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ﬂsubgroups of H plasmrds have been defined such that

ﬁx = r\

The H incompatibility groupﬂof plasmids have

"_? played an 1mportant role in the mediation of anti--

hbiotic resistance in a number of medically 1mportant T

¢
pathogens. They are characteristtcal{//large(>100Md),

’ have a thermosensitive mode of transfer, and are unique

1

,amongst incompatibility groups in that they do not

iy

e always show a- hiah degree of DNA homology with other H

s

;*plasmids. Based on batch DNA homology studies, three\@l

. B

members of a given subgroup show a high degree of DNA

v'homology with one another, but not w1th members of the
 other subgroups.v These - subgroups are called HIl HI2

‘and HI3. A related group of plasmids de51gnated HII

have been described which ‘are compatible w1th reference |

"H plasmids, but share similar features to the HI group

”proven to be difficult as their physicalpmopertles more

in that they are large and determine H pili.wf

, This study concerns itself with a further examination
bf _the molecular relationships which the H plasmids share"3
through the use of restriction. enzyme fingerprinting, and o

N

the Southern transfer- ~DNA hybridization technique. The

7

41§olation of H plasmid DNA suitable for such studies

depends on the separation of this DNA from the bacterial

chromosomal DNA The:isolation of. 1arge plasmid DNA has

(>

e

LN

-



closely resemble those of the chromosome than small

:f; plas 1ds.'l this study, H plasmids were sucpes /ully»

-ﬁ_;ig; A repreSentatlve member of each of th% three HI f
, , b R

: plasmld subgroups was dlgested w1th a number of restrl—i

1fction enzymes A dlver51ty of restrictlon enzyme clea-‘
. ‘ o, ’
, vage patterns was noted, and there appeared xo be no -

S

e / )
”bands common to all thre'_subgroups._—whese subgroups dld 4

-f’.however show trends 1n t;e frequency of cuttlng wrth a’
glven enzyme. Wdthln,a s"bgroup, plasmlds had similar

. D
..:f . . \ . . / } . . N o .
\tlon enzyme cleavage patterns.', e ‘e

muthern transfer-DNA hybridlzation studles u51nq
a niel translated HIl plasmid as. a.probe revealed that
there. was a small ‘but distlnct amount of homology among

.~ the members of the three HI subgroups.' Of partlcular note

. -z

. was the hybrldization of the HIl plasmld to the HIB plasmld e

S

' dlgested with PStI, in. which the homology observed was | ‘\:l
”llmlted to three fragments in the 2- Bkb size range. Wlthln'l

the HIl subgroups, extens1ve DNA homology was noted in ’

o |
these hybﬁldlzatlon experlments. An HII pIasmld 1ncluded
in thls study also demonstrated a small degree of homology

with the HIl plasmid — T 4

\
Presumably, the restriction fragments show1ng DNA

‘ homology with the HI1 probe are respon51ble for some of b
l

the common phenotyplc traits shared by the H plasmlds.
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'CHAPTER I

'INTRODUCTION

: éacteria often contain covalently closed double
stranded DNA molecules which ex1st as distinct entities
'from .the bacterial- chromosome. These DNA molecules are
called plasmids. Plasmids may code for a variety of
'genetic traits ranging from their own replication and
maintenance to a.number.of‘metabolic”functions such as
resistance to antibiotics and heavy metals. Plasmids

‘have also been shown to spec1fy a number of properties

that contribute to the pathogeniCity of an organism

“‘.such as tOXin(Smith 1974) and hemoly51n production

-(Smith &. Halls 1967 Goebel & Schrempf 1971) or the

-f:production of antigens assoc1ated with v1rulence(0rskov

’

& Orskov 1966; ;Smith & Linggood 1970)
Some plasmids are capable of promoting their own
'transfer:to other bacteria through a process called con-

jugation. This allows the spread of plasmids to senSitive'

R

< populations including inter-speCies transfer. .Plasmids

wh1ch are capable of transfer are called conjugative
plasmhds.
Plasmids coding for reSistance to antibiotics(drug

resistance plpsmids)are.known as R»factors and are now_

found in many important ‘pathogens including Salmonella sp.
. *.’ . . R N N



-

» Shlgella, Pseudomonas, and more recently Haemophllus

flnfluenzae(Elwell et al., 1975 Thorne and Farrar, 1975),

and Nelsserla gkpbrrhoeae(Selgel et al., 1978 Phllllps,

1976). Plasmads are in a constant state of evolutlon in
’resgonse to new drugs such as trimethoprlm(Rlchards, 1978).
aPlasmlds acqulre re51stance to antibiotics by transpos1tlon
of DNA elements contalning the genes for re51stance(Hedges
& Jacob, 1974; Bukhar1 et al 1977) Thls constant
evolutlon and spread of R factors has g1Ven rise to many
complicatlons in the effectlve treatment of bothihumans’

and anlmal 1nfectlons. An. understandlng of the genetics

of plasmlds may aid 1n the control of these elements.

-

1.1 Classifioation of Plasmids

Vast epldemiologlcal data has been aquired about
R factors 51nce their dlscovery 1n Japan ln 1958, and f;i
thls has lead to a need to classlfy them 1nto groups. |
The relatednessOf R factors has been defined by several
means, both phenotyplc and genetlc. Transferable
antlblotlc resistance plasmlds were. orlglnally d1v1ded
1nto two classes based on thelr efféct on the transfer
of the sex factor F of E COll, a/well characterlzed
and studled plasmld(Watanabe & Fukasawa 1962- Watanabe

et al., 1962). Those plasmlds which when present in

the'same cell as F inhibited the transfer of the F '



factor'were termed fi+, while those which had no effect
-on the infectious transfer of F were termed ££7. In these E
"early studies on. the clas51f1cation of plasmids as fl
or fi~ , it was noted that two fl factors. were unable to @
coex1st Wlthln the "same cell(Watanabe .et al., 1964) This
- property, the inability of related plasmids to stably
coexist w1th1n a given host cell is termed 1ncompatibility
and has been further extended as a general cla531f1cat10n
: scheme for plasmids. The plasmids examined 1n these,
earlier studies belonged to two 1ncompatib111ty groups,
one for £i7F , and one for fi~ . ‘Further work to clas51fy
plasmids by 1ncompat1bility testing showed that w1thin
the fl and £i~ classes plasmids could be lelded further
" into 1ncompatibility groups (Chabbert et al,, 1972 Hedges
& Datta, 1972; Hedges & Datta, 1973). That 1s fl and

fi plasmlds were compatible but within each class, pairs
.of plasmids were 1ncompat1blee {ncompatibility and com—
patlblllty relationships are found in all naturally occurrlng
plasmids. Using this scheme some 26 groups have beenn'

defined for R'plasmids from Entetobacteriaceae . A’detailed

list of reference plasmids from these 1ncompat1b111ty groups

is given in the book DNA Insertion Elements, Plasmids and

v

Episomes, Cold Spring.Harbor,'New-York 1977. Table 1
lists’ some of the 1ncompat1bility groups and reference
plasmlds from these groups.

TO test the 1ncompatib111ty of a given pair of

plasmlds, a plasmid( incoming plasmid) is 1ntroduced



PlasmidAIpcomPatibility Groups and Their Hosts

'

"Inc group

AfI

FIT
. FIII
FIV
HIl
HI2
HI3

“HIIX

/E»

7Tabléll

Plasmid
E#ample
RAl-
R40a
R455:2
ﬁi“ o
ColB-K98

R124

'R27
R478
Lt

MIP233

pHHE1508a
R144
R391
R831

R466Db

N3

R16
RP4

Rtsl

Resistanhce and

'COLB

R

4

Other markers?

“Su’, Tc,

Ap,Km,Su

" Ap,Cm,Km,Su,Sm

Ap,Cm,Km,Su,Smg

Tc, HspI
Tc.
Cm,Km,Tc,Té
Te,suc
Sp,Tp;TéA‘
Km,Tc,ColB

Km,Sm,Hg

Km;Sm.

.

Sm, Tc

:O:iginal,Bacteriél

Host

Aeromonas liguefaciens

Pseudomonas aeruginosa.

ProteuS‘morganii

Salmonella paratyphi -

Escherichia coli

Salmonella typhimuridm

Salmonella typhihurium

S-erra’tia marcescens

Salmonella Ohio’

Klebsxella aerogenes

Salmonella typhimurium

Proteus rettgeri.

Serratia marcescens

Proteus morganii

Sp,Su,Tc,Hg,HspII Shigella flexneri

Ap,Sm,Tc, Su
Ap,Km,Tc,
Km

Cm,Km, Sm, Su

Shigella dysenteriae

aeruginosa

Pseudomonas

Proteus mirabilis

’Shigélla flexneri.

?Ap;ampicillin;Cm,chlorgmphenidoI;Sm,streptomYbihﬁSp,

Spectinomycin-Su sulfonémides;Tc,tetracycline;Hg

mercuric chorlde ;:Km,

kanamycin;Te potassium tellurite

',Tp, trlmethoprlm suc; sucrose fermentation;ColB, collclq B
Hsp; host specificity

)

-
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'sf into a cell contalnxhg‘a plasmld(re51dent plasmid)
| Selection is made for the incomlng plasmld and clones
from thls are", then tested for the loss of one of these.‘h
plasmlds. Usually the resident plasmid is lost in such
a test Testing of plasmids in such a manner usually
'glves unamblguous results, but difficulties may arise

&

from unstability of the plasmids in a given host.

1.2 Correlatlon of lncompatibillty grouplng w1th other
Elasmld functlons .

T

; - . -

A) Productlon of pili T .

Conjugatlve plasmlds code for plll or sex flmbrlae
whlch are morphologlcally distinct filaments extruded :
‘vfrom bacterlal cells. It has been shown that plasmlds
w1th1n a glven lncompatlblllty group determlne morph-
ologlcally andrserologlcally 51m11ar‘p111(Bradley, 1980).
As well there are a group~of‘"male:specific phages"which
recegnize‘these plasmid'encoded pili, but not common or'}
Type I pili. Examples of guch phages are MS2 whlch _Y
absorb to the sides of F pill(Bradley & Meynell, 1978),
| PRR1 which lyses bacteria Farrylng Inc P plll(olsen &

/

Thomas, 1973;Bradley, 1976

and_Ifl which is specific

for Ia pili.

B) Entry Eiclusion

One further plasmi denéoded'functionlwhich shows
- e ,
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a relatlonshlp to lncompatlblllty is entry exclu51on.
Entry exclusion is defined as the ablllty‘cf a plasmld

to inhibit the entry 0f5another related plasmid into

the same host cell ’ The site of action of entry exclu51on
is at the level of the cell surface. Not all conjugative

plasmlds shOW'entry exclu51on, but when they do it is

usually. agalnst members of the same 1ncompat1b111ty group

~

L m

C. Resistance determinants . . ;
o Resistance determlnants of a pla;mld show llttli

correlation w1th incompatlblllty grouplng. ThlS is

probably true 51nce many of the genes carrled by plasmlds

1nclwiur;antﬂnrt1c naustance, areiggzwedtxltrans—
posable elements and the exchange of genetic material

amongst related plasmids‘occurs rapidly,

v

D.. Molecular relatedness of plasmlds grouped by
incompatibility testing

The amount of-DNA sequence MTnhxy .amongst indompatF
lbllity groups has been examlned by DNA~DNA hybridlzatlon
technlques This 1nvolves the denaturation of. the DNA
species to be examlned to 51ngle stranded form. Homologous
~".-DNA from the two spec1es will reanneal in such a reactlon.
The amount of homology is monitored by radioactively labellf‘

ing one of the species involved in the hybridization



e

=

reaction. The percéent of DNA homology amongst plasmid

plncompatlblllty groups was determlned by one of two.

Eh= methods of DNA hybrldlzatlon. Grlndley et al 1973, 7
“used a. batch hybrldlzatlon method using hydroxyapatlte(HA)
_to separate single stranded DNA from double stranded DNA

Essentially, ’H labelled and unlabelled plasmid DNA

preparations were shearedfto give an average size of

about;0.?Md(306<baseip§lrs)f Theserere‘then.heat
denatured'at 100°C, and were.miXed,and allowed to renature.

A 200027000 fold excess of unlabelled DNA was used in the

reaction to preventdrenaturation of the labelled plasmid’

‘with itself} Following renaturation, the reassooiated {, ,

.DNA'was separatedrfrom single‘stranded DNA by the.add- ST

ition of the reaction mixture to HA equlllbrated with i,{gf*

0. 14M phosphate buffer. The reassoc1ated DNA (double H

stranded) binds to the HA whlle single stranded DNA

vremalns in the supernatant The HA 1s removed by

" centrifugation and the double stranded DNA 1s then‘_'
feluted from thls with O.4M phosphate,buffer. The number‘

;ot counts represented as single and double stranded

‘tDNA is then determined. 'As a oontrol of reassociation

of labelled DNA w1th 1tse1f the unlabelled DNA is

replaced with g. coli chromosomal DNA in a seperate

reaction. The percent of DNA homology is then estimated

as the proportion of counts of reassociated DNA (double



.stranded) to the total_number of counts(double stranded
plus single stranded): Of course, the calculation of
this}value tgkes'into account the percentage of'reassé
oc1at10n 1n the control mixture. Roussel'and Chabbert, L
1978, quantltated DNA . sequence homology w1th hybridiz=
.ations.performed on nitrocellulose filters. Ih order

to do thls, 4 kléds‘of fllters were prepared;one was -
prepared w1th E. COll chromosomal DNA (R hom filter);

one with homologous plasmld DNA and chromosomal DNA

(R hom fllter), one with heterologous plasmid DNA and
chromosomal DNA(R het fllter), and one with no DNA.

The DNA added to these flltersmbas first denatured with
valkall, .and then fixed to the fllters w1th heat(80°C)

under vacuum. The fllters were then probed w1th a
preparation of ’H labelled alkaline dénatured plaSmid

DNA. The probe waS°in 50% w/v formamide and 2XSSC Buffer.
.An aliquot of this was placed on each of the filters,

and hybridlzatlon‘@as performed under paraffln 0oil over-
night. Following hybridization, the unbound label |

(DNA which did not reanneal) was washed off. Using

this method, the percent of.homology was determined as :

counts bound to R het filter -counts bound to R fllter
counts bound to R hom filter- counts bound to R™ fllter

X100

t . . ’
Again an excess of unlabelled DNA was used in this reaction.



‘The results from these studies revealed three R

general patterns of DNA relatedness.

Plasmids within a given 1ncompat1b111ty

‘group that show a high.degree of. homology
" with each other(up to 75%) ° . .f

Plasmids of a glven 1ncompat1b111ty group
that show 51gn1f1cant homology with several
1ncompat1b111ty groups.. For example,
members of the O 1n$ompatibility group
demonstrated 20-35% homology with members
of the I group They did not :gpecify I

‘pili.

Members _of the H'incompatibility group.

did not always show a. high degree of DNaA

homology Wlth some other members of the H
group.

In general, plasmids of the same incompatihility

group have similar molecular weights.

Other'molecular“techniques including restriction

enzyme flngerprintlng(Thompson et al 1974), and

heteroduplex mapplng (Sharp et al. l973),have been

used to study the relatedness of plasmids.

1.3 The nature of incompatibility

»

The molecular basis of incompatlblllty is not

yet understood although certain aspectS'are clear.



Plasmids have the abllity of being maintalned at a
'constant level W1th1n a given host cell( copy number)
. and are stably 1nher1ted by daughter cells. ,Copy number
of plasmlds ranges from. l to about 50 copies . per genome.
The impllcatlon of thls is that plasmid repllcatlon is
strlctly regulated Plasmlds with low copy number must
htherefore be under strlngent regulatlon ensurlhg that
each daughter cell recelves one copy of the plasmld

It is thought that 1ncompat1b111ty ‘is due to the pProcesses.
involved w1th interference: of DNA repllcatlon or the .
orderly partltloning of ‘these elements to daughter cells
(see Novik &4Hoppensteadt, 1978, for a review)

C1a551cal genetic studies of 1ncompat1bllity have

‘been hindered by the fallure to obtaln inc” mutants.
This would 1nd1cate that 1ncompat1billty is a complex

genetic system comprlsed of several gene loc1 With

the advent of recomblnant DNA technology and clonlng

\jv%the molecular ba51s of 1ncompatibllity has proven thls

to-be the case. One system which has glven insights

into incompatibility - genes has been from clohed segments

of a plasmid called minl—F(Timmis-gt al.,1975;Lovett &

Helinski; 1976), which is a derivative'of the E.coli
sex factor F. The F factor is about 94.5kb in size.
It is a member of the FI incompatibility-group and is

a low copy number plasmid (1-2 copies/genome). It is

R >



vcut 1nto 19 fragments by the restriction enzyme EcoRI
‘Minl-F is derived from fragments f5 of this digest and
contains the sequences necessary for normal maintenance
of F(40.3-49. 3k-b'- on the F map) . Within this region,

two repllcation origins\have been located One
designated OriV is the primary origin of replication.

and it is detected by its sen51t1vity to acridine
orange(Eichenlaub et al.,1977) The other , Oris,

which is re51stant to acridine orange treatment functions
when 0riv has been deleted (Figurski, gE al.,1978). The
regions expressing incompatibility are also found in ‘
thie region and are incB, incC, and incD(Manis~& Kline,
1978; Kline & Lane, 198b;‘Laﬁe, 1981;. These regions -
have. been mapped by deletion derivatines of mini-Fnand‘
transposition mutagene51s, followed by cloning experiments
for further characterlzation of these regions. The
incompatibility 1oc1 are found between 45.1 and 49.2kb

on the F map' A summary of the genes in this region

is given in figﬁxe\l : The region 45.0-45.8vcontains

the incB function and mutants in*this’ region obtained

by - chemical mutagene51s effect the copy .number of the
plasmid, although incompatibility is still . expressed
(Rahn et al.,1979). " The locus in this region affect-
ing copy number is calledbconB;‘ Mutagenesis with the

transposon Tn3 in the regfon 45.8—46,53containing‘

11
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the incC. locus also affects copy number and the inecC
phenotype(Kahnr:gE al., '1979) The: region affecting
copy number ischpC. Ooriv is also in. this region.:
Mutagenesis of the incD region does not result infany. .
profound effect on copy number(kahn et al. l§79Y When
these incompatibility regions have been cloned onto a
plasmidlnormally compatible)Witth, pPSC101, the
recoﬁbihant plasmid expresses~iucompatibilityawith F.
bne featurelwhich distinguishes incD with incB or C

is that the cloned incD genes express incompatibility
not only w1th F derlvatlves bdt also with R386, another
FI plasmid, whereas cloned 1ncB and C genes are compat-
ible wlth R386 (Kline, 1979). The DNA sequenCe of the
region containing the chC region has recently been
determined in order'to discern if this. regio;'codés for
a proteln whlch 1nterferes with F repllcatlon(Tolun & >
Hellnskl, 1981) The results of these experlments ‘ |
indicate that 1t‘does not code for such a protein, but
the salleut feature of, this region'ls the'existence'of,
five 22 base pair repeats. Whenltheseirepeats are

cloned onto pACYC184 they.express ihcoﬁpatibility.

. The exact rolée of these repeats is not clear w1th

regards to 1ncompat1billty, although they may play a
role in the 1n1t1at10n of repllcatlon. Recently

a further region of F expre531ng 1ncompat1b111ty has



Fig. 1

~

A nmdp of the replication, incompatibility, copy numbefﬂv
.and acridine orange sensitivity genes of F.. - o

(Kline et al. 1981) ™
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been cloned from the EcoRI fragnent £7(32.8-40.3 on the
F- map). It has been called 1ncE(Bergqulst et al.,1982)

Recent results using these cloned 1ncompat1blllty
reglons as probes in southern transfer DNA hybrldlzatlon
experlment; p01nt out that not all the plasmlds de51g—
‘nated as FI lncompatlblllty group plasmids share all
these sequences(Bergqulst et al,, 1982) That is to-l
say that complete homology of all the lncompatlblllty
regions is not axmnes&ny requirement for the Classif-
.ication of a plamid as FI. Although these 1ncompat1b—
llltY sequences have been identified to date, there is
no encompa551ng model to explaln the phenomemon of g

1ncompat1b111ty. s

L

" 1.4 Modes-of pilus synthesis of plasmids

.' The genes for conjugal transfer of F and F- llke

' plasmlds have been well characterlzed Thepgenes for
transfer of the sex factor E are located in the 60. —93.2
kb region of the F'map. Nlneteen genes have been mapped in
this region whlch are 1nvolved in pilus’ synthesis and
control of gene expre551on(see Wlllets andeknnraynLQBO

for a rev1ew) , Control of expres51on of genes in the

e o s G e aa«x oy P e - PRI

-:transfer regionwoperate at two levelsz .The product ca

of a: gene called traJ prov1des pOSltlve contrel of

"expre551on, whlle the expreSSLOn of traJ 1s controlled

15
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by thelfinOP system.. The products of the £ino and finP

a

,,genes 1nteract to prevent the expression of the traJ

e

gene. In the absence of the trad gene product, synthesis

Y

.

of all the other transfer operon’products is4preVented.
‘Also within the transfer operon are the genes for entry
exclusion, traS and trafT. Poant mutations in ‘tras are
eff1c1ent for transfer, while the gene product of the
traT gene is an outer membrane protein assoc1atediw1th
the exPress1on of entry exclusion. The result of the
control of pilus synthesis in such a manner is that

not all cells in the population produce pili. Such

‘a mode of pllus syntheSis is termed repressed Transfer
'of repressed plasmids occurs by the transient expreSSLOn
of the transfer genes in a small percent of the cells
harborlng plasmlds The sex factor F is fan ; and
finP and thus produces‘plli‘constitutiVely, and is’
termed'derepressed forvtransfer. Infectious transfer

of this plasmid occurs with a high mating ffequency

(mating frequency being defined as’ the number of

- i
. . ) ;

transconjugants per donor cell) f.;.wlm..w

1.5 . -The—H plasmid incompatibility, groiip .

Many medically important plasmids belong to the

o H 1ncompatib111ty ~group . These plasmids w1ll be -

the sdhject of 1nvest1gation in the experiments

) presented in thlS thesis. H plasmids

—~
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werehfirst desoribed in_an outbreak of typhoid fever .
in Mexico in 1972(Grindley et al ., 1972). Although
chlorampheniool resistance had been preuiously“desoribed
in individual strains of S.-typhi, this was the first
incidence of an epidemic involving=resistant strains.
This was of clinical significance since chloramphenicol
treatment had proven to be extremely efficacious in the
treatment'of typhoid fever. The strains isolated from
patients in this outbreak were resistant to tetracycline,
chloramphenicol, streptoﬁycin, spectinomycin, and
sulfamethoxazole. H group plasmids have subsequently
been reported in outbreaks of typh01d fever throughout
the world(Anderson, 1975;Anderson & Smith, 1972;Datta

& Olarte, 1974);

b}

‘As a group, H plasmids have several dlstlngulshlng

features. They are. large(>100Md in size) ,and exhlblt

a thermosen31t1ve mode of transfer(Smlth 1974) In

_daddltlon they determlne merphologlcally and serologlcally
'51m11ar plll(thlck and flex1ble)(Bradley, 1980) H plasmids_
-are repressed for transfer.n The plasmlds in thls group o

‘are class;fled 1nto three subgroups based on- DNA

y o w w P

‘ homology studles(Roussel and Chabbert 1978)

o ?wo subgroup5'of H plasmlds, Hl and H2 were.
originally designated on their incompatibility reaction
with F factors in the autonomous state(Smith et al.,

1973)."Hllplasmids were incompatible with F factors

. ~ oo
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:while H2 plasmids were compatible with f féctors.
Furtﬁermore, H1 plashids like the one in&olved in-
the outbreak of typhoid fever in Mexico, have been
~primérily-associated,with chloramphenicol resistance

S N
in S. typhi, anhd while H2 plasmids were originally

identified in strains of Salmonella, they have also

been found to mediate antibiotic'resistance'in other

Entercbacteriaceae, |, including-Shigella flexneri (Taylor

& Grant,A1977a),Serratia marcescens(TaYlor &;Grant,vl977b)

Citrobacter freundii(Taylor & Summers, 1979), and

Klebsiella pneumoniae(Smith et g;.,l978). Members of

the H2 subgfbup also encode for bacteriophage ihhibition:
that is H2 plasmid—containing.strains inhibit the
_déﬁéiépmenp of a number’of double stranded bacter-
iophagé iﬁélﬁding‘A,Tl; TS, énd T7 (Taylor &IGraat, 1978) .
!Resisfance genes for potassium tellurite are also commonly
found on H2 plasmids(Taylor & Summers,l979). Members
-of the H1 and H2 subgroups show entry exclusion with
feéch other.. Members within a'given subgroup have a
higher"indéx'of entry exclusion with each other than
1With'mgmbers of the other subgroup(Tayior,& Grant,1977b.)
Another intééssting feaﬁure of the H plasmids is that
some of them é:n be eliminated at high temperatures'
(Smith et al.,1978) |

DNA—DNA hybridization stﬁdiés'of members'of the

H plasmid incompatibility group revealed that there

- ~
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is little hqmo*égy between members gf the H1 and Hf
subgroﬁps,althéugh ﬁl\sﬁbg;pup membsys‘show a high «
degree of hoﬁolbgy'With‘each otheffas‘d; §2'subgroup o
plasmids.. Based‘oﬁ work by Roussel and Chabbert, 1958,,

a third subgroup coﬁprised of one member |, MfP233;

. )

was designated which was incompatible with H1 and H2
piasmids, but showed little DNA homology with either
of these two subgroups. This plasmid confers resis-
tance to potassium tellurite , encddes sucrose
fermentation, and  specifies H pili.

Recently plasmids which show a relationshiplwith;

H plasmids have been described(Bradley et al., 1982),

These plasmids which were isolated from Klebsiella

aerogenes, are large and determineicpnjugative pili of
the H type. Théy ars incompatible with each other; and
show entry ekclusion with‘each other. They also deter-
miﬂe resistance to potassium‘telluriﬁé. Uﬁlike.the_“'
H plasmids they are derepressed for trsnsfer; and tﬁsir
-mode‘of transfer is not thermosensitive. IhfinCOmpaff
ibility tests, they show a stable coexistence with
members of the H1,H2, and H3 sﬁbgroups. The désignéﬁion
incHII has been proposed for these plasmids, while H
plasmids are now called HI1l, HI2, ahd HI3. This
designation is similar to the FI and FIT plasmids which
are compatible but are related by.ansigenically-similar -

I'4

pili. L

B .o g v Lo B .



L)

,Jendonuclease fragments to nitrocellulose followed

The lack of homology amongst the H plasmid subgroups
lends itself to studying and 1dentiinng the genes WhICh
they share in common _!Presumably the genes responSible
for incompatibility are amongst these.‘ As mentioned
earlier w1th the studies of the FI- plasmids, complete
homology of all the 1ncompatibility genes 1S not a
necessary requirement for a plasmid to be cla551fied -
as FI. Complete homology of the H plasmids Wlth |
respect to their 1ncompatibility .genes is already

ruled out because of the differential inoompatibalrty~~»

-

of the HI plasmids w1th the F factor ': small amount
of homology between HIl plasmids and F has been found
on a 5Md EcoRI fragment of incHI1 plasmids(BerQQUISt
personal communication) This fragment may contain
.some of the sequences for FT’ incompatibility described
in section 1.3. The H plasmid system may reveal
incompatibility-sequences-unique for each of the sub-
groups as well as-common incompatibility Sequences.
Other common genes may include those respon51ble for
transfer, pilus production and entry exclusion.

The work in this study is concerned with the

‘molecular characterization of the H plasmids, and

the identification of the common sequences shared

by these plasmids by Siouthern transfer DNA hybridization

-techniques; This involves the: transfer of restriction

el L o

-y .
e
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by probing of these fragments with a *2P-labelled H
plasnid. Thése~plasmids represeht an interesting
group and the lack of DNA homology amongst the subgroups

fymay 1nd1cate that they have evolved separately They

©iomay - prov1de valuable tools for lncrea51ng our understandlng

- of - -the genetics of plasmlds.



CHAPTER II

METHODS AND MATERiALS

2.1 “Culture conditiohs7and‘media

>Prior to isoiation ’ plasmld contalnlng stralns
‘”were streaked out on antlblotlc plates contalnlng a

'sultable drug to select for ‘the presence'of the plasmld

'Antlblotlc plates were prepared 'in MacConkey agarx- ~

,"i,(leco), except for potaSSLum tellurlte,‘which,ﬁan

prepared in Braln Heart Infusion agar(leco) The
E flnal concentratlons of the antlblotlcs used are listed
dln Table 2, with the approprlate abbrev1ations for
the antibiotics. Plasmids were_isolated from broth
cuitures. The broth used for 1solat10n was a rlch
minimal medla(RM),(Murlaldo & Slmlnov1tch’ 1971).

The components of RM are detalled ln Table 3

2.2 Bacterial Strains and Plasmids
The plasmids and,theig relevant properties are
listed in Table 4. All Plasmids were harbored in

derivatives of E. coli K-12,

22



.Table -2 . . -

~~ Antibiotics  ~-Concentrations and Abbreviations

-, @
PR

Antibiotié v flnal concentratlon Abbrev1atlon
. ‘ ug/mL .
_ Ampicillin ° 24
Chloramphenicol = 16 . , Cm .
Kanamycin S g TR Km
,:Tetracydline ) 8 Coe o “Tc .
“Streptemycin 10 . < w700 g
- N .- « e . . - .

'Sulfamethoxazome © 1000 S N

N o A'p j ,,«v»., -

' Spect1nomyc1n 40-., IR ;'f;éé_,; L

Potassium tellurlte 2. 5X10‘5M Te



Rich mlnlmal medla(RM)

TabLe 3.

'

25XRM salts
‘perZOOmL

-'_NH§C1
MgSOo

xe1 472
glycerol
.01M FeCl

0

3

[ v
R <

T s5.0g

1.23g~

7.5g.

8.0mL.
1.5mL

©. Phosphate Buffer

'per 940mL

Na HPO, = ..  7q.
KH,PO, 34g.

| per 1 liter of RM

phosphate buffer
25X RM salts

20% glucose

10% casamino acids
100mM CaCl

[

- A

“

L

~-940mL
-40mL
6emlL,
. 20mL -
1L, |

24
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2.3 1Isolation of bacteriophage lambda DNA

¢

-

Bacteriophage A DNa was prepared from a AcI857
lysogen obtained“from H. Murialdo. cells were grown
in GOOmLAof L-«Broth (1% tryptone, 1% sodium chloride,
and 0.5% yeast extract, pH7 2) to an 0.D. ‘600 Of 0.6
at 30°cC.. The phage were then 1nduced at 42°C for
15 mlnutes followed by growth of the cells at 37°C
for 90 minutes. The cells were then harvested by
centrifugation at 8,500 rpm for 10 minutes in a
Beckman JA-14 rotor. Lys1s of the cells was accompllshed
by the addition of chloroform(S mL) and.a few fIAkes
of. DNAse (WorthlngtonTT\ The lysate was 1ncubated at
37° C for lO minutes. The phage were then purlfled in
- CsCl den51ty gradlents by the addltlon of 0.75g CsCl/mL
of lysate .The gradlents were spun in" a SW4O rotor at
.;29 000 rpm for 36 hours. The phage ban@ was extracted
from the qradlent w1th a 21 gauge needle and dlalyzed

- against ) dlluent(lOmM MgSO 10mM Tris, pH 7.4). The

4’
DNA was then extracted from the phage by the addition
of EDTA to O, OlM and SDS to 0. 3% final. Proteinase K
~(Boehr1nger Mannheim ) was addeq- toe 100 ug/mL and
incubated at 37°C for one hour The DNA‘was then
extracted twice with Tris- equlllbrated phenol, and
then dlalyzed agalnst 8mM Tris, 10mM Nan,‘and 0.1lmM

EDTA PH 7.6. Follow1nq dlalysls, the DNA was stored
at 4°cC,. : '



27

~ . . . ',-."

2.4 'Isolation of HAplasmid.DNA

A) Method I; Sarkosyl lysate method

H plasmid‘DNA wasqprepa:éd from sarkosyl lydates
as previously'described(Lin‘& Kégo, 1977), with the |
folloQing modifications. Cultures were grown in 500mL- \\
of a rich'minimal medium(RM), to an 0.D. 50
The’cells weré then harvested by éentrifugation at

of 0.4-0.6. . .
8,500 rpm for 10 minutes, and were EQQs;pepded{in 20mL
of S£erilé water and pelleted again.in a-JAZO.rotor'at
9,000 rpm for iO mihutes. The célls were then.resuspen—. »
ded into 40 mL of solution A\(.O-.lM NaCl, 0.02M Na,EDTA, _ v
20% spcfose;pH 8.0}, and.40"m§fof lysozyme(Boehringer \“ :
’ g .8

Mannhgim)'weré added; After incubation on ice for 10 '

minutes, the mixture was divided into 4 tubes (10mL/

tdbe, and to each tube iO‘mL of Solution-B-was. added

'(l% sarkosxl NL-97(GeigYI,.0.0lM Na,EDTA, O.SMjﬁaCl, §H8.0).
The solutiéns were mixed by inVérsidn,vand_were allowed

P

"to stand at room‘températUre fquZO minutes. The
cleared lysates ;ere then treated With.RNAse(Boehringer
Mannhéim) at a final concéntration of SOué/mL for 20
minutes at 25°C; Pronase waS<tﬁen added to a final
coﬁcéntration of~200u§/mL to the HT1 plasmid lysates

and proteinase K was addea to the HIZ. or4HI3 lysétesv-

, ;
to a final concentration of 150ug/mL. Protease treat-

ments were for 25 minutes at 37°C. Pronase and prbteinase
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: ﬁ\bere obtained from Boehringer Mannheim.

B) Isopynlc CsCl—ethldlum bromlde Density Gradlent )
Centrlfugatlon . , , _ -

'i lgm/cc of CsCl was added to the sarkosyl lysates
\lwhlch were then transferred to 8 heat sealable Beckman ‘
' polyallomer tubes. 0. lSmL of a 10mg/mL solution of ethidium
bromlde was added to the tubes in the dark\. The tubes
were fllled with a CsCl,solution of lgm/cc in BmQ\Trls,

'.10mM NaCl and 0. lM EDTA before seallng. Samples w

' centrlfuged in a Ti- 75 rotor for 24 hours at 55 ,000 rpm\\\\\
vThe chromosomal bands(upper bands) were removed first \\\\
_through the.top'of the tubesewith a pasteur pipette.
Then the plasmid bands were removed with a syringe uithl~
an 18 gauge needle through the sides of the tubes. The
plasmld DNA was pooled and rebanded in CsCL as before.
The reBanded plasmld DNA was extracted several times
with isoamyl alcohol, and dialyzed exhaustlvely against
a buffer contalning lOmM Tris, 5SmM NaCl, and 1mM EDTAr

pH 7.6.

T

€) -Method II: Alkaline dénaturation method:Kado and Lui.

"A soared up version of the alkaline‘denaturation . e
method des¢ribed by Kado and Liu u381) was used w1th
the following modlflcatlons. Cells were grown in 500mL
of RM, to-an 0.D. 600 of 0.4-0.6, and were then harvested i

’
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N by centalngatlon“ln a Beckman~JA—l4 rotor for 20 mlnutes,f‘;

B

at 7 500 rpm.- ‘The cells were resuspended in 15mL of

am. -

—a

TEA buffer(40mM Trls acetate, 2mM EDTA pH 8. 0), and
repelleted in a JA 20 rotor fbr 12 mlnutes at 9 000 rpm.
The pellet,was resuspended in 101mL of TEA‘buffer,-and:

SmL of ly€is buffér (3% SDS, 50mM Tris,pH 12.6), and

\‘3

; heated at 60 C in a water gath’for ‘She WHur .~ Thé”lys&te5"

RS N

_was then extracted once with Tris. eqyll;brated phenol
and once w1th phenol chloroform(50:50" ratlo) The
'acueous layer was treated with RNAse(BOehrinaer'Mannhein)
~at a fina11COncentratiOn of Sth/mL fot<20 minutes at
37°C, followed by treatment with pronaee(ZOOug/mL final)
or proteinase K(150ug/mL final) at 379leor an additional
20 minutes, The DNA was then ethanol.precipitated by
the addltlon of "NaCl to -0.3M flnal and 2.5 volumes

of cold ethanol The solutlon was then placed at -20°C
overnight and the next day was spun at 10,500 rpm for

30 mlnutes. The pellet was resuspended in 5 mL of 8mM
Tris, 10mM-N&&#and 0.1mM EDTA,pH7.6. The plasmid

was further purified h; CsCl ethidium bromide density

gradients with the addition of lgmfiuk CsCl as described

in section 2.4 (B), using a single‘banding step.

D) Method‘iII:Alkaline'denaturaticn method:Birnboim
and Doly .

A scaled up version of the alkaline denaturation

n - "oe

29
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‘method descrlbed by Birnboim and Doly(1979), was used

to 1solate H pl&é&ld DNA as follows. Cells were-grown

inllSOmL of RM overnight, pelleted in a Beckman,JA-14

‘rotor at 8,500 rpm for 10 minutes and resuspended 1n”

2.5mL; of solution I(50mM glucose,\lOmM.EDTA 0 25M Tris

, PH8.0, and émg/mL»lysozyme(made fresh daily)). Thg_

- cells were then -incubated on ice for 30 minutes. Five mL

eay,

of solution II was added(0.2N NaOH,’l%SDS),'and'the
preparation.wae incubated for another 5 minutes on ice.
A volume of 3.75mL og/solytion ITII(3M sodium acetate,
pH4.8) was then add%o and-the. lysate was incubated on

. ' , . ) ‘ ) . . ' ) ‘
ice for one hour, followed by centrjifugation for 15

minutes at 12,500 rpm . The supernatant was ethanol

precipitated by the addition of 2 volumes of cold ethanol

and kept-at -20°C overnight. On the following day, the
DNA was reoovered by Centrifugation at lO,SOO rpm for
10 minutes. The pellet was then resuspended ihAS mL

7

of 50mM Tris, 10mM EDTA, and treated with RNAse .at a

final concentration of 50ug/mL for 20 minuges et‘37°C.

The plasmid DNA was pufified in CsCl ethidium bromide

density gfadients as described in section 2.4 (B), using

2.5 Determination of DNA- concentration

a single bandiﬁg step.

DNA concentrations were determined by absorbance

at 260 nm with a.Beckman_DU_B.soectrometer. When

. - |
b} - - . .

|
'

A
N

\
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determinations were required, the concentraion of DNA
wasfmeasured by thefIUorescencenethod(Mdrgan'gg-gi. 1979)

~ using a Turnbull fluorimeter.

3

2.6 Restriction Enzyme Digestions

: _ ~_ .
Restriction enzyme digestions were performed

according to” the conditiéns bpecifiedﬂbY'Dav%s,~Bo£sﬁeih~'5=u
and thh(lQSO). Approximately 0.5-1.0 ug of H plasmid

DNA was.éigested for 86 minutes at 37°C. The digestion

was stopped by the addition of EDTA to 12mM final .

. cancentration and 1/5 volumes of bramphenol dye irﬁx(o.’o75% bromphenol
blue(tBiorad), 48% sucrose). The reaction was then
heated at 71°C for ten minutes. Double,digestions
were perﬁn:med'using a buffer sﬁitable f;f poth'enzymes
as‘determined;empirically. The enzymes used, and the
conditions for digestion are listed in Table 5. (

Ppage A DNA'digested witﬁ either ggéRlplor HindIII
was used as moleéulaguweight staﬁdards. Approximately

0.3ug of A DNA was digested as a control. The molecular

weights of these DNA'sﬁandards are given in Table 6.

2.7 Agarose Gel Electrophoresis

Restriction enzyme digestions were electrophoresed

"on a horizontal gel apparatus at 50V¢fqr 16-18 hours.
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" Restriction’Enzymes and Digestion Conditions

Enzyme (s) .

AccI

} o
AvaIll

PstI/Sall

PstI/Xbal

*buffer conditions are as des
Botstein and Roth;high,med,
salt conditions in these buf

T
o “

Bﬁ%fer*' Temp(°é)

med 37 ‘
med. . traz.ieen
med 37

med 37

med .37

high 3?1:
med 37

low 37 )

low 37 ~
" med 30

med 37

high 37

med 37

high 37

high 37
| high 37

a Bethesda research laboratories

b Boehringer Mannheim Canada

®

©

Source

a'.

»BRL‘ LSO

- PRSI -
TBRL: e e v e 00 e

BRL

BMCb

BMC
-
BMC
BMC

BRL

. BMC

BRL

BMC

" BRL

BMC

cribed by Davis,
and low refer to
fers

@
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" ‘Table &
Sizes of the restriction fragments of 'phé‘ge )\I-)NA.‘.’l

Fragment  ECORI ~ HindIII.

a . ~ 21.8 L 23,7 .
B 7.52 9.46
C-»= -+ .« 5,93 . .6.61 . .. .

4.80 2.26
. 3.41 1.98
.58

PR R Nw

’ o
a Sizes of the fragments is given in kilohase .
pairs as determined by Phillippsen et al. 1978. ..
Values given are for-AcI857 . ., —

. ,, - .oa . . ~

~
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i.The buffer used for electrophoresis was 89mM Tris,~

o 89mM boric ac1d 3 4mM EDTA pH8 3. The concentr-'

ation of agarOSe(Seakem) varied from 0 5% 0. 8% The

gels were photographed under ultrav1oled tranSillumin-

ation with a Pentax 35mm camera with a red filter

,us1ng Kodak Tri-X film.

&

ragment sizes;=u~‘-?. e e

“~.\( 8 Comguter Analysis of Ihsbncbwn digests Estimation_l
: o) .

The sizes of the DNA fragments from the restriction

',digests were obtained from a computer program(Schaffe

r

& Sederoff 1981) which was adapted for use on the com-

. puter at the University of Alberta The.program is
based on a relationship described by Southern (1979),
states that the rec1procal of mobility versus fragmen
length is linear. - This program uses a least squares
analysis.of this relationship. The standard curve is
generated from the known Sizes of X DNA dlgested with

<

EcoRI or HindIII . A listing of the program is given

in Appendix 1.

2.9 Electron MicroScopy‘of DNA

.DNA preparations were diluted to 1-5ug/mL, and

were mounted oh 200 mesh copper grids coated with

and

t

parlodion . Samples were spread by the formamide tech-

- -

.nique of Davis et al.(1971). The grids €;re shadowed

with platihim/paladium, and were examine



,6 éiéétféﬁ‘hicroécqpe,_VWhen‘pBR322fi-".

~with d Phillips 300 el
‘was added as an internal standard;lif“Was«addeditQ;}::'l
'fﬁhe-ﬁNAiﬁreparAtidns at a-final concentration of 0.1-

0.3ug/mL

~—

2.10 Southern trahsfers

"Plasmid DNA was digested as described in section

2.6, and transferred»to_nit:océllulose as described by

35

Southern (1975). _Nitroceliulqse waé'dbtazgsipfrO“VSChleiﬁﬁe; o

and Schuell (BA85)

2.11 Nicked Translation

Appféximately O.Sﬁg of HI1 plésmid DNA(pRGlZSl)
was labelled in a nicked translation reaction as
described by Rigby et gl., 1977. 100uCi of a-32p-dcTP

in tricine (NEN) was uséd in a reaction volume of lZOuL. ,
Tﬁe reaction conditidns were as follow;: 50mM potassium
phosphate (pH 7.4), SRM MgCL,, 10uM dTTP,dATP, and dGTP,
and 50pug/mL .BSA. * Prior to the addition of DNA polymerase I,
the DNA was‘treated with DNAseI (ing) for one minute at rocm
temperature. 2.5 unifs of PolI(Boehringer Mannhéim)\was
added, and the reaction'was incubated at 143C. The
reaction was terminated by the addition of 500 pL 5f )
stop buffer (100ug/mL herring spefm DNA in HENS buffer) ,

and heating the reaction at 65°C. UﬁinCorporated

label Qas separated from the nickeait;anslatgd products 
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_,bY.PaSsing~thevreacﬁioﬁ“over~am5mL-sephadex GSO‘finéfif5iu-:7'“"‘
“column equlllbrated with HENS buffer(lOmM HEPES pH7 2
_ lmM EDTA lOvaNaCl,.O l%SDS) 0.3mL fractlons were

collected,,thé fractions were coﬁnted and the first

peak was pooled.

2.12 DNA hybridizations . .

DNA hybridizations were performed by tho'dextran
Sulfate“method.as'de5cribed by Wahl EE”Ei;(1979)' The
hybridization of the probe toAthe nitrooellulose~oiots
was performed in-a Phillips Seal—a—bag Prehybridization
conditions were for 4 ‘hours as follows 5X SscC, 250pg/mL

denatured herring sperm DNa, 0 5M NaPO pH6.5, 0.1%

4’
glycine, 0.01% BSA, 0.01% Ficoll, 0.01% PVPD, 50% formamide.
Hybridization conditions were as follows: 5X.SSC, 0.05M
NaPO4,‘125 1wg/mL heat denatured herring sperm bNA, 0.005%
BSA,’0.0S% Fiooll; 0.05% PVPD, 50% formamide. 107 cpm

of nick translated probe was added to the reaction, and

.the hybridization was carried out at'43°C‘for 18 hours.

The filters were then washod 4Xlat'room.temperature with
0.1% SDS, 2X SSC, and twice with 0.1% SDS, 0.1X SSC at

65°C. Eéch wash was for 15 minutes. -Nitrocellulose

filters were then autoradiographed at -70°C for 3 to

18 hours with a Dupont 1ighten1ng plus intensifying screen.

The film used for autoradlography was Kodak XA-R.
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‘CHAPTER III -

o

RESULTS

3.1 The isolation of H plasmid DNA

To perform moleeuiaf studies of the H plasmid group,
it was necessary to first isolate plasmid DNA in a fonm\
which was relatively free of COntaminafidn from‘other
cellular eomponents sdch as chromosomal DNA, protein, or
.RNA. Rapid isolation technlques for large plasmids (Casse

et al. 1979; Crosa & Falkow, 1981), are suitable for
vplasﬁid detection, but the purity and concentration of
plasmid DNA obtained by thase methods are unsiuitable for
réstriction eﬁzyme analysis or nicked translation'since the
'yields of large plasmids are low. The flrst part of this
study was therefore concerned w1th ch0031ng a method which
could be applied to the isolation of these plasmids by cesium
chioride ethidiam bromide density gradient oentrifugation.

Several methods have been descrlbed for the 1solatlon of large

plasmld DNA. (Hansen & Olsen, 1978° Currier & Nester, 1976).
- These methods take advantage of the physical properties of
plasmid DNA (termed covalently closed circular, or CCC)
versus the physical nature of the chromosome. '

\Three methods were used to isolate H plasmid DNA, and

these are outlined in section 2.4. Many of the observations

+
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concerning the isolation of tHhese plasmids were qqalitatiVe.

In alllcases, the plasmids were cultured in RM as it had

been suggested that a predominance of superhelical plasmids

was not alwdyégnoted'with iarge plasmids grown in L-broth,
although it was favored in a minimal medium (Colman et al,
1978) .

Initially, a scaled up version of a rapid isolation
technique desc;%bed by Kado & Liu (1981) was used. This .
me%ﬁod hadlﬁeen reported for the isolation of plasmids up
to 350 Md in sizé. This method is based on the premise
vthat plasmid DNA can be separated froﬁ chromosomal DNA by
treatment with Alkali. Plasmids ‘have beeﬁ shown to be
resistant to strand sepératioﬁ within a ﬁarrow range of
pH(lZ.O—lZ.S)(Birnbdim & Doly, 1979), wﬁereas chromosomal

DNA will .denature in this pH range. The lysates were then

_heat treated to completely denature and abolish the secondary

structure of the linear DNA. The single stranded chromosomal

DNA was then separated from the plasmid DNA by phenol

extraction. The method was modified several times in order

to isélate H plasmid DNA. When the method was scaled up with

no major modification, a faint CCC band was observed in.the

CsCR ethidium bromide gfadients. One problem of note which

will be detailed later was the appearance of a third band

in the CsCl gradients. That is, there was one band comprised

@
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of chrdﬁosomal and open circular DNA, one band of plasmid
DNA, and one band in between these two ‘bands. The technique
was modified by the/treatment of the lysate with RNAse, ’ ”.
followed by a protease treatment (either pronase or
proteinase K); The addition of these two treatments hathWO
effects: there was an apparent increase‘gn'the plasmid
yieid (as judged by.an increase in the lower'band),andeonly
two bands were noted in the gradients, an upper bandv
containing chromosomal and open circular DNA, and a lower
band containing CCC DNA. It might be inferred from this
‘that the mlddle band found ln the . gradients was a DNA-proteln
- complex, and that the protease treatment by removing- thls"
interaction allowed the DNA in this band to now band with
the other plasmid DNA. In splte of slqnlflcant improvements,
however, this method was tedious and the plasmld DNA wasg
not concentrated enough for further studies. To estimate
the concentration of DNA in these preparations bye&soﬂxume_at
260rm was difficult because they were dilute (approximately
5 ug total). THis was thought tS be an insufficient yield
from 500mL of culture.

An alternate method utilizing sarkosyl lysates Qas then
tried. In,ﬁbis procedure, cells are iysed.with sarkosyl,

/ . )

an ionic,ﬁetergent, and the whole cell lysates are then

directly/loaded on cesium chloride.ethidium bromide density
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gradients. The separation of piasﬁid DNA from chromosomal
DNA is thus dependent on a difference in buoyant density
alone, and no prior attempt is made to eliminate chromosomal
DNA. This method has also been reported as being etfective
in the 1solat10n of large plasmlds (Lin and Kado, 1977).

-

The method was again scaled up and an RNAse and protelnase K
!

step was included as suggested by Skeikholeslam et al. (1979).

A shearing step which shears the chromosomal bNA,_and was'

suggested in the%origihal method was not included. 1In an’

ihitial.experiment, half of the lysete was sheared By‘slbwly

piéetting the lysate up and down in a 5mL pipette. No

. difference was noted between lysates treated in this manner

from unsheared lysates. Perhaps'the handling of the lysate‘

in the 1solatlon or loadlng of the lysate onto CsCl

gradlenté/was suff1c1ent 'to shear the chromosomal DNA.

Phe use of a protease was 1nc1uded in thls method because

it had proven effective with the Kado and Lic method, and .

eleo because protease treatment was reported to.be effective

in freeing plesmid DNA from the folded chromosomal matrix

(Kado, 1975). The usefulness of a protease with this

technique is in question. Two independent experiments were

N

done without the addition of a protease. In one experiment,

o

CCC bands were noted and in another, no CCC bands were

found. It may be that the sarkosyl alone is effectlve in

T



libe;ating the plasmids from the‘chrqmosomal m&trix. The
inclusion of a protease step did not however have any
adverse effect on the isolation of these plasmids, and was’
:included in euﬁseduent isblations., The DNA.isolated using * ¢
this technique was of sufficient quantity and purity for
further experlments. The yield was in the range of
.10 20 ug/mI, and 1.5 nl, were obtalned from 500 mL of cells
as determined by the Fluoresce;ce method. The plasmids
isolated by this technique were~uéed in restriction enzyme
digestions‘end Southern transfer hYBridizationeBexperiments.

To verify that the band isolated from the Csél density
gradients was plasmid DNA, the DNA prepqratlons Were'
examined by electron mlcroscopy. An electron mlcrograph of ;}
~an H plasmid is given in Figs. 2 and 3. The preparations
were also run on » 0.5% agarose gel to verify that they
contained CCC DNA (Fig.4).

One additional technlque was used 26 1solate H plasmid
DNA . Thls was a scaled up ver31on of the alkaline lysis

PR

method of Birnboim. and Doly (1979) gEAlthouqh this

2—"
ed for the isolation

technique was not specificallyw %
of large rlasmids, it proved to éffectlve in the
isolation of H.plasmids, and was used in later exBeriments.
Unlike the Kado and Liu method, the chromosomal DNA was

.salt pie"iv'“ated, rather than heat cleared and phenol
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extractedQK In lnltlal ‘trials: of thls method no protease
treatments were included. Agaln three bands were noted in
thevgradients (Fig.S) The two 1oweé bandsfwere extracted
as separately as’ p0591b1e from the gradlents., Agarose gel
electrophore81s of these species (0.5% agarose) revealed o
that they were'two DNA species of lese but resolvable_ 7%i |
molecular weight. There was a sllght degree of cross .
contamlnatlon of these two bands due to ‘their close proxlmlty
in the CsCl gradients. These bands were then examined by

-

electron microscopy, and both contalned CCC DNA. No unusualA'
topologlcal forms such as nlcked catenenes were’ noted in

the mlddle-bands. These flndlngs may suggest that the

middle band may have been a DNA-proteln complex. However,
‘in thls case, protease treatment of the QFA just prlor to
CsCl ethidium bromlde density gradlent centrlfugatlon dld
'not result in the ellmlnatlon of the mlddle ‘band in the.
gradient. 1In order to further examine the pos51b111ty

that this was:a DNA-proteln complex, the ethanol prec1p1tated
DNA was resuspended in a buffer: contalnlng sarkosyL
hdescrlbed in sectlon 2 4(a), and &he preparatlon was treated
with protelnase K prior to ultracentrlfugation in CsC1
gradients. Agalnlthree bands were found in the gradients.

‘These condltions were more optimal for protelnase K than 1n

TE buffer gf above. The reason ‘for the,appearance of the



e

middle band. in the gradients is

thé DNA isolated in. this manner

restriction enzyme analysis and

of cleavage as thefDNA,isolated

method. Similar amounts of DNA

still unclear,‘however,
was éuitaplé for

gav;'fhe Saﬁg_paﬁterﬁm
by fhe»§arkosylnlySaté

were ‘'obtained with‘this'

"method as with the sarkosyl lysate method.

\
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Fig. 2 '

Electron‘microgrhph of the HI1 plasmia pRGlZSlf
The H plasmid here is shown as supercoiled

molecules. Arrows point to pBR322. Magnification
is 17355X, ' '

i
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Fig. 3 ,‘ y
Electron micrograph of a reiaxed molecule
of the HIl plasmid pRG1251. Arrows point
to pBR322. Magnification is 17355
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Fig. 4

Agarose gel electrophoresis of H'blasmids.
isolated by the sarkosyl lysate method.

(A) pPRG1251 (HI1)
(B) R478 (HI2)
(C) MIP233(HI3)

(D) bacteriophage A DNA

samples were electrophoresed on a 0.5% agarose gel
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Fig. 5

Cesium chlorlde ethldlum bromide density gradients of &%
H plasmids isolated by the method of Birnboim and

Doly(1979), showing the appearance of three bands
in the gradients.
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3.2 , Restriction Enzyme Analysis

Initially six rgstridtiop enzymes were choseﬁ to digest
a represenﬁ%tiﬁé plégmid of éaéh‘éf the three H plésmid
subgronpé; These enzymes were chésen because they cut.the
wekl-characterized plasmid pBR322 once. All have a six
bgﬁ% paiX recognition sequence and thus cut the DNA less
frequently then £hose enzymes with a four base pair
fecégnition sequence. The;enzymes chosen for this survey
were Aval, BamHI, ECORI, T_—I_ﬁII»I, PstI, and sall. No
commonﬂaands wefe néted amongst the plasmids of the three
HI subgroups, although there were trends in the frequency
of cutting with a given enzyme. For all three plasmids
used,’ﬁhe following trends were established. Aval, BamiI,

HindIII, and EcoRI, were frequent cutters..» Of these,

Aval, BamHI, and HindIII, were unéuitablq‘for further

analysis as théy generated too many fragments. EcoRT

gave a clearly resolved pattern generating between 27 and
39 fragmentg. Sall a moderate cﬁtter, gave between 19

and 29 fragment:, and PstI, was an infrequent-cutﬁer giving
between 8 and 19 fragments. In each case, the smallest

plasmid, pRG1251(HI) generated the least number of fragments.

C.gests of these plasmids with Ecoﬁi, Sdii;‘and PstI are

-

civen in Figs. 6, 7 and 8.
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Due to the observed trends in frequency of cuttlng
of these plasmids with a given enﬁyme, a further survey
of enzymes was done with the HI1 plasmid, pRG1251, to
look for other enzymes which would give a clearly
resolved restriction enzyme pattern. These enhzymes were

Xbal, PvuIIl, AvaII, AccIl, Sau96I, KpnI, HpaI, and BglII.

All of these enzymes have a six base pair recognition
sequence excepé tor Sau96I, which has a 5 base pair
recogpig%on sequance.' Four of these enzymes, HpaI

KpnI, aﬁd XbaI, and BglII, do not cut pBR322, PvuIIl %
cuts pBR322 once, and AccI cuts pBR322 twice. The
other enzymes cut pBR322 mdre frequently, but were
available in the restriction enzYme collection -in the
laboratory. Fig. 9 shows 5RG1251 digested with these -
enzymes. Xbal, is an infreqqént cUtter."EXgII, Avall
and Sau96J were freéuent cutfefs, but unsuitable because
the largest fragments generated with these enzymes were
ih the 9-4kb range, indicating that most of the DNA from
these digests was in the lower molecular weight ranges
and are not suitable for resolution in an agarose gel
system. BglII and Hpal were frequent cutters like EcoRI.
KpnI was a moderate cutter, like Sall. The three suﬁ—
group plasmids were theh'éiqested with BglIT, EEEI‘ and

Hpal. These digests are shown in Figures 10, 11 and 21.J

N
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For MIQ&33(HI3), the digestion products with XbaI, were all
_large and onresolved in the tris-borate system used here.
gglIl gave a frequent pattern or cleavage, and Hpal was a
frequent cutter for all three subgroup ptasmids, however
it generated too many fragments from the HIZ,Aand HI3 plrasmid
for meaningful analysis.

‘ 5

Double digeSts using a combination of infrequent and
4

moderate cutters were done to more clearly resolve the

fragments of high molecular weight. The three enzymes used
..

were.PstI, XbaI, and SalI yXbaI and Sall are usually

P |

dlgested in hlgh salt buffer PstI digestions are usually
done in medium salt.buffer. A PstI digest of pRG1251 in
high salt bufferAwas first done to‘seefif this enzyme would
function rn high salt. PstI was able to.digest this plasmid
to completion in high salt buffer and therefore_dooble ,
digestign were performed in high Sélt%buffer. Double digestion
of PstI/XbaI, and PstI/SalI are sho;; in Figﬁres l2 and 13. '
Double dlqestlons were of some use, 1nyresolv1ng the bands of high
molecular weight, notably pRGlZ%é with PstI/SalI and MIP233
with PstI/xbaI. Using doubl@@ﬁlgﬁsts, more bands were noted
closer to the largest band d? lambda digested with HlndIII
(23.7xb). These bands could- be'more accuratelfwslzed The
incHII plasmid digested with EEQRI' did not appear to have

N N
any common bands with,the'HI subgroub plasﬁids used in‘this'

study. (Fig.18) | . . . ‘ '
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Table 13 lists the tétg; molecular weight of the .

.

fragments obtained witg.va;ious enzymes. Thi published
mqlecuiar wéights as pr;viousiy‘determined'by agarose 

gel electrophoresis is also giv?n in this table. The
values obtaineé ﬁfom.straight‘additibn of the molecuigr
weights of the fragﬁents'frém the digests are less than the
published values. This may be because some of the bands
‘have a multiplicity > 1. qun iﬁspection of the variéus
gels, some of the bands.appear to have a multiplicity
greater than 1. Exacﬁ determination of the multiplicity
of these bands would have.to be made by p;diongedh )
-ele;trophorésis of the digests to resolve these fragments

or by the ﬁééybf densitometry. W;th-the frequent cutter,
gégﬁl, identification of thege bands is moré'obvious then
“with the moderate cutter Eiii’ or the infreguent cutter
Ei&i’ since the incgg&Sg in intensity of the large dblécu;a;
weight fragments obtained with PstT or sall may be a réSqit
of inéreasedlfluoreséenQé due to the bihdihg‘of a gréater
amount of ethidium‘bromide. Unequivocal determination of
the multiplicifyqof the bands in a given digest woﬁld have

to be made for purposes of restriction mapping and would be

necessary to determine the total molecular weight of these

plasmide.



Fig 6

Agarose gel electrophoresis -of. H plasmids digested

with the frequent cutter EcORI.

(a) phage Al digested with HindIII

(B) pR_Gl‘ZSl(-HIl) N

(C) R478(HI2)

(D) MIP233(HI3) e
L 3

Samples were run on a ‘0. 8% a
o garose el
in the methods and materials 9 as: descrled
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Table 7

Sizes of fragments generatea by EcCORI

Fragment # pRG1251 R478 ‘MIP233
1. ©29.91 23.79 22.64 .
2. 19.77 13.95 17.56
3. 13.56 ' ' 11.88 13.18
4. 9.94 10.36 12.18 -
S 0 9.19 ' 9.55 10.58
6~ . 8.56 8.56 0  9.94
7. ©7.52 8.00 8.71
8. ) ' © 7.00 7.64 8.00
‘ 6.23 6.81 7.76"
10. " ©5.81 6.64 . - 7.52
11. . 5.34 . 6.16 " 7.00
12, ) 5.03 . 5.50 . 6.72
13. . 4.14 5.28 6.31
14. T 3.94 5.23 5.81
15. 3.63 4.60 5.13
16, ° ©3.33 3.85 4.48
17. 2.83 3.54 4.08 |
18. - 2.70 3.35 3.91
J9. - S 2.17 3.28 ~3.78
20. 2.09 | 3.17 3.65
2. ©2.05 . 3;04\,) 3.50
22. 1.96 2.84 3.35
23, 1.91 - 2.75 ’3.06
24 1.89 . 2.59 2.99
25, 1.76 S 2.54 £ 2.72
26. _ . 1.70 2.42 "2.67 ..
27. C1.67 - 2337 2,87
28. , 2.24 2.51
29.. » 2,14 2.28 -
30. . - 2.07 2.23
31. ' . 2.02 2.09
32, S ‘ - 1.97 2.06
33, : 1.83 2.01 . °. -
34. . 1.79 1.92 L
35. - ;oo 1.74 - 1.80
36. ' ‘ﬁg‘ , 1.78"
37. 1.76
38. [ S 1.69

39. ! - 1.65



f i o
. | 5 "
Fig. 7 ] ‘ -

]

Agarose Qel electrophoresis of H plasmids digested
" with the moderate cutter Sall . ‘

13

(A) phage A digested with HindIII
(B) PRG1251 (HI1) .
(C). R478 (HI2) o l
(D) MIP233(HI3)

o . P ..
Samples were run on & 0.5% agarose gel as ‘desc¢ribed -
in the methods and materials.

/

N
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Table - 8

Sizes of fragments generated by Sall

Fragment #  pRG1251 R478 MIP233 ¢
1 28.09 47.27 39.94
2. - 22.17 34.53 28.09
3. - 19.74 21.51 25.22
4. , 17.76 13.83 22.86
5. 15.40 11.23 \7;‘20.88
6. 12.53 7.40 7 19.20
7. 10.85 . . 4.81 12.07
8. 10.16 4.62 11.23
9. 6.53 3.25 10.49
10. 4.62 ™ 19 8.59
11. 3.28 1.81 8.23
12. 3.04 6.61
13. 2.87 6.45
14. 2.59 6.23
.15. : 2.03 5.82 &
16. 1.91 . o 5.57
17. . 1. 56 L L 4.62 .
18. . 1.45 f | 4.40
19. . 1.32 4.08
20. . 3.76
21. - 3.28
22. 2,78
23. 2.59
24, . 2.51
25. ) 2.36
26. 1.94
27. 1.71
28. 1.49
29. . 1.35



o

Fig. 8

Agafose gel electrophoresis of H plasmid§ digested
with the infrequent cutter PstI S

(A) phage ) digested with HindIII
(B) pPRG1251 (HI1)
(C) R478 (HI2)

(D) MIP233(HI3) s e

Samples»&ere run on a 0.5% agarose gel as described
. in the methods and materials. '
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Fragment #

HWOo-JoOWUd W
O o ¢« o o ¢ o o o

el il el e sl
W OO~JAUHdWN

—
=

pRG1251

47.
37.
.60
.84
7.
2.
.98
1.

23
9

1

Table 9

27
66

69
85

46

R478

53.
47.
20.
.72
.85
.97
.70
.51

o R

78
27
30

Sizes of Fragments generated by Pst I

MIP233

47.27
17.76
6.38
.95
.96
.81
.62
.53
.01
.83
.33
.25
.71

HFRONNWWWE S &S &Wm



. PLEASE NOTE: Page 65 1s blank - pagination error.

No figure, table or other part of the
text is missing.



65

; BLANK PAGE |
i PAGE EN BLANC N - ’

A ok W

RTINS S



66



Fig. 9

'Agarose gel electrophoresis of the"HIl plasmid
PRG1251 digested with various restriction

enzymes

(A) phage X digested with®

(B) phage A
(C) pRGlZél
(D) pRG1251
, (E) pRG1251
(F) pRG1251
(G) pRG1251
(H) pRGlZSi
(I) pRG1251
(J) phage A
(K) pRG1251

digeéled
digested
digésted
digested
digested
digegted
digesﬁed
digested
digested

digested

with
with

with

EcoRI
HindIII
Xbal

Pvull

with

with

with

with

with.

with

with

Samples were‘run on a 0.5% agaroseée gel as described
in the methods and materials.

'
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: Agarose gel electrophore51s ‘of H plasmids dlqested
with HE al .

(A) phjge N digested with: EcoRI
: '(ﬁ) .phage A dlgested with HindIII
ey pncjlzsunn) ' -
et ) B
(D) R478(H12) , '
A(E) MIP233(HI3) S |
A, T .
. : _ Sty ' :

n“"Samples were run on a 0 8% agarose gel as descrlbed v

in the methods and materials>'u
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Table 10

Sizes'infragments.genaréted bY'Xba.I

Fragment #

PRG1251

53.30
41.21
29.58
19.12
17.43
13.55
5.93
4.12

R478

'57.95
43.31
28.56
25.07
18.67
14.22
5.87

MIP233

108.36

71



Fig. 12 .

'Aéargse gel electrophoresis of H plasmids digested
with PstI and XbaI : .

“

(A),phage X digested:with~ﬁindIIIn
(B) PRG1251 (HI1) :

(C) R478(HI2)

(D) MIP233(HI3)f

R

samples were'. run on a 0 S% agarOse gel as described
in. the methods and materials. ) o -
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Table 11 .

Sizes of fragments generated by Pst I and Xba I

3

Fragment# pRG1251  R478  MIP233

7 O 48.20 66.91 66.90
2. 33.11 - 48.20  57.95
3. : 28.56 31.85 43.31
4. 22.32 27.61 6.84 .
5. 20.60 .22.95 6.36 v~
6. 18.67" 20.08 5,25
7. 11.04 ~15.06 . 5.12
8. 8.51 . . 6.05 4.81
9. . 6.36 0 5.03 - . 4.54
10. - 6.1l 3.02 4.22
11. . 4.26 . 2.12°.  4.03
12. * 3,00 1.94 4 3,57
13. .~ 2.14. .B.88.  3.45
14. - 1.60 C i 2.86
15. | £ 2.72
16. , $1.93
17. o 1.79
18. 1.66



K

'Fig. 13- - T

hgarose gel electrophoresis of H plasmids digested

.wtih PstI and SalI.

'S

(A)-phage A digested with HindIII

: : . ¥
(B). PRG1251(HIL) .

| N o o

(C) R478(HI2) . o
(D)’ MIP233 (HI3) N .

Ty 3

samples wsie run on a 0.5% agarose gel as described
in the me[.ods and materlals.
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Table 12

Sizes of fragments generated by digestion with PstI and Ssall

fragment # - pRGlZSi R478
1 - 24.39 5¢.32
2 22.17 » 42.13
3. ©19.20 y 37.97
4. - 13.55% 33.03
5. 12.53 #20.30
6. ‘ 12.30 11.23"
7. - 11.43 ‘" 4.76
8. ' 10.67 2.78
9. \ 9.84 2.49
10. 8.47 2.06
11. v 4.81 1.87
12. ' 4.62 1.70
S 13. © 3. 1.65
14. 3,i§ ~1.23
15. 2.99 ¢ 5.11
16. . 2.65 - 1.32
17 .- - 1.75 :
.18. : 1.69
- 19. - 1.56
20. ‘ 1.49
21. 1.32
22. ‘
23.
- 24,
25.
26.
27. . <
28— :
29. .

30. A

- MIP233

39.94°,

24.39
22.17

12.53

12.30

11.43"

100.67
8§.59
8.35
6.77
6,38
4.67
4.45
4.32
4.12
3.73
3.48
3.36
2.78
2.61
2.36
2.22
2.06
1.97
.1.85
1.70
1.57
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" Table 13

v
/’

: ' ¥
Summarylof the total molecular weights of the. fragments

generated by various reetrict;on enzymes

?

Plasmid

"pPRG1251 R478 " MIP233
Enzyme . ‘ . | _ ’
ECoRI  165kb 186kb . 213kb
Salrl 167 152 251
PstI 132 . 134 218
XbefT. L 165 - 193 (?)
PstI/Xbal | 214 : 249 227
PstI/salt 193 216 210
Given M.W.2 ' 184 254 230 W®
" a pRGl2Sl:120Md~(183kb’i‘ Taylor & Levine'JT}QBO - Y

' R478 166Md(256kb), in'DNA Insertgon EZements PZasmtds.
’ ; -and Eptisomes.'  A.I. Bukari J&x.

5 Shapiro, s.1.. ‘Adhya, eds Cold Spring
Harbor Laboratory, New York.p. 133.

2

MIP233: lSOMd(230kb) Bradley et al 1982.
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3.3 Estimation of the fragment sjzes generated by
restriction enzymes

-«

The sizes of fragments generated'by various restriction
enzymes -were predicted uslng'a computer program. Accuraté
estimation of the fragments sizes with this program is
limited within rhe size rahges of the molecular weight
stan&nxb (see Appendix.l)‘. Analysis of the effectiveness
of this program 1n the upper molecular weight ranges ls_
_glven by the following results. Table 14 lists the 51zes
of fragments geperated in this range for pRGlZSlfdigested'
with PstE from a ﬁumber of gels. The program was conSistent
in predict@ﬁg the sizes of these fragmeﬁts. Furthermore,
‘these did.aqree with the values obtained from electron
microscopy of*ﬁhis digest (see gection 3.4). 1In one
digest of this subgroup plasmld with PstI, a linear la
standard was 1ncluded which is an approprlate molecular
welght standard in the size range. of the large molecular
fra@ments of the H plasmids dlgested with PstI. Inclusion\\
of this standard had little effect on predicting the
sizes of these fragments(see Table 15). - |

5 y# [ N
ic stzes;ﬁfthe ﬁﬁmenxs in the ugpa:nohxx&arvgsghtzange

2

¥

are llsted 0’ two dec1mal places as they appeared on the computer

ggnnput. ﬂxﬁésnzasshmﬂdlrmewn:beregudaiaszxnumﬁecxﬂytn
wb,‘l‘ X

- the degree Ifﬁhrzmed by their standard deviation KTable ‘14) . For

N fra@maﬁs whx%anohanﬂar\mgght nsvuthln~uxanohandarvmught

m ﬂxasﬁnﬁanicmne,1me<uzorzs smaller, and in some.
auesdlstugfsbthavahasﬂn Umndanmalphxxsvﬁw mxxssma'to
dlfferentlate bemeér} fz:égnents 'f o o - ~

B
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. Table 14

Sizes of the large. fragments of pRG1251 digested with

PstI from several gels.

[

k]

"Gel # Sizes .

1. . a)43.72
. b)33.75
2. ~_ a)45.63
~ . ' b)37.55
3. 2)47.26 -
\ . byig.97 n
4.. - a)41.47 o ‘ : ’ 9

b)33.63
. , e o
Standlard deviation of fragment;a=2.5Kb mean=44.52
‘Standard deviation of fragment b=2.3Kb mean=35.72

£

~
.

Sizes of fragments are given in Kilobase pairs.,



' predicted with ang without a ATinear marker
included in the standard curve.

Cy
A
1

_  'pRG1251 ‘R478 - MIP233
~ ' . .\ ~ 4 . : "' \\\
Alinear not 41.4% - 57.88 50.03 R
inclided 33.63 . 46.82
' . -2
lad .
Alinear 41.18 . 57.23 49,57

includeqd . 34.37 46 .43

]

Sizes of fragments are given in kilobasevpairs..‘
o

o



3.4. Analysis of ,digestion with PstlI

As—was mentiened earlier in.seption 3.2 PstI‘is anﬁ
'infrequent.cutter; For<eech plesmid one or two 1nten$eil‘
bands were noted 1n°the upper molecular welght range
(40 -50kb). Slnce size resolution in’ thls range of
molecular weights is difficult,‘the'question Wae raised‘: .
; as to whether these hanGSerre a composite of unresolved N
DNA fregﬁegts 6f very high mo%ecular weight.which.higrite ?o

Y

the same r/glon of the gel, or whether these represent a

-

‘slngle,DiA spec1es.. Thls was of partlcular note when the

dlgests were sub]ected to electrophorsls on a O. 8% ag%fose

-

gel. As well 1t must be determlned whether dlgTstlon

were products from 1ncomplete dlgestlon.

In order to answer tﬂ!be

whlch was 1ncluded in the DNA @reparitlons for electron

mlcroscopy. There was no ev1dence of very 1arge DNA '0

’

molecules in thlS preparatlon. A proflle of the fraqment

)

slzes ob alned from thls analysls is glven in Flg 14.

K3 . VN - re v

7



The number of molecules examined were not suff1c1ent

o

‘Qj'to accurately size these fragments. It was clear, however, S

.'”vbacteriophage lambda DNA was added to the dlgests of -

.

'that the ba ds in the upper\molecular welght range of ':qi~!\
the PstI dlgest dld not comprlse very large fragments .

\of DNA whlch wére unresolved

To determine 1f dlgestion w1th PstI was complete,

these plasmlds, and the. products from this dlgestlon
were subject to electrophoreéls on a 0 5% agarOSe gel
.(Flg 15) -Thé' dlgestion w1th PstI was considered N S,

to- be complete based on this result.



f - N
£, - " B B
<
, . .
v

Hi"s‘tograni“o.-f 'moleéula_lr- weights» of Psfi digest of pRG1251.
The fragment sizes were detérmined .versus a pBR322
‘molecular weight standard. ' o ’

~.
S
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Fig. 15 0 N
Agarbée gel éiectrophore51s of H plasmlds dlgested
with PstI, and bacterlophage A internal controls.

' (A) phage A d’igestéd_’with \@'31, _
.fB) phageA‘digestedgﬁaﬁhdﬁindiII'f'_ |

(C) pRGlZSl(HIl) digested with Pstl
(D) R478 (HI2) dlgested with PstI o
(E)_MIP233(HI3) dlgested with PstI | |

(F) pRGlZSl ‘and phage AADNA dlgested w1th Pstl.l

(G) R478- and phage A DNA dlgested with PstI

(H)'MIP233 and phage A DNA digestedvnth PstI

W
"o

(I) phage A DNA dlgested with PstI

Samples were run on a:0.5% agarose gel aS~déscr1bed
in the methods and’ materlals..
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r3;5%7Restfietioo'eh2yme c;eaQaQe}withiE'a:subgfodp_

The dlgestlon patterns of plasmlds w1th1n a glVen HI
"subgroup were 1nveétlgated | A‘groupuef’flve HIl, and flve
HI2 plasmlds were compared from varlous geographlcal"g
locatlons and dlfferent host bacterla (see Table 4) |
.These plasmlds were 1solated by the method of Blrnbolm and
Doly as modlfled in Sectlon 2. 4(D) The HIl plasmlds |

- were dlgested thh EcoRl and thelr cleavage patterns ]
examlned The plasmlds w1th1n the HI1. subgroup ‘had 51m11ar
restrlctlon enzyme cleavage patterns .and t ere were many |
'bands common to ‘all the plasmlds examlned. ‘Simllarly,

, when the HIZ2 plasmlds were dlgested wlth EcoRI they also

showed exten51ve 51m11ar1t1es in thelr cleavage patterns

mwmwer,-ﬂxaxawere.ﬁawn:oaumxxbmtb dﬁked.by1ﬂns gnmq:thmghy

" the HII plasmlds’ These HI2. plasmmds were lsolated from a varlety of
gemaﬁtascxxnsed'u>theln1 phxmudsv&uch‘mxe aLlcmnglmin'

1.

obtalned from st:alns of Salnonella(see Table 2). This may account

ultMﬂrlmsunctux1emqme<ﬂeawme;ntuums
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Fig 16 o S
. s
Agarose gel electrophoresis of HIl plasmids
: digested with ECoRI
T
‘(A);phage A digested with EcoRI L ' .'\
:v(gy:phage A digested with HindIII‘ |
(C) pRG1251 ," R B

(D) PRG1271 -

_'(E) pRG1284°

{E) R27
(F) TP124° ..

- samples were run. on a 0.7% agarose gel as described
in the methods and materials.

Loe
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Fig. 16 |

”Agarose»gel electxophorééi; of Hil plasmids
digested with EcoORI .. o
(Ai ﬁhage A dibeste& with'gggﬁ{

(B) phage x_dig23¢ed with HindIIT
(C) pRG1251 R
(D) ‘pRG1271
(E) pRG1284
kE) R27

(F) TP124 .

samples were run on a 0.7% agarose gel as described
in the methods and materials.



R

92



o

3.5 DNA H°h°1°gYES£udies' . v i
LI N

The folbow1ng restrlctlon enZyme dlgests of the three

HI subgroup plasmlds were transferred to nltrocellulose.

EcoRI PstI, SalIl, XbaI, BglII, PstI/xbaI and. PstI/SalI
The fragments from these’ dlgests were probed for homology
'wtfh a nick- translated HIl plasmld pRG1251 ' The results
.from these experlments show that there was a ,8small amount
- of DNA homology between the HI subgroup plasmlds. The uSe,
x of several enzymes afforded an analy31s of the distribution -
\of fragments show1ng DNA homology in. various molecular
welght ranges. .With most.enzymes, either singly or in
comblnatlon, some DNA homology mas noted in the fragments of
higher molecular weight. This was true for all classes of
enzymes (frequent, moderate and 1nfrequent) Double
'dlgestlon-w1th a combination of enzymes did not reduce the
nhmber of fragments in the upper molecular weight range
except in the case of MIP233 dlgested with XbaI, in-: whlch the
‘large fragments were unresolvable. Double dlgestlon w1th
PstI and XbaI or SalI dld not give further information as //
the fragments showing homology were ldentlcal to those of |
digestion with PstI alone.

One very lmportant exception to the observatlon that DNA

homology was found mainly in the upper molecular welght

4

L



range was w1th the restrlctlon dlgest of MIP233 w1th PstI.
, The homology wrth thls plasmld was restrlcted’to a 2- 3kb
;31ze range (see Table 18) Southern transfers of the
following dlgests are’ shown in Flgs. bB,'I9, 20, 21.p
EcoRI, PstI, SalI BglII. Double dlgestlons are not showu
as they did not reveal any further 1nformation.» The B
v51zes of the fragments show1ng some DNA homology w1th the
,,<n1ck translated ‘HI plasmid, pRGlZSl are g}ven.ln,Tables

.16, 17, 18 and 19."“7“*_“*" Z.' o . .

@ '

In another experlment the radloactlvely labelled HIl
plasmid, pRG1251, was used as. a. probe agalnst four other
HI1 plasmids. The results from thls experiment were that
there was ektenslve DNA sequence homology within this
subgroup; This is shown in Fig. 22._, )

| A small amount of homology was noted with the 1ncHII

plasmld probed w1th the HI1 plasmld. The fragments show1ngt.

'homology were in the upper molecular welght range (Flg:lS)



Figl 18 R

b :, X ) S

Hybridlzations between H plasmids. The !?P -labelled
probe is the HIl plasmid pRG1251, hybridi;ed;against
EcoRI dlgests of the plasmids..,.< T e

(A) phage X digested with ECORI -
(B),phage A digesﬁed-with.giggi;I
le) prRe1251 R A
(D) R478(HI2) - . I
:kﬁ)‘KfPZ33,(HI3)‘ . .:i “
(ﬁ)-pHHlsoea(ﬁxii | o e‘_. S S
(G) pRG1251 ~ »‘]?  -;"w '
. (H) Ra78 |

(1) MIP233

"(J). pHH1508a - B
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“Table 16 .

».‘/ﬂ]

' EcoRI fragments shoWing. homology with the -
*7P labelled plasmid pRG1251.2 o

R478 (HI2) ~  MIP233(HI3) . pHH1508a
 fragment$# size fragment# size fragment# ‘size
1 23.79 . 1 22.64 1 37.11
2 13.95 3 13.18 - 2 26.50
5 - . 9.55 (5,6) 10.58 . 3 18.24
6,7 ..~ 8.56 "9.94 11 3.88
: 7. 8.00 8,9 8.00 13- -3.70
- (10,11 , 6.64 7.76 ' - '
o 6.16 . 20 3.65
(17,18) 3.54
3.35: ’
33, . 1.83
4 [ 4
fragmeﬁnt. sizes ’a"re‘ gi{re‘h .in kilobase pairs
' ~ .

Identification of  the exact band showing ‘homology was not
always possible because of the close proximity of the bands
in the agarose gel. When this was the case; the bands are
listed in brackets. The interpretation should therefore be
that any or all of the fragments given in brackets may have
been’ responsible for the hamology noted.’ o



Fig. 19 : ..
Hybrldizatlons between H plasmid. The ?2p labelled
probe is the HIl plasmid pRG1251, hybridlzed against

SalI digests of the plasmids.
(A) phage A dlgested w1th HindIII.
<
(B) pRGlZSl Co . +
() ra78dhI2)
(D) MIP233(HI3)
(E) pRG1251 . I .
(F) R478 '

(G) MIP233
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‘Table 17
Sal--_I,fragmehts,ishowin“g-.hgxiic)i'oégy with the 32p -
.labelled HIl plasmid pRG1251

R478 o MIP233
fragment# size fr;gment# "s'jrze
(1,2) 47.27 . . (2,3,4)  28.09

. 34.53 > (i 25,22
8 T 4.62 : . 22:86
: 23 2.59

sizes of fragments is given in kilobase pairs

)

Identification of the exact band showing homology was not
always possible because of the close proximity of the bands
in the agarose gel. When this was the case, the bands are
listed in brackets. The interpretation should therefore be
‘that any or all of the fragments given in hrackets may have
been. responsible for the homology noted. ‘

1



a

Fig. 20

Hybridizatlons between H plasmids. The 32P-labelled
probe is the HI1 plasm1d~pRG1251 hybridlzed agalnst
PstI digests of the plasmids.
(A).pha@gsx.digested with EcoRI
(B) pRG1251 | |
(C)‘R478cﬁ12), }

(D) MIPZ&B}HIé) N
" (E) pRG1251 "

(F) R478 ..

(G) MIP233
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Table 18

PstI fragments showing homology with the 32p
. labelled HI1l plasmid pRG12512 : '

R478 (HI2) - i . MIP233(HI3)
' ‘ffagment# size - - fragment# size
1,2) 51.08 - .- (1l1,12)  3.33
-  45.63 | 3.24
4 - 4.69 15 . 2.07
6 2.41 . .

sizes of fragments are given in kilobase pairs

E

Identification of the exact band showing homology was not
always possible because of the close proximity of the bands
in the agarose gel. When this was the case, the bands are
listed in brackets. The interpretation should therefore be
that any or all of the fragments given in brackets may have.
been responsible for the hamology notéd. .

103



Fig. 21 . : . B
Hyb%idizationé between H plasmids. The *2P-labelled

 probe is the HI1 plasmid pRG1251,hybridized against
BglITI dJdigests of the plasmids.

.cgi
fA) phage Adigested with HindIII
(B) pRG1251 ”
(C) R478 (HI2)

(D) MIP233(HI3)
(E) pRG1351
(F) R478 |
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BglII fragments shbwihg ho
s
HI1 plasmid pRG1251.%

R478 '
fragment# size
1,2,3,4) - 26.95
' ‘ 23.27 -
- 21.31
’ *18.01
5.84

14

Table 19 .

MIP233

(1,2,;3)

fragmenﬁ#f

mology with the QzPrlabélled

size

25,60

20.50
18.91

fragment sizes are given in’ kilobase pairs-

a

Identification of the exact band showing hamology was not

always possible because of the close proximity of the bands
in the agarose gel'.  When this was the case, the bands are
listed in brackets. The interpretation should therefore be
that any or all of the fragments given in brackets may have

been responsible for

the hamlogy noted.
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Fig.

Hybridizations between HIl plasmids.
“robe isthe HIl plasmid PRG1251 ,hybrid
ECORI digests of the plasmids.

(a)
(B)
(C)
(D)

(E)

22

R27
TP124

PRG1271
PRG1251

PRG1284

The *2p-labelled
ized against .
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CHAPTER 1V .

DISCUSSION AND CONCLUSIONS .

4.1 -The Isolation of H plasmids

e

Sinee plasmid DNA repreeents'only a small fraction
of the DNA present in the celllflsolatlon procedures]have
been de31gned to separdte thls DNA from the chromosomal
DNA. Aal]l these techniques take advantage of the
dlfferences in the phy81cal propertles of plasmlds versus
those of the chromosomal DNA.l The chromosone is large,
and is extracted from cefls as .broken linear moleéulee
which can be removed by prec1p1tat10n with tangled cell'

'debrls, whereas plasmids are generally extracted as
covalently closed circles. In addition plasmide are
resistant to certain chemical or phygical” treatments.

Becausge plasmlds ex1st as covalently closed circles, the

DNA strands of theSe molecules ‘cannot be separated without

fbreaklng one of these strands. W1th1n ‘a narrow range of

pH(12.0- 12 5) plasmids are reSLStant to strand separation
whereas the chromosomal DNA w1ll danature into single
stranded DNA. If the pH is then ,adjusted tormmtnﬂgty,the

‘pPlasmid DNA will return to its n~‘ive ntate, whlle the

4



.chromosomal DNA w1ll form an aggregate which can then be
separated by centrlfugatlon. Treatment of'lysates Wlth..'
heat has a 51m11ar effect. -Chromosomal DNA and plasmid

DNA can be separated 4€rom each-other in CsCl ethidium

bromide density Qradients.. This separation requires’ that
the plasiid DN
in either of the strands of the plasmid DNA molecule (a

isg superooiled,‘that is there are no nicks
_nick is.a breakage of a phosphodiester bond). If plasmid
- DNA is nlcked then the superc0111ng of these molecules

is removed and the plasmld DNA 13 termed relaxed. The
separatlon of plasmid DNA,fromgchromosomal DNA in these
:gradlents is based on the fact the CCC DNA binds'less
ethldlum bromlde than llnear or nicked plasmld DNA.
-Ethldlum bromlde is a. dye whlch 1ntercalates between the
bases in DNA cau31ng 1t to unwxnd. As a result the
chromosomal DNA is less dense than CCC DNA, and it [is this
fdlfference 1n density Wthh allows these two spec1es to band
:at dlfferent den51t1es in the gradlent. PlasmldﬂDNA
consequently forms the lower band in the gradlent (Radloff
__t al., 1967) From these observatlons of the dlfferent
propertles of plasmid DNA versus chromosomal DNA it 1s
~apparent that the larger the plasmld the more closely its

propertles w1ll resemble those of the chromosome, and it

therefore becomes lncrea81ngly more dlfflcult to 1solate

110
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‘large plasmids like those of the H group. Large plasmids
are more readily susceptible to breakage by shear force and

dlfferentlal removal of chromosomal DNA from large plasmld

L3

DNA by centrlfugatlon or salt prec1p1tatlon may also pose
problems.

Several methods have been reported for isolating large

plasmlds DNA (Hansen. & - Olsen, 1978, Currler & Nester, 1976)

a -~

The procedure descrlbed by Currier & Nester involved’ shearlng
of “the chromosomal DNA, alkallne denaturation, neutrallzatlon
and removal of the denatured DNA by phenol extractlon, and
f1nally recovery of the plasmld DNA by ethanol prec1p1tatlon.
The Dlasmld DNA was then purlfled by ésCl ethldlum bromlde
den51ty-grad1ent centrifugation. Currier & Nester reported

that approximately 80 - 90% of .the CCC DNA was lost in«the B
initial shearing step, but that by using large volumes of

lysates, one could recover plasmid DNA from CsCl gradients.
~-The Hansen & Olsen procedure was similar to the procedure
A

of Currier &« Nester except that the chromosomal DNA and

o

membrane pleces are removed by salt precipitation. Currier &

Nester.reported that recouery of large plasmid DNA by salt

i

prec1p1tatlon gave conSLStently low recovery and degree of

Toew e N S

purification for large plasmlds. Other methods, for example oo

e e o

-llke the sarkosyL-lysatewmethod 4Bazaralw&~HeLunsk1, d968)

2 7
I

Tpseparate the»large plasmid DNA ﬁromvthe,chromosOmal.DNA S
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by buoyant den51ty alone. ln the %ade;a1ﬁiu method
. (sectlon 2.4), the chromosomal DNA is denatured by'heat
and alkali, and temoveddby phenol extractlon.

»AThree methods were used in this study to isolate
H plasmid DNA. Two of theee methode had been specifically
‘reported for the isolation of large plasmids. These
were the method of Kado & Liu (1981) and the sarkoeyl lysate
method of Bazaral and Helihshi'(léeé). ‘H plasmid DNA
was isolated by both methods, however the_yields obtained
from the Kado and Liu method were unsatisfactory. A third
method,.that‘of Birnboim and Doly (1979) which had not
.speclfically been reported.for the isolation of large
plasmids also pfoved te be effectiveﬂln their isolation.
This method involves an alkaline ly51s step followed by
neutralization and removal of the aggregated chromosomal‘

DNA by centrlfugatlon. The membrane pleces and protelna

' g..‘
In summary, H plasmids were isolated by all three

‘are salt precipitated.

methods . Théjkadplaqd_Liudmethgd yielded unacceptable

amounts of plasmid DNA. = The sarkosyl lysaugneﬂkﬁ_qﬁe 1_f, FL S,

x

,g;reasgnable_amounts of DNA, but was costly 1n that it 0 e

[T - o RO -
P - - -«

ttlrequlred a great deal of CsCl The Blrnb01m and. Doly

\

: vméthod'Waa~effiCLent’both'timejand;cost4wise,~and gave

"’euitablevémddhtg'of plasmid DNA for restriction enzyme

A
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analysis. Tﬁe appearance of a third band in the gradients
bbtaihed from this method does not affecp the results from
restriction enzyme digestioh, and poses ﬁﬁrpniﬂem;for
the use of the plasmid DNA obtained with this method. vFrom
.vlSOmL of cells, the yields of DNA obtalned with this method
were eomparable to those_obta1ned'w1th the sarkosyl lysate
method prepared from 500 mL of culture. The'reasen for this
is probably two fold. The Birnboim and Doly method uses
overnight cultures, while the sarkosyi lysate method used
mid-log cultures due to the capacity of the_CsCi gradients.
Secondly, the fact that the plasmid DNA is banded twice in
C &

»the sapkpsyl lysate method procedure resulis in a loss of
CCC DNA.

The’use'df a protease preatment in the isolation of
H plasmlds appears to be of some significance, as noted in
partlcular with the Kado and Liu isolation technlque, in
which there was a notlceable lncrease in. the yield of ccC

-

w1th protease treatment.hvp‘j “j“.f,]“‘f7éy e e,

-r S .



4.2 Restriction Enzyme Analysis

Restriction endonucleases are enzymes which recognlze
epec1f1c sequences within double stranded DNA. Type II
restriction enzymes are useful tools for molecular biology.
The recognltlon sequence for éaese enzymes is typlcally
4 to 6 nucleotides in lengtn\w1th a two fold axis of
symmetry. The specificity therefore allows reproducible
fragment patterns to be generated by a given enzyme for a
glven piece of DNA. The fragments can be resolved on the
basis of molecular weight, by electrophoreeis throuéh an
agarose or acrylamide gel system. The fragment pattern
generateq_is called a restriction enzyme fingerprint as it
is unique for each type of DNA. ' For fragments less than
1 kb in eize, a polyacrlyamide gel system is used to resolve
the fragments. _

Restriction enzyme fingerprinting has been used to
study the molecular relatedness of plasmids (Thompson et al,
l974) Previous molecular studies-of H plasmids have
revealed-ﬁnat‘tnere is little DNA sequence homology between
- the "H plasmidfsubéroups.v These studies gave an estimate of
< the percentage homology amongst these subgroups; MoreA
detailed studies including restriction enzyme. digestion were

undertaken” in: this study to confirm and extend these

114
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earljier observations.

— ' . . ) <

L ,
A diversity . in DNAfsequences amongst plasmids from the.

<

three HI subéroups was noted by comparing restriction
‘enzyme digestions of a fepresentétive member of'each‘SUb-.
group. This was evident from the'observation thét thefe
aré no abparent common bands between all thfeé'sﬁbgroup
plasmids. It was wortﬁ notiﬁg that there were trends in
thé frequency of cutting with é'given enzyme. These trends
_in the frequency of cuttipg will bé useful for further work
such as'restriction mapping of these plasmids. ThezH
plaShids_h?ve been shown to have similar buoyant densities,
and therefore similar G+C content (Whiteley & Taylor,
manusc;ipt in éreparation), and this may account for the
trends noted. |

wixﬁrnhg subgroup, molecular relatedness was demonstrated
by simiiar-cleavage patterns. This was shown .to be trﬁe for
plasmids from‘both the HI1, and HI2 subgroups. In additioﬁ,
despitebthe fact that the plasmids chosen in these experiments
came from different geographical sources and hosts, they still
demonstrated similar cleavage patterns. MIP233 is the only
member of the HI3 subgroup, so that the major'compariéon
was between HI1 and HI2 plashids. The similar restriction
'ehzyme patterns within a given subgroup may be héeful as a
aiagnostic‘aid to assist in the assignment of an H plasmid to.

a given subgroup.
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4.3 DNA Homology Studies

‘Th_e“methods uséd by Grindl-ey et-al 1973, jand ’

Roussel and Chabbert, 1978 (see- Sectlon 1. l[D]) in the
1?stud1es of the molecular relatedness of plasmld
lncompatlblllty groups gave an estlmate of the percent of- - -
DNA sequence homology betWeen plasmlds. Wlth'the'advent~ A-t;
of more advanced molecular blology techniques, more precise
1dent1f1cat10n of DNA sequences show1ng homology are. e
avallable through Southern transfer DNA hybrldlzatlon:'fl'l;;
techniques.. Southern transfers are prepared from ‘
restriction enzyme dlgests in which the fragments are ' _ .
transferredxto nltrocellulose membranes. The pattern of
fragments is conserved in this transfer. The fragments‘are
then probed with a 'nick-translated' plasmid for sequence
homology such that the .DNA sequences in common with the

probe are identified on'specific restriction fragments.

The DNA sequence homology amongst the'H'plasmid
subgroups was investigated using these techniques, with a
nick-translated HIl“plasmid as a prohei This was considered
a natural extension of the restriction ensyme digestion:
experiments since it had been previously reported that a

diversity in restriction enzyme patterns does not

necessarily mean a lack of significant DNA homology

LN . €« - - . Coe
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(Constaqtfho_gt_al,‘1981). A number of restriction
enzyme digests were transferred to nitrocellulose'and

examined‘for fragments-showing homology In general

.the fragments show1ng homology were mainly the larger

: fragments produced from the digestion., ‘The one exception

to this of note was the digest of MIP233 with'PstI

. (section 3.5).

2% ' :
The hybridization studies of Roussel and Chabbart,

y(1978),_ estimated the percentage of DNA homology amongst

; Es PN .
.- - e A

“the H plasmld subgroups to be betWEen A and 1q% n,i.f'u
,1part1cular, HIl and H12 plasmids showed between 3. and 14%
,,homology, and. the HI3 plasmid MIP233 showed between 1

--and 6%- homology with HI1 and HI2 plasmids The use of :

117

Southern transfer DNA hybrldizations for the quantitation .

of homology is difficult for several reasons and 1s
therefore rarely used (Southern, 1981) ~For a given band
showing homology it is not clear what percentage of this
fragment is homologous with the probe Furthermore,
quantitation of this value based on the 1nten31ty of the
band may be of some difficulty because large fragments may
not transfer completely from the gel and. film detection
methods other than direct\autoradiography.do not(give a

oy

linear response. .The distribution and number of fragments

._showinguhomology_varied“with'the,enzyme used. The frequépt

R
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cutter, ggggl_showed the most number of_fragments with

some DNA homology,with PRG1251 (between 7 and lO),

whereas the lnfrequent cutter PstI gave the least number

of these fragments (3=~ 4) The error of 1nterpretatlon

of thls technlque w1th regard ‘to the quantitative

assessment of the percent ‘of DNA homology is clearly
'demonstrated w1th the plasmld MIP233. In the ‘case of

‘this plasmld dlgested with'EcoRI the sum of: the'fragments'”

- show1ng homology with pRGl251 represents about 32% of the

":ltotal DNAl and for the Lnfrequent cutter PstI, thls value

is 4.7%. Rather it can be said that the PstI dlgest of
MIP233 in whlch the fragments show1ng hOmology are
‘mlnlmlzed in the range of fragments of 1ower melecular
welght (about 3kb in size) is about the best: quantltatlve
observatlon from these experiments concernlng homology .
~with this plasmid and PRG1251, although-thls is again an
overestimation of the percent of homology w1th1n a given
-fragment With the other dlgests of MIP233 thls 4.7%
homology is distributed throughout a number of fragments,
some of which are in the upper molecular weight range.

In the case of R478(HI2), a maglmum estimate of the homology

is between 29 and 38% when taking into account the total

molecular welght of the fragments showing homology with
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pRGl251. Again this is an overestimation»of the per-

cent of homology and appears to be large because .the:

= a - e P

homology in this caSe is seen in the fragments ln.the
'upper molecular weight range. These fragments are much -
less 1ntense than the fragments of pRGlZSl hybrldlzed ‘
agalnst itself in the same molecular weight range,
_1nd1cat1ng that not all the DNA in the fragments of
"f§R478 in-the upper molecular welght range - is- homologous'

to pRGlZSl DNA.

The - condltlons under whlch hybrldlzatlons are-

FENEE o e

performed determlne the stablllty of the hybrlds formed.
These conditions determlne the strlngency of the reactlon.
ThlS in turn is largely a functlon of the “Tm (that
temperature at which 503 of the helical structure of the .
DNA is lost) of the hybrids,which is affected by such
parameters as salt conditions and formamide concentration

~.in the . reaction. _ The rate of reanneallng of DNA is

_fmax1mal at 20 25 degrees below the meltlng temperature (Tm),
.and hybrldlzatlon is generally carrled out under these,
condltlons (Wetmur & Dav1dson, 1968) _These conditions
are considered to be quite strlngent since for everfr
11%—hase mismatch between DNAs', the Tm is lowered by 1.4
degree C (Hyman_gt_al, l§73). Therefore at a Tm-20° C
one will detect only those h&brids|ln which there is 85%
or greater base pairing.

/7
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— .
‘Tm as determined as a'function“of formamide, salt B
ﬂconcehtratlon (Na+), and G+C content is determlned by
the follow1ng relatlonshlp (HowLey et al, 1979)
bTm'; 81 5 +-16.:6(1ogM) + 0. 41(%G+C) ~0.72($£crmamide) (1)

where - o : : P )

M = monovalent salt concentration

¥G+C = the percentage of gmmune plps cytasine residues
'f1n the DNA » S

From'this relationshipL the higher'the salt concentration,
and formamide concentrationh.the»lower the Tm.

| _The quantitation of the kinetics of hybridization
of DNA immobilized on nitfocellulose filters is-oifficult
to predlct partly because the concentratlon of DNA bound
‘to the fllter and its avallablllty for hybrldlzatlon are
unknown. The equatlons for these reactions have been
described by Flavell et al (1974) _

- Howley et al (1979), studied. hybrldlzatlon of nlral

DNA 1mmob111zed on nltrocellulose fllters under varylng

P

"concentratlons of formamide. Under stringent conditions
(50% fOrmamlde, 3]°C) five "of six bases matched in a
hybrid will be thermally stable. They  determined that
19.2% + 2.6 of the SV4O genome was homologous to BK DNA,

a result of which, was ln good agreement with previous

flndlngs that one could detect 20% homology between these
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genomee onder strlngent condltlons by solutlon hybrld— ot
lzatlons.,vUnder less strlngent condltlons, (same
temperature;.less formamide) more homology was detected

by this method ofvfilter_hYbridizatioﬁe.

Stringent washlng condltlons are close to the Tm of*

- thei'duplex (these should be sllghtly below 5° C Of

the Tm of the hybrid in question (Maniatis et al., 1981)).
Using equation (1), the conditions for hybridization
used in the experiments in this study are eﬁaldated
as followe:A Hybridizations were performed with 5X SscC, -
-

50% formamide. The Tm under these conditions is 64° C.

The. hybrldlzatlons were performed at 43° C;, which is 21° c

_below the Tm These condltlons are therefore strlngent.

»The'washlng cohditions for these hybridizations were

‘performed in 0. lXSSC at 65° C. ‘ The Tm of the DNA under these/

conditions is determlned uSLng equatlon (1) at 73° C .

- The washlng condltlons were therefore at 8° C below the TM.

|l

of,the hybrlds. Agaln these are stringent condltlons.

The hybrldlzatlon experlments performed by Roussel and

Chabbert (1978) were also performed under stringent !

conditions. The hybrldlzatlon conditions were in 50%

. formamide,  2X S§C at 37° C. ' The Tm under these

'
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condltlons as determlned by equation (1) is 21 degrees C.

hlgher than the hybrldlzatlon temperature. The washing

conditions were equivalent to the hybridization conditions.
The hybridization conditions from these studles match

those of the Southern transfer DNA hybrldlzatlon studies
presented here, and therefore the fragments showing

homology are those which were responsible for the homplogy

observed by Roussel and Chabbert. . -

The conditions for hybridizations performed within a

- subgroup (HIl) were identical as those between subgroups.

Extensive sequence homology was demonstrated amongst ‘the
group, ofAHIl plasmids used 1In thls study Based on this
observation it is not unreasonable to assume that the HI2
plasmlds which have slmllar cleavage patterns would also

demonstrate exten81ve sequence homology, as would be

"predlcted from the findings of Grlndley and Zoussel and”

Chabbert, L ' ' "
‘ . .

Table 21 lists the commbn phenotyplc traits shared
i it

by the plasmlds used in this study.ﬂ It canﬁbe suggested
that fragments show1ng homology contain some of ' the genes
responsible for these tralts. All three subgroup plasmids
are lncompatlble with each other and the genes respon31ble

-

for this may be amongst the fragments showing homology

PRG1251, eaand R478 both. .encode for resistance to tetracycline-



and chloramphenicol. All three subgroup plasmids produce
H pili. MIP233 has no antlblotlc re51stances in common
with' pRG1251, and the homoiogy noted with this plasmid as
particularly pointed out with the PstI digest may

be specifically involved in 1ncompatlhlllty or transfer
functions. Flnally, the restriction fragments show1ng -
homology with PRG1251 for the incHII plasmld may corftain
the genes primarily 1nvolved in plll production or some
aspects of transfer since ‘this plasmld is compatlble =

with incHI plasmids.

H plasmlds _were initially divided into two groups
based on thelr 1ncompat1b111tv reactlon with F. factors
in the autonomous state. HIl plasmlds were lncompatlblev
‘ w1th F factors, while H2 plasmlds were compatlble w1th F
(see sectlon 1.5). Hl and H2 plasmids have been further

: -

'dlstlngu;shed in that Hl plasmlds ‘Thave been primarily
/v'

associated with chloramphenicol re51stance in Salmonella

.V

'txghi, while H2 plasmids were'originally described in

non-typhoidal strains of Salmonella and in Serratia
. , _

marcescens, they have also been found to’ mediate antibiotic

resistance in other'Enterobacteriaceae. It would appear
therefore that these plasmld subgroups have evolved
separately in different genera which may account for the

small amount of DNA homology between these groups. .



&
Table 20 -
. Common pheﬁotYpiC‘tréitswshared |
by the ‘H plasmids used in this study 1
‘Plasmid - Inéompatibility Resistance H pilus Incompatibility'?
- group markers production with pRG1251
- pRG1251 ® HIL ApCmSmSpSuTc”  + e ‘
,R478 HI2 CmKmTcTe + +
MIP233 =" HI3 Te .- + +
PHH1508a  HII (SmTp) 2, Te + - -
. a Resistances " to Tp and Sm carried on Tn7(Bradley et al.;1982) ﬁ
| | | | ’5
:
]
- u ) | . '.‘; b‘
\\‘. . & &\ -
‘.'; ’ S
/ . |
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4.4 -‘Concluding. remarks

Lox .

o um - m—— s o~ -

Sueeessful'iSOlation of H plasmids has allowed them
to-be‘dharacterizedlon a molecular level. For future - -
studles the Blrnb01m amd Doly method of isolation allows

31multaneous 1solat10n of a nﬁmber ‘of “H- pF&smlds an& by =

v

jfurther 5cal1ng Mp this metho@y 1t should be now pos51ble

to 1solate large quantltles of H plasmld DNA.
These studles lnvestlgated the molecular relatedness
of the H plasmlds by,restrlctlon enzyme analysis and

further by Southern transfer DNA hybrldlzatlon techniques.

’Identlflcatlon of the fragments show1ng DNA homology is

useful to further characterlze the H plasmld group.

Presumably the restriction fragments contain some of the

~genes” responé&ble for the 1ncompat1b111ty, replication and’

malntenance functlons, ‘or for transfer genes. Desplte_the

large size of these plasmids the lack of DNA homology-

. between the subgroups lends it%ﬁg; to identification of

N

common genes. Cloning of “these fragments and identification

t
~ ' N , o
of the genes on these fragments would allow theée nature of

H plasmids to be better understood. The cloning of the

small fragments of MIP233 show1ng homology with pRG1251

would be a good startlng point for these studies.

In addltlon this study appears to be the flrst attempt

, at characterlzlng sequence homology between HI and HII

ﬂ_

plasmids.. . . o T o °
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APPENDIX 1

Ccmputer program for’SiZihévDNA fragmenrs

Estimation of the size of.DNA fragmenrs from
agaroee gels can be determined by several mmthematical-
relationships. 'The size can be determiued approximately
by plotting the. log of the molecular weight versus
the dlstance mlgrated or the size may be lotted T
'agalnst the reciprocal of moblllty(Southern 1979). Both

of these relationships give a straight line forvfragments

- .. of small molecular weight apd curve in the large molec-

uIar weight ranée. Estimation of molecular weight.
by graphlcal means introduces unnecessary errors(Southern,
1979 Schaffer & Sederoff,1981). N
Southern (1979) descrlbed a relationship based

on thelllnearlty of "’ the plot of size versus the]fﬁlpﬁ
rocal of mobility which corrects for the LCurve in thls
" plot 1n "the upper molecular weight range to a stralght
llne by plotting length(L) vs. l/m-mo,_where m=mobility
and m, is a correction factor whlch is described as
follows: *

\If L-oc 1/m

then L= k x 1/m where k is a constant.
If the plot of L versus 1/m is a curve, chen the 4
measurements can be‘made to fit & 1ine.by the relation-

ship: o , ' o : _ @
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L = kl/im—mo) + k2 (;) |

where m, is a correction factor such that thfee
lines join three points with the same slope. A
standard curve for this equation for three standard
points with lengths Ly, Ly, and.L3 and mobilitie's
‘ml, Y and I, respectively can then be generated

assuming Ehét‘kl and k, are constants. m, is

then solved as

m, = M3 (L ~-L )(m -m, ) -my (L L )(m ~m,)

(L L)(m—m)-(L L)(m -m)

Finally, the values of k1 and k2 can be solved for

given m, ,u51ng equation (1)

k = L

1 175

(ml—mo)(mz—mo)

Using this relationship,the lenghts of unknowns
can be predicted within the size range Li to L3
This is a very useful relatlonshlp for measuring

?
the sizes of molecules over a wide range of fragment
sizes, as was the case with the restriction digests of
the H plasmids The computer pProgram used in this

study is based on thlS relatlonshlp except that

it is expanded to lnclude more than three p01nts
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LN

for the standard, énd it uses a least squares ahalysis
of the equations, ‘If would ﬁheréfore account for

the portion of the Standard curQe which deviétes from
linearity. The drawback of this program is thatllts
accuracy is ;imitedato-the size range of,the stahdards.
This is of particular disadvantage with the infrequent
cﬁtters which generéﬁe fragments in the upper molecular
.weight range. This prdblem would however be present
4wi£h other types of aﬁalysis.
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Example 1. = = o o ‘ o .

Use of the computer program. The HindIII fragments of
phage lambda are used as a standard curve, and the mobility
of the EcoRI fragments of lambda are the unknowns.

Pt T L 5cardbxten.dns SFUnch=obhfile
FTOSNS 30 ' 3
TN NOD ERRORS _ ' ‘ T
FRGINATAT T=0,152 0 RO=0 A

o ab e le SelnouroeX 3=ksinkk

FLOS LA Es s :

CEUE POLNGS FOR STANDARD 7 = 04 . _ *

EATER FOLECULAK WEITGHTS (8 FER LINE) 7 =
: -¢fvv.Qérmeéfrﬁyﬁﬁvggzérlo?ﬂfoﬁa :
v TER LLSTANCES o« '

UEVUvPQ{SyGI.5796.5#12&.57133.57 o ' A

SINCLEN nrsrT FRED LEN LEW 7 eI
23,7 S2.000 - 23,765 =0.085 ~0.276 371,570
EER] 70,500 Y363 0,097 1.023 375,710
Hed B1.5G0 &, 541 0.069 1,041 375,545
4.3 PéHe GO0 4,389 ~Q.129 ~3,022 364,920
23 126,500 24261 ~0.001t 0,023 372,472
20 133,500 1.935 0,025 Le2av 374,887
NINES 37.49976 LO= =1 492306 CRAR= F72.51709 )
Q= 4.08873 Shi= 0.10886

ENTER # OF FOINTS FOR UNKNOWN -7 = 04

DISTANCES (8 FER LLINE) 7% =

SR N - Th: TR VAR B P I W
FUR B OIST OF 93,0000  FREDICT
FOR A DLIST OF 7705000 0 FREDICY
FOR & DI8T OF 83.3000 FREDICT
FOIC A DEsT oF S BVL0000  PREDICT
FOR A UIST OF P2,G000  PFREDICT
FOR A DIST OF C 10645000 FREDICT

LEN OF 22,1079 h
LEN OF . 7.3878
LEN QOF S.8357
"LEN OF J+6005
LEN- OF 4.8479
LEN OF 3.4737

T>>>D>2>

¥ OF FOINTS FOR STANUARU o=

Y

The sizes of the'EcoRI fragments agree with the published

values. (Table 6)
AN



100

202

Y03
203

- Computer program for sizin
as adapted for use on the
of Alberta.

C LEAST SRUARES FIT OF DIINA Y0 GEL MIGRATIGN
DIMENGTION WYCH0) s DIST(S0) FRODO30) y DWTCS0)

o

[ I

Y04 .
2049

11

13

9

14

DIMENSION DFRODCHOD » ECO0)y DIBG,-
REAL X4 MO L Oy MUT s HOIS Ty MEROD
CONTINUE i

WRITEC(3,202) P , .
FORMAT (/7 &% OF FOINTS FOR STANDARD
READ(Sy1) N '

FORMAT (L2 .

LF AN JLE. Q) GO TO 99

WRITE(3y203)

FORMAT (7 ENTER MOLECULAR WEIGHTS
READ(Sy 2y ERR=903) (WT(I)yI=1,N)

FORMAT (BF10.0) i

WRITE(3»204) -
FORMAT( ENTER DISTANCES 7 =' /)
READ(S2 2y ERR=904) (NIST(I) yI=1yN)
SWT=0, oL
SUIST = 0,

SFROD= 0,

DD 11 Is1,N

SWT=SWT + WT(I)

SIIST = SDIST + DIST(I)

FROD(I) = WICIYRDISTCD)

SFROD = SFROD + PRODCT) »
MUT = SWT/N

MOLST = SHIGT/N

MFROD = SFROD/N

DO, 12 Is=1yN

DWICIY = WT(I) -~ MWT
DIISYCI) »= DIST(I) - MOIST
DFRODCEY = FRODCI)~MFROD. . .

"]

L55L = 0,

}

pe
!)

(8 FER LINE) 1

CS5M = 0, SRR VTS Y
C5CFML = 0, . .._;%jggg
C5FHLL = 0, : o]
CSPMLM = 0, . . 5

DD 13 I=1,N _ '
C85L = CHSL + DWT (1) %k2

 CSSM = C8SM + DDISTCI)*K2

CSCFML = CSCFPML + DUWTCIDXDDIST(T) -

CSFMLL= CSFMLL + DFRODCI)YXDWT (1)
CSFMLM = CSFMLM + DFRODCIDXDDIST (I
DET = CSSLXCSSM-CSCPMLKY . - -

MO = (CSSHXCSFMLL - CS@PML*CSPHL“)/DET
LO= (~CSCHFMLXCSPHMLL +CSSL*CSPMLM)/$ET

6ot = 0.

S50 = 0,

DO 14 1 =1,N
C(I)=(wT(I)«LU)*(DIST(I)"MD)
8C = 8C + (Cc(I) - CC1)»

SSC = SSC 4+ (CCIy-C(1)ykxD

)

g restriction fragments
computer at the University

¢,
7.
o
Yo

B
3, tigﬁ‘

.

e} -

.

F

INIST(S50)

”)
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8C = 8C + (C(I) - . C(1)) L e

14 58C = 85C + (CCIN-C(1)r%xx%x2

CBAR = SC/N + C(Ly

©8DC = SAERT((S5C - SC*X“/N)/(N 1)) e
"WRITE(3y101) 2

101

- X

906
206

16

199

99

- ENL ' A *

DO 15 I = 1N | o o -
PREDWT = CBAR/(DIST(I)-MD) + LO - | :

FORMAT(“0STN LEN',7x.'n15T',3x,'PR&u LEN';BX;’DEv'yIOXy‘ZC
y7Xy 7CCI) ") ) ‘ L .

Sh = 0, : , ‘ : . .

sSsp = 0, ' . ' o !

WTDEV «= WT(I) - FREDWT

PERC.= 100, kWTDEV/WT ¢ L) . .
SD.= SD + WTDEV A X <

qu SSO+WTDEVRXD

WRITE(3,3) UT(I)yDlS1(I)yFREDUvaTDEUrPERCJC(I)

FORMATC’ “+FB8.1y S5F11.3)

SHWT=SRART ((SSD ~ SDKX2/N)/ (N~ 5)) ,

WRITE(3y4) MOyLD;CBAk ' n
FORMAT (7 MO= “yF1245," L0=~',s12.5,' CRAR= “4F12.9)
WRITEC(3s6) SOCySDWT ‘ T .
FORMATC(’ 8C=./yF12.5y7 SD= ‘yF12.5)

TWRITE(3y205)

FORMAT (/7 SENTER # OF POINTS FOR UNKNOWN 7 = )
READ(S,10NU
IF(NU.LE. 0) GO TO 199

MRITE(3,204) ' L e

FORMATC’ DISTANCES (8 FER LENES 7= )
REALIN(Sy 29 ERR=906) (LU(1) I= Lo NUD
D0 16 T =1sNU

FREIWT = CRAR/(D(I). ~ MDY + LO~— - o ‘ -
WRITECSs5) DCI)yFRENWT ® kﬁ%;/fh ‘
FORIAT(’  FOR A& DIST OF TV, 45/  PREDICT A LEN OF,F12.4)

GO TO 1000 .
STOF

1\)



