(b} The cell pellet was resuspended in 50ml of TES (pH 7.5)
and again centrifuged.

(¢

The pellet-was vesuspended in 4ml of lysozyme buffer and
transferred to a 50m] centrifuge tube.

{d

0.2m1 of 10mg/ml lysozyme in TES was added (final enzyme
concentration 500ug/ml) and incubated at 37°C for 30 !
minutes. i

1

{e} 16m1 of SDS buffer were added and the solution mixed with

a rod untit clear. d
{f} 5m) of 5M NaCl were added, mixed gently and the mixture jl
stored overnight at 0°C. {
{g) The mixture was centrifuged at 18000 rpm in a J20 rotor '
for 30 minutes and the supernatant decanted. 1
(h) 5ml of 50 PEG 6000 were added, well mixed in, and the ;

resulting mizture stored on jce for several hours or
' overnight, :
. (1) The mixture was centrifuged at 10000 rpm for 10 minutes <
7 ‘ and the supernatant discarded. Ny
“ o,
oY
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{J) The peliet was redissolved in 3ml of TES, containing -
0.2m1 of 2mg/ml heat-treated RNase. The solution was ¢
then incubated at 65°C for 30 minutes by which time the
peliet was completely resuspended. C g
4,259 of CsCl was added, dissolved at 37°C and the mixture .
cleared by centrifugation at 15000 rpm in a J10 rotor. [
The supernatant was carefully aspirated off and the
refractivity adjusted to 1.395.

{k

(1) 0.Im1 of ethidium bromide {10mg/ml) was added. If the . u
volume was not sufficient to fil11 an ultracentrifuge
tube, it was brought to volume with TE-CsCl~ethidium RE
bromide of the right refractivity.

{m) After sealing, the tubes were spun at 45-50000 rpm in a
VE1 65 rotor in a Becknan L8-55 ul tracentrifuge for 14
hours.

Following the centrifugation the plasmid band was
aspiratéd off by side puncture with a'syringe. 3

{n

Ethidium bromide was extracted with isopropanol saturated i
with 20xSCC until no red colour could be detected, and
then extracted once more,

{o

LB {p) The volume was dialysed in 3 changes of TE buffer (about
4 300mY TE per sampie). 8 N

It was often necessary to phenol extract the DNA (that
is, two phenol-chloroform extractions, one chloroform
extraction and two ether extractions}. Subsequently the '.q!, .
DNA was sometimes concentrated by ethanol precipitation ,‘
done as follows: 1/10 the volume of sodium acetate was u‘l
added, 2 volumes of 96% ethano] added, mixed, stored at
~709C for 20 minutes then centrifuged in a microfuge for Ny
30 minutes, the supernatant poured off, Iml 70% ethanol
added, centrifuged for 5 minutes, and the pellet dried
under vacuum and finally resuspended in TE.

LA

The samples were then analysed by agarose gel electrophoresis
(see Appehdix 3 for details). Figure 2 depicts the result
of such a {sC1 extraction.
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3 Caesfum chloride preparations of plasmid DNA {1.2% agarose). :
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2,2 Identification of P2 fragments and their isolation by
gel_electrophoresis

According to the restriction maps {Ftgure 1) the P2 fragments (pSR11
and 12) can be excised by Bglll - EcoRI digestion. Excision of the P2
fragment of pSR51 presents problems because it has internal EcoRI sites.
This prevents the EcoRl site, close to the uncleavable BamHi - Bglil
Junction, being used to remove the fragment as is done in the cases of
pYC102Z, pSRIT and 12. With this in mind, a Pstl - Pstl fragment was
cleaved out, This fragment consists of about 800 bp. In this work
this fragment is called the P2* fragment of pSRSI.

Restriction digests were done in order to confirm that the fragments
were released as expected. The P2* fragment of pSRS1 appeared as
expected {see Figure 3). pSR1IA and pSR12A, however, did not give rise
to the same fragment pattern as the corresponding LMCB DNA preparations.
As can be seen in Figure 4, EcoRl - BglII digestion of pSRIZA and T2l
give similar patterns. pSRIZA has however an additional small fragment
{of about 250 bp). The P2 fragments, approximately 900 bp in size,
comigrated. The patteris of pSR11A and 1L were not equivaient and
seemed to differ more from each other than the above case. In pSRIML,
the EcoRI - Bglll fragments can be divided into two groups. The larger
size group consists of 3 fragments ranging between 24000 and 1800 bp.
PSRI1A also yields 3 fragments but their size range is between 4000
and 3500 bp. The second size group of pSRIIL included two fragments,
their size between £850 and 900 bp. The uppar of these is the P2
fragment and comigrates with a single fragment (assumed to be P2) from
PSRI1A which lacks altogether the smaller fragment in this size range.
In addition, it also has & small fragment as described for pSRIZA.

1t was subsequently determined (at least in the case of pSRITA) +h= -
this small fragment is released on EcoRl digestion. This implies that
both of the plasmids have generated an additional EcoRI site, perhaps
by duplication, Both 1A297 (pSR11A) and 1A297 (pSR1ZA) have all three
markers associated with the plasmids (that is Nn®, Cn® and a-amylase
production).
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Figure 3

RE digested DHA showing the release of p2* fragments (arrowed) from
pYC102 and pSR51.

Lane 1
4
3
4
5

Lanbda IIT marker
pVC102, uncut
pycioz, Bgill - pstl
pSR51, uncut
PSR51, Pstl

The size of the pVLIO02 P2* fragment is about 1300 bp, the P2* fragment
from pSRET 800 bp. About 0.4ug DNA per lane.

o

SN PR - S




Figure 4

Release of P2 fragments (arrowed) from pSR12A, 12L, 11A and 11L by
RE digestion with Bglll and EcoRI.

Lane 1

~ s W

8

PSRIZA,
PSRIZA,
pSRI2L,
PSRIZL,
PSRITA,
pSR11A,
PSRITL,
pSRITL,

uncut
cut
uncut
cut
uncut
cut
uncut
cut

The size of the P2 fragments is roughly 900 bp, that of the small fragment
present in pSR1TA, 12A about 2B0 bp.
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Preparative gels

For pSR51, 5 digests each in a total of 50yl were set up. The amount
of DNA per tube was about 4ug, thus a total of 20ng DNA was cut. Each
tube received the appropriate amount of 10xM and Pstl enzyme. The
digests were incubated for 2 hours at 37°C. In the case of pSR11A and
pSR12A, for the BglIl digestion,5 digests were set up in a volume of
4041, Each tube contained about Tpg (pSRI2A) or 3ug (pSRTIA) of DNA,
After digestion for 90 minutes the NaCl and Tris concentrations in the
tubes were raised from 50 to 100 mM (NaCl) or 10 to 50 mM (Tris}), prior
to the addition of the high-salt enzyme (EcoRI). After a further 90
minutes, a small aliquot (Tu1) was removed and ahalysed for compléteness
of digestion, If successful, the full volume was Toaded onto a 0.8%
agarose gel and electrophoresed for 50-70 winutes at 50 (5¥/cm).
Subsequently, the relevant bands (see Figure 5) were excised with a
scalpel, trimmed close to the DNA and electroeluted as soon as possible,

Electroelution

An electroluter of the IBI type was used to recover the fragments
contained in the preparative agarose. The apparatus was filled with

TBE buffer and the channels cleared of all bubbles and filled with

10041 of high salt buffer (7.5M ammonium acetate with 0.1% bromophenol
blue). The excised pieces were moved as tlose as possible to the
channels and elution started at 100V, It was found that after 20
minutes the fragments were completely eluted. At this stage, two
samples of 400ut of fluid from each channel were removed, the bromophenol
blue extracted with butanol and the DNA precipitated with ethanol.

2.3 Preparation of M13 vectars
2.3.1 Background

M3 is a filasientous coliphage {see Messing 1983), and has a life cycle
that consists of two stages. Tha infective form of the virus carries




Figure § . 4
Preparative gels of pSR51, pSRIZA and pSR11A. About 20, 5 and 15ug
of DNA respectively per gel (0.B% agarose).
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a single non-sense (+) strand of DNA. This particle infects E. coli
cells by means of their F-pili and these structures are cbligatory

for infection. This form gives rise, intracellularly, to a sense or

- strand. This double stranded replicative form (RF) of MI3 represents
the active form of the virus and up to 300 copies can be present in a
cell (Davies 1982). At a certain stage of growth, the RF forms switch
to producing single stranded infectious particles that are released
from the cell without cell lysis.

This dual form 1ife cycle makes M13 a useful vector for cloning and
for the production of single stranded D¥A for sequencing. The wildtype
phage has been modified in two main ways to facilitate cloning (see
Sanger et al 1980). First, part of the lac operon has been inserted
into the phage in the intergenic region between genes IV and II
{Messing et al 1977). The segment consists of the operator, promoter
and approximately 15% of the amino terminal end of the structural gene
coding for g-galactosidase (known as the « segment)., This peptide can
teke part in complementation with the w peptide (part of the C terminus
of the identical subunits of B-ga'lat.:tasidase). If the reading frame
coding for the o peptide is disrupted sufficiently, « peptide
complementation is abolished.

Second, it was found that the insertion of a multiple cloning site into
the coding region itself does not disrupt complementation. This
palycloning site has been modified in different M3 vectors so that
the restriction enzyme sites are prasent in reverse (mirror image)
orientation. This property permits the vector to accommodate the
cloned DNA in reversed polarity, which eventuaily allows complementary
strands of the insert to be sequenced,

The multiple cloning sites of Mi3mp10 and 11 appear as in Figure 6.
For the cloning of the pSRE1 P2* fragment a single digestion with Pstl
is sufficient whereas vectors for %he Bglll - EcoRlI-released fragment
require double digestion. It should be nated that following ligation,
excision of the fragment would require the use of another enzyme (Sall
i this work) because the Bamil - BgIIT Jjunction is not recignised by
etther enzyme {Maniatis et al 1982},
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5" TTTACAACG-2"
T T T e T T
EcoRl Sl Smal Bam#i  Xsat  Sa Pstt HnoWl
Xmal Acct
Hinot Widmpl
S*ACCATGAT TTTAGAACG-3*
T 1 g T
Hind 1) Perl 83l Xba) BamMi m” S8t EcoRt
ect
220 Hinell Primer
3-TGACCGGCAGCAAAATG 5!
figure 6

The multiple cloning sites of the single stranded phage vectors M13mpl0
and M13mp11. The polycloning site is located within the structural
portion of the Inserted g~galactosidase gene fragment found in the
intergenic region of the phage Tocated between genes IV and II. The
universal primer is shown (from Amersham).
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Prior to concluding this introductory section it is of interest to

note that the host for Mi3mp10 and 11, JMI109, has been extensively
modified to facilitate cloning (see Appendix 1). A few of the fmportant
changes are the following (see Yanisch-Perron et al 1985):

rec, gyr - to increase stability of the insert.
alac - to prevent interaction between similar {lac)

sequences on the F' plasmid,

Apro - to make the host dependent on the F' plasmid
which has a functional pro gene. This
ensures the presence of F-piii for infection,

2.3.2  Preparation of replicative forms of Mi3mp10 and mpll

In order to extract RF ONA, phage supernatant was taken and about 10y)
added to 3 tubes containing 2ml each of a 1:100 dilution of JMI09 in
2xTY medium. This pilot culture was grown for 3-5 hours after which

it was added to 500m1 of 2xTY medium. After 20 hours of shaking at
37°C, the cells were extracted, The protocol used was the large-scale
alkaline-lysis method describad by Maniatis et al (1982). The following
modifications were introduced:

(1) The cells were pelieted at 7000 rpm for 10 minutes, then
resuspended in 5m1 of solution 1 and subsequently mixed with
smt of selution 1 containing iOmg/ml of lysozyme. This
ensured even and cor*lete lysis.

(2) The alkaline lysis, and potassium acetate and isopropanol
precipitation steps were done as described in the Maniatis
protocol.

{3) The peliets were dried in a vacuum oven at room temperature,
and resusperided in 4ml in TE.

(4) 3.6-3.8g of CsC and O.4m1 of ethidium bromide (10mg/m})
were added and the total mixture sealed in an ultracéntrifuge
tube and spun at 45-50000 rpm in a Vti 65 rotor in a Beckman
18-85 Ultracentrifuge for 12 hours. The viral band was
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removed and added to fresh TE~CsCl-ethidium bromide mixture
and recentrifuged.

After the second gradient purification the DNA-CsC) was
extracted as described on page 9, step (o), for CsCl plasmid
extraction.

{6) Instead of dialysing the DNA it was concentrated by precipitation
as follows (Mizrahi pers. comm,}: After extraction of ethidium
bromide, 2 volumes of TE were added to the CsCl WA solution,
mixed with 2.5 volumes of absolute ethanol and precipitated
as described earlier (page 9, step (4)). After resuspension
in an appropriate volume, the DNA was phenol extracted as
detailed on page 9, step {q).

Using the alkaline method, about 250p1 of M13mpll at a
concentration of 235mg/m] were produced. Simitarly, 250u1 of
M13mp10 at 710mg/ml were purified.

RF DNA can also be successfully produced using the PEG method
described on page 8 (Herbst pers. comm.).

2.3.3 Digestion of M13mpl1 with Pstl

Ths following digestion was used to produce Pstl cleaved Mi3upil:

DNA 1001 (2.35ug)

10x4 2.5

6,0 104

Pstl 2.5u1 (SU/u1)
=

After the volume of the digest was raised to 50ul with TE the diges® wis
extracted once with an equal volume of phencl-chlioroform, once with
chloraform and twice with ether; finally 1/10 of the volume of 3M sodium
acetate {pH 5.5) was added and precipitation done as described earlier
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{page 9). The DNA was resuspended in 26u1 of TE. As seen in Figure 7,
the digest was successful.

2.3.4  Digestion of M13mp11 with EcoRI and BamH1

To produce single cut mp)1 vector the following digestion was used:

Banh EcoRL

ONA Ml {2.6u8) DNA Tl (2.609)

10xM 2,51 55 51

dH,0 9ul i dh, 0 6.5u1

BamHI 2,501 (l2ufyt) | EcoRl . 2,501 (5U/wl)
2541 25,1

The DNA was extracted and ethanol precipitated as described in Section
2.3.3. As is apparent from Figure 8, the first digestion was effective.

Of each such digestion about 5wl (0.52ug) were stored to be used in
transfections. A comparison between this single digested DNA and that
of the double digested vector gives an indication of the efficiency of
the second digestion.

i 2.3.5 Digestion of M13mp10 with EcoRI and BamHI

The digesticn performed here was as above except that 7.%ug of DNA was
used per digestion. As seen in Figure 8, the digestion was successful.

2.3.6  Second digestion of M13mp1l with BamHI and EcoRI

Bzcause the BamH1 and EcoRI sites are close together in the polycloning
site of M3 (separated by 16 nucleotides), the second digestion can be
a difficult procedure. Since no change in mobility can be detected on
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Figure 7 i
Cleavage of M13mp1l with Pstl and BamMI within the polycloning site. {
B tane 1 Vector, uncut
' Iy : 3 as
13 2 Vector control (digestion conditions minus enzyme)
7 ° 3 Pstl cut, immediately after addition of the enzyme A
3. y 4 Pstl cut,after 90 minutes
5  BamHI cut, immediately after addition of the enzyme °
% 6  BamHI cut, after 90 minutes

The uncut vector is present at a concentration 1/10 of that of the cut B
vector {235ng per Tanej. %




Figure 8
Cleavage of Mi3mpll and M13mpl0 with BamHI asd EcoRI.
Gel 1, mpl) Gel 2, mplG
Lane 1 BamHI, uncut Lane 1 mpl0, uncut

Z  BamHI, cut: 2 Bamil, unctt

3 EcORI, uncut 3 BamHl, cut

4 EcoRI, cut 4 BamH1, uncut

5 BamHI, uncut 5 BamHl, cut

6 BamHI, cut 6  ECORI, uncut

7 mpl0, uncut 7 EcoRI, cut

{About 230ng DNA/1ane) (About 100ng DNA/1ane)
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agarose gels, the efficiency of double digestion has to be assessed

in terms of the 1igation efficiency. In theory, double digested vector
should yield close to zero transformants because of the {ncompatible
nature of the ends, which are very rarely, if ever, joined by ligase.

The second digestion was done as follows:

BamHI cut DNA 20y {1.6u9)

5xH 5.3

dH,0 -

EcoRI 15 (5U)
6.8,

A similar digest with J0xM was set up for BamHI digestion. Following
2 hours of digestion, the DNA was phenol extracted and ethanol
precipitated as described eariier. It was then resuspended in 20ul of
TE to give a final concentration of 80ng/ul. For further calculations,
a DNA loss of 10-20% due to phenol extraction was assumed.

In order to test for digestion and double digestion in a ligation assay,
about 20ug of vector was taken and ligated and transformed by metiods to
be described later $n this work. Following ligation, the DNA was
transformed into competent host cells and plated with a lawn of
infectible cells. The plaques resulting from this transformation were
scored. The results for this transformation with mp)) were as follows:

EcoRI - BamHI doubfe digestion

First digestion (EgoRI)
+ ligase - ligase
> 100 plaques 1 plague
Second digestion (EcoRl - BamHI}
+ ligase ~ tigase

100 plagues 0 plagues
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In the first digestion, the control without 1igase gives ah indication
of the mmount of uncut vector. The ligation assay reveals that this
double digestion was partially successful. Although very Tittle uncut
vector s present, a significant proportion of the DRA was not cut by
the secopd enzyme, thus explaining the presence of about 100 plaques
on ligacion of the double digested vector.

When having problems with double digestion it is often useful to‘digest
with different enzymes in the First or second instance {Mizrahi pers.
conm.). In the following ligation assay a BamHI ~ EcoRI couble

) f digestion -- as opposed to the reverse case just described - was @
b attempted. a2
TR BamHI - EcoRl double digestion
: First digestion ({BamHI)
+ Yigase - ligase bl 7]
> 100 plaques > 100 plaques -

Second digestion (BamHI ~ EcoRI}

+ ligase - ligase

s 100 plaques 16 plagues

In this case, the first digestion, although successful as viewed on a

. gel, does not appear so in the Tigation assay. In this case the results
R of the second digestion are obscured. The reduced control without
ligase after the second digestion shows that most of the vector had
been cut by one or the other enzyme.

At the same time as 1igatic were transformed, Ing of uncleaved vector
DNA was used as a transformation control, These results are as foliows:

« mp10 80 plaques
: mpll 160 plagues

vl B

: These transformation controls are not particularly good since up to 300 S
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plagues can result from Ing of phage DNA under optimal conditions
{Amersham).

2,3.7 Second digestion of M13mpl0 with BamHI and EcoRl

The second M13mp10 digestion was as follows:

BamHl cut DNA 2040 (5ug) *

sxi 5.3l

dk,0 -

EcoRl T (5UA)
26.8u1

A similar digest was used for the BamHI cut. The digests were allowed
to proceed for 2 hours at 37°C and resuspended in 20y1 TE (248ng/ul)
after phenol extraction and ethanol precipitation.

Ligation assay for double digestion
The results following transformation were as follows:
First digestion (EcoRI)
+ Tigase - ligase
> 100 plaques 7 plagues
Second digestion (EcoRl - BamHI)
+ 1igase - 1igase
20 plaques 3 plagues
First digestion (BamRI)
+ Yigase - ligase

100 plagues 20 plaques

i
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Second digestion (BamHI - EcoRl)
+ ligase - ligase

> 100 plaques 20 plagues

Trapsformation control (mp10) 37 plaques

Thir results indicate that double digestion was more successful than
the previous case (BamHI - EcoRl digestion).

2.4 Ligation of prepared vectors and fragments
2.4.1 Background

Ligation comprises the formation of a phosphodiester bond between a
5! phosphate and a 3' OH group. This reaction is effected by ATP
dependent catalysis and is influenced by several factors of which the
most critical are: the concentration of compatible ends, the G+C
content of the complementary ends, the temperature and the composition
of the reaction mixture (Hackett et &l 1984). During a iigation
experiment, various controls are required to allow interpretation of
the results. These controls entafl the following (Amersham, Messing
1983}

- cut vector at 10ng/plate which gives an indication of
the svccess of digestion.

- ligation control (cut and religated vector) at 10ng/plate.
This allows the efficiency of ligation to be assessed.

- transformation contrel. Uncut vector at Ing/plate is
used and shows how well the DNA molecules penetrated into
the competent cells.

hs regards the enzyme itself, T4 DNA 1igase is used in cloning

experiments because 1% is a more permissive enzyme than E. coli DNA
1igase (Higgins and Cozzarelli 1979). T4 DMA ligase functions best
at 37°C but this temperature is too high to allow cohesive ends to
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anneal efficiently, For this reason, iigation is done at 12-149C
which increases the possibility of annealing and Vigation, provided
sufficient time is given (Hackett et al 1984). After ligation, the
naked circular molecules originating from Jigation and those used for
the transformation control must be transfected into competent host
cells. Competence is a poorly understood process that is influenced
by various factors such as the physical form of the ONA {closed
circles or linear molecules), the growth phase of the bacterium and
the method of treatment to produce the competent state (see Hayes 1568).
When the naked phage DNA enters the competent cell it replicates and
forms infective particles, which give rise to a plaque when plated
with lawn cells.

In the case of the M13mp series of vectors, these plaques can be clear
or blue in colour. In the former case two possibilities exist (Messing
1983):

- a fragment has been cloned into the polycloning site and
has disrupted the « peptide so that no complementation
takes place.

- self ligation of the vector has occurred after exonuclease
or other changes destroyed the o peptide reading frame.
This is a faise positive.

Lastly, the unchanged vector can recircularise and the o peptide bg
produced. It then takes part in complementation and produges an sttive
p-galactosidase. In the presence of the inducer IPTG and the indicator
X-gal, a blue plaque is produced. :

2.4.2  Ligation conditions
In this work, the Tigation parameters mentioned above were assessed in

terms of alpeady developed protocels. A vectoriinsert concentration
ratio of 1:5-10 was used. The following conditfons were employed:
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Anershan Mizrahi (pers. comm.) 0
Insert 541 (100ng). Insert 1041 (100-200ng) -
ey
Yector 2u1 (20ng) Vector 2ul {20ng) ) .
z 10x1igase buffer JTul 10x1igase huffer 4yl g 4
B DTT (50mM) Tyl OTT (0.1M) 41
; ATP (10mM) Wl ATP (20mM} 2ul .
T4 DNA ligase Tt {10/} T4 DNA ligase T.5u1 (U7} 1 :
Tyt dH, 0 16,5y
40,041 ]
The reactions were incubated for 16-20 hours at 14°C. . .
o i 2.4,3 Transformation and plating of ligations o

Producing competent dM109 cells is an important step in M13 cloning and
the following protacol, a modification of the Amersham procedure, was b
used: )

(1) An overnight culture of UMI09 (10m1) was grown in 2XTY from
a Toop of bacteria off & Minimal Medium pius glucose plate. "
Simultaneously, a 10m) aliquot of medium was co-incubated

| to detect any contamination since JMI09 has no antibiotic

L markers.

I Ay {2) A40m of 2xTY medium were inoculated with 400u1 JN109

overnight {1:100). (The Amersham protocol involves a 1:20

dilution Which does not allow the cells to grow enough when

) the 0055 0F 0.5 is reached (Mizrahi pers. comm.}.)

(3) The culture was grown t6 an ODgsy of 0.5-0.6,

X {4) The cells were then centrifuged at 4-5000 rpm in a J20
o rotor in a Beckman J2-25 Centrifuge for 5-10 minutes. ;

(5) The peliet was resuspended in half the volume of fce cold !
50mM Cally, using a 10ml pipette, and Teft on ice for 60 minutes.
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(6) After centrifugation as before, the cells formed a diffuse
ring-1ike pellet. They were subsequently resuspended in
1/10 the volume of CaCl,, usiag a wide bore (Iml) automatic
pipette.

(7

At this stage the cells could be stored on jce or used
immedlately.

¥ (8) The Yigation or transformation mixture was made up to 100u1
» with water (Mizrahi pers. comm.). This step is critical L
X otherwise Tow transformation efficiencies are obtained.

" {9) 300ul of competent cells were added to the DNA, the suspension i
o genily but thoroughly mixed, and left on ice for 60 minutes.
e {10) After being heat-shocked at 429C for 2 minutes, the cells

>
were kept at room temperature and plated as soon as possible.

{11) For plating, 3 log phase culture of JMIOS (lawn cells) was !
required and was inoculated about 1.5 hours prior to use.

{12) 3ml of molten (429C) 1XTY top agar, 30ul of 2% X-gal (in
diethy formamide) and 20u1 of IPTG {100mM in dH,0) were
taken and mixed by vortexing.

b v (13} 20041 of lawn cells were added to the tube of heat~shocked !
ST transformed cells and mixed carefully. This mixture was B {
' added to the agar, vortexed briefiy and poured unto a h!
prewarmed (37°C) IxTY agar plate. After the agar had set, 8

f the plates were incubated overnight at 37°C.

B i 2,4.4 Cloning of the Pstl ~ Pstl fragment of pSRST in M13mpil

A Tigation 4n 17yl total volume {see page 29" was set up. On plating
the following results were obtained:

“ Tigation >100 blue plaques
i Tigation econtrol £ 70 blue plaques |
{ i
transformation control 20 blue plagues
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Several Tigations were done giving this type of result. From one of
them a single clear plaque was d¥tained.

Another 40u1 1igation gave the following resulis:

Tigation >200 blue plaques

. 6 clear plagues
ligation control 100 blue plagues
Tigation without ligase 55 blue plaques
trans’. :otion control § blue plagues

From these results the following can be concluded:

ligation was efficient.,

- the vector had not been completely digested by Pstl.

- transformation was inefficient. (These experiments were
done prior to some of the modificatio s described in the
transformation protocol.}

in view of ine smi}l number or clear plagues obtained,
1t would have been désirahle to treat the vector with
phosphatase,

i

After these Tigationt, 7 potential recombinant M3 vectors had been
obtained. The clear plagues were removed with a Pasteur pipette and
placed in 1.5m1 of a 1:100 dilution of overnight JMI09 in 2xTY medium
and allowed to grew with agitation for 5 hours at 370C. The cells were
pelieted at the end of the growth period and the supernatant stored at
4°C, In the case of clear plagues picked near blue plaques it was
necessary to plaquepurify the potential insert bearing phages in order
to remove any contaminating wildtypes. This was effected by diluting
the supernatant 107, 108, 10%, 1010 times {using 10041 volumes of

2xTY medium). This full volume at each dilution was plated as deseribed.
Clear plagues resulting from the purification were used as a source of
infective particles to give pure supernatants.
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2.4.5 Cloning of the P2 fragments of pSR1IL, pSRI2L, pSRITA
and pSR1ZA and M13mp10 and 11

1. 1yl Tigatfons were used to clone the P2 fragments of pSRITA
and pSRIZA. The foliowing results were obtained on transformation (in
all cases of predominantly ¢lear plaques, roughly 5 times less blue
plaques were present on the plate):

mpll + 11A »>100 clear plagues
mpil + T1A 2100 clear plagues
mpll + 124 >100 clear plaques
mpl0 + 12A >100° clear plagues
Yigation control {mpil) >200 blue plaques

2 clear plaques
transformation control (mpl1) 7 blue plaques
Lransfpnnation conteel (mpl0) 9 blue plagues

From each of the first 4 Tigations, 4 clear plaques were removed and
us#r T2 nbeulate small cultures to produce stock supernatant.

“he 1lgeiten control used here was not rigorous because the eiids of the
vector, being digested with enzymes giving different cohesiva ends,
hardly ever 1igate. The number of plaques is more accurately an
indicatier of single cut (religated) or/and uncut vector. A rigoraus
Jigation cuntrol would be a fully single cut vector. The phages present
in two clgar plagues found on the Tigation control plate were almost
certainly ‘rameshift mutants,

2. V1. 1igations were set up in order to clone the P2 fragients
of pSR1TL ant pSR12L. Thess fragments were obtained from the LMCB.
On transforation the fo)lowing results were obtained:

mpll + 1 5100 clear plaques

mpl0 + 1L 10 ¢iear plaques

I =P
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mpl1 + 12L >100 clear plaques

mplC + T2L >100 clear plaques
ligation control (mpll) >100 blue piagues

3 clear plagues
Tigation control (mp10) >100 blue plagues

$ 4 clear plaques
: transformatior cu *rol (mp1l) 20 blue plaques
% transformation control (mpi0) 233 blue plaques

The same comments made previously apply to these results. The mpl0
transformation control was markedly improved, .

2.4.6 Preparation of Replicative Form DNA in order to confirm
Er - and establish the nature of the cloned insert

For RF preparation, the Ish-Horowicz alkaline Tysis procedure as
5 described by Manfatis et al (1982) was, used.

0 (1) 10y1 of supernatant or a plague were used to inoculate
1.5m1 of 1:100 dilution of overnight JMI09 in 2xTY medium.
The bacteria and phages were allowed to grow for 5 hours.

%

(2) The cells were extracted as described by Muniatis et al
{1882). The procedure consists of 3 steps, the first
being the resuspension of the cells in prelysis solution.

A

s P This was done with a Gilson P200 repeating pipette. : {
. Secondly, the cells are lysed with alkaline SDS. This is %

1“" the critical step in the extraction upon which the success 1

of the method depends. The alkaline SDS was added to the
tube whith was rotated through 90° 10-20 times, until the
solution cleared, Thivdly, potassium acetate precipitation
of chromosomal DNA and protein was carried out. A% this
stage the Eppendorf tube was flicrad to ensure complete
mixing of the contents, before these were briefly vortexed
prior to centrifugation.

i —
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(3) The ethanol precipitated DNA was resuspended in 30yl of
TE and stored frozen.

2.4,7 Screening of Mi3mpll bearing the pSRE} P2* fragment

As can be seen from Figure 9, all clones derived firom the clear
plaques {except 2 and 3) show a reduced mobility. Clones 2 and 3
appear diffuse because of contamination with wildtyps phage DNA as
this screen was done prior io plaque purification. Of the 30u)
avgilable RF DNA, 8-12u] were used in the foilowing type of digest:

RF DNA 1041 pSRST DNA 2yl

10:M 1.5u1 10xM [N

di,0 2,541 dH,0 6.5u1

Psti Tyl (99/ul) Pstr 0,541 {90/p1)

From Figure 10, it is apparent that clones 1, 3, 4, 6, 8 {and
subsequently 9) yielded fragments of the correct size. Clones 6
atid 12 were negative controls (wildtype M13) Clone 2, derived from
a clear plague, yielded no fragment. In this case, either the
digest failed or no insert is present (the latter suggested by the
preliminary screen). The clone is probably a frameshift mutant.

Having identified the presence of an insert of the right size in the
above-mentioned clones, the identity of the fragment had to be
confirmed. Taking advantage of the fact that the pSR5) P2* fragment
has two internal EcoRl sites, clones 1, 4, §, 8 and 9 were selected
for further analysis. The following type of digest was done to
establish the identity of the inserts:

fae}
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Figure 9
Preliminary screen of clear plague-derived phages. (Mi3mpll - pSR51 P2*
Tigation.) Alkaline Tysis RF preparations of MI3mpil.

Lane Clone

1
2
3 ) Six preparations of six clear plaques
4
5

6
g} Four preparations derived from the same clear plague

1

2

3

4

3

6 Vector only, control
7

8

8

Q 3
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Figure 10 , a}
RE digestion of RF preparations on Mi3mp1l some of which were expected "J
K to carry the insert (pSRG1 P2* fragment}. Numbers represent specific 3
® o clones. All samples were digested with PstI. Clones 6 and 12 are
[ controls, that is, vactor only. &
oL Lane T 4 uncut Lane 11 2 uncut
Z 4cut 12 2cut !
. 3 5 uncut 13 3 uncut :
4 4 5 cut 14 3 cut
4 5 pSRE1 cut 15 pSR51 cut
e 6 6 uncut 6 12 uncut K
! P 7 6cut 17 12 uncut g
4 8 1 uncut 18 8 uncut ¢
BN 9 it 19 8 cut B
R 10 Lambda III marker 20 Lawbda I1I marker :
g o
Clones 1, 3, 4, 5, 8 yielded fragments of the expected size, Gione 2 B
seems to have been a frameshift mutant because no fragment was réleased, i
The siight differences in mobility between the RF and plasmid derived ‘\
fragments are assumed to be non-significant.
.
|

P S S bty Sl &, 3 P " Siidadnt, e




T s

37

RF preparations Plasmid DNA
Single Double Single Double
Digestion Digestion Digestion Digestion
DNA 1001 o041 Syl Sul
10xM 1.3 1.2yl Tul W
dHy0 0,71 B 3,501 3yt
Pstl Tul 0.5u1 0.541 0.5p1
EcoRt - 0.5u1 - 0.5u1
) 2,1 [T

In these digestions, the buffer salt concentration was not incres

to cater for EcoRI, Advantage was taken of the fact that the enzy
functions adequately in the medium salt buffer (Mizrahi pers. comm.).
Figure 11 shows that clones 5, 1 and 8 give an identical pattern of
single and doublie digestion fragments to that found in the case of
the plasmid and electroeluted fragment. A similar resuit was obtained
for clones 4 and 9,

2.4.8 Screening of M3 vectors suspecied of bearing tha pSRIIL,
11A, 2L, and 12A P2 fragments

RF DNA was isclated as described and gave the resuits depicted in
Figure 12. OFf these clones, 4 of each vector-insert type were screened
for the presence of an insert of the correct size, As is apparent in
Figure 13, all the clones ylelded an insert of a size similar to that
assoc.ated with the plasmids. The following digestion conditions were

used:
RF DNA 121 plasmid DNA  3p1
BxH 2.9u1 10xM Wl
Sal1 0,641 (18U/w1) i, 0 5401
Ecorl 0611 (5U/u1) Bglll 0,641 (11Usul)

161 1001

PR *® SRR 0 it i i, sk o




Figure 11

oo »

RE digustion of recombinant RFs, pSR51 and the isolated P2* fragments
in order to confirm the identity of the cloned inserts.

Lane 1 Clone 5, Pstl
2 Cloné 5, Pstl - EcoRl
3 Clone 1, Pstl
4 Clone 1, Pstl - EcoRL
5  pSRST, Pstl

Lane 6  pSRSY, Pstl - EcoRl
7  Eluted P2* fragment, Psil -
8  Clona 8, Pstl
9 Clone 8, Pstl - EcoRl
10 Lambda marker

The cloned inserts gave the required pattern and size distribution on

single and double digestion.
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Figure 12

1 23454878910

Preliminary screen of clear plague derived phages.

preparations of MI3mpl0 and mpll presumed o carry inserts.

DNAs (except the controls) show reduced mobility.

Gell
Lane

1
§> ngti+iza

I
5

g) Tplo+1zA
8

9 mplQ
10 {control}

PR .. 3

Gel 2
Lane Lane
m 1
}g; P 14T1A %}mpn-ﬂu
1 4

mpll mpil
5 {control) 5 {control)

1112 18 14 45 16

17 18 19 20

Alkaline lysis RF

R11 phage

Lane
1
12 tmiostie
14

apll
18 (Eontm!)

39

mpio wpio mp10

16 {cantrol} 6 - (Control) 16 (control}

17 7! 17

}3} W 0+11A g\ wplT412L 18\\@1“\ a

20 16 20 ¢
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Figure 13
RE digestion of RFs of MI3mp10 and 11 suspected of caryying P2 inserts.
A11 samples were digested with EcoRl and Bgill.

Lane 1
R 2 ] mR1T+T1A

3
4] WI0HTIA

5 pSRIIA
pSRI2L

6
7
8} aptl+12L
9

10} mplo+12L

Lane 11
,2} mpl 1+124

13
-‘4} mpi04+i2A

15 pSRIZA
16 pSRIL

v
w} 1L

19
20} mpl0+71L

bl Kbl S ey




After 90 minutes of digestior, the plasmid DNA digests had their
volumes incrased to 20pT an. the NaCl and Tris concentrations increased
for the EcoRl digestions.

The P2 fragment of pSR1TL and 12L has an internal $stl site which can
serve as an jdentification site for the fragment. A1l the clones
previously screened were subjected to the triple digestion (Sstl - Sall-
EcoRI). Plasmids were digested with Sstl-BglIl - EcoRi. The following
conditions were used:

RF DNA 1001 plasmid ONA 3 J

Sst core $stl core . ‘A[“
buffer 1,24 buffer mg
sstd T () a0 sl
1231 . BglII 0. {;m (1)
Sstl LTE (su/1)
Tt

After 1.5 hours of Sstl digestion, the volumes were increased to 20u1

and the NaCl and Tris concentrations raised and the EcoRi digestion

done. The results of these digestions are shown fn Figure 14. Al

the fragments in the vectors and plasmids show corresponding mobilities ¢
except pSR11A. This fragment apparently lacks an SstI site, These
results strongly indicate that the P2 fragments have been cloned, with
the question of the pSR1TA "P2 fragment" unresolved.

Complications arose when the parental plasmids were subsetuently
digested with the same enzymes, that is, ($5t1, Bglil, EceRI}, From
Figure 15 one can deduce that the SstI digestion was partial. This
partial digestion was always observed. The lower of the two fragments
was confirmed to be Sstl released by Bglll - SstI digestion (results not
shown}. Secondly, the small fragment released by Sstl cleavage of the
P2 fragments is not visible in Figure 15 and must efther comigrate with
the small EcoRI fragment (see page 12) (pSRI1A and 12A) or be absent
{pSR11L and 12L). It should be noted that, in the digestions represented
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Figure 14
RE digestion of recombinant RFs and plasmids from which fragments were
originally obtained. A1l RFs were digested with EcoRI, Salil and Sstl;

{‘f Ly and a1l the plasmids with EcoRl, BglIl and $stl. 3
' A Lane T mpl1+12A tane 7 mpll+11A :
. 2 mpio+i2h 8  mwplo+IA .
) 3 pSRIzA 9 pSRIIA
4 mpla 10 mpl14L );
3 5 mplonaL 17 mplosiiL i
6 psRI2L 12 psRIL
| .
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Figure 15 H
RE digestions of pSRI1TA, pSRYIL, pSRI2A and pSR12L. ot
Lane 1 Lambda III marker Lane 7 pSR12A (Bg11I ~EcoRl) '
2 pSRITA (BglTl-EcoRl) 8 psRIzA (BglII - EcoRl - SstI) o

3 pSRI1A (Bg11T - EcoR! - $st1) 9 Lambda 111 marker Tt

4 Lambda 111 marker 10 pSRIZL (Bg1I1 - EcoRT) I

5 pSRITL (BgiII - EcoRl) 11 psRIZL (Bg1IT - EcoRT - Sstl} a8
SN

6 pSRITL (BglIL - EcoRI - $stI)

In the pSRIIL and 12L triple digests (Lanes 6, 11) no small fragments
similar in size to those produced on Bg)l1 - EcoR! - Ssti of pSRI1A and ]
124 are visible. Such fragments were praduced when pSRIIL and 12
were similarly digested previously (Figure 14).

The small fragment assumed to result from Ssti cleavage of the

BylIl - EcoRI veleased P2 fragmert is either not visible, or is assumed
to comigrate with the small ECORI veleased fragment (in the cases of
PSR11A, 12R).

PSRTIL. showed no change on Sstl digestion (Lares 5, 6). .
A1 the digests where an $st! induced change is visible (Lanes 3, 8
and 11) are partial,

3
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in Figure 14, all the plasmids gave two fragments on Sstl digestion
presumably corresponding to the cleaved P2 fragments.

The targe number of clear plagues obtained, coupled with the fact that
the Bgl1l - EcoRl fragment is of the right size and that there is

fragment-fragment correlation in Figure 14, suggest that the cloned
fragments are the correct ones,with the exception of the problem of the

PSR11A fragment.

2.4.9

Since the vector has been cleaved at a single site, it was possible for
the Pstl - Pstl insert to be 1gated in two orientations.

An attempt to determine the orientation of the pSR5) P2*
insert in Mi3mpll by restriction enalysis

of such an insert can be determined in at least 3 ways:

Pairwise hybridization of the single stranded DNA clones.
If two clenes possess the fnsert in opposite crientations
iha clened strands are present in complementary forms and
can recognize each other. The viral strands proper are
both identical + strands and thus non-complementary.
Hybridized pairs form dimers and can be detected on agarose
gels, allowing the orientation to be determined (Messing
1983).

The aingle stranded DNA can be screered by single dideoxy
chaiti termination screening (T or C tracking, for example).

By means of restriction analysis. As shown in Figure 16
interpretation of singie digestions involving internal
restriction sites allows the orientation to be deduced.

In order to perform this type of analysis on the pSR51 P2*
fragment, information about the relative sizes of EcoRl
produced fragments is needed. The P2* fragment region of
pSRET has the folfowing expected appearance:

Bapl
EcoRl T EcoRl
Belll Pstl Pstl

The polarity
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Figure 16

Diagram 11Tustrating the use of restriction analysis to determine the
orientation of an insert cloned into a vector.  Thick Jines indicate
vector sequence.
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The internal positions of the EcoRl sites have to be determined, and
Pstl, and Bgill - EcoRl digests are needed to make the relevant size
determinations. To this end digests in 20u] were done. For double
digestions involving EcoRl, the volume was increased to 30u) and the
‘Nam and Tris concentrations raised. In order to clarify the double
and triple digestions, single digestions were done, An LMCB restriction
map of pSR51 is presented in Figure 17, and the f51lowing results were
obtained, some being depicted in Figures 18 and 18.

Table 1. Results of restriction digestions of pSRSI.

Expected number Results of electrophoresis

Enz2ymes of fragments 1 2 3
pstl 2 - - -
Bglll - Patl 4 - -1 -
Balll 2 - - -
Bgl1l - EcoRl 6 -1 -1 -
EcoRl 4 B - 42
Hind111 - EcoRl 7 -1 - -2
HindIIT 3 -1
Pstl - EcoRl 6 - or -1 -1

- indicates that the expected number was observed.
A ~ve number indicates the number of bands missing.
A +ve number indicates the number of additional bands,

Unfortunately the results were too erratic to allow size determinations
of the EcoRI - Pstl fragments and therefore orientation of the inserts
could not be determined by this method.
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Restriction analysis of pSRST.
Lane 1 Lunbda 111 marker W
’ 2 syl - j
3 Bglll~Pstl -2 k
g 4 Bgl11-EcoRl -1 v
¥ 5 Bylil-Psti-EcoRl -4
i 6 EcoRl - HindI1k -
] . 7 Lanbda III marker
No numbers - the correct number of bands was observed.
Negative numbers - Tacking bands.
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Figure 19

Restriction analysis of pSRST.

Sel 1 Gl 2

Lane Lane

1 uncut 1 Lambda IIT marker
2 pstl -

3 Bglil-pstl - 3 uncut

4 BQUIl - 4 BgHII -
5 BglT-EcoRt -1 § EcoRl ~BgUIl =
6 Ecoml + 8 EcoRT -
7 EcoRl - HindIIr -1 7 HindIfr-goo™  ~
8 Hindilf -1 8 tncut

9 EcoRi - Pstl -1 9 HindlII~Bghi -3
10 Lanibda 131 16

o marker

No numbers ~ the correct number of bands was observed.
{ “¥e rumbers - lacking bands
S +ve numbers - extra bands
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template DNA is reguired.
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Preparation of single stranded DNA

In order to perform chain termination sequence analysis, single stranded
This can be extracted from the infectious M3
viral particles which are released to the exterior from the infected
cells.
method, a modification of the generally available protocol (Mizrahi
pers. comm. ). C

Single stranded DNA extraction was performed by the following

A plaque was removed, or alternatively, 1-10p1 of phage
supernatant was used and added +o 1.5u1 of 1:100 dilution

of overnight JMI09 in 2xTY medium. It was then incubated

at 37°C with shaking for 4-5 hours. .

The cells were pelleted in a microfuge for §-8 minutes.

#bout 1.4m) of the supernatant was carefully pipetted off
inte & tube containing 200y] of 20% PEG/2.5M NaCl. After
thorough mixing the mixture was left for 10-15 minutes at
room temperature.

After centrifugation for 10 minutes in a microfuge, the
supernatant was poured ovf, leaving a viral pellet of about
mm diameter.

In order to collect residual PEG/NaCl the tube was
racentrifuged for 30 seconds after removal of the supernatant.
This vesidual PEG/NaCl was removed with a pipette.

The pellet was resuspended by vortexing in 100p1 TE, and

1041 3M sodium acetate (pH 5.5} was added.

The TR-virus solution was centrifuged for 10 minutes to
remov. any contaminating cells and the supernatant transferred
1o another tube. If a Targe~scale preparation was belhg
undertaken, the contents of 8 tubes were pooled at this stage.
An equa) voTume of phenol-chloroform wa.s added and the tube
vortexed for 15 seconds.

¢ microfuge for §-10 minutes
:kly, avoiding the PEG

The mixture was cent
and the upper phase ri;
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precipitate at the interface. This extraction was done
twice more foliowed by a chloroform extraction (using
half the volume of chloroform) and two ether extractions.

(8) The DNA was precipitated with twice the volume of 96%
gthanel, resuspended in 15-30y1 of TE and stored frozen.

Figure 20 shows the result of a successful large-scale single stranded
ONA extraction. Recovery of ssDNA can fail if the aqueous phase is
contaminated with PEG or ¥ the phages do not grow properly or grow for
too long a period. . i

2.5 Sequencing of certain clones by the chain termination method

2.5.1 Determination of the orientation of the pSRSI 'pg* insert
in M13mpl1 by C tracking

By examination of the pattern of terminstions resulting from the presence
of & single dideoxynucleptide triphosphate in a polymerisation reaction,
the orientation of the “tracked” insert can be established. The protocol
used for C tracking was as given in the Amersham M3 Cloning and
Sequencing Handbook, except that dideoxy CTP was used instead of dideoxy
TTP.

For the preparation of the iequencing gels, the followihg protocol was
adopted:

{1) The glass plate bearing the buffer trough was cleaned with
T8 HCY. The plate was subsequently treated with Repel«$ilane
(dimethyldichlorosilaiia} according to the LKB instructions,
The cther glass plate was treated with Bind-Silane (y-
sethacrytoxypropyl trimethoxysilanz) according to the LKB
nstructions,

{2) The plates were keptapart by thin spacers, At the bottom of
the gel, the spacers were doubled in thickness. This results
in & field strength gradient which preserves a uniform spasing
of oligonucieotides at the bottom of the gel (Olsson et al 1984).
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Figure .

.

U
Single stranded DNA used for sequencing. Each lane represents 15% of o]
the yield from 6m1 of phage-containing supernatant. The amount present
in one lane above was used in a sequshicing reaction.
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(3) 50m} of a 6% working acrylamide solution were mixed with
10011 of APS (0.06259/25041 H,0) and with 1001 of TEMED,
and then poured. The flat end of a BRL Sharkstooth comb
was inserted between the platis and the gel allowed to set
for 1,5-2 hours. After this the comb was reinserted so
that the teeth slightly penetrated the gel. The wells
were flushed to remove urea that had leached out of the
gel and alternate wells were loaded with 2u1 of formamide
dye mixture to check for jealiage. The cells were pro~
electrophoresed at 1400V for at Teast 20 minutes.

AT

{4} When the gel was hot enough, the wells were cleared of A
urea, and Zu! of sequencing reaction mixtures which had
Just been boiled, were loaded. Electrophoresis was carried
put until the bromophenol blue dye had reached the bottom i
of the gel. For Tlonger yuns, electrophoresis was continued

. for 4-5 hours.

{5

At the end of electrophoresis, the plates were separated and
the one bearing the acrylamide fixed in 2 litres of 10%
acetic acid/10% methanol for 15 minutes with agitation,
This fixing (also including the removal of urea from the
gel) was repeated with fresh fixer and the gel dried in an u
A oven at 70°C for 2-5 hours. The plate was exposed to X-ray .
|- #i1m at room temperature for 24-96 hours. B

: As can be seen from Figure 21, the cloned inserts were present in two f
3 orientations, 2
:
o

2.5.2  Sequencing of P2 fragments from pSR11L, 12L and 51

For sequencing the plasmid fragments, single stranded template was
prepared as described eariier. The general experimental strategy used
for sequencing was that developed by Sanger gt al (1977}, topether with
{ the use of 355 Jabel (Biggin et al 1983) and thin acrylamide gels ¢
i

'

{Sanger and Coulson 1978). The sequencing reactions were performed :
exactly as outlined fn the Amersham guide with the following modifications '

: introduced: ]
i 1
i
] 1
1 ‘ﬂ
, 1
4
i
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Figure 21

€ tracking of the P2* fragment of pSRET n Mi3mpil.
Lane 'l} Lane 6 dontrol {mpll)
2 ) ordentation 1 7 orfentation 2
3 2) orientation 1

4} orientation 2
5, 10 control {mpll)
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the template/primer/enzyme mixture was manually mixed with
the nucleotide soiution rather than by centrifuging a drop
of the former into the latter. The latter practice can
result in poor polymerization (Mizrahi pers. comm.).

According to the Amersham guide, the dNTP/ddNTP mixes are
usually made by adding equal volumes of the N® and ddNTP
together. In the LWCB, the No/ddNTP ratios have been
adjusted so that the frequency of termination allows the
most sequence to be read. The N° and ddNTPs were arixed as
follows:

The N® mixtures are made up exactly as detailed in the
Amersham sequencing guide. The ddNTP solutions différ as
follows: :

Amersham LMCB
ddATP 10 m4 0.1 m¥
ddCTP N 10 m¥ 0.02 mM
ddeTP 10 mM 0.2 mM
ddTTP 10 mM 0.5 mM

According to the Amersham guide equal volumes uf the N® and
ddNTP solutions are combined to give the final nucleotide
mix. The volumes mixed in the LMCB which are fine-tuned for
the specific DNA in question were as follows:

NO/ddNTP volume ratio
Amix : 1:1

€ mix : 1:0.75
Gmix: 1:0.75

T mix ¢ 121

As regards the results, Figure 22 shows some of the autoradiographs

obtained.

not far enough to encounter a degree of overlap. Similarly the P2
fragments of pSRITL and pSRILL have been partially sequenced in one
direction.
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The pSRS1 insert has been sequenced in both directions but
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The sequences are as follows:

PSR5Y_P2* fragment

Because of the fact that the quality of some autoradiographs was not
optimal, this sequence cannot be regarded as being 100% accurate

s Orientation 1:

‘ 5" -TCTGTATATGTACTCGGTTATTGTTA
3s CCTTTACTCAATCACTTACTTACAGTATTATCTT

' . ACTTATGGAGTCGCCTCTTTTRTATATATCGTGA

TETTTTTAAGTGCAACCCGCTTCTACTGAATRC-3!

LR Orientation 2:

5 -GCGAAGBACAACAAGAGACGACAGA
. GTTCGACATACGAGTCGGGCCAAACCCAGACCA
- ey ATAACTATAARAGCTACAGTTGABBCCTETCGE
] GCCAAGAACTCCAACGGTTAAGACGTCCAGCTE
AGATCTCTA-3'

i pSRIIL P2 fragment in M13mpll ;

o i 5' -CRAGACTBCCGCATAGAAAAAGGEC
N AAGGCAAGACTRGETGACTTTTTTCTACTETCE
GTTTATACAAGGCATTTBGCEEAGAACTTACTA
' 3 AAAGTAGTCGTGACGEEETTCGACBGAGAGAAGE
' TETTCCTCCTCCTYCRCACAATTTGTAGAGECC
AGGCCTATTTCCC-3

PSRI2L P2 fragment in M13mpll

| ' ~GGCGEAGAACTTACTAAARGTAGTC
i GTBACGRGRTTCSACGABAGAAGGTGTTCCTEC
| TCCTTCACACAATTTGTAGABGCCAGECCTATT
Teee-3¢

U, ey S FI Y. ™ il o sk ‘




2.5.3  Lonclusion

Two points deserve to be considered in this Section, namely, the
instability of the pSRI1 and 12 plasmids, and the fact that, according
to these results, the P2 fragments of pSRIIL and 12L are the same as
that of pVC10Z and distinct from that of the pSR51 P2* fragment. As
described previously, the plasmids used in this work were not the same
N as the "standard" pattern associated with these plasmids, These

«g ” ., differences have been described on page 12 and pages 41-44. These
A alterations may be similar to the instability associated with the p¥C
' serigs of plasmids. If strains of the original plasmids were avaiiable -
i¢ would be possible to determine whether this instability 1is more
common and to what extent it takes place. The apparent stability of
N the pSR51 plasmid may be correlated with the different cloned gene or B
P2* fragment borme on the vector. This could be tested by joining the ke

i
e . E a-amylase gené containing fragments of pSR11, i2 or p\T(X(OZ with the }
s vector bearing the pSRS) P2 fragment. It woul”™ =~ Do hseful to 4
Fa ' determine whether the different P2 fragments ¢ 7 “the same level I
ot 5 of expression of the CAT gene, It remains un¢ sthe pSRET P2+
vLoem fragment differs from those of pVC102, pSRI1 and-rci It may or may !
o E not suggest a causal relationship between the cloning of the a-amylase
<

i
¢
i
gene and a particular P2 fragment. 2
3
!
]
;
I
|
i
}
i
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SECTION B

SOME ASPECTS OF STRUCTURAL INSTABILITY DISPLAYED BY pVCT102

1. Introduction

In order to produce hybrid plasmids carrying an s-amylase gene, the
vecter pPL603b.T was Tigated to Bglll digested donor DNA (Baciilus
amyloliquefaciens NCPI in the case of the pVC series of plasmids and

a different B. amyloliquefaciens for pSRI? and pSRI2) (Corfield et al
1984, Reid pers. comm.). Those recombinants were screened on starch
and chloramphenicol containing medium. Selection was therefore dual,
requiring both the activation of the CAT gene as wel) as the expression
of a cloned a-amylase gene. The most studied of these recoibinants,
pVC102,consists of an a-amylase gene ard its stationary phase promoter,
cloned in reverse orientation with respect to a second séquence, the
P2 fragment which has promoter activity and allows the CAT gene to be
active. The pVC series of plasmids isolated in this way has béen
characterised by structural and segregatiohal instability (Corfield
1985). Very soon after the creation of the parent plasmid, deletions
took place producing a range of smaller plasmids. Amongst these
strains, some were selected that were reasonably stableé structurally
and which simultaneously produced high levels of n-amylase. Thus
$VCI02, 270, 220, 230 seemed to be the result of a 200 bp deletion *
which conferved some stability. Since these deletion mutants were
screened on both neomycin and chloramphénicol, only losses not affecting
these phenotypes were recovered, that is, Nu® Cn® amy” or Me® Cn® amy*.
The cause of this instability is unknown but s speculated to be due
to the presence of a strong promoter, repeated sequences and/or a
deletion generator (Corfield et al 1986¢).

Wnhen fermentations were performed under different selection conditions,
further types of deletions were recoverzd. In the presence of

. mw ¥ _ . it o b i i
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chioramphenicol only, the CAT gene, its promoter and the gri region
of the plasmid are the primary reguirements for survival. This
rategory of deletions is very similar to those resulting from
chioramphenicol-neomycin selection. The deletions isolated by the
LMCB by chloramphenicol selection fell into two closely related
s1ze groups, that is, a loss of 2.3 and 2.7 kb affecting primarily
the BamHI - BgIIII region of the insert (see Figure 23). When
selection is dong on neomycin only, a third type of deletion is
recovered with the phenotype Nm® Cn® amy” (Watson et al 1986).
These plasmids had last approximately 4 kb, including the better
part of the CAT gene.

It is important that two phenomena be studied in order to gain a
better understanding of structural instability in this plasmid. An
investigation into the different size classes of deletions and the
nucleotide sequences at the boundaries of the excisions would be a
first step towards determining what factors are responsible for
generating and positioning of such deletions. In the Section that
follows, two different approaches o0 this problem were attempted.
First, the technique of direct plasmid DNA sequencing was attempted
in order to sequence the endpoints of the LMCB deletions. IF
successful, this method avoids the complication of subéloning into
M13 or other vectors that can produce single stranded DNA, This
would be usefi) so that endpoints of other deletions could be easily
determined. This modified approach to sequencing is not expected

to give results of the sam2 quality as standard sequencing. However,
the nucleotide sequence of the a-amylase gene and P2 fragment of
PVYCIG2 is known (Herbst pers. comm.}, as is that of a large part of
the vector, This would provide sufficient background information

to make "double strinded" sequencing useful. Second, one can attempt
to produce more deletions and determine what size classes (if any)
are produced, The physical structure of representatives of the

size classes could provide an indication of the extent and position
of deletions.

- L o Nl 0, i btk i Gt
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2. Methods, Materials and Results

2.1 Direct plasmid DNA sequencing
2.1.1  Background

Although restriction analysis can provide fairly detailed information
on the segments of DNA affected by an excision, sequencing is required
to provide data on the precise position of a deletion. In addition,
‘the nucleotide sequence will reveal sequences that may be involved in
causing, or influencing the position of, the deletion.

The chain termination method of DNA sequencing has an absolute
requirement for single stranded DNA which must serve as a template upon
which a complementary strand is synthesized. This single stranded
template can be produced in & variety of ways, such as by Exonuclease II1
digestion, the use of specialized phage a or‘p'lasmid vectors which lend
themselves to sirand separation, or by cloning fragments into filamentous
phage vectors such as M13, which produce single stranded DNA as part of
their life cycle (see Smith 1980). Certain plasmid vectors with an M13
ori region cen yield single stranded DNA with the aid of a helper phage
(Russel et al 1986). One possible way to circumvent this problem is

by producing siugle strands by denaturation of native double stranded
DNA. This method would allow sequences to be directly determined from

a recombinant plasmid (Heinrich 1988). In this regard, the pUC series
of vectors would be particularly useful because of the existence of a
universal primer and a polycloning site. In the case of pyC102, direct
sequencing would be facilitated by the availability of primers annealing
to various positions within the cloned region.

Finally, it should be noted that direct plasmid DNA sequencing may be

used to sequence fragments that are difficult to clane (promoters,
terminators or repetitive sequences) (Chen and Seeburg 1985).

2.1.2  The basic methodoTogy of direct plasmid DNA sequencing

In order to expose single stranded DNA, the plasmid 1s irreversibly
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denatured in { < orm of a “network" DNA structure (Chen and Seeburg
1985)., After a-' s denaturation the sample is neutralized and
athanol precipitavd, The source of this DNA can be from caesium
chioride preparations or small-scale isolations, such as alkaline-SpS k
extractions {the Birnboim and Doly technique) (Chen and Seeburg 1985).
Following the preparation of the DNA it is subjected to normal annealing
and sequencing reactions.

.t Two different polymerases can be used for direct plasmid ONA sequencing.
E & The Klenow fragment of ONA polymerase 1 can be used (Heinrich 1986),

in which case the standard dNTP/dd NTPs are required. If reverse B
g transcriptase is used, Tower copcentrations of ddNTPs-are requived as - 2,
the enzyme accepts these nucleotides more easily than the Klenow fragment.

Reverse transcriptase is reputed to give better quality sequences than
\ Klenow under the conditions at issue here (Zagursky et al 1986). This
characteristic of the enzyme is perhaps velated to the fact that 1t may
be better equipped to deal with polyhuciectides which can assume strong
' L ‘seconda\‘y structure (such as RNA).

In the sequencing attempted in the course of the project both CsCl and
mini-preparation (Birnboim) DNA were used. The CsCl extraction was done
as described earlier {page §) and the Birnboim method used was that
given by Maniatis gt al (1982}, Figure 24 shows such CsCi and Birnboim
B preparations of plasmid DNA.

. The DNA (about Jug) was precipitated with 7.5M ammonium acetate {1 volume
T DNA selution, 0.5 volume salt solution and 2 volumes of 96% ethanol,
b . after denaturation with 24 NaOH as described by Zagursky et al (1985).

i For Rlenow fragment sequencing the protocol of Heinrich (1986) was

. . followed except that deoxycytidine 5'-[a-358] thiotriphosphate was used 3
as label (1.5u1 of [e~358]dCTPeS 600 Ci/mml). The nucleotide mixes . | :
used were as described on page 5. 1

]
A When reverse transcriptase was used as polymerase, the sequericing | h
protocol of Zagursky et al (1985) was employed. It was modified to g ]
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Figure 24

pVCio2 for direct plasmid DNA sequencing.

Lane 1 p¥CI02  (CsCT)
LMCB 1 {CsCT)
MCB T (Birnboim}
LMCB 1 (€sC1)
LMCB 2 (CsCl)
LMCB 2 (Birnboim)
LMCB 2 (6sC1)
LMcB 3 (CsC1)
LMCB 3 (CsC1)
10 LMcB 3 (Birnboim)
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accept [4~355}dCTPaS as label. The dNTP/ddNTP solutions used were
those described in v protocol of Biorad (1985).

As regards results, the teshniques attempted as described above did not
yield readable sequences atid in some cases no sequence at all. These
problems were perhaps related to a poor DHA template or to other jess
well-defined factors.

2.1.3  Determining whether primers Nt,R, Ct; and 1 anneal to
the deletion mutant DNA

Since the direct plasmid DNA sequencing technique’was to be used to
determine the borders of deletion mutants LMCB 1, 2 and 3, it was
desirable to determine by hybridization whether the primers annealed to
the deleted plasmids. The three primers used in this experiment were
expected to anneal to the general positions indicated in Figure 24 (on
page 64). The three primers had the following sequences:

€ty 5'GGAGACG TACCC 3
NgR B 6CTGTCCABACTGTCCRBC 3
1 S GTGCCGTAATTCAGCTCAGS

Since these primers lacked a 5' phosphate (as a result of their
artificial synthesis), it was possible to endlabel them with y~32p

and use them as probes in hybridization experiments. This would
establish whether the primers could be used for directing the synthesis
of complementary strands in a sequencing reaction,

2.1.3.1 [End-labelling

For end-Tabel1ing, the forward reaction of T4 polyrucieotide Kinase was
used {Maniatis et ai 1982).

+
5'«0H-oligonucteotide —~wmm-sun ~+ B'-32P-oligonycleotide + ADP
[y-~32p]ATP
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The protocol used for the labelling was as follows (Mizrahi pers.
comn. )¢
10uM oligomer Tul
10 x kinase buffer Wl
T4 polynucleotide kinase Tl (1u/ut)
[y~32p] ATP 31 (3000 Ci/mmol) ’
aHy0 W] (AR
100
it (1) Incubation was done at 37°C for 1 hour after which the )
oy reaction was stopped by heating the mixture to 659C for
! - 10 minutes.

!

l‘ {2} The kinase buffer was made up as described by Maniatis et

al (1982).

{3} The wolarity of the oligomers was calculated by using
concentrations derived from spectrophotometer readings of
1:100 and 1:50 dilutions (in water) of concentrated primers.

( It was assumed thab an Aég’gﬂm value of 1 corresponded to %y

N 35ug/mt. The molecular weight of one dNTP was assumed to

B! be 330 daltons.

/ {4) The protocol above employs a molar excess of oligomer

o (5'-0H ends) over y 32P-ATP. If the reaction is successful,
%- . no unincorporated label should remain. If an excess of

’; . Tabel is added the Tabelled oligonucleotides are separated
{ from free Tabel in a spun colum (Maniatis et al 1985).

For this purpose, the 1041 reaction was made up to 1001
with TE.

To monitor whether end-labelling has taken place, thin
Tayer chromatography on polyethylene-imine celiulose was
done. In this procedure, lcm wide columis were scored on
the PEI-cellulose sheet with a sharp pencil, The buffer
used as carrier was 0.3M potassium phosphate buffer pH 7
prapared by titrating 0.3M YH,POy with 5M KOH. After

{5
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spotting 0.5u1 of 1:100 diTution of label and 0.5u1 of

the labelled oligonucleotide sotution {fn 100u7) on to

the sheet, the spots were allowed to dry and immersed in

a thin layer chromatography tank containing about 0.5cm
deep volume of buffer. After 1-2 hours of wigration the
sheet was allowed to air dry and was then exposed to an
X-ray film in a casette with intensifyina'screens at -70°C
for 2-5 hours. As can be seen from Figure 25, the labelling
had proceeded satisfactorily, apart from primer Ct; which
had a low specific activity,

The total radioactivity in the "/100,.1 volumes of each of
the primers was as. foﬂows;

CHy, 0.3 x 107 cpm; NtyR, 0.6 x 107 epms 1, 2 x 107 cpy;
as determined from Tul placed in 10wl -of Scintillation
cocktail and read in a Packard Minaxi TriCarb Scintillation
Counter. N B

2.1,3.2  Probing with the labelled oligonucleotides

In order to probe the plasmid DNA, it was transferred to a solid support,
nitrocellulose paper in this case. Since double stranded DNA binds very
inefficiently to this medium it was necessary to linearize the DNA so :
that {1t readily dematures. This can be effected by digestion or heat B!
treatment prior to alkaline treatment. -

Linearization of DNA by digastion

In this approach, pVC102, and several deleted plasmids were digested
with EcoRl (2.5ug DNA in a total volume of 15u1). After separation of
the fragments on an agarose gel, an attempt was made to transfer the
DNA to nitrocellulose by the Soushern procedure, as described by
Maniatis et al (1982). The transfer was not successful and could not
be improved either by reducing the agarose concentration from 1% to
0.6%, or by increasing the weight on the blet, or by increasing the
time of transfeir from 24 to 60 hours.
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Figure 26

Track 1
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Label
Nt R
Cty

1
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Thin layer chromatography of end-1abelled primers.
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The end-labelling proceeded satisfactorily except for Ct; which has a low
The X-ray fiim was exposed for 2 hours.

specific activity,

e
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Linearization by heat treatment

Given the problems descr'ib'ed above, dot blotting was attempted since
this could give a positive or negative answer as to whether the primers
were able to anneal to the DNA. In order to linearize the plasmid DNA
it was heat treated as described by Anderson and Young (1985). To this
end, 2ug of plasmid DNA in TOul of TE was boiled for 15 minutes. In
order to confirm that the concentrations of the DNA (which had been
spectrophotometrical ly determined) were similar, and to examine the
effects of the heat treatment, about tng was run on a 0.8% agarose gel
(Figure 26). The concentration of the DNA appeared similar with
evidence of extensive breakdown.

Application to nitrocellulose

Ine protocol that was used for dottihg is given by Anderson and Young
(1985) .

Hybridizations

The method followed here is a combination of that given by Mason and
Witliams (71985) and Kunkel et al (1985).

Prehybridization:

This was done in 6xSSC, 10xDenharts and 50ug/ml denatured salmon sperm
D¥A at the hybridization temperature for 1 hour. The nitrocellulose
squares were incubated in 10ml of prehybridization medium in a Petri
dish,

Hybridization:

{1) Hybridization was done in prehybridization solution with
0, Tum of oligonucieotide/ml. The blocking DNA was denatured
priar to hybridization, a procedure noi vequired for the
ofigomers,
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Figure 26
Heat Tinearized plasmids prepared for dot blotting.
breakdown is apparent.

pyCIOZ
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(2) Hybridization was done at a temperature (Td) 59C Tower
thén the melting temperature of the oligonucleotide.
The melting temperatures were calculated according to
the formula, Tm = 4{G+C) + 2{A+T) (see Meinkoth and Wahl
1984), and were found to be as follows:

: Tm Td
Lo Gty 42°c 37°¢
IS NEyR 70°C 65°

“ 1 58°C 53°C

Hybridization was done for at least 2 hours after which
the blots were washed 2-3 times in 6xSCC, 0.1% SD$ at Td
. for 30 minutes. Finally the biots were washed at Tm for
AL 2 minutes.

(3

14) The blots were sealed in plastic bags and exposed to X-ray
L Films for 5-24 hours depending on the amount of radio-
¥ activity bound,

The resufts of the dot blotting are depicted in Figure 27, and are L
tabulated below. (Figure 23, which .hows where the primers may anneal,
appears on page 61.) LI

= . Table 2. Results of dot blotting using deleted plasmids and end-
. Tabelled primets.

) Plasmid L i
d Priner pyci02 pPLEOD. 1 v
A {# control) L1 2 3 (- controi}
i
1 A 1 expected + + PO -
3 ) observed + + + - -
NtjR expected + 7 - 5 - i
observed * - - - -
Ct; expected + ? ? + -
observed + - - -
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Figure 27
Dot blots af plasmid deletion mutants after hybridization to end-labeiled
primers.

1 Primer 1
2 Primer Nt;R
3 Primer Gty

The arrangement of dotted plasmid DNA in all 3 cases is as follows:

Y102 Ly LMCB Luce
(+ve control) 2 1 3

pPL603b. T
{~ve control)




/he Jocation of the sequences on pVL102 complementary to the Cty
primer is about 400 bp from the BamHI site in the direction of the
Kpnl site (see Figure 23). This primer did not anneal to LMCB ¥
and 2 and it suggests that the Teft endpoints of the deletions are
closer than 400 bp to the BamHI site.

PN The position of sequences complementary to NtyR is approximately 70 bp
’ away from the Clal site, towards the body of the amylase gene. This .

primer did not anneal to either LMCB 1, 2 or 3. In order to explain
these results 1t is necessary that the right endpoint of LMCB 1 be

(R closer than 70 bp, assuming that this (Clal) site remains present,

w Similarly the endpoint of LMCB 3 would have to be sxtended considerably 3
k further, that is beyond the Claf site. This would also explain the ]
t fact that LMCB 3 is amy”.

The results suggest that neither Cty nor Nt;R could be used to sequence
o the LMCB 1 and 2 deletion endpoints but that primer T may be more

useful in this respect. However 1t is possible that this primer anneals
too far from deletion LMCB ) and 2 endpoints to give appropriate DNA .
- b sequence, In conclusion, it seems that subcloning of the BamHI - EcoRI RN
) T H fragment of deletions 7 and 2 into MI3 for standard sequencing may be
the simplest method to determine the structure and position of the
deletion endpoints.

2.2 Isolation of deletion mutants of pyc102

2.2,1  Generation of deletion mutants

! K As described earlier (page 60}, the LMCB deletions isolated from industrial
' fermenitations fell into distinct size classes and the production of
additional deletion mutants was attempted. The following procedure was
adopted:

{1) An overnight culture of pVC102 (grown with antibiotics)
was taken and diluted 106 times in water. 100pT of this

were added to 250m1 of 2xLB with either neomycin or

chloramphenicol, At this stage an aliguot of the diluted T
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overnight was plated on a neomycin, chloramphenicol,
starch piate to ensure that the inoculum had only amy*
cells. If any amy~ colonies were found the culture
was discarded.

The incculated culture was grown for 7 days after which
an aliquot was plated on to agar containing the same
antibiotics as they were cultured in, Dilutions were
made to produce single colonies.

At least 96 of these colonies per fermentation were

patched on to plates as follows: chloramphenicol, neomycin,
starch plus the antibiotic which was present in the culture,
and LA only.

{The latter is a control plate to monitor whether viable
cells had been patched.} On all such screening plates a
positive {1A297 (pVC102)) and a negative control (1A297),
derived from freshly streaked single colonies, were included.

Potential deletion mutants were detected by the loss of
a marker (amylase phenotype or /5 in the cases studied
here). The possible mutants isolated are listed in

Table 3 {page 75).
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Phenotypes of possible deletion mutants isolated from

7 day cultures.

No. N on® amy” Noo MR on® amy*

1 * - - {18) + - LMCB 1
z o+ - - (1% o+ o+~ MB2
3 - - 20y + - - LMCB 3
4 + - - 21 + + +

§ + - - 22 + - -

3 + - - 23 + - -

7 * - - 24 + - -

8 + + + 25 + - -

9 + + + 26 + + -

10 + - - 27 + - -

n + - - 28 + - -

12 + ~ 29 + - -

13 + - 30 + - -

14 + ~ - 31 + L +

15 ¥ + * 32 + + +

16 + + - 33 + 4+ +

V7 L3 + -

2

+/= denotes resistafice/sensitivity to an antibiotic or
presence or fot of a~amylase as detected oh starch plates.

Al the isolates referred to in the Table were derived
from neomycin only fermentations, except Nos 31-33 (off
chloramphenicol) and 18~20 which were already in

existence.

Some of the jsolates are probably wildtype pVC102 ahd
were screened in order to detect any deletions that had
not affected the 3 scored phenotypes.

T P
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2.2.2  Screening of delefion mutants

In order to screen the possible mutants for the sizes of their plasmids
the Quick lysis plasmid screen was done. "This technique is a modified
version of the procedure devaloped by Marrero and Lovett (1980).

{1) 2m of colls were grown overnight in LB with antibjotic(s)
p . in test tubes.

N {2} Im) was transferred to an Eppendorf tube and centrifuged
" for 1 minute.

{3

The supernatant was discarded and excess fluid removed .
with tissue paper.

N {#) The péllet was resuspended in I5p1 of lysozyme buffer by
pipetting the compacted cells up and down.

b 5

15,1 of 4mg/ml lysozyme: solution (made up in lysozyine
buffer) was mixed in briefly by pipetring, and the tubes
incubated at 37°C for 15 minutes.

o . (6) 50yl of SDS buffer were added and the tubie flicked until
- the solutien cleared.

{7) 20p1 of 5M NaCl were added and the tubes stored on ice for
30 minutes, and then centrifuged in a microfuge for 25
minutes.

. {8) The pellet was then removed with a pipette and 101} of the
L supernatant joaded on to a 0.8% agarose gel,

G . (9) It was found that the samples could be stored overnight on
ice but that they deteriorated rapidly and are therefore
best used {mmediately.

The screened deletion mutants fell into 3 size classes (see Figure 28},
Table 4 {page 78) summarizes the result of the gel electrophoresis,
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Figure 28
Quick lysfs plasmid screen of potential deletion mutants isolated from
extended cultures,
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Table 4.  Size classes of plasmid defetion mutants.

Size Isolate number

Equal to pvC102 8, 9, 15, 21, 31, 32, 33, 34

Between pVC102 and 16, 17, 18, 19, 26

LMEB 3 {includes

LMCB 1 and 2)

Equal to LMCB 3 1, 3, 4, 6, 7, 10; 11, 12, 13, 14,
20, 23, 24, 25, 28, 2%

Smaller than LMCB 3 2, 5,10, 13, 30

The results indicate 3 size classes:
- Asize ¢lass between pVCI02 and LMCB 3: " A1l these strains
have the phenutype NmCmauy . :
- A class equal in size bo LMCB 3 (NmRCntamy”).
- A'class smaller than LMCB 3 (NmRcnfamy™).

- A1 piasmids with all three markers (NmRCmRamy®) have the
same size as pVC102 and are probably identical to it.

The Ish-Horowicz procedure (see Maniatis et al 1982} was also tried as
a plasmid screen. A Tysozyme step was included because B, subtilis does
not Tyse easily with alkali unless it "% in log phase (Dabbs pers.
comm. ). This method was not used extensively because it produced morve
complex plasmid profiles, presumably corresponding to various forms of
the plasmid {see Figure 29). This needless)y complicated interpretation
of the results.

2.2,3 Restriction endonuclease digestion of certain deleted plasmids

In an attempt to determine whether structural changes that had affected
some of the plasmids were similar or not to the previously mapped

BT
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Figure 25
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Ish-Herowtcz screen of plasmid deletion mutants. More plasmid forms
are visibie here than in the gquick lysis plasmid screem.
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deletions (LMCB 1, 2 and 3}, various digestions were performed. The f
following strajns were used: E
plasmid phenotype size class
. DEEER
V102 NoFen® amy* pYC102
5 o NRCa® amy” <LMcB 3
16 MRea® amy” SLMCB 3 <pVC102
V7 HnRea® amy” SLMCB 3 <p¥C102
v CsCl preparations were made and the ONA digested with BamMI, Bglll, EcoRl

and combinations of these. The digestions were done in 20yl volumes for
single digests, and 30p1 for double digests involving enzymes requiring
the same buffer (BamHI~ Bglll). For sequential digestion the medium
salt buffer enzyme was used in a volume of 15ul which was increased to
3011 with 2 concomitant increase,in N&4C1 and Tris concentrations. At alf
times a final maximum glycerol concentration of 5% was present. Some of
the results are indicated in Figures 30-1. It was not possible to draw any
detaited conclustons from the results as the digestion patterns were not
always reproducible. The results obtained are summarized in the following
table: "

Jable 5. Number of sites for different restriction enzymes and
their combinations in deleted plasmids.

o Enzyme
Lol ; BamHl/ BamHI/ Bglll/

i Plasmid BamHI  BglfI  EcoRI gl EcoR! EERI

i, : pyCIog

5 (expected) 1 e 3 3 4 5 \l

- . pvcion I

8 {scen) 1 2 3 3 4-5 3 %

: 5 1 1 2-2 - 45 3-4 |
16 1 1 2 2 4 3 %

g i 1 1 2 2 4-5 2-3 |

}

- N
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Figure 30

6 78 8 101 121811

'sing|e digestion of pVC102 deletion mutants.

16,17 -HufCn® amy™, >LMCB 3<pVC102
§-NrPCn® amy”, <LMCB 3

tane T uncut Lane 10
2 Bamhl n
3 Bgll 12
4 EcoRl 13
5 Lambda 111 14
6 uncut 15
7 BamHr 16
8 Bglll
9 EcoRl

- X ]

Lambda 11t
uncut
BamH!
sgrr 8
EcoRI
Lambda ££I
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Figure 31

8

Double digestion of pYC102 deletion mutants (1.8% agarose).

16,17 -NoRCnR amy™, >LMCB 3 <pVC102

Lane T uncut Lane 1
2 BamHl 2
3 Bl 3
4 Lambda I 4
5 EcoRt 5
6  BamHi - Bglll 6
7 BamHI - EcoRl 7
8 BglII~EcoRt 8
9 Lambda 1II

& ;
A LT

uncut
BamHI

Bglll

EcoRl

Bam HI- Bg1TT
Lanbda 111
BamHI - EcoRT
BglI1 - EcoRl
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Although the digestion patterns were not always reproducible, the
following can be concluded from them:

Deletants 16 and 17 (NoFCn®™ amy™, SLMCB 3 <pyC102)

These plasmids have single sites for BamKI and BgIfI. Two sites for
EcoRI remain. On BglIl -EcoRl digestion 3 fragments are released.
These results suggest that the deletions may be similar to LMCB 2.
There seem to be differences between 16 and 17 bui these could not
be rigorously determined,

Deletant 5 (NeRCn® amy™, <LMCB 3
Deletant § any

This plasmid carries single sites for BamHI and BgiII. As in the
above deletions, two EcoRI sites are present. It is possible that
the EcoRI site within the amylase region is sti11 intact, and that
this deletion represents a larger version of LMCB 3. It is possible
that the smaller deletions affecting the amylase region {LMCB 1, 2,
Nos 16 and 17} are different in their origin from the larger variety
(LMCB 3 and No. 5). This would suggest that the larger and smaller
deletants do not form part of a serfes. This would contrast with
the results of Vehmaanperd and Korhola (1986). The deletions studied
by them all appear to affect primarily the general region of the
cloned amylase yene. '

2.2.4  Conclusion

In the preceding section, the technique of direct plasmid DNA sequencing
was described. No meaningful results were obtained. It is probable
that these problems could be eliminated, and with that in mind, three
primers were used as probés to detect possible complementary sequences

in deletions LMCB 1, 2 and 3. After end-labelling and hybridization to
dot blotted fragmented plasmid DNA, it appeared that Nt;R and Ct; primers
apnealed only to LMCB 3. Primer 1 (whose complementary sequence is
found Within the PZ fragment of pvC102) annealed only to plasmid DNA from
LMCE 3 and 2. One anomalous vesuit, namely the failure of primer NtyR
to anneal to LMCB, could be accounted for by assuming that this deletion

- LAWAIE A 4 v e R T T T, S
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by fermentations were screened and fell into 3 main size classes. One
of these groups {>LMCB 3 <pVC102) seems to be more heterogenous than
the other classes (i.e. <LMCB 3, = LMCB 3). This heterogenous group
of deleted plasmids §s produced under chloramphenicol selection.
Although specific data are not available it would seem that the two
largest deletions (i.e. = and <LMCB 3) are more freguent and may

|
j
I
B
was more extensive than previously thought. Deletion mutants created {
|
i

represent a more stable “end point® of deletion. Thus, chloramphenicol B
selection may be necessary to "fix" smaller delettons such as LMCB 1 R
and 2,

Although the mapping of the deletions has not proceeded very far, it
appears, in the cases studied, that Bglli - EcoRI sites near the a-amylase '
N gene have been affected. It should be noted that in smalier plasmids
r it may be difficult to determine which of the two Bg1II sites of p¥C102

. o has been Tost. In future mapping, the distribution of restriction
;_' ” sites in the vicinity of the BglII site associated with the neomycin
resistance gene will have to be deterln'ined.
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APPENDIX 1
BACTERIAL STRAINS USED
Strain Relevant characteristics Source
B. subtilis
14297 Lrp €2 gsp T1 amy BaSL o]
: 14297 {pVC102) WnSea® amy* LMCB "
i 14297 (pSR11L) Nafen® any* LHCB
SRR 18297 (pSRIZL) HaFCaR amy™® LMCB
Moo 14207 (pSRITA) NoFen® amyt ‘ this work
S 14297 (pSR124) NaRer® amy* this work
1846 Lrpc2 thrs Seckd BGSL .
ré ] '
R 1A46 (pSRS1) NRen® ppr LHCB
_ E. coli
M09 rechl, endAl, gyrAgs, thi, LHce i
hsdR17, supEdd, relAl, A°» )
. A(lac-proA8)., [F', trabss,
L profB, lacl%ahis)
Lo
b
i
}
1
- “ )
A . s L va b A s e BN i 58 eatin e



APPENDIX 2

SOURCES OF REAGENTS AND CHEMICALS

Acetic acid

Agar (Technical No. 1)
Agat

Agatrose

Amberiite M8 - 1
Ammonium acetate
Amngmitm persulphate
Antibiotics

ATE

Bisdcrylamide

Boric acid

Bovine Serum Atbumin
Promophenol Blue
n-Butanol

Caleium chloride
Caesjum chloride
Chioroform

Diethyl ether
Dimethyldichlorositane

Di-potassium hydrogen orthophosphate
Dithfothreitol

INA molecular weight markers

DNA (salmon sperm)

Ethanol
Ethidium bromide

Ethylene diamine tetra-acetic acid
{disodium salt)

- ANBAR AV w
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Merck
Oxoid
Marck
BioRad
8DH
Marck
BDH
Sigma
Sigria

BioRad
Mgrck
Sigma
Merck
BOH

Merck
Boehringer Mannheim
Saarchen

PaL Chemicals

BDH

Merck

Sigma

Boehringer Mannhein
Sigma

CSIR Stores
Sigma

Kodak, Merck

o A & a0} "




Ficoll 400
Foymami de

Glucose
Hydrochloric acid

Instagel scintillation cocktait
1P16
Isopropano]

Lysozyme

Magnesium chloride
y-methacryloxypropyltrimethoxysilane
Hethanol

Nacl
Nitroceliulose
Nucleotides

PEG 6000

PEI-Cellulose

Phenol

Potassium acetate

Potassium dihydrogen orthophosphate
Potassium hydroxide

Radioactive label
Restriction Enzymes
Reverse transcriptase
Ribonuclease A

Sephadex €50

Sodium acetate
Sodium chloride

- AR A

Sigma
Merck

8DH
Merck

Packard
Sigma
Saarchen

Boehringer Mannheim

Merck
Sigma
Herck

Merck
Mitlipore
Amersham

Merck
Merck
Merck
Merck
Merek
Merck

Amersham

Boehringer Mannheim
Ame rsham

Sigma

Pharmacia

Merck
Merck

- a .
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tri-Sodium citrate
Sodium dodecy} sulphate
Sodium hydroxide
Spermidine

Sstl enzyme

Starch

Sucrose

Thiamine-HC1

T4 DNA 1igase

T4 polynuclebtide kinase
Tris base

Tryptone

Urea
X-gal
X-ray film (XAR-5)

Xylene cyanol

Yeast extract

Merck
Saarchem
BEH
Sigma
BRL
Saarchem
Merck

Sigma

Boghringer Mannheim
Baehringer Mannheim
Sigma, BDH

Oxoid

Merck

Boehringer Mannheim
Fuji

Hopkins

barck
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APPENDIX 3

MEDIA; GENERAL BUFFERS, ENZYME BUFFERS, REAGENTS FOR DNA EXTRACTION,
REAGENTS FOR SEQUENCING GELS, AND OTHER REAGENTS

1. Media
Luria Broth Tryptone 10¢
Yeast extract 59
NaCl 5¢g
dHy 0 2 litres
Luria agar As above, with
Agar 12g
Luria agar with 1% starch As above, with
Starch 10g

When starch is included, the powdered components are First mixed
completely, water added, and mixed. The solution is then boiled
until the starch goes into solution, followed by autoclaving.

Minimal medium plus glucose

This 1s made up exactly as detailed in the Amersham M13 Cloning and
Sequencing Handbook, Note, however, that the M thiamine-HCl was
filter sterilized. Merck Agar was used for ainimal media because it
is purer than other brands (Dabbs pers. comm.).

2XTY Tryptone 169
Yeast extract 10g
Nagi 5g
dH0 1 litre
e

- - An AN A} o ou ta Yk . ety o
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_f .
1xTY agar Tryplone 8g N
Yeast extract 5g
NaCl 59
Agar 159
a0 1 Mtre
TY top aoar As above, with half the
amount of agar.
2. General buffc: : 2
Tris~Borate-EDTA electrophoresis buffer (pH 8.3)
10xstock
Tris base 108g o
Boric acid 559
EDTA 3.3g L
K20 to 1 Yitre
Tris-Acetate electrophoresis buffer
B0xstock Tris base 2429
Acetic acid  57.1ml
For agarose electrophoresis, ethidium bromide to a concentration of 9
2ug/ml was added to these buffers, i
Tris-EDTA (TE) buffer (pH 8)
Tris 10mM
EDTA 1o
The solution was brought up
to pH with HCi
3




Tris-E0TA~salt (TES) buFfer (pH 8)

Tris 3008
EDTA smM
NaCl S0mM
pH with HC1

Buffer for thin Jayer chromatography (pR 7)

Prepared by titrating KHgPOy C.3M with

Potassium 0.3M
phosphate

KOH 5M.

3. Buffers and reaction mixes for enzymes

Klenow reaction buffer

Restriction buffer-medium salt

Restriction buffer-high salt

58t1 buffer
This buffer, provided by the suppifer,

s % Py T

Tris-HC1 (pH 8) 100mM

MgCly 50m
Tris-HC1 0mM
{pH 7.5)

MgCly 10mM
NaC1 50nM
Tris-HC1 50mM
{ph 7.5)

MgCl, 10mM
Nac1 100mM

has the following composition:

Tris-HCT (pK ~1 SO

MgB1, 10mM
NaCl 50m
At




v

Reverse transcriptase reaction buffer

Rase buffer
T4 polynucleotide kinase buffer

4,  Reagefits for ONA extraction

Tris-HEY

(ph 8.3)
Mglls
Dithiothreito)
NaCl

Tris-HC1
(pH 7.6)

MgCly
Dithiothreitol
Spermidine
EDTA

Caesium chloride - Quick lysis plasmid screen

Lysozyme buffer

SD$ buffer

Tris-HCY {od &)

NaCl
EDTA
Sucrose

10% 305
EDTA 0.5M

92

0,34
37.5mM

2.5m
0.375%

0.5M

0.1M
50mM
i
T

S0

20m |
20m "

TE buffer (p# 8) 120w

Ish-Horowicz solutions for small and Targe-scale alkaline lysis

proceduras

Prelysis solution (SeTution 1)

Tris-HC1 {pb &)

£BTA
falucose

2w
o
50 o

wrh

.
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Alkaline~$DS (Solution 2) NaOH 0.2
SDS 10%

Solution 3 Potassium acetate, pH 4,
consisting of 34 K and 3M
acetate.

To avoid precipitation during the preparation of Solution 3, the
procedure followed by Maniatis et al (1985) must be followed,

5.  Reagents for DNA sequencing gels

40% Acrylamide stock Acrylamide 38%
\‘ Bis-acrylamide 2%
K(“ ’ Deionise with amberlite {20g) and store at 4°C in the dark after
' filtration.
” Acrylamide 6% working solution
i . 20% Acrylamide stock 150ml
[ TOXTBE 100m1
e Urea 4609
’ dHa0 to 1 1itre
Ammonium persuiphate 0.125g/500n1 dHp0
10041 §s used per S0m] acrylamide working solution. o
] a Bind silane y-methacryloxypropyl=-
4 trimethoxysilane 75yt
N Add ethanol (96%) 25m1
° Mix completely

Add acetic acid (10%) 75041




Fixer for acrylamide gels Methanol
Acetic acid
Two 1itres are used per wash.

Formamide dye mix Amber] ite
deionised
formamide

Bromophenol Blue

Xylene cyanol

EDTA
6.  Other solutions
Denaturation solution (for NaCl
hybridizations) NaOH
Denharts solution {20x) Fico]l‘
Bovine serum
*bumin

The components are best dissolved separately.

Isopropano]l saturated with 20xSCC
Mix the organic reagent with an equal volume of 20xSGC.

Neutralization solutions 1. Tris-HC)
(for hybridizations) {pH 7.4)
2. Tris-HCT
(pH 7)
NaCl

Agarose

94

10%
0%

100mt

0.03g
0.03g
0.75g

L
0.5M

2%
2%

0.5M
0.5

3M

For small gels, agarose was mixed with buffer to give the required
percentage {almost always Tris-acetate buffer for small gels and Tris-
borate buffer for large gels). Additional distilled water was added
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and the solution boiled until clear, After making the solution up
to volume, ethidium bromide to a concentration of 2pg/ml was added
and the solution poured. @
Dialysis tubing was prepared as described by Maniatis et al (1982).
PTG 2% in dh,0, stored frozen B
X-gal 24 in diethylformamide, stored in the dark at -20°C, e
ATP 70mM
The sotution must be brought to pH 7 with triethylamine. o
)
]
|
»
3
i
'
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