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Ry ABSTRACT"
"The initiation of chromosoméwreplrcuu& from oriC in E. coli is a 6 P
very comphcated and well regulatéd process, involving at least'® proteins (DnaA, ’

DnaB, DnaC, DnaG, ssb, HU proteins, RNA polymerase, andg',rase],

Mycoplasmas are a large, divergent group distlnctive from other bacteria, whose

study is expected to yield néw in;ight into the universality of}unenc_ ideas™ . | o
contiufug Hhe-mechaaiem aud regulation:of DNA veplisition. To this &nd,‘an
aitemp} has been;;de to clone the replication origin (oriC) of Mycoplasma

= pneumoniae in E. coli using a marker rescue method with 2 Km" gene fragment -
Tt f . asthe f‘rl\arkgr. A total of § ligations and transformatiotis were performed but no

tmnsformﬁht was obtained even- though a variety of conditions weré-tried in thése

expenments In. order to ire the effectivenéss of Lhe hni nsed in t¥
expenments an m',emal positive contml experiment was camed out. In thls

experiment equal genomlc amounts cf plasmid pUC12 DNA (completely 'dlgested

with EcoR1) and M. pneumoniae DNA fragn‘)en'ts (parﬁally >digested with EcoRl)

werq;: mixed; dephosphorylatid, and ligated with the Km" gene fragment. From 7. . -
_~  experiments about 160 Km" transformants were omail;ed, and all but one were
: also Ap” in phenotype, which meass that they-had been transformed by plasmids -
containing the replication origin from pUCT2. The plasmid extracted from the

only KmAp® tmnﬂformanﬁ was analysed by restriction mapping and Southern ,

blot transfer and DNA hybridization. The components of the pla_smxd were i

F ' ‘/> identified, and a ibl is proposed by which the M. pneumnoniae #
- M e P -
¢ DNA fragment is progressiwly lost from the original plasmid. The DNA
" .- rgplication origin of this plesthid was identified to be the pUCIZ replication ;
. . . R N A 5
origin. " i %
. —_ . E % \
\ . N y 2
- - R
¥ - R S J




The pombdxty that there exists a different type(s) of DNA repllcahon‘

. system and nppnauu in mycoplastas from that in E. coli, and the xmpllcmons
of tlns in new al‘ the evoluhonnry distance between the genus Mycoplasma :nd o/
other bacteria such as ‘E. coli are discussed.
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“Chapter I
INTRODUCTION . °~
- ~ »
1.1. BACTERIAL DNA REPLICA;IION AND CELL CYCLE '
/' CONTROL i
&N

" Fach bacterial cell has asmgle cncular double stmnded DNA n!mlecule, §

called a chromosome. A round of chromosome rephcah chgms with the \
inftiation of DNA synthems at nspcclfw slte all€d- the origin of chromosomal
DNA rephcauon (oriC). The 1mt|atmn of hcatmn isa velxﬂmphcat:and
well-rugulaned process which is noc fully under: nod'{ut the following are-current
views{see Fig. 1, 2 and 3) ied 65 oo research iricitly bt G ogilive
¥ baclerium, Escherichgp coli. ’l:he nascent strands\synt}gesized in 5'-3' direction
are aned leading strands, i.e. the strand made fn the overall direction of

polymerization, while the lagging strands are synthesized later, pppdsite to the
. ( | -

-/ overall directionrof polymerization (Fig.,l). o i‘

|
Much expenment:l evidence suggests that the very earh#sv invivo
replication from oriC'is umdnechonal and that the first leady‘:g strandis (\”
counterclockwise (Yoshimoto et al., lﬂsﬂn 1986b) (clockwise is defmed by the
: orientation of the standard £. cl’zlgﬁenetlc map, see Bachmpann, 1983) InFig.3, -,

transcriptions from Pori-l and the mioC promotor are co Meg‘clockwwe,




).

Reph on the leading strand and discontinuous

* on the lagging strand. The arro yt show the overall direction of polymerization
g, 1981) ' ’

of DNA.- (Reprinted from Kornbe: oy,

- ¥ ¥ ; &

.
¥ e - *
ﬂf»
.
" - i
. . -
. . o
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while transcription from Pori-ris clockwise.) The counterclockwise leading strand
is considered tb be more important than the clockwise leading stmnd‘lj{‘ause
after the duplex has been Spened by replication of the first leading strand, the
second leading strand ggn be iniiated from several potential initiation sites, e
Pori (promotor within the origin), a oo pFii e B i 6B ONRRKT

7 primosome assembly site (see below). The first leading strand is often simply

referred to as the leading strand.

At initiation; the initiation prroteins (l?paA, DnaB, DnaC, DnaG and RNA - -,
polymiraﬁe) interact with each other and oriC (Lother et al., 1983; Marians, 1984) - »
formieg a complex, and opening the two strands. Then the primase/RNA

. polymerase starts synthesizevRI;IA“‘ The <ranscription §y RNA poy yme;ase . Con
n ’ ither activates the oriC by opening the two strands 50 as to expose & priming
site, or the RNA ti'anscript itsell may be useﬂd as thg primer (Kornberg, 1983).
Most people believe that the exposed priming site is Lﬂ 1’ site where the
#x174-type primosome [which includes proteins i, n, o', n*, DnaB, DnaC and
P ; DnaG (primase) proteins] assembles and start; primer sypthesis. Seufert and
Messer (1986), however, suggest that since no n' site has been found within the,
origin, an n’ site is not involved in the initiation of the lagging strand but tha‘t the <7
same set of pre-replisome proteins assembled¢at oriC' is responsible for this
initiation as well. Replication from an n’ s’ite is protein i-dependent and possibly
involved in atnble-Dl\{A-replicatian (sdr). The pre-replisome (whi;h includes
‘bnm, DnaB, DnaG; and DnaG proteins) would thus be responsible for the
« " primingof both the leading strand and the lagging strands, i.c. Okazaki fragment

initiation. * .




\ 5
When the primer for'the leadmg strand has been synthes)zed DNA
polymerase 1t holoenzyme wn]l take o%after the processmg or iermmutmn of
the pnmer) and begm to synthesis the BNA leading strand. When both leadmg

strands have been synthes??d' beyom{t@ origin, T two replicaton forks are

bldu‘ecuonally until the round of DNA
synthesis is completed.

\ v

Durmg the replication process all the protems and enzymes mvolved in
replication congregate on or \close to the forks. They function’cooperatively and
coordinately and the complex is called a reghsome (Kornberg, 1982).
. o , : P

. ",As for the synthesis of the Lagging strand, the dirgetion of its synthesis is
opposite to the direction of for‘k movement. The primosome, (or pre-replisome),

after laying down a short 5'-3' RNA prime;, moves in a 3'-5' direction, the same

- 1
as thal of fork movement (Fig. 2). At intervals the primosome will stop to = *

pa
sy ntheslze a short RNA primer l‘ragment DNA polymerase I holoenzyme then

clongates the-primers with DNA continting to be synthesited in a 5' - 3’ direction.

W\ﬂlm the DNA synthesized by the holoenzyme meets the primer of the previous
Okazaki fragment, DNA polymerase I takes over, hydrolysing the primer and

filling the gap by DNA synthesls Fmslly, DNA ligase closes the last

P

phosphodxester bd‘ds between the hesized short frag ducing a

strand (Kornberg, 1982). A
as.a single strand, Ims the potentml for starting DNA synthesls and hence it ig
called a *single strand initiation site® (SSI) A phage Mi3 denvntw{ Mi13

'4E101, can be used to clone and express'the SSI. (Ray et al., 1082)

: : <

S assembly site, when available :




' X
A 5
/ Fig. 2. Scheme for enzymes operating at one of the forks in bidirectignal
lication of an E. coli ch n oriC-plasmid . A
\ -

Processnvlty (lack of dissociation) of Lhe DNA polymerase III holoenzyme in continuous
chain elongatlon and of the primosome m short RNA primer formation for discontinuous

. symh/ws assires rapid replication. (Reprinted from Kornberg, 1082) .
' : . . : # N ar

o~
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The inilintion of bacterial DNA replic%;n is coupled to the growth rate
and ddermines Ke cell cycle, however, the mechanism of this regulation has not
beea fully elucidated. The dominaxt belief is that the ratio of origins/cell mass
determines the time of ini:‘i;tion. After a cell division, cell;grow to increase their
cell mass, and when :he ratio is reduced bi’iow a threshold, re;lication is initiated.
. This is called the titration of cell mmh’fuhsis. :l'wo types of model have been
proposed for this hypothesis. One is the *initiator® or *autorepressor® model

(Sompayrac and Maalse, 1973), in which a putative initiator protein is-

continnously produced throughout the cell cyﬂe. accumulating to a critical

amount which then triggers the i ritiation of bNA replication. An au QP
gene is on the same operon as.the initiator gene, which funcsions is to keep the

“ concentration of the initiator protein stable by negative feedback. The other
model involves a repressor of DNA Teplication which is synthesized once at a fixed
point per cell cycle and is diluted by the subseguent inuc‘nse in cell volume.
When the concentration of the repressor drops below the effective level,

replication initiates (Pritchard ef al., 1969). ) -
.

1.2. THE STRUCTURE AND FUNCTION OF oriC

Within the oriC of E. coli a 245 bp (422~ +2ﬁ'i bp) fragment w.as found go
-be an autonomous replication sequence (Oka et al., 1980,984), called the
mianimal oris’v (Oka et al., 1080, Tabata et uk; 1083). .Even though therminimnl
origin is called simply *oriC* quite frequently, in this Thesis I will call it
*mini-oriC* to distinguish it from the integral origin of the intact chromosome.

According to Lother et al. (1985), the integral origin includes sequences flanking
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the mini-oriC, approximately 900 bp long, which are involved in the régulation of
initiation. The right flanking seq@®nce contains a mi6C. (modulation of initiation )
at oriC) gene, coding fork 18 K Dalton protein (also c:!l‘ed x-protein). The "

function of this protein is unknown, but the transeription of the gené is believed .
to be a very important regulatory element for the initiation from a;iC (TanaKa et *
L., 1985; Schauzu et al., 1987). The essential features of the origin region are ~

summarized in Fig. 3. . : % 4

In order to study the mechanism and control of chr T _ “

A
s minichromosomss were sonstructed by circularislyg the ord¥y region or by the

ligation of the oriC region with a DNA fragment (usually a marker gene) to™ |

produce an- artificial plasmid in which autonomous replication starts only (ro_}n( the
.

chromosomal origin of oriC. ln\tlme i the
minichromosome is also called an * oriC-plasmid®. The minichmm(_;éoma require

the same set of gene products thought to be involved in chromosomal replication.

Six different species of oriC fragments from different Gram hegative ~

" bacteria have been shown to function in E. coli. Five are from the same family as

E. coli, the family Enlerob i E. coli, Sal ll imurium, -3 4

Klebsiella p iae, Enterobacter aerogenes, Erwinia carotovora, and the

otheris a mn‘rine bacteriumi: Vibrio bnruzyi of the family !T}:rianueae. Fron:
g s e

analysis of the 8 origin sequences thel;é has been proposed a general structure for
,oriC, and in particular a consensus sequence of mini-oriC. This conserved
: . '
+ 3
sequence and structure is called an E. coli-type origin and it has‘the following

features.
<




Fig. 3. Structure of oriC - \

The cuter limits of oriC are indicated by brackets. ‘The highly conserved region
(broken line) believed to be essential for the initiation of DNA replication is included.

~ The outer limits of minithal origin (mini-oriC) are indicated by the ends of the thin line.

“Some restriction sites. and are given for ori jon. B' membrane binding
. sites (Jacq et al., 1983) are indicated by hatched bars. Promotors are indicated by filled
bars. P16Kd is the mioC promofor. Transcripts start at the ‘base of ‘the arrow. Open

reading frames for proteins are indicated by open bars. The 9 bgepeats acting as core

2
. DnaA protein binding sites are shown as open arrows. The specific DNA gyrase binding
site with its center is also indicated. Numbers are base pairs from the BamH1 site and
)
are counted in clockwise orientation. (Reprinted from H. Lother et al., 1985)
< ,
&
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In the mini-oriC region very !;w deletions ob insertions are found and the :
few which occur are mostly bel%een +20 bp to +60 bp i.e. at the left border of
mini-oriC. The mini-oriC is AT rich (56%), with an asymmetric nucleotide Z
. 2 distribution. Mini-oriC contains cglmgletely cons‘erv’ed regions and regions of
identical length but of different sequences. The conserved sequence regions cannot
- _toltrate fnsertionsor deletions nor can they tolerate base substitution; the non- &
conserved regions can tolerate base substitutions but not deletions of insertions
" [The former constitute recpgnitioh sequences for the initiation proteins, e.g. DnaA,
(VNA gyra;! a‘nd RNA polymerase, and B' membrane binding sites; the latter

sequences may function as "spacers® (Marians, 1984; Zyskind et al., 1086).

The most-«important conserved sequence i¥ a 9 bp repeat, TTATCCACA,
’ called the dﬂu;i'lgcx.‘ which is the binding site for the DnaA protein. Four copies
of it are Iound within mini-oriC, a fifth i located near the -35 bor of the mioC
- promotor (Hansen et al. 1982). A dscusiod below, the DnaA protein is uniquely &
v.al in the initiation dnd regulation of repﬁcatien fromoriC. 4

/ Another important conserved sequence is the GAT_C d‘am.melhylnlian site.
There are § consen;ed GATC sites in the mini-oriC consensus sequence afid it
appears at a high lreql.xe!:c,\' in the promotor and regulation regions of the mioC'

- . . gene and the dnaA gene. Methylation of ofie o mor? of the GATC sites in the.

Lfor,i.gif is very important for its function, especially.in vivo. Messer et al, (1985)
& f and Smith’ etal. (1@85)\,hnve demonstrated that oriC;plasmids can only transform
dam mutants at very low fre({uenéy or not at all. Possibly the methyiation- n.ﬂ‘ecu ’

the recognition/binding of the initiation proteins. Methylation of GATC sites in."
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- . the promotor /regulation regions of the miol{and dnaA genes was found to
enhance their expression (Braun and Wright, 1986; Schauzu et al., 1987). Bzaun
and Wright (1986) also sugkest that dam methyltion mayhave a role in *fine-
“tuning* the expression of dna dyring the . cofi cycle. Since the DnaA protein
controls replxcatmn dts own syn!hesls wonld also be tightly controlled.. They .
propose that the hemnmechylazj e getie filess efficient in transcnptmn thah
the fully methylated gene, such that"hemimethylation resulting from gene . .

) du’plitali;n during replication would prevent an insts{n&ane(’)us doubling in the

rate of dnaA expression. ) {

Close to the Ieft border within. the mini—\a}c &[ﬁre is a conserved region of -

60 bp in, Iength containing th:ge 13-mers. This region is supposed to befavolyed . -

. ,in' fon with DnaB proteimswith the assi o DuaA and DnaC protems

), (Funnell et al 1987) or involved in-the transloml.mn of the mnml mmmon

4 .comp]ex (Messer, 198‘1) el o

- T ® s L&
% W Recently, Schauzu et al. [1987) confu'med in vive the EXNtEHCE Of two

. ’promom?mch Were found in vitro by ‘Lother and Messer (wsn‘ within *

mini~oriC-by S1 rfuclease mappmg' Pori-r an{ Pn They -were folu&d to start

divergent Emnscnphon in vivo: leftward (or counterclockmse) at pnsmon +178
¥ oy
g for Porl~l and rightward (clock\vlse) at positions +294 and - +3(b2 for Pon»

These transcripts were found to Eermmale after fm‘ls\ﬁbues at'termmuors
desngnated Torvl and Tarx-r Mdltmnnl pramotor{“r nghtwmd transcnpnr)n ' (\(

& : within mnm—onC was recent!y lccated in the left half of the mml-onC (Junker et

al . 1986), but its role gnd existence v ot bsea well recognized. For simplicity -

o it is-not.included in Fig. 3. - X . X
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Trapscription };roceeds counter—c!bckwisg from the mioC gene promotor and
most transcripts enter o "R through mini-oriC (Junker et al., 1986; Schauzu
etal, 1'981-). Tanaka and Hiraga (1985) replaced the mioC promotor with the la¢
promotor, and found that the lac-inducer IPTG inducedatranscripts that entered
mini-oriC and negati\\elyqegulated DNA replication from oriC. Stuitje et al. +
(1088), ob.the other hand, by dissecting the mioC pr c found that

transcripts entering mini-oriC positively regulated replication. Specifically, they
fi)‘und that a terminator inserted to prevent the transcripts from entering oriC'
reduced the copy niimber of oriC-plasmids. When the dnaA box in the promotor
was deleted, the transcripts entering or{C' were not reduced significantly but the
copy number of oriC-plasmids was reduced very obvio}ls[y. These observations

suggest that the binding of DnaA protein to the dnaA box of the mioC gene is

essential to lish the actual activation t-withir oriC, and that the
negat:ive result of Tanaka am? Hiraga (1985) resulted from a lack of DnaA binding
(Stuitje, et al., iﬁSQ). \ X
S, .

The currently accepted view is that of a *positive action® by mioC
transcripts. As for the mechanism of their function, there are two possibiu\ties.
First, the transcripts may be used as primers to initiate the counter-clogkwise
leading strand;:then the Pori-r or even perh:xzps an Okazaki assembly site, opened

-by the trnnscnpnon from me would start the clockwme leading strand In this
case, Pori-l would only function as a backup promotor for mfoC, a possibility )

“which could explain the low level of replication ol\tained when the mioC gene was
—

deleted. The other possibility is that the transeripts Iro/ ‘mioC activate oriC by




.

_opening thie double strands, possibly facilitatinT DnaA binding (Schauzu e al.,

.
1987). In this case, the primers for the.two leading strands w\@mesized

from Pori-r and Pori-l, respectivelys,

Initiation may involve DNA gyrase, DnaA, DnaB, DnaC, DnaG proteins ang
RNA polymerase. The most.important feature of in vivo initiation of DNA
replication from oriC is that it is DnaA-dependent and protein synthesis-
dependent (Lark et a’l," 1963) and there is a requirement for RNA polymerase.
The function 01'.01'!'0 involves two steps: to open the dOI‘lblf stranqs and to begin
to synthesize the l‘eading strands. The mechanism of initiation thvolves many
initiation proteins. Befere initiation, gyrase may be needed to introduce negative
supercoils t facilitate the binding of DnaB/DnaC to the Dmomplex

. '

(Funnell et al., 1987) and would be continuously required to release the stress of

positive supercSilsp by i S inding during ication (Baker et
al., 1987). DnaA protein binds cooperatively to the 4 dnaA boxes within the
mini-oriC and forms’a multimerie compleX (Fuller et al., 1984).'F|x’]|er etal
(1084) examined DnaA: brotein binding b footprinting and suggested that the

complex contains 2’0-40 monomers of DnaA pmteip with the DNA wound around

in a specific way. This is consistant with the supposition of Funnell et al. (1987)

inferred from the size measurement of,the diameter of the DnaA-oriC complex.,

- a .
Afterwards, DnaB protein may join the DnaA protein in a reaction dependent on
DnaC protein and apparently binds to 2 50 bp conserved region containing three
13-mers close to the left border as deduced from studies involving in vitro

assembly (Funnell et al., 1987). The histone-like HU protein assists the initiation
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(Baker el al., 1987). Funnell et al. (1987) sugg95! that the HU protein as well as

the er may cause the pologi clnnge enabling an alignment of DNA
in which the prepriming prolems pmduce an active complex.
~ ~ -
The in vivo DNA replication frofn oriC at the very earliest stage is
commoaly accepted as being unidirectional, and the first DNA slran’d synthesized
is the counterclockwise leading strand. The electron microscopic observation by )
_Yoshimoto et al., (198Q) of early replication intermediates of an oriC-plasmid
which.contained the integral oriC region, provide evidence for such asymmetric’
replication from the integral oriC region at an euth\ime. Baker et al., (1087),
however,\found, that the in vilro replication is different. By electron mi.croscopic
observauo of the initiation complexes of oriC-plasmids established in'vitro wuh
different initiation proteins, they found that the DnaB protein functionsts

helicase, stn&ng bidirectional unvinnding of the parental strands. When primase

and DNA pnlymeuse 101 are present lngplher with DnaB and ' gnse in the correct

proportions, the in mlra Jicati is"bidirectional. Maybe bidi |

replicatiog is esfablished simply by joining primase and DNA polymerase Il to
Bibe Dnm‘pro&u which are working in each direction. Baker et al. (1987) also

suggest a reason for the difference in orientation between the in vivo and in vitro

Cn 5
“replication: in m'w: the iption from the mioCop inhibits the

rightward priming, but in the in m'!g/system RNA polymerase is absent and the
mioC promotor is also absent from the oriC-plasmid.

\' In addition to the observation that DnaB unwinds bidirectionally) Baker et
al. (1987) also found that when unwil;ding by DhaB is allowed to precede priming
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and DNA synthesis, primase and the polymerase Il holoenzyme-do not exhibit a
prefegence for starting at oriC, Thus it appears that the DnaA*DnaB*DnaC

complex is responsible for the specificity of initiation at oriC in replication.

Recently, Seufert and Messer (1087) found that the DnaA protein can
substitute for protein i to initiate replication of pER322 and several other
plasmids, or to stimulate replication of pl’asmid/{gkvvo/usly considerﬁ,to be dnaA
independent. When tl’;e :ormal priming ;ile is(deleted from pBR322 but the DnaA
protein binding site remains, the DnaA protein becomes esséatial for replication.
There is no analogous priming site (n’ site) in the vicinity 'o[ oriC (Stuitje zt.a;.,
1984), so Seufert and Messer (1987) suggested that the DnaA protein directs
DnaB, DnaC and DnaG (primase) proteins to the dnaA binding site to form a pre-
replisome and start priming for DNA synthesis. That is to say, the DnaA protein
may function as a nuclsa‘tion protein for assémb!'mg the pre-réplisome complex
and is capable of functioning an many different origins and the pre-replisome is
responéiblé for the priming of both the leading strand and the lagging strand

(Seufert and Messer, 1986, 19%7).

1.3. THE: REGULATION OF INITIATION AT oriC
The replication properties of oriC-plasmids have been extensively studied,

" based on the idea that their characteristics may reflect the mechanism and control .

of the ch 1 DNA replication. As ioned above, this ion has
. beeti supported by numerous findings that oriC-plasmids require a number of the

7
same gene products for initiation of replication as the chrom On the other |

hand, it has also been found that oriC-plasmids are present in higher copy

. I
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numbers than the chromosome and are not stably maintained (Leonard and.
Helmstetter, 1086). However, oriC-plasmids were found to replicate

h ly with the ch sme in exponenti I-phase culture ar;d Leonard

¥
and Helmstetter (1986) and Helmstetter and Leonard (1987) have suggested that
this-ls because their replication frequericy is governed by the same mechanism
Helmtetter and Ieonard (1987) suggest that this is so even with an oriC-plasmid
which contains only 327 bp of the oriC region, which implies that the informatiog
in the mii-oriC is enough for control ofgihe timing of the initiation of DNA

replication. y
¢ v ,

Minichromcgomes have algo been used to study the incompatibility
properties of oriC. Plasmiﬁe same.type, that is, plasmids from the same
compatibility group, are unable to coexi;t in the same bacterial cell. The
‘mechanism for this incompatibility is related to the regulation of plasmid copy
number. Stuitje et al. (1986) demonstrated th::t oriC is responsible for the
incompatibility obsgrved between oriC-plasmids. Two sec?uences, incA and incB,
f
were found to be responsible for this feature. A pBR322 plasmid derivative,
carrying both a 210 bp sequnnce.uverlapping the promotor of the m]'uC gene
(incB) and the mini-oriC' region (incA), exhibits strong incor;|palihi]ity towards
other 6riC—plasmids.' According to Stuitje et al. (1986); the expression of incA
requiresqtmnsuipzian into mini-oriC, and the role of incB in incompatibility is
the titration of DnaA protein by binding to the mip'C dva:box, with RNA
polymerase facilitating the titration. Thus the co;ditions for expression of
incompatibility are nearly the same as the regulation of initiation. Perhaps they

s
are two phenomena of one single event.

-

"ﬂb
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. \
v The stability of the minichromosome depends both on the copy number

(Stuitje et al., 1986) and the partitign characteristic (Lgbner-Olesen et al., 1987).
v

The latter may depend both on the membrane bindin\&nes in oriC (Jacq et al.,

1983) and also on the size and ion of the mi Which may
influence the tightness of its binding to the membrane. What determines the copy
Hisiabe i not yet cleat. 1t will b a Fuiction ot tha interval time between two
initiations, which may in turn be decided by the time required for oriC.

-
methylation and for gyrase to introduce negative supercoils (Atlung et al., 1987).

*.As for the regulation of the replication per se, it is not yet possible to
synthesize a clear picture. DnaA protein is apparentiy the keyA factor in
controlling the cell-cycle. Atlung et al. (1987) consid‘er that the DnaA protein is a
good candidate for the initiam} in the “initiator accumulation® or
*autorepressor* model (Sompayrac and Maalwe, 1973). There ate several reasons
for this belief. Firstly,}he DnaA protein is specifically required for initiation o\f
replication from oriC. Secoudly,.the dnaA gene is negatively autoregulated
(Hansen et al., 1957; Kteherer et al., 1986), (In this case, the DnaA protein is both‘.
the initiator and ;lso the autorepressor, a modification of the ofiginal Sompayrac
and Maalge model). Thirdly, when temperature-sensitive dnaA mutants are
grown at intermediate temperature, i.e. when the DnaA. protein is partially
inactive, initiationﬁjns 2t a decreased origin/mass ratio resulting in decreased
oriC-plasmid copy number (Lycett et ali, uiso), while a cold-sensitivé mutant has
.an increased ratio at low temperature (Kellenberger-Gujer et al., 1678). These Yy
observations mean that the actjvity of DnaA protein can alter the origin/n;ass
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ratio at initiation. Experiments by Atlung et al. (}087)'shaw that overproduction

of DnaA protein (obtained with plasmids carrying the dnaA gene coding sequence
il the dontiol of the heat-inducibldapL promotor) induced overinitiation. For
minichremosomes, the copy number |ncr‘g&s; for the chromosome, the gene
dosagg\ ear the ori;i( is increased, even though the overall ratio of DNA/cell

mass does not alter. Tl:’e overinitiation occurs very rapidly after the induction but
then the faitiation frequency reduces to nealy normal. This siigests thatithe
concentr;ticn of DnaA protein also determin‘a’!he ratio of oriC/cell mass at

initiation. »

The mechanism by which the DnaA protein regulates initiation by bﬁ‘aihg\/

to-the mioC dnaA box is still not well under3tood. Maybe it involves the

" . interaction between the DnaA protein and RNA polymefase, since dnaA boxes are
5 .

found close to the mioC promotor and also close to the Pori-1 and Pori-r+
promotors (see Fig. 3). What is more, some rpoB (coding for the RNA polymerase
B subunit) m’%hslions were found to be able to suppress a dnaA mutation which,
according to Bagdasarian et al. (1977), suggests the physical interaction between *
these two gene products. The experiment by Stuitje ef al. (1986) sBows that the

binding of DnaA protein to the dnaA box near the promotor ol’_'.he mioC gene is

" essential for the activating uanicription to occur, but higher concentrations

inhibit th® transcription. Rokeach and Zyskind (1988) found that both increased

and decreased levels of intracellular DnaA protein deckased the transeripts into

oriC. These observations, together with the fact thaf the dnaA gene is
. R % v
autogenously regulated, provide us with-an numregllnory, homeostatic control

B
model of DNA replication by DnaA protein.

. "

LS



The, transcription from the mioC{promotor into mini-oriC' is responsive.to

changes in the intracellular concentratiod of other transcription and replication

factors and ppGpp ine 5'-diphosphate, 2'(3')-diphosphate) (Rokeach and
Zyskind, 1986). Thespromotor of mioG has )e s;i.mg conserved re;\m as the
stable RNA promotors which are responsible for the stringent resppnse (Travers,
1984; Lamond and Travers, 1085). The significance to replication of stripgent '
regulanon of a transcript reqmred for initiation is that in the stringently regulated
bl ki, FGRGUGE P il GHUREEOR A e deat controN,
(Deneer and Spiegelman, 1987). Growth rate regulation of the mioC transcript
could provide a mechanism whereby the rate of chromosomai duplication would

be coupled to'the growth rate. An | way of dinating replication with

transcription and translation in E. coli may rely on the orgauizniion of operons’ =
such as the rps-dnaG-rpoD macromolecular sfnthesis operon, an operon which

cqnl:;iﬁs genes involved in translation (rps), transeription (@D)/énd replication

" (dnaG) (Lupski, et al., 1984). The coupling of genes into such operons would also

contribute to the coordination of replication and overall cellular growth..

1.4. E. coli IS CURRENTLY THE BES' OST FOR CLONING
FUNCTIONAL ORIGINS : /

E. coli is 4 very flexible organism for D}i/\ replication. Apart from oriC, the
E. coli chromosome contains several other potential origins, which are repressed
. :
3
under normal conditions. So-called stable DNA replication (sdr) mutations were

found when oriC was deleted or when dnaA and/or rnh (Ribonuclease H)

“ mutants were grown under non-permissive conditions (Kogoma, 1986). The sdr

- .
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replication is DnaA—inde}deent and protein synthesis-independent (Kogoma and

Mc;enburg, 1983). Massy et al. (1984), by analyzing the refative copy numbers of *

; various ge;les aound The chromosome in exponentially growing sdrA mutant cells
wilh or without the oriC site, found the locations for several sdr initiation sites:
+ oriJ, oriX and 2 or 3 oriK sites. Among these potential origins, only oriJ was
ik known to be the origin of a defective pmphagm rac (Didk 5 al.. 1079; Kaiser and
Murray, 1079); the rest are sequences of unko8%a origin. Fopoisomerase I, HU

protein and RNase H are proteins which normally repress replication from origins

other than oriC (Kogoma, 1986; Ogawa, 1985).

% Many plasmids (of dl{fcrcnt mcompanbllny groups), viruses and
; ~ Iy replicati ces (ARS) can b replicated in E. i, involving _ + -
) many différenmechanisms o uifintion-and replication. “Thus, il lsrnof strange
3

that the E. coli chromosome has so many potential initiation sites, since any
<
'

sequence with sufficient homology to one of these origins may constitute a
potential origin. E. coli is also flexible in its transcription sy;zem. Genes from
the Gram positive bacterium Bacillus subtilis can be expresséd in E. coli,

-
whereas B. subtilis does not express most genes from E. coli or other'Gram _
positive organisms (Dubnau, 1983). The enzyme systems in E. coli demonstrate a

great flexibility, possibly to increase its ability to adn[)t to different situations.* As

P

will be discussed in section 1.7, E. coli cap.express cloned mycoplasma genes. The
conservation observed in transcription systems is encouraging to people searching
. . for possible consefjgation between the two replication systems. In addition to

- e

f .
transcriptional and replicational flexibility, E. coli is a well-studied organism. It

N
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is easy to 4ransform. It has many ‘wellvcharacterized strains with different

phenotypes and many well—established vector-host systems available for different

cloning purposes. Except for the E. coli origin itself, 5 origins ffom 5 other Gram

“negative bacteria have been expressed in E. coli, including oné from a

taxonomically distinct marine bacterium (see section.1.2.).

1.5. ’i‘HE oriC OF Bacillus subtilis
Except for E. EO'I “the most extenswely studied bacterium is B. sublxha a

Gram positive hactenum whose origin region has been identified and sequenced

From the sequence of the origin region, 6 open reading frames (ORF) hatve been

deduced. The 8 ORFs have homology to 6 genes in the ﬁp-dnﬂA-gyﬂB region.of .

the B coli and they are organized in the same order (Ogasawara et

al., 1985). aned on this homology the 8 ORFs found in B. subtilis have been

designated: "rnpA”, "rpmH", "dnaA’, 'dnaN' "recF", "gyrB". Oun two

regulation regions flanking the dnaA gene, there are 9 and 4 dnaA boxes, which .
‘are supposed to be part of two origins in the B. subtilis chromosome

(Ogasawara, 1986). In E: coli, the mini-oriC, with 4 dnaA boxes, has apparently

been tran;located 44 Kb away from this region. Thus l}le origin of B. subtilis is

considered to be a more primordial origin than that of £, coli (OgasawWQBS).

Levite et al. (1987) radioactively labelled the part of the B. subtilis
& h

chromosome that replicates {irst in a synchronous round of DNA replication and o

y A
the results suggest that the B. subtilis chromosome may contain $wo origins. s :

* However, their exact roles in vivo during normal replication is not known. .The,
,

origin’region of B. subtilis cannot be rescued as an ori(?—plésmid even in B.




sublilis itsell (D. Dubnau, pers.comm?). The apparatus of E. coli and B. subtilis
replication demonstrated some homolof® The dna genes are highly homologous
between these two bacteria (Ogasawara, et al., 1985) and the gyrA gene from B.

subtilis can complement a gyrA mutant of E. coli (Lampe and Bott, 1985).

1.6. METHODS USED FOR CLONING CI';ROMOSOMAL
ORIGINS
Phng} » and F plasmid were used initially to isolate the origin of E. coli so
as to characterize its organization: Miki et al. (1978) successfully isolated the
origin of E. coli using phage ). The basic principle is that the x ggnom; is inserted
into the chromosome in the vicinity of the origin and then a series of A
_ transducing strains are isolated which can transduce various markers located in
this region. Restriction enzyme digestion of these X strains released a fragment
which, by self-ligation and transformation intoa suitable hos-L formed an
autoromously replicating plasmid. Currently, there are 3 types of vectors used

for the loning of a functional origin, i.e. to clone the origin by expressing it.

The first yector system is a markdr-rescue sysl‘em. In this system the origin
to be cloned becomes the vector. The principle of this system is that potential
origin fragments are ligated with a marker (antibiotic resistance) gene. The hybrid
 DNA is transformed into host cells which are then plated on selective medium for

the marker, and only an origin-cant‘aining Lrans‘formmy,will grow. Plasmids
extracted from the transformants are lik\aly to consist of a cloned functional origin
: lignted_!.o the marker gene which itself is not capable of autonomous repliqati§n.

With this method, Diaz et al. (1978) successively cloned the oriJ origin of E. coli
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K-12 using an ampicillin resistance marker gene and Zyskind el al. (1979) cloned

the oriC of of lla typhimurium using g k o yei re.si;lance marker
gene. L . H N

The second vector system is for cloning a single strand initiation site (SSI
site) (see section 1.1). This SSk-cloning vector is an Mi3 derivative) M134E101,
which has a large deletion in its complementary strand origin with an EcoR 1
cloning site replacing the deletion. It is defective in replication from the single-
stranded form to the double-stranded form (about 1/20 its normal activity), and
can only form'tiny plaques. When an SSI fragment is inserted into the EcoR 1
site, its repllcnuon activity will bé restored and large plaques are I‘ormed With
this vector, several SSI hnve been cloned, mcludmg SSI from bactenophages CM
and ¢X174, the plasmid GolEl, the E. coli chromosome ahd. even one from a’
region of the his operon from S. typhimurium (Ray, el.al.; 1982; Nomura, et al.,

o

1982). It is assumed that any Okazaki primosome assembly site can function as
an SSI, so any organism whic. has a similar mechanism and apparatus as E. coli

should contain sequences capable of restoring efficient replication to MI3AE101.

The third vector ispMK2004, a deuvauve of pBR322, which has three
antlbmhc resistance markers and wbuse rephcatlon depends on DNA polymerase
I. In a polA host, pMK2004 cannot replicate unless<dn oriC fragment is inserted '
into it. There is a possibjlity, Rowever, that the restoration of replication results
from the insertion of s polA gene which compensates for the host mutation, so 8
further selection for sensitivity of the transformants to melhylmethané sulphonate

is neccessay to demonstraté that the host cell is still polA. Takeda et al. (1982)

o~




26 = )

successfully used pMK2004 to clone the oriC of a plant pathogen, Erdinia [

-

carotovora, in £, coli.
s

Among these three currently used vector systems, the marker-rescue system
is the simplest and the most straightforward one. Mysaim was to clone a

runctional oriC’, so the marker-rescue cloning method was choosen.

1.7. MYCOPLASMA IS A DIVERGENT GROUP 'WITH

UNIQUE CHA\RACTERISTICS

Mycoplasmas, belonging to the. clnss \1oil|cu£es‘ are the smallest and the
simplest self replication prokaryotes. Th%have the smallest genomgsize among
self replication organisms with as little a molecular weight as 500 M Dalion of
DNA (Morowitz, 1076), which may code for ;pproximn!el); 650 cistrons, very close
tothe hebretically etivnated minimal number (approximately 400) of essential
proteins for a free-living microorganism (Morowitz, 1967, 1984). Bec’ause of the
small genome size it is not strange that m){oplasmas have complex nutritional
requirements and are poor in energ‘y~yieldin‘g me(‘haniﬂms They have a res tricted
number of rlbosomsl RNA clstron; transfer.RNA species and a hrmtml number of,
modified bases in their tRNAs (for review, see Stanbridge and Rol'( 1979 and
Razin, 1985). The dependence of mycoplasmas on complex growth media and
their poorly defined r.netaboli: pathways have hampered the sglection of
auxotropic mutants. The lack of Knowledge of their genctic sMn, lack of
practical research method have prevented genetic studies on mycoplsmas. !
Mycop?nsma genomes generally have a very low G+C content. Witli the exception

N

of Mycoplasma p iac and some A I spp., the G+C values of.all
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mycpplasmas, particulariy those of bovi;; and caprine origi!x, exhibit values 5 v :
low as 24 mol% (Razin and Tully, 1983) values which are slightly lower than fhe ;
theoretical minimum of ‘28 mol% G+é réquired to code for proteins with a
\Qon;ml amino acid composition (Elton, 1973; _Roge{s‘ et al., 1984). 6NA-DNA
/ hybridization between mycoplasmas and euhacl’. ia has shown very little
homslogy, a result\which was instrumental in piﬁng an end lo the beated
controversy centered around the notion that mycopiasmas are L—phase‘va:ianlé of
present day eubacteria (Ruin. 1969). The data from DNA-DNA hybridization
bet‘;veen different s)‘)ecieAs of the group have also indicated wide genetic i '
heterogencity of the'l_nycopls.;mas as o whole, and am®ked heteogeneity within
N some est!b]ished»geuera @azin, 1960; Sugino, et al., lBBO;»Aulnkh, et al., 1983).

3 The discovery that these o)rganlsms me_geuerally poorly end‘owed with repair , ‘
mechanisms for ultraviolet iighl damaged DNA 1‘Ghnsh, et al., 1977) and thei;‘
4arked heterogeneity has resulted in-the idea that they are a rapidly evolving
group (Woese, 1987). Because of these unique featur jifany n;icrobiulogists take
mycoplasmas to be distinctive and highly unusual bacteria that are distantly
related to eubacteria. The sequence analysis of 55 rRNA and 16S TRNA geires,
however, suggests that tl}ey J;re Gram ;_:ositivg bactehia (Rogers, et al., 19A85, -

Rasmussen, el al., 1087). Despite their apparently mundane genealogy, the rRNAs

of mycopl: are definitely unique. Mycopl: rRNA change more

. rapidly than those of eubacteria. More importadtly, certain positions that tend to

8 s . PRSI
be invariant in other prokaryotes show si variatiohs in my

§ (Wose, 1087). Because.of the difficulties in the application of classical genetic

techniques to, and in the transformation”of, mycoplasmas, their genetics is not .
J ° oo .

. o - s




application of classical genelje techniques to, and in the transformation of,
mycoplasmas, their genetics % not well understood. Limited work has been done

with several species, but it does not neccessarily mean that the results can.be

lied to other species within this groyp.
applied to other sp W g 95 %

A small amount of research relating to DNA metabolism has been done with
some species other than M. preum&iae. Extrachromosomal circular duplex DNA
molec;xles were foum} to exist in some, [\[ymplasm.a species (Morowrtz, _1969), and
these plasmids are cryptic and ndfunction has as yet been sssgned to ther. '
Recent searches, however, have failed tl; confirm the pre’sence of plasmids in

Mycoplasma species (R. Herrmann, pers. comm.).
5

-Membrane attachment of DNA replication has been reported (Smith and

* Hanawalt, 1968) as has the general DNA ‘repair capacity of the organisms (Ghosh

ol Has

el al,, 1077). Although some refynbination involving tr
r;!)orted, the transformation efficency is too low to be used as a routine tool (S.
Rottem, pers. comm.). Several Spiroplasma species have been found o contain
three DNA polymerase activities (Charron, et al., 1982); from A‘Y'I. orale and M. «
hyorhinis, only a single activity has been reported (Mills, él al., 1977). The DNA
*p.olymerase activity purified by Boxer and .Korn (1979) from M. orale appeared to
contain only a single peptide and was devoid of exo- and endo—deoxyribm;ucleﬂse
s \
(DNase) activities. Since the fidelity of this enzyme resembles that of E. coli, the

nature of proof-reading in mycoplasmas is not clear.

In 1082, Nicolau and Rottem obfained expression of a f-lactamase gene in

-
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pBR322 (Nicolau, an.d Rottem, 1982). The expression of cloned mycoplasma ‘genes
in E. coli has been demonstrated using either monoclonal antibodies or polyclonal
antisera (Mouches, et al., 1984; Kawauchi, et al., 1986; Trevino, ef al., 1086). This
indicates that the E. coli transcription and translation machinery can recognize
the promotor and translation control sequences of mycoplasfn:i_ Dt\lA. This implies
that the tra!;s:ription and translation apparatus is conserved despite the divergent
volution that has occurred. However, none of these experiments have been

performed with M. pneumoniae.

The pl are a'genetically diverg éroup and our knowledge about

their molecular genetics is i lete. The ic distance between E. coli+

»
and M. pneumoniae is relatively large and it is possible that despite the

observations d. d

in the p: ding p: h, the M. {ae origin
might ﬁoz be expressed in f. coli. However, the possibilityﬂ’flhere being an ARS
from mycoplasma DNA that cou!’d function in E. col# cannot b; ruled out on
theoretical grounds. If any ARS could be obtained, that sequence might give us
some inrormz\tio(,u about the replication of mycop]asi-nas. If no ARS can be
obtained, this result w&ufd\@m give us some idea about the evolutionary distance 5

between E. 1pah' and mycoplas}ng, and the degree of‘conservation of replication

machinery (and sequences across such distances.
3 -
\ L e
\ . . . 5
The reason' why the particular species M. pneumoniae was used as the

subject of this i igation is that M. iae is a pathogen of humans and

animals that hagbee(/kxtenswely studied both physiologically and biochemically.

hn.ddnmn, M. pheumamne shares"with other Mycoplasma (and Ureupl;zsma)
¢ o 3
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In addition, M. pneumoniiae shares with other Mycoplasma (andeUreaplasma)
spp. the smallest genome s;ze known among self-replicating organisms (0.8x10°
bp), (Morowitz, 1976). Identilying its origin and studying its replication apparatus
will help us to build a replication model involving fewer complexities than in the

eubActerial systems currently under study and perhaps determine the minimal

essential genes needed for DNA replication in a self-replicating organism.
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) Chapter 2
MATERIALS AND METHODS

+ ¥ o r
2.1. MATERIALS .
Al the restriction enzymes used were purchased from GIBCO/BRL Life
Technologies, In¢., Burlington, Ontario. The T4 DNA ligase, BAP, BSA, pBR322

and DNA electrophoresis standards were also purchased from BRL. The ATP,

agarose, icillin, & ycin, tetracycline, b henol blue, EDTA, EGTA,
Ficoll, glycerol, lysozyme, polyethelene glycol (PEG) 8000, polyvinyl-pyrollidone,
proteinase K, RNase A, spermine, SDS, tris-base (Trisma) and tRNAs were all
purchased from Sigma Chemical Company, St. Louis, MO, USA. Isopropanol,
isbamy‘»lalcohol, xylene cyanol, and urea were purchased from BDH Chemicals,
Dartmouth, Nova Scotla. Dithiotheitol (DTT), Triton X-100, acrylamide,
bisacrylamide and .TEMED were obtained from Bio-Rad Laboratories (Canada)
Ltd., Mississauga, Ontario. Formamide was from Fisher Scientific, Dartmouth,
Nova Scotia.-CIP was purchased from Boehringer Mannheim, Dorval, Quebec.

Mi

ier ical media were p! d from Difco Laboratories (BDH

Chemicals, Dartmouth, Nova Scotia). DE-81 cellulose ion exchange paper was
purchased from Whatman Ltd., Maidstone, England. Sephadex G-50 (fine) was

purchased from Pharmacia (Canada) Inc., Dorval, Quebec. -




5

The purchased Km" gene fragment [Ph acia (Canada) Inc., Dopval,

i Quebec| was obtained as a purified fragment containing EcoR1 *sticky ends®.
The Km" gene,fragment which was preparedyby author from pUKn (section %3) ’
was completely digested with EcoR1 and recovered from a low temperature -

f elting gel as deseribed in section 2.3.4.1.
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2.2. GROWTH OF CELLS

<A.2‘l. STRAINS OF CELLS
\

¥ The sources, relevant genotype and references for the E. coli, Mycoplasma

species and plasmids used in these experiments are listed in Tables 1, Table 2 and
Table 3 respectively.
; Table 1. STRAINS OF E. coli K-12 E
.

Strain Genotype Source

RRI F", pro, leu, thi, lac Y;  Rodriquez hd
hsdR, hsdM, aval4, gal2, and Tait (1983)
) zyl5, mill, supE44
endol” N

RL108 F*, leu, met, " Hines and Ray

(1080)

+ r
m,*, tel!, recA]

Table 2. MYCOPLASMA SPECIES

Strain Source” \
. L d
Mycoplasmu pneumoniae FH M. F. Barile® B
M. fermentans PG-18 » M. F. Barile®
M. gallisepticum PG-31 ATGCP
I M. arginini G 230 . ATCC? %

a. M, F. Barile, Food and Drug Adminintr‘lf.ion, Bethesda,
Maryland, 20205 USA.
Reference: 0’Brien et al. (1981)

b. ATCC: American Type Culture Collection, Rockville,
Maryland, USA. :
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Table 3. PLASMID SPECIES

Plasmid Relevant genotype ' Reference
puC12 Ap", lacL a-complement  Vieira and
fragiment Messing (1982)
pBR322 Ap, Tel' Sutcliffe (1978)
pUKn WKm", A This thesis
pOX Km" +,  This thesis
poY Km"™ ~  This thesis

y) x

2.2.2. MEDIA AND GROWTH CONDITIONS
22,1 Mycoplasma pnewmoniac

A. Standard Mycoplasma Medium (SMM): Standard mycoplasma
medium (Whnc‘omb, 1983) consisted of 1.5% mycoplasma broth base (BBL, Fisher
Scientific, Dartmouth, Nova Scotia) supplemented with §.002% phenol red (Flow \
Laboratories, Inc. Burlingzn'n, Ontario), 0.5 % glucose, 500 U/ml penicillin (Flow
Laboratories Inc., Burlington, Ontario), 10% yeast extract solution (25%, .
GIBCO/BRL'Life Technologies, Inc., Burlington, Ontario.), 20% fetal calf serum
(Bocknek, BDH Chemicals, Dartmouth, Nova Scotia), pH 7.5. Final medium was
prepared by the aseptic addition of remaining components to a 2.2 solution of

)
broth base that had been titrated to pH 7.7 and autoclaved.
= . 5
B. Mycoplasma was!ﬂoluﬂan: 0.25 M NaCl, 20 mM Na ,HPO -HCIpH
7.0, 10 mM Mg,S0, )
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C. Growth and H. ing of Mycopl iae cells: All M.

pneuy!xoniae cultures were grown in tissue culture flasks of the appropriate size
(GIBCO/BRL Life technologies, Inc. Burlington, Ontario). St‘arter cultures of 10
mls of SMM were inoeulated with 100 ul of eell stock stored at so“c fidey
ineubated at 37°C for about three days until mld log phase (medmm yellow-
orange.in colour):  Log-phase stagter cultures were used to inm:_ulat.e 90-100, mls of
medium. Cells adhering to the surface of the flask were removed by gentle
shaking aud—with a sterile rubber scraper. Cultures were incubated at 37°C until

mid-log phase (mledium yellow-orange in colour).

The cells were cullected' at 4°C |1y centrifugation at 12 000 x- g for 20
minutes, washed twice with mycoplasma wash solution, and once with TE (50/10)
(50 mM Tris-HC1 pH 7.5, 10 mM EDTA). Washed cells were resuspended  in
ahoqt 40 4l TE f50/i0) and transferred to a 1.5 ml microfuge tube. Ap additional”
1 mlof Té (50/10) was used to rinse the ce;mifuge tube and the two suspensions
‘were combined. Cells were washed twice more wjth TE (50/10), res}n_spended in
100 4l TE (50/10) and frozen at ~20°C. ) iy
2.2.2.2. Escherichia coli

A. Growth of E. coli for Plasmid Extraction: Bacteria were grown
oveight to stationary phase in' Luria Broth (ftrated to pH 7.5 instead of pH 7.0)
(Miller, 1872) ;npplemented with glucose (0.2 %) and antibiotics apprepriate for

-
the plasmid. Cultures were shaken at 37°C until they reached the stationary

phase. In these experi the final ions of kanamjcin, apicillin and
; f i

. ey
tetracycline were resnegively 40pg/ml, 50ug/ml and 204g/ml.




2.3. DNA PURIFICATION METHODS

2.3.1. MATERIALS

TE l;nffer. (10/1):

TE/SDS buffer:
1§ SDS in TEE :

RNase A buffer:

Proteinase K:

KP buffer:
TEN buffer:

a.
Isopropanol

. L1
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5
10 mM TFis-HCL pH 8.0, 1 mif EDTA

0.1% SDS, 10 mM Tris-HC1 pH 8.0,
1 n%M EDTA.

1% SDS, 60 mM Tris-HCl pH 8, 10
mM EDTA, 2 oM EGTA. .
.

10 mg/ml ‘Ribonuclease A (RNase A)
in 0.1 M sodium acetate, 0.3 mM
EDTA pH 4.8, héated to 80°C for
10 min, and stored at -20°c, N

20 mg/nl in TE / SDS, imcubated
“at 30°C for one hour and stored

at -go’C. . .

10 uMf potassiun phosphate pH 7.0,
160 oM NaCl.

10 mM Tris-HCl pH 7.6,. 1 oM EDTA,
10 mM NaCl.

DNA wash solution: 1.6 M NaCl, 1 mM EDTA, 20 mM Tris-

HGL pH 7.4.

ok
2.3.2. Extraction of M; 1 a ‘onice Ch

1 DNA

The washgd M. pneumoniae cells prepared according to the procedure

described in 2.2.2,1. were lysed by the addition of 1 ml of 1 % SDS in TEE and,

after gentle inversion, 5.5 ul proteinase K were added. The tube was inverted

several times to mix the contents and incubated at 55°C for 20 min. RNase A




a
(5.5 ul) was added followed by incubation al‘ 37°C for one hour. SDS was
precipitated by the addition"of 100 ul of 5 M potassium acetate (nnuz;gze«;l,
incui)atiou on ice for 30 min, and éentrilnglntion for 10 min in a microfuge
(Fisher). The pellet was discarded. The supernatant was gently extracted with
an equal volume of chloroform/isodmylaleohol (241, v/¥) for 15 min at room
temperature. The two phases were separated by centrifigation in a m‘icmlnge for

* 2min. The aqueous (top) layer was removed and extracted two more times.
Sodium acetate buffer (3 M, pH 4.8,‘45 :«l) was nfided and the tube was filled with
95% ethanol to precipitate the DNA. .A sterile pagteur pipette ﬁame—sealeq at ;he
tip was used to pick up and wash the regovered DNA in 70 % ethanol. The DNA

was dissolved in 450 ul TE (10/1).

Isopropanol precipilnl;ol; wes used 1s a final clean-up ciep, in which 50 4l
M soeinm acetate (pH 4.8) and 500 ul isopropanol were added and the contents
mixed. The precipitated DNA was lifted out, washed 070 % ethaiiol and =

.dissolve:l in TE (10/1). The final volume of TE (10/1) nsed‘depended an the yield
o.f l?NA. L] "
The DNA conc‘enlmion was determined quantitatively by electrophoresing

L sl DNA solution 91:' an agarose gel. Lambd‘a buteriophngu\DNA digesisd with
Hind 1l standards was electrophoresed on the same gel for éomparison. ‘Et.Br was

included in the buffer of the gels. The intensity of the bands was compared.and

DNA concentration of samples was calculated from the DNA amount as estimated

by comparison with the A DNA standard. Al ively, the DNA

was determined by me;snring the absorbance at 260 and 280 nhm of DNA samples

v i
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diluted as appropriate with KP buffer using a Shimadzu Doubk.\Beam/

Spectrophotomeftr, UV-200 (Bausch and Lomb). .

2.3.3. EXTRACTION OF PLASMID DNA FROM E. coli
2.3.3.1. MINISCEEN PREPARATION

The procedure of Rodriguez and Tait (1983) was followed.
2.3.3.2.‘ LARGE SCALE PLASMID PREPARATION

Plasmid DNA was prepared using either an alkaline lysis method (Rodriguez
and Tait, 1983) or a rapid boiling method (Gold, 1984), which is the modified
method of Holmes and Quigley (1681).
2.3.3.3. PURIFICATION BY Cs‘Cl CENTRIFUGA.TION

The plasmid DNA is?lated as described'in 2.33.2. was further purified by
CsCl centrifugation. To plasmid DNA dissolved in 200-1,000 ul TE (10/1) buffer
was added 6 mls :f saturated CsCl solution (Miller, 1972) and 1 ml of EtBr (3
mg/ml, in TEN), and the refractive index of the solution was adjusted to
1.30004 6:8005 by the addition of TEN buffer. The tubes were completely filled

with mineral oil and centrifuged at 38,000 r.p.m. and 20°C for 40 b in a 50 Ti

.

" rotor in an L5-50B ultrdcentrifuge [Beckman Instruments (Canada), Toronto,

+ Ontario].

+ After-centrifugation, n]iquot)s of 15 drops were collected by pupcturing the
bottom of theltube. The plasmid-containing fractions were identified by gel

/
electrophoresis of samples from each fraction. The plasmid-containing fractions
were pooled, the EtBr was removed by extraction with approximayél; equal

volumes of 2-butanol until the colour completely,disappen‘red,'and then the
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solution was extracted once more: After extraction of EtBr, the plasmid DNA

was recovered by precipitation by one of the following methods. o

Method <1>: To the ah‘ove solution 1.6 volumes of TE (10/1), 1/10
volume of 4 M ammonium acetate and 2.5 volumes of e'.hannl were added. The
DNA solution was allowed to preclpnate at -20°C overnight. The pellet was
collected by centrifugation at 12,000 x g for 30 min at 4°C. The pe{?ﬂ was
dissolved in 400-500 41 TE (10/1) and the precipitation as indicated above was
repsated. The final pellet, after being dried briefly in wcuo, weing dissolved

in an appropriate amount of TE (10/1), was stored-at 4°C.

Method<2>: The volume of DNA solution after extraction of EtBr was
, . - ¢
measured. To each 0.5 ml, 1.1 mls of water and 3.2°mls of 95% ethanol’were
" added. The pellet was collected by centrifugation for 5 min and washed with 70%

ethanol once or twice before being dissolved in TE (10/1). : B

2.3.4. PURIFICATION OF DNA FRAGMEI‘TS FROM AGAROSE
GELS -
2.3‘.;.1. DNA PURIFICATION FROM LOW MELTING I
TEMPERATURE AGAROSE GELS

A low melting temperature agarose gel (Sigma, Type VII) with a large well
of appropriate size to contain the DNA sample to be I.éaded, was prepared: To
make the large wells, the teeth of a standard comb were joined with tape. Th"e
electrophoresis was carried out at n;;proximitely 2.5 volts/cm for 18 h in the
dark. The gel was examined under U.V. light with only one edge being exposed.

The band of interest was marked and cut out of the.gel. )
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. The excised piece of gel was placed in 4 vulumés of TE (10/1) and heated to
65°C until completely melted (approximately 30 min). The DNA solution was
extracted twice with an _e,qualvvolume of phenol and once with Rhelml/chlomform
‘(l:l, V/.V). Following each extraction the phases were separated by centrifugation ¥
“into aqueous (top) and organic (bottom) phases with a white aga?s;\nd protein

layer in between. =

The final aqueous phase was transferred to a clean tube, the salt
cgnceu?mlion was ‘adjusted to 0.3 M sodium acetate by adding_l/yplume of 3M
NaOAc (pH 4.8), and the DNA was pre€ipitated by adding 2 vql\gmﬁs of 85 %
ethanol. After br;e! drying in vacuo the DNA pellet was dissolved in TE (10/1).
2.3.4.2. DNA P‘URH"ICATION' FROM AGAROSE, GELS WITH DE 81

FILTER PAPER '

Electrophoresis and band identification were carried out in the same way as y
described in 2.3.4.1. A thin slice of gel was cut from in front of the band of
interest (taking the DNA |r;igralion direction as forward). A piece of DE 81
cellulose ion exchange paper (Whatman) sized to fit exactly the cross-section of <
the gel was inserted vertically into the well against the cut edge closest to the
fugmenl‘ to be recovered. The DE 8)paper was fixed firmly in position by the
insertion of a slice of clean gel cut from the end of the gel. The DN‘A band
immediately behird the band of interest was also cut out and replaced :vith a

clean gel slice.
L]
The gel was put back into the chamber and the buffer was added bnck/\ o

without covering the upper surface of the gel. Electrophoresis wasccarried out at 7

T
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volts/em for §-6 min. The gel was examined under U.V. light to be sure that all -

the DNA of interest was bound to the DE 81 paper.

The DE 81 paper was divided b@een two microfuge tubes and to each
tube 300 4l of DNA wash solution was added. The paper was broken up with a

syringe needle, the tubes were vortexed and incubated at 37°C for 15 min.

< Holes were punched through the top and through the bottom of the
njicrofuge tubes with a syringe needle. The tubes were placed in the topm/
Falcon 2063 centrifuge tube (Becton Dickson Labware, Bec}mm Dickinson*and
Company, Oxnard, CA USA) and centrifuged briefly to fotc the DNA wash
solution into the Falcon tubes. The DE 81 paper wasgtsiisferred to tho clean
microfuge tubes, to be washed once: mo;e and the wash solution collected as

before into the same two Falcon tubes.

The combined DNA wash solutions were transferred to two 1.5 ml
microfuge titbes. To each tube 0.6 ml of isopropanol was added and the DNA was
allowed to precipitate at -20°C overnight. The precipitate{DNA was collected by -
centrifugation for 5 min in a microfuge. The pellet was washed with ice-cold 76%
J cthanol 3-4 times, dried in vacuo at kpom temperature, and dissolved in about 20

ul TE (10/1). ’ '

» h. B 3
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2.4. GEL ELECTRQPHORESIS OF DNA SAMPLES
1 .
2.4.1. MATERIALS

Double dye solution (DDye): .
0.1 % Bromphenol blue, 0.1 ¥ xylene
cyanol, 50 ¥ glycerol, 50 mM EDTA, 6 mM
Tris-HC1l pH 7.5

Reaction stop mix (RSM):
30% (w/v) urea, 10§ (v/v) glycerol,
¥ 0.026% (w/v) ‘bromphenol blue, 0.025%
i < » (w/v) xyleme cyamol, 0.5% (w/v) EDS.

1x Tris-borate buffer (VBE):
0.089 M Tris-bast, 0.089 M boric acid
0.002 M EDTA, pHBO

‘1x Triu-ncanta buffer (TAE):
0.04 M Tris-acetate, 0.02 M EDTA, pH 8.0.

L
Molecular weight standards: -
ADNA digested’ with Hind III
123 bp ladder
DNA high molecular weight standard (HMW)
¢x 174 RF DNA diglated with Hae III
2.4.2. AGAROSE GEL ELECTROPHORESIS
Agarose gel stocks were prepared at 1.1 times final concentration in water
and autoclaved. Prior to pouring, gel stocks were meltedl in a boiling water bath.
Thé molten gel was immediately~mixed with 10x TBE or 10x TAE buffet in the
volume ratio of 9 : 1. EtBr (2 mg/ml) was added: 1 ul/4 mls (gel+buffer) for
minigdh or 1 41/5.3 mls of (gel+bufer) for standard gels. !
. The DNA samples were mixed with approximately 0.3 vol RSM or DDye
prior to loading onto a gel. All the molecular weight standard DNAs were used
A}

S
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following che/uénurmmers instructions. The amounts of DNA standard loaded
per well varied from experiment to experiment but the Hind II digested » DNA

marker was always added at 325 ng per well.

Minigels were usually run at 7.5 volts/cm, but occasionally at 5-6 volts/cm
for better resolution. The standard.gel was usually run at 7.5-8.5 volts/cm unless

%therwise specified.
2.4.3. POLYACRYLAMIDE GEL ELECTROPHORESIS

All reagents were prepared Mcortﬁng tc; Maniatis et al. (1982) and
polyacrymide gel electrophoresis was carried out in an SE 600 vertical slab gel

electrpphoresis unit (Hoeffer Scientific Instruments, San Francisco, U.S.A.).
e . ~

Gel preparation also followed Maniatis et al. (1982) with the excei;(iun that
the gel solution was degased before ammonium persulfate and TEMED (Bio-rad)
were added. Beforé'the sample was loaded, the gel{14.5 cm long, 1.5 mm thick)
was run at 2(%0&5 for 30 min to remove non:polymerized zcry‘lnmide. After
Ioadi’ng, the DNA was electrophoresed at 75 volts for about 7-9 h, depending on

the sizes of the DNA fragments to be separated.

Afte elctrpphoresis, the go was stained in 2ug/ml EtBr solition for 20 min
t

with occasional agitation. Distilled water was used to remove the excess EtBr.”

I3 ,
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2.5. MOLECULAR HYBRIDIZATION

2.5.1. NICK TRANSLATION OF DNA PROBE

DNA probes were labelled with a Nick Translation Kit (N-5000, Amersham
Corporation, dakville, Ontario) following the manufacturer’s instructions. The
unincorporated a-32P-dCTP was separated from the labelled probe by passage
through a Sepi\adex G-50 column equilibrated with elution buffer (50 mM Tris-
HCI pH 7.5, 150 mM NaCl, 10 mM EDTA). Aliquots were collected info
microfuge tubes wh&h'were counted in a Beckman LS-3150T liquid scintillation
counter (Begman Instruments, Inc. Palo Alto, California, USA). The fractions
containing the first peak were pooled gnd the DNA was precipitated and ,

redissolved in TE (10/1).

‘3& incorporation of a-3?P-dCTP was determined by measuring the

ivity of the pooled, conoentrated DNA.

ic acid-pr

2.5.2. TRANSFER OF DjNA TO NITROCELLULOSE ‘MEMBRANES
2.5.2.1. SLOT “OT

Slot blomx{g of DNA onto nitrocellulose membranes was carried out with
the Minifold H apparatus (Schleicher and Schuell, Inc., Keene, N.H, USA). The
appropriate amt’mnt of DNA sample for ;ue slot was dissolved in 100 gl of
TE}/SDSv buffer, denatured by adding 1/10 volume of 3 M NaOH and incubated
at 60-70°C for 1 hour. After being cooled to room temperature, one volume of 2
M NH,OAc pH 7.0 was hded and the sample was loaded by aspiration onto the

filter.
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After the filter was air dried with a heat lamp it was baked in vacuo at

80°C for 2 h and then stored at 4°C.

2.5.2.2. SOUTHERN BLOT

The denaturation and Southern blotting of DNA onto nitmc:iulose
membranes was carried out with a BRL DNA/RNA blot transfer system
(GIBCO/BRL Life Technologies, Inc., Burlington, Oitario) following the
ma;:ufaccure's instructions. DNA to be transferred was denatured but not

depurinated prior to transfer.

_2.5.3. HYBRIDIZATION

Vs
2.5.3.1. MATERIALS

1 x SSPE buffer: 180 mM NaCl, 20 mM NaHPO, PH 7.4 \
1 mM EDTA. . - {
1 x Denllardt’s solution:
0.02 % each of Ficoll, polyvinyl- -
pyrollidone and bovine serum albumen
in 0.2 x SSPE.
Prehybridization mixture:
50 % formamide, 2 x Denhardt’s, 0.1 %
SDS, 6 x SSPE, 100ug/ml tRNA.

1
2.6.3.2. PROCEDURE FOR DNA HYBRIDIZATION
‘The DNA hybridization followed the method publighed by Schleicher and
Schuell (Barinaga et. al, 1981). The baked nitrocellulose filter was prebybridized
at 42°C for 5 min in a heat sealable bag with 100 4l of Vprehybridization mixture
per .Emz of nitrocellulose filter. Cont?nts of the bag were mixed by mtnhio‘n on an
inclined: rotay‘y table. Usu‘ally about 10% CPM of probe was denatured by the

adjition of 1/10 volume of 1 M NaOH.and incubation at 37°C for 5 min before .+
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addition to the bag contaming the filter and prehybridization mixture. The bag -
was resealed and the DNA hybridization was carried out at 42°C overnight with
continuous mixing on the rotary table. After hybridization, \Zhe nitrocellulose filter
was washed twice with 250 mls of 1 x SSPE/0.1% SDS for 30 min at 42“(‘L the
filter was then wasiled twice more for 45 min aNO—"ZSS"C The washed filter was
blotted dry, wrapped in Saran wrap and placed in a film holder. The film was
exposed at -80°C for 5-8 days with X-ray film (Kodak, X-Omat AR fiim) and an

intensifying screen (Dup‘o‘nt par-speed el) and then developed.

2.8. RESTRICTION NUCLEASE DIGESTION AND LIGATION
OF DNA

2.6.1. RESTRICTION NUCLEASE DIGESTION

All restriction enzymes were purchased from GIBCO/BRL (GIBCO/BRL
life Technologies, Inc. Burlington, Ontario), and, unless otherwise specified, the
conditions of the restriction digestions were either accarging to Rodriguez and
Tait (1983) or following the manufacturer’s instructions. When neccessary, the
enzymes were diluted with restriction enzyme dilution buffer: 10 mM Tris-HCI pH
7.5, 100 mM NaCl, 100 mM EDTA pH 7.5, } mM dithiothreitol, 50 % (v/v)
g}ycerol, 0.5 mg/ml BSA. Restriction nuclease digestions were terminated either

by heating at 65°C for 5-10 min or by the addition of RSM (Section 2.4.1)
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2.6.2. DEPHOSPHORYLATION OF DNA ¢

DNA fragments were dephosphorylated with either bacterial alkaline
phosphatase {BAPTGT calf intestine phosphatase (CIP). Unless otherwise
indicated, the proportion of enzyme to DNA ends in the reactions was talculaled.
following the manufacturer's instructions. Unless otherwise indicated, the pH was
adjusted to pH 8.0, the enzyme added and the mixture incubated. CIP treatment
was carried out at 37°C for 30 min and stopped by heating at 65°C for 45 min. If
after CIP treatment the DNA concentration was too low for the figation, ~

@ reprecipitation was-carried out. BAP treatment was at 65°C for 1 hour, and was

stopped by the fon of protein whi-<y isoamylalcohol (24:1, v/v).

1

After three i the DNA was precipitated from the aqueous phase by the

addition of 1/9 volume of 3 M NaOAc (pH 4.8) and 2 volumes of 95% ethanol.
The DNA pellet, dried in lla;uo, was dissolved in TE (10/1) and its concentration

determined by electrophoresis.

)

2.8.3.1. CALCULATION OF END CONCENTRATION AND

2.6... DNA LIGATION
FRAGMENT RATIO .
Principles: All the variations of fragment concentration and ratio were
based on data or principles from the following papers or considerations. For

examﬁle:

According to Maniatis et al. (1982), when a fragment has j/i > 1 its self-

ligation is dominant over its ligation with anotherafragment, where j =

(3/21b)3/2, and is the effective concentration of one end of the DNA molecule in -

\
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-
the immediate neighbourhood of the other end of the same molecule, *1* is the
length of DNA in cm, *b* is the length of & randomly coiled segment of DNA,

and *i" is the total end concentration in the ligation.

Thus, for the first experiment in Table 4., the value j of the desired hybrid'
fragment (a mycoplasma DNA fragment ligated with a Km" gene fragment) inyd

was calculated and the value of total initial *i® was set equal to the }alculaled

Ipyp: The hybrid ‘molecule was idealistically supp to be comp of one
fragment of Km" gene and one fragnient of mycoplasma DNA. According to
Rodriguez and Tait (1083), in practice, it is only when j/i > 2-3 that the self-
ligation becomes dominant. In the first experiment in Table 4. the 'r‘atio ?hyb/i =
1 was chosen because of the belief that when the ligation starts the *i* will

decrease and the rayi6 of j/i will increase. Also in this experiment a ratio\pl‘
ifH/iKmféu

ephosphorylated fragment relative to the phosphorylated fragment increases the

chosen, based on the belief that increasing the

-L;bability of forming the desired bybrids without the loss of as many fragments

as increasing the phosphorylated fragment would do

In experiments 2-} in Table 4. different variations of experiment 1 with

respect to the total concentration of DNA fragments and their ratio were tried.

King and Blakesley (1986) recommended that the vector/insert ratio should

VA

be 3/1 with the vector dephosphorylated, and the total end concentration, *i*,

should be 80 fmol/20 ! ligation solution. Those conditions were basically followed

in experiments 5-8 in Table 4.
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An article entitled 'Ligatibn theory and Practice Part IT* published in BRL-
Focus (Vol.2, No.3, p.1, 1979) made‘reco'mmeudatigns about concentrations and‘
fragment ratios. According to the data in this article, 238.ng of mycoplasma DNA
and pUC12 DNA mixture (the average molectilar weight of the DNA fragments in
the mixture is estimated to be approximately 13 x 105 KDa), should be ligated
with approximately 120 ng Km" gene fragment in 100 i ligation buffer. These
were I?Je’ conditions used in the experiments listed in Table 5. with some\
variafions, especially in the ligation volume.

2.6.3.2. DNA LIGATION

T4 DNA ligase was used in this study. The speci

«

such as ligation buffer, temperature, time, ATP concentration, the concentration
of DNA ends, and the ratio of different DNA fragments varied widely and are

reported for eath experiment in Chapter 3.

When ligation was carried out at 13°C, the ligation reaction was incubated

in a refrigerated water bath; when it was carried out at 24°C, it was incubated in

an ordinary water bath.

The composition of the two buffers used are given below:

Ligation buffer A: 20 mM Tris-HCl pH 7.5, 10 mM MgCI,, .
40 oM DTT, 1 mM spermine.

Ligation buffer B: 60 mM Tris-HCl pH 7.8, 10 mM MgCl,. (
5% (w/v) PEG 8000, i mM DTT.

o L
ligation conditions used,
8
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2.7. TRANSFORMATION OF E. coli

2.7.1. PREPARATION oF COMPETENT CELLS

Competent cells wera prepared by the method.of Dagert and Ehrlich (1979).
, The competent cells were cither used after 1-3 h incubation or their G il
was tessed after 1-3 h incubation and, if high enough (more than 4000

transformants per 1 ng-of pUCI2), the cells were used after z4hncubauon.

o 2.7.2/ TRANSFORMATION

< - DNA samplés to be transformed-were usually diluted 5-10 times with .'TE
s " (10/1) or 0.1 M CaCl, before ad‘digion to the cell suspension. More dilute DNA

kS - aliquots (10 1) were diluted with 20 uls of 0.1 M CaCl, before addition to 100-200

ul cells and the mixture was incubated on ice for 45-60 min. When kanamycin or

b : . :
ampicillin resistance was used as the selective marker, the transformed cells were

" diluted with L5 mjs of Luria Broth and incubated for 30 min at 37°C in a shiking
water bath. T4{ cells were pelleted by centriugation. The supernatant was

decanted leaving the last 1-2 dr6Ps to resuspend the pellets before spreading on

selective plates. When tetpdcycline resistafjce was ased as the selective marker,

transformed cell suspensiohs were plated| directly onto selective plates without

= . expression. Selective plates consisted of Luria Broth solidified with 1.5% agar and

~~ supplemented with 0.2% glucose and antibiotics as appropriate. The
concentrations of the antibiotics in selective media Were 40ug/ml, 50ug/ml and

4 ) 2bug/ml for kanamycin, ampicillin and tetracycline, respectively.

e All plates were incubated at 37“0/0vermghl. Positive (pUC12, pUKn or




e BT o

51

pBR322 DNA) and negative (0.1 M CaCl,) controls were included in eaeh

gransformation experiment. *
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Chapter 3
o
RESULTS

3.1. PRINCIPLES AND BRIEF SUMMARY OF THE
EXPERIMENTS AND RESULTS
In these experiments the marker rescue method, using a kanamyein

résistance (Km') gene as the marker gene to be rescued, was used in an attempt

o clone a functional ARS from M. prewmoniasDNA. M.
chromosomal DNA was partially digested with EcoR1 and ligated with the
purified Kmf gene fragment. The ligation reaction mistures were used to\,
transform competent E. doli RR1 cells, and Km' transformants were selected.
Ei‘ght ligation and transformation experiments involving a yariety of conditions
were performed, and no Km" transformants were obtained. On the other hand, in
a positive control experiment with pU‘l? as a known origin source, numerous
Km' transformants were obtained. In order u; eliminate or reduce the differences
6 ligation acid \FaBASoFANIOn bECwWEsD hisse: Yo X perimets: ot arteraal eorasial
experiment was designed. In this experiment, the partl“ EcoR1- -digesied M.
pneumoniae DNA and pUC12 DNA (containing an Ap' gene) completely dnge;ted
, vith EcoR1 were mixed in 2 L:I genomic ratio. The mixture was ligated with the

Km® gene fragment and then the ligation reaction mikture was used to transform

E. coli RRI competent cells. Seven transformations were carried out from which
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- about 150 transformants were obtained. All except one were Km'Ap' in

" phenotype, which means they are pUCI2-Krn transformants. The plasmid

\exuacled from the only Km’Ap'i transformant was analysed by restrictién
endonuclease mapping and DNA blot hybridization. Its structure has been
deduced and the origin sequence cloned has also been identified as the origin of

puCE. . #
3.2. CONSTRUCTION OF pOX BY MARKER RESCUE
I
©3.2.1. PARTIAL DIGESTION OF M. pneumdniae GHROMOSOMAL

~"" DNA

x 4 The principle used for attempting to clone the mycoplasma origin of DNA

[ replication was marker (Km') rescue. The Km' gene fragment was ligated with
mycoplasma chromosomal DNA fragments and the mixture used to transform E.

coli RR1 cells, with Km" transformants being selected. Such Km" transformants
should contain a plasmid which is ms“POSEd of the Km' gene fragment and a
; g i

DNA fragment from M. iae capable of foning as a replication origin
in E. coli.
B ouy
Before ligation, Mycoplasma pneumoniae DNA was partially digested with i

. {':caRl to avold cutting all fragments within the origin at an EcoR1 site, shodld
lh;rc be one there. Partial digestion products were examined by agarose gel
electrophoresis and the average fragment size was deterined from the gel
pattern to be Bbou‘??ﬂ Kb! Fig. 4A, lane 2 shows the electrophoresis pnuer;'n of
completely digested M. pnzumania;chmmos‘omal DNA and Fig. 4B,

v

o
\
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Fig. 4. Characteri: of M. fae DNA
. EcoR1 complete digestion of E. coli (lane 1) and \

M. pneumoniae (lane 2) DNA. Lane 3 is ) DNA digested
with HindIII molecular nig’hc marker.

. EcoRi partial digestion and -ligation of M. pneumoniae PNA.
Lane 1: undigested M. pneumoniae DNA.
Lane 2:>M. pneumoniae DNA partially digested with FcoRl
Lane 3: EcoRi digested M. pneumoniae DNA ligated with the
Km' gene fragment
Lane 4: )\ DNA digested with HindIII.

. EcoR1 partial digestion and ligation of M. pneumoniae DNA. "
The average fragment size is estimated to be 20 Kb.
Lane 1: M.pneumonice 'DNA partially digested with EcoRl
Lane 2: EcoRl digested 'M. pneumoniae DNA ligated with the
Km® gene Iragment *
Lang 3: X\ DNA digested with HindIII.
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PO
Taoie'® o Fig: 4G, lanie 1:a%w the patternof partially digested M, ‘prfmonias
DNA. Fig. 4B, lane 3 and Fig. 4C, lane 2 also demonstrate that partially digested
M; ‘priewtmoniae DNA is capabl of being ligated, indicating that:the digestion
(

products are not inhibitory to the ligation reaction.

3.2.2. LIGATION AN;?R:ANSFORMAHON

The first stage it the sxperimentnas to attenipt tovecover the mysoplasni
origin of DNA replication by direct ligation with the Km' gene, followed by
transformation of . coli competent cells: Eight ligations and transformations
were done with the ligation conditions varied widely as shown in Table 4. Each
time competence w;s ;ested prior to transformation and usually was

approximately 4x10% transformants per ug of pUCI2 or pBR322 DNA. None of

these experiments resulted in a single Km" transformant.

3.2.3. COI‘\JSTRUCTION OF PLASMID pUKn

In order to determine whether the Km® gene fragment is capable of being

" rescued by an exogenous origin sequence, a positive control experiment was

carried out. In this experiment pUC12 DNA was used as the soul(ce of DNA
replication origin. It was completely digested with EcoR1 before ligation with the

Km" gene and the ligation reaction mixture was used to transform E. coli cells. In

* this experiment, a 20 ul ligation mixture was used. It contained 36 ng of pUC12

and 20 ng of the Km® gene (the approximate molar ratio of pUC12/Km" gene is
1). For one Km" selection plate, 5 ul of this ligation mixture, diluted with TE

A
(10/1) buffer, was added to 200 sl of competent cells. Half of the ligation mixture

1
yielded 122 Km rosistant transformants.



Table 4. Ligation conditions used in marker rescue method for cloning functional M. pneumoniae origin in

E.coli
Expt. ChDNA?* Km' frag. deP'd ChDNA/ RXN Concn of Temp. Time Buffer® ATP
No. (M. preu.) ng/fmol  frag.®  Km' = vol. fragd % mM
ng/fmol ratio® ul M
1 125/133 20/20  Km'. 067 10 3 13 24 A 05
2 250/26.7 80/80 Km" 0.33 15 6 13 24 A 0.5
3 375/40 T40/40 Km" 1.00 15 4.6 13 24 A 0.5
4 250/26.7 60/60 Km* 0.44 20° 4 13 24 A 0.5
s 750/80  20/20  ChDNA 4.0 20 4 24 4 B 1
6 750/80 20/20 ChDNA 4.0 20 4 24 4 B 1
i 500/53.3 40/40 Nongv . 133 20 4 24 4 B 1
8 250/26.7 60/60 No?g 0.44 20 4 24 1 B
a. The average weight of the f of M. | DNA (ChDNA) partially digested with
'QR] was 15 Kb as d by gel el s
b. *deP’d frag.® is an for u\ Viated f . The Km'" gene fragment (15 Kb, according to

d from Ph

and had already

the information supplied by the ) used in these

been digested with EcoR1.

was p




c. "ratio®® is the molar ratio of M. pneumoniae chromosomal DNA (ChDNA) fragments to Km' fragment.

d. The concentration of total DNA fragments was caleulated from the data in the ChDNA, Km" and reaction mixture
(RNX) vol. columns. The values of the total molar concentration of DNA fragments and O;he ratio of the two DNA

fragments choosen gr these experiments were based on the considerations discussed in section 2.6.3.1.

e.The composition of the two buffers used are given below:

Ligation buffer A: 20 mM Tris-HCL pH 7.5, 10 mM MgCl,.
10 oM DTT, 1 umM spermine.
X
" Ligation buffer B: 50 mM Tris-HCl pH 7.6, 10 mM MgCl,,
6% (w/v) PEG'8000, 1 mM DTT.

One unit of T4 ligase was used in each reaction.

f. Experiments 5-8 basically followed the optimal ligation conditions recommended by King and Blakesley (1986), which
are: Buffer B, 1 mM ATP, 1 U T4 ligase, vector/insert molar ratio = 3/1, incubation at room temperature for 4 h, 3-5 x
.

dilution before addition of the DNA to the competent cells. In their standard experiment, the vector was dephosphorylated.

85



Plasmids could be extracted from these transformants and the extracted plasmids
transformed E. coli into Km. resistance. The EcoR1 digestion of this plasmid
produced 2 bands: one comigrated with the known Km' gene fragment and the
other comigrated with linear pUC12 (data not shown)', This plasmid is therefore
derived from the insertion of the Km" gene into the EcoR1 site of pUC12, and '

was named pUKn.

The plasmid pUKn was subsequently used to produce a large amount of the
Km' gene fragment. Plasmid extracted by the large scale, rapid boiling mietho
" \vas completely digested with EcoR1 and the Km" gene fragment was recovere§
from low temperature melting gel (see section 2.3.4.1.). The purity of this Km'
fragment was t‘ested by transformation of E. coli with 10ng and 20ng of the Km"

gene fragment following self-ligation. No transformants were found.

3.2.4. LIGATION WiTH AN INTERISAL CONTROL

In order to standardize the pUCI2 origin and mycoplasma origin under the
same ljgation conditions, an internal control experiment was designed. In this
experiment the EcoR1 partially digested mycoplasma DNA ‘and completely
digested pUCI2 DNA were examined on a gel, mixed in a 1:1 genomic ratio, (20.8
ng of mycoplasma D_NA mixed with 72 ng of pUC12) and the‘n dephosph‘orylalcd
with bacterial alkaline phosphatase (BAP). The size of pUC12 is 2680 bp and that
of M. pneumoniae is assumed to be 0.8 x 10% bp (Morowitz, 1976). Following
phenol extraction and recovery of the DNA, electrophoresis was carried out to
determine the DNA concentration and to ensure small fragments had not been

lost during these manipulations.
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A total of 7 éxperiments were performed with variations in the ligation

conditions used. The ligation and transformation conditions as well as the results
are shown in Table 5. From-these experiments, a total of 160 Km' transformants
were obtamned. All except one were KmAp'. A plasmid was extractable from the
only Km"Ap® transformant obtained. This transformant was determined to be E.
coli strain RRI and not a chance contaminant by examining its genotype (pro,
leu, lacY). The plasmid which was isolated from the trarsformant, named pOX,
could transform E. colt RR1 into Km". As shown in Fig. 5A, complete digestion
of pOX with EcoR1 (Fig. 5A, lane 2) apparently produced 2 bands: one '

_ comigrated with thg Km' gene fragment (data not shown) and the other was 9.3
Kb in size. The'intensity of the Km" gene fragment was .observed not to be in
proportion to its size, an observation which led to the suggestion that the plasmid

pOX contains multiple copies of the Km' gene fragment.
i
3.3. SOURCE OF ORIGIN FRAGMENT IN PLASMID pOX

3.’3.1. pOX¥. CONTAINS AN M. pneumoniae DNA FRAGMENT

In order to determine the source of the putative origin, assumed to reside in
the 9.3 Kb fragment, the‘followmg experiments were carried out. In these
experiments, nick translation was used to label plasmid pOX with **P and the
probe was used to hybridize with E. coli DNA, M. pneumoniae DNA, and DNA

from several other species of mycoplasma which had been digested with EcoR1.

The result (shown in Fig. 6) was that pOX can hybridize with M.

pnzu‘rnonine DNA (lane 1) and also with E. coli DNA (lane 5) \
i




Table 6. Ligati ditions and tr btained using a mixture of pUCIZ and M. pneumoniae

DNA fragments

\
Expt. Km" gene? ATP" RXN Dil'n Final Transf'd No. transformants
No. . mM vol, ¢ vol. vol.4 Km™ Ap"  °  Km' Ap'
o ng fmg! ul ul ul normal , small®  normal  small’
1 100 100 0.6° 50 + 100 100 32 0 0 3
2 150 150 10 75 - 75 50 8 6 1 0
3 150 50 . 10 75 + ¥50 10 8 3 0 0
1 150 150 10 45 - 45 5 33 3 0 0
5 150 150 1.0 45 + 90 50 23 0 0 0
6 150 150 10 35 - 35 30 22 0 0 0
7, 150 150 10 35 + 70 50 18 1 0 0
All the i ined 238 ng 26 fmol) of the mixture of #EcoR1 partially digested M. pneumoniae

DNA and EcoR1 completely digested pUCI2 in a 1:1 genomic ratio dephosphorylated with BAP (see section 2.6.2). Each
reaction also contained 1.5 U T4 ligase and ligation buffer B, and were all incubated at 24°C for 4 h. (King and Blakesley,

1986) (see Table 4.). The ratio of DNA fragments was choosen basically in d. with the d blished
in BRL-Focus, Vol.2, No.3, p.1 (1970) (See section 2.6.3.1).
a. In the first iment the purchased Km" gene frag was ‘used, in i 2-7 the Km' fragment used; was *

that prepared from pUKn (see section.2.3.4.2).




. —_—
b. In *de first i the ATP ion of 0.6 mM was choosen to give the molar ratio of ATP/fragment used
“by King and Blakesley (1986). In the later experiments an ATP concentration of 1.0 mM was used t.h;uughout.

c. Those experiments indicated with a plus-sign were diluted with an equal volume of buffer containing ATP (to maintain

a constant ATP el ion) after 2 h incubation in order to decrease *i* and increase jhyb/i, $o as to maximize the
yield of fully circularized hybrids (see section 2.6.3.1.). This procedure gppnrenlly increased the yield of transformants.

d. Because of the complexity of the experin:_e_nu, only the portion indicated of each ligation reaction mixture was used for

f jon. For f ion, 10 4l of ligation mixture were diluted with 20 4l of 0.1 M CaCl,, added to 200 ul of
competent cells and applied to a Km selective plate after incubation at 37°C in togtive medium. The plates were

incubated at 37°C overnight and the transformed colonies were counted on 3 consecutive dﬂy\AlI the Km" transfGormants

were tested on a plate ini / yein and
e. In this column are noted transformants which were of obviously smaller célony size than normal. Some of the small

transformant colonies were morphologically altered and showed semi-resistance to ampicillin

f. The 3 Km"Ap® transformants noted in this column grew as very tiny colonies. They were slow growing, recultured with

difficulty and geneti¢ally unstable. No plasmids were recoverable from them.
D




Fig. 5. DigeStions of piasmid pOX DNk th different restriction
endonucleases
* A. Electrophoresis on 0.4% agarose gel, 25 volta for 16 h

Lane
Lane
Lane
Lane
" Lane
Lane
Lane

L

2.
3.
4.
B.
8.
1.

pOX DNA digested with Smal

pOX DNA digested with FEcoR1

High molecular weight standard#

X digested with HindIII marker DNA#
POX DNA digested with BamHI,

POX DNA diggated with Psil

POX DNA digested with HindIII

B. Electrophoresis on 1.5% agarose gejgy 36 volts fof 14.6 b

Lane
Lane
Lane
Lane
Lane
Lane
Lane
Lane
Lane

1.

i
3.
4.
5.
8.
7.

8.
9.

Km® gene fragment digested with Seu3A
POX DNA digested with Sau3A

pOX DNA digested with FEcoR1l

X digested with HindIII marker DNA#
#X174 RF- DNA digested with HaelIl
POX DNA digested with FaeIII

POX DNA digested with FindIII

POX DNA digested with Ps(I

pOX DNA digested with HamHI

*The sizes of the 13 bands of DNA high molecular weight standard
fragments are 43.5, 38.4, 33.5, 29.9, 24.8, 22.8, 19.4, 17.1,
16.9, 12.2, 10.1, 8.6,.8.3 Kb.

J#The sizes of the six visible A\ HindIII DNA fragments

o are 23,

9.4, 6.7, 4.4, 2.3, 2.0Kb.
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Fig. 8. Southern blot hybridization of ch | DNAs with pOX
plasm¥d DNA ss probe.

A1l ‘the DNA spscies were completely digested with EcoRl
prior to separation on the agarose gel. N
M. pnewmoniae DNA, 3 ug.

Lane M. gallisepticum DNA, 3 g.

Lane 6: E.coli DNA, 6 ug :

Lane 8: calf thyms DNA, 20 ug -
Hybridization was folloing the methods detailed

ingection 2.5.3 (50% formamide, 1 M Na* 42°%

overnight), using the higher stringency rewashing

1
2
Lane 3: M. argihini DNA, 3 ug. : v
4
b

procedure (1 x SSPE/0.1% SDS for 45 min at 62°C). - L F
The X-ray film (Kodak, X-Omat AR film)was exposed o ¥
for 8 days. . ; .
L .
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The hybridization pattern produced, however, was a smear instead of distinct
bands. After washing the filter using a higher stringency, no changes in intensity

or pattern were found.
+

‘The possibility of contamiration of the pOX probe (the purity of which ha!
been examined by gel electrophoresis but which had not been purified by CsCl

i i ion) with E. coli ch I DNA I was idered

A

Different restiction enzymes were testedFig. 5)-to search for one which can cut
“~pox into several small distinct fragments, to be used to digest mycoplasma DNA

ity : s
prior to Southern blot hybridization. In this way it was hoped to produce distinct

hybridization bands, and to be able to distinquish true homology from the results

of possible contamination.
g

From Fig. S.A and Fig. 5B, it can be seen that among the enzymes tested
Sau3A was the best cn“ndid:te (Fig. 5B, lane 2) and it was used to digest the
mycoplasma a‘nd E. coli DNAs. The DNA Southern blot hybridization analysis
w3s carried out u:‘ing the same pOX proi)e as used previously (Fig. 6). The results
of the second hybridization are shown in Fig. 7. In Fig. 7 (Lane 2), th.e M.
pneumoniae DNA. digested with Seu3A and hybridized with the pOX probe
pr;)duced a pattern similar to that found when th; plasmid pOX DNA was
, digested with Sau3A (Fig. 5B, lane 2). This result means that pOX has Ilomology
with M. pneumoniae DNA. The E. coli DNA control also show some homology.
There are very faint, low molecular weiiht bands in the E. col_l' DNA (Fig. 7, lane
8), which do not clearly show,up in lln‘: phomrnp‘h but which are very clear in -3
. the xumrndiogr?'ph of Qhe subsequent Southern blot lrunsier and DNA
. hybridizations. .

-

o %
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In Fig. 5B, 1a#® 3, it can be seen that the original small-sized band from
wx DNA digested with EcoR1 (see Fig. 5A, lane 2) has been resolved into two
bands migrating close together. The larger band of the two comigrates with the
Km" gene fragment (compare lanes 1 and 37in Fig. 5B). So the origin fragment
‘must be either the largest (9.3 Kb) or the smallest (eStimated to be 1.2 Kb)
fragment. Again it can be seen that the intensity of the fragments is not in direct
proportion to their size, the two small frogments having 2 higher intensity than

expected from their sizes. This phenomenon can be'seen in Fig. 9.
- '

3.3.2. SEGREGATION OF PLASMID pOY

Alarge scale plasmid extraction using the rapid boiling method followed by
CsCl ultracentrifugation was carried out to prepare more pOX plasmid DNA to
prepare a new probe without E. coli DNA chromosmal contamination. A
transformant colony was used as the parent cell for the culture. The extracted
plasmid was digested with EcoR1 and examined on a gel. Surprisingly, the newly
extracted plasm;d had lost the 9.3 Kb [raémvnl and only the two-very close bands
of approximately 1.3 Kb remained (Fig. 8 Jane 6). The new plasmid was capable

of transforming E. coli RR1 to kanamycin resistanc® It was named pOY.

This p’henomenon suggc;sted that plasmid pOY was derived from plasmﬁ
pOX by spontaneous excision of.the large DNA fragment. This was supparted by
other indirect eviden‘c& Firstly, miniscree; plasmid DNA preparatiang from 6
independent pOX transformed E. coli colonies was cnrried‘out, one of which was
found to be pOY. Se‘condl);, Ithough not examined directly, it appeared that
small volume cultures prepar dgr\n independent transformant colonies (which

: N A\



| Fig. 7. Southern blot hybridization of different DNA specles with
! plasmid pOX DNA as probé:
JLane 1: M. pncumamae DNA, 3 pg. digested with EcoRi 4
Lane 2: M. pneumoniae DHA, 3 pg, digested with Sau3h ]
Lane!3: M. fermentans PG=18 DNA, 3 4g, digested with EcoRl .
Lane 4: M. fermentans PG-18 DNA, 3 g, digested with Saudk , .
Lane 6: M. gallisepticum DNA, 3 ug. digested with EcoR1 %
Lane 6: M. gnlllupbcum DNA, 3 pg, digested with Sau3A
Lane 7: M. arginini DNA. 3 4g. digested with EcoRl
Lane 8: E. coli (RLiOE) DNA, 6 g, diggsted with EcoRl &
Lane 9: calf thymus DNA, 20 4g, dig Ki:-d with EcoRt ®
.
Hybridization was following the methods detailed in uccion 263
(60% formanide, 1 M Na*, 42°C overnight), using the high'r . 3
ltrlnguc] washing procedure (1 x SSPE/0.1¥ SDS for 46 min % g

at 66 C) B .
‘Thn X-ray film (Kodak, X-Omat AR film) was exposed for ons week. “a .
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involves a relatively few generations of growth) gave smaller amounts of the pOY
relative to pOX than did largs volume exltures prepared from the same colony
(which involves a larger number of genem;ions). The amount of pOY in any one
culture was variable, suggesting that excision, though possible, was not so
frequent asto prevent the 'grawth of a sufficiently large Jolume of tulture
essentially free of pOY for the prepuranon of relatively pure pOX. The assumed
pOX preparation (Fig.5, line 3) was utnnlly a mixture ol pOy and pOX and pOY
maSked the 2:1 ratio of the 2 smaller fragments in pOX. ° 4

. In order to confirm the supposition that pOY is detived from pOX rather
than resulting from the coexistence of two plasmids (an; pOY and the other s.
plasmid composed of the 9.3 Kb M. pneumoniae fragment) further EcoR1
digestions of pOX with gradually increasing amounts of enzyme (Fig..8, lanes 3, 4,
and 5) was carried out. Plasmid pOX was prepared by CsCl uliracentrifugation
from a culture selected because it appeared to be derived from a c8lony ihag was
not by chance producing plasmid pOY in detectable amounts and its purity was
confirmed by gel electrophoresis. Fig. 8: lanes 3, 4, uld‘S show tiat as the Km"
gene fragment (about 1.3 Kb'-a/s estimated from the migration rate in the
electrophoresis gel) and the origin band (about 1.2 Kb) become more and more
intense (these two bands are very faint and can only be seen.in the original\ J \
‘negative), the Km" gene band rémdin; Appmximntely twice as inténse ds the '
w;m band (Fig. 8, lane 5), whlln in lane 8 the two bands produced from pOY
have the same intensity. *EcoR1 digestion in vnmble amounts of EtBr was used

in off unsuccessful attempt to produce a linear molecule with only one cut in the

.‘ﬂ '_ . \ *
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plasmid DNA to see the total molecular weight of pOX. The extra bands in Fig. 9,
‘

lane 2 may be the result of cuts at EcoR1* sites. Fig. 9, lane 3 sho§s the double

amount of Km' gene fragment relative to the origin fragmerit. This suggests that
two copies of the Km" gene fragment may be present in plasmid pOX. This
conclusion is consistant with the result of the series of partial EcoR1 digestions of
pOX shown in Fig.-10, lane 5, in wlnch the 4 Iarge-nzed bands of lmear DNA in
the o 5 U EcoR1 digestion very hkely represent the 9.3 Kb I'ur;men', the 9.3 Kb,
fragment plus one small fragment; the 9.3 Kb fragment plus 2 small [ragments
f“'d finally the 0.3 Kb fragment plus all 3 small fragments. The 2 copy insertion

model can also explain the incompletely digested, highest molecular weight band

’(appmximately 13.5 Kb) in tvaX Sam] digestion (Fig. 5A, lane 1). Southern

blot hybridization of EcoR1 digested pOX DNA with plasmid pOY DNA as a
probe also shows a band estimated to have the same molecular weight as intact,
tinea» pOX (data not shown). This suggests that pOY is a component of pOX,

instead of resulting from the coexistence of two plasmidg

. ~

3.3.3. SOURCE OF ORIGIN IN pOY 4

To identify the source of the origin of pOY, 3 pieces of slot blot
nitmcelh:lose filter were prepared, Elt..h witt? the same set of DNA samples. Thé 3
pieces of slo/t blot filter weng hybridized separately with either pOX DNA (10°
courts/min), pOY DNA (10°’com’m/min) or the Km' gene fragment (10°
counts/min) DN.‘A probes. All the plasmid DNAs used in these hybridizations were
purified by CsCl ultracentrifugation and the purity of the plasmids was examined

on a.gel. In Fig. 11 are shbwn the pattern of DNAs loaded (Fig. {1A) and the



Fig. 8. Analysis of the structure of plasmid pOX using partial EcoR1

digestion: Electrophoresis on 1% agarose gel, 50 volts for 3 h
in TBE. .

Lane 1. A DNA digested with HindIII

-\ Lane-2. pOX DNA digested with 0 U of EcoR1

ted with 0.5 U of EcoRi
ted with 0.13 U of EcoRl
ted with 2 U of EcoR1
ted with 2 U of EcoR1
ted with 0 U of EcoR1

Lane 8. )\ DNA digested with HindIII
The pOX samples are 80 ng each well, pOY are 100 ng each well, and
they wore digested for 2.5 h..The 3 arrows indicate the positions
of Fh- 3 fragments produced by Ecokt digestion of ‘the plasmid
pOX’ :

7/
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Fig. 9. Complete digestion of plasmid pOX with EcoR1 restriction . B

endonuclease in the presence of EtBr.
Lane 1. ) DNA digested with HindIII
Lane 2. pOX DNA 22.5 ng, EcoRl 2.5 U, EtBr 0.7 ug/ul.
Lane 3. pOX DNA 22.6 ng, EcoRl 2.5 U, EtBr 0.5 ug/ul.
The 3 arrows indicates the positions of the 3 fragments produced .
by EcoRi digestion of the plasmid pOX. '
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results of hybridization with the three probes (Fig. 11B-D). Comparing the result
of M. pneumoniae DNA hybridized with the pOX DNA probe (Fig. 11B, slot 5)
and hybridized with the pOY¢DNA probe (Fig. 11C, slot 5), we can see that pOX
hybridizes with M. pneumoniag DNA and pOY does not.
This indicates that the homolog of pOX to M. pneumoniae DNA was totally

derived from the 9.3 Kb fragment, which is consistant with the results presented

in the previous section.

. \’.

The Km" gene fragment can hybridize with itself and the Km' gene-
containing plasmids (Fig. 11D, slots 1, 2, 4, 12. Note that the DNA sample
intended for slot 1 was misloaded into the slot one row above), and has no
homology with any other DNA (also see below, Fig. 12B). Plasmid pOY, in
addition to the expected ;lyhndization (Fig. iIC, slots 1, 2, 4, 12), can hybridize
with both E. coli DNA and plasmid pUCI2 (Tig. 11C, slots 3, 9). The
hybridization signal produced by pOX with ‘UCIZ was weak and did not

reproduce in Fig.11B, but it was detectable on the original X-ray film.

To obtain direct evidence for the source of the replwnuon origin in plasmid
POX, dhother Southern blot hybridization was carn&d out with the pOY origin
fmgment itself as the probe (Fig. 12). For preparation of the probe, plasmid pOY
DNA was completely digested with EcoR1, the fragments were separated on a gel *

and the origin fragment was recovered using DE 81 filter paper (see section

2.3.4.2.). The amounts of the DNAs loaded into thesgarose gel rior to Southern

blotting were in proportion to their genome size. After hybridization, the filters

were washed with high stringency (50°C).

-4

e




Lane
Lane
Lane
= Lane
Lane
Lane
Laae
Lane
Lane
Lane
. Lane
The pOX

The “molecular weights
the margin.

DN O AW

POX DNA digeeded with
POX DNA digested with
POX DNA digested with

. POX DNA digested with

pOX DNA digested with

. pOX DNA digested with
. pOY DNA digested with
9.

High molecular weight

. ) DNA digested with HindIII

0 U EcoR1
0.1 U EcoRt

0.25 U EcoR1

0.5 U EcoR1
1 U EcoR1
2 U £coR1
2 U EcoR1
marker DNA

10. pOY DNA digested with 0 U EcoRi
11. X DNA digested with HindIII

samples are 80 pg each well, pOY are 100 ng each well
ogtha marker DNA bands are indicated im

~

Fig. 10. Analysis of the structure of plasmid pOX using partial EcoR1
digestion: Electrophoresis on 0.6% agarase gol, 26 volts for
17.5 h in TAE.
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_ Fig. 12A shows the EtBr stamed g;} prior to Southern blotting, illustrating"

o the complete digestion of M. iae and E. coli chre I DNAs. The

other samples are present in minute amounts and cannot be seen. From the, =~

-

utdtadic raph of the DNA hybridization with the on?n fragment as a probe
(Fig. 12B), we can see that the origin probe was not completely pure but -
contaized a small proportion or the Km" gene (lanes 6 and 7).
This small amount of Km* gene, however, does not interfere with the
interpretation of the result and can be ignored. The absence of homology of the
¥ 'origin to the M. pneumoniae DNA and the Apresence.of a strong hom'o]ogy-m
" pUC12 DNA can clearly be seen. Since the DNA species were ldaded into the gel

" in equal molar amounts, the equivalency of°intensity of the bands (see Imfes 1,4,

v 5, 6, 8) suggests that the pOY ori\gin fragment has.a high hbmoloi;y_v to the pUC12

;"' D‘l“lﬂ. The suppt;sition that the replication origin of pOY is derived from pUC12
; and not l'mn; M pneumoniae or E. col;' DNAs can explain the observed .

hyb:dization of pOX and pOY. !.o E. coli DNA, because pUCI12 ?ontains a partial

N _ .
lacz gene which is also present in E. coli chromosomal DNA.

{ T The supposition that the origin of pQY is deriv{ed from pUCI12, on the other
‘ hand, presents a diiema as well. Plasmid pUC12 has only one EcoR1 site and the
linear pUC12 DNA (2.68 Kb)?s much laréer than thé origin fragment obtained
(approximately 1.2 Kb) A posslhla resolution to this inconsistancy is to suggest
that the pOY origin came from an EcoR1* rrngmunt of pUC12. When the ion
concentration in the buffer is reduced, EcuRl may loose its specificity and only .
'recugmze the middle 4 bp of the 6 bp Ecan recognition sequence. The middle 4

bpofa  normal¥EcoR1 site are called an EcbR1* site (Maniatis, et al., 1082)




Fig. 11. Slot hlot hybridization of ch 1 DNA withplasmid
pOX, pOY and the Km" gene fragment.

Th‘a 1oading pattern of the DNA samples in B to D followed the pattern
shown in A except for the <first slot in D, where the pOX DNA was & :
inadvertently 10aded into \a slot oné row above (indicated by an arrow)

leaving the first slot emp\:y .

A The species and amount of DNA samples

. pOX DNA, 1 ng

. .pOY DNA,. 1 ng

. PUCi2 DNA, 1 ng - B oa c

. pUKn DNA, 1 ng , . LN
M. pneumoniae DNA, 1 pg 3 :

. M. galliseplicum DNA,"1 pg~ -

2 M*ferment s PGY8 DNA. 148

8. M. arginini. DNA, 1 pg ' A i

9. E.coli DNA, 4 ug . :

10. ecalf thymus DNA, 20 ug

11. ) DNA, 0.5 ug -

12. Ko' DNA, 0.5 ng

Nooswb e

B. Hybridization of the slot-blot with’ plumid pOX DNA as prnbu
~ 10° counts were used in chis hybridization.
4

C. Hybridization of the slot-blot with ‘plasmid pOY DNA as probe.
10® counts were used. -

as probe.
10% counts yere used.

D. Hybridization of the slot-blot l<h the Km' gene fragment DNA

Hybridization was !ollowlng the~ mthnd detailed in section 2.5
(60% formamide, 1 M Na', 42°C overnight), using the higher
ubringancy washing procu!l\lro (1 x SSPE/0.1% SDS for 45.min,

at 56°C).

The X-ray filnm (Kodak, X-Dmf. AR film) was uxpoud for one week.

S







.Lane 4. ‘2 ng poyY DNA digested with EcoRi i ‘,_& &
Lane 5. 2 .ng pUC12-DNA digested with EcoRi °
Lané 6. 3 ng pUKn DNA digested with EcoRl b *
Lane 7. 1 ng Ki{ gene digested wif.h EcoR1 ®
@ Lm 8. 1 ng origin fragment from pOY digested with EcoRi ¢
e 9

Fig. 12. Southern blot hybridization with the origin fragment from ' : :

plasmid pOY as probe

A. The EtBr stained agarose gel priur to Southern blocnng

Lane 1. 1 ng origin fragment from pEIY digested with EcoR1 ¥

Lane 2. 3.026 ug E. coli DNA digested ‘with EcoRl * .
(complete digestion). e

Lane 3. 0.626 ug M. pneumoniae DNA digutsd with EcoRi |
(complete digestion). . :

. X DNA digested {Qndn . v L o
All the D)$A samples were loadd. in lpyroximntaly equal molar nin.nunu. .. L £
- .
< B. The autondxograph—ubbainsd !ello-ing Sonhnx—triwﬁrhrrm -
hybndizncxen . ) .
3 x 10° cpm of prob- was used. N
'
The half arrow points to the pouuon of the linearized pUCi2;
the full arrow points to the pauiciun of the origin fragmnf. from
PpOY digested with EcoRi. - S

Hybridization was following the methods detailed in section 2.5 .
(50% formamide, 1 M Na', 42°C overnight), using the higher .~ /.
uf.n.ngcncy washing procedure (1 x SSPE/0.1% SDS for 45 min} .
at 66%C) . §
The X-ny film (Kodak, X-Omat AR £ilm) vu expoud for one w
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'Tl’\e pUC plasmids are derived f;om the lig&tio’n of a Puull/EcoR1 h’:rg;ment

of 9BR322 (in which 3EcaR1* sites are found) and & Hoell fragmeat of T
s bactérioph‘nge Ml3mp7'containi|;g the IdcZ gene o-fragment (Vieira and Messing, -~

'1082). According to the pUC12 re;triclion mv. cuts by EcoR1 at the unique ’ -

EcoR1 site and the c.h,sest E;;‘i{l"‘ site of pUC12 would produce a (ragrne{:t of the - -

same sige a5 the origin fn_gmen:t'of pOX and pOY (Fig. 13A), which would ’

cont&in'the f\lnctioggorigin of DNA replication..

" S
- 3 5 ’ .
- » :

To test this possibility, Pvull and EcoR1 were used to double-digest pUC12

3 N = |

oo b N \
and pOY plasmids. For pUClZ).,tl\ree fragments of 136 b?, 180 bp and 2364 bp

. . ' 2 \
" were-predicted (Fig. 13A); for pOY, a 180 bp, which is thé§ame lragméﬁ{ as the
o ; |

180 bp pUCI2 fragment, a 939 bp fragment and the Km" fragment Were expected ‘\
P S [

(Fig: 13B). Following the double dig&fion, both an agarose gel-electrophoresis (o :
i . - N E <A “ i
resolye large-sized fragments) and a polyacrylamidr’g/el electrophoresis (to resolve

smal!—si;ed l'mgm'ents)' were carried out. The results,presented in Figs. 14 and 15,
, 0

are _consi with the predicted result. Lane 4 in'Fig. 14 shows the

* 2364 bp fragment of pUCI2 digestéd with Puull and EcoR1; lane 5 shows the Km'
gene h"aginen! (approximately 1350 bp) ;md the ?30 bp fmgnjn;L In Fig. 15, lane’
4 shows the 180 bp fragmen} of pOY produced by the dgubl&digestion} lanYe 5
shows the 180 and. 136 bp fragments of pUCI2. The large-sizéd Tragmen;s\are not

v;rell resolved because of overloading in order to show the small-sized bands. It is *
- . -

therefore concluded that the origin of plasmid pOY Wu«iﬂwUCIZ -
DNA. N ¢ =
S .
. 8 i
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Fig. 13. Proposed detivation of the origin in plasmid pOY.
- A. Map of plaamid pUC12
MCS! multiple cluning site,

v P; Poull site )

{-: EcoR1 site € .

: EcoRis site
Dpun bar: bachqruphnga M13mp lacZ gene insertion
. Thick line: propused fragment which bucamu the

. nrigin of plasmid pOY,

Tha arro¥ with dotted line is :h- origxn

‘In pUClB thes’ Ecnjut pites- are located " at 1559
2% 1874, 2130 bp.respectively. )
« Poull-and FcoRi double digestion will produce 3
frlgmantl.\ E-P fragment, 180 bp .
> ~1#-7%-34-P2, 2364 bp .
© " P2-E; 136 bp

B. Proposed mLp of plasmid pOY. . Y
. Thick line: origin fragment. ‘,‘
: Fine 1if: Kn™ gene. . *
. Open bar: Ppart ¢ of the Mi3mp 1nnrnon from that Bhown

~in Fig. BA.

- After digestion with by Pvull and EcoR1, pOY should
produce 3 fragments:

E-P{ fraghent, 180 bp
; Pi-Ex fragment, 939 bp - .
By . EHE fragment, Kn® gene

N

) .‘ \,
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Fig. 14. Restri digesti lysis of pl ds pOY and pUC12: '
Electrophoresis on 1% agarose gel. 40 volts for 3 h.

Lane 1. )\ DNA digested with HindIIE -
Lane 2. ¢X174 DNA digested with HaeIIF-marker T .
Lane 3. Km'-gene fragment
Lane 4. pUC12 DNA digested with PyuII-and E:om.
Laue 6. pOY DNA digested with PouII and Eco1
Lane -6. pUKn DNA digested with EcoR1
N Lane 7. X174 RF DNA digested with Haelll X
¢ Lane 8..) DNA. digested with HindIII ~

The pumbers in the margin roh}, to the molecular weights (‘hp) of the
molecular weight standard DNA fragments.

-

,
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Fig. 15. Restriction digestion analysis of plasmids pOY and pUCI12

Electrophoresis on 7.6% polyacrylamide gel, 60 volts for

k- 18 b. <

Lane 1. A\ DNA digested with HindIII,

Lane 2. 123 bp DNA marker ladder

Lane 3. pOY DNA digested with Pyull and EcoR1 ™ 5
Lane 4. pOY DNA digested with PyuII and EcoR1 -
Lane 5. pUC12 DNA digested with PuuII and EcoR1

Lane 6. pUC12 DNA- digested with PvuIl and EcoR1

Lane 7. 123 bp DNA marker ladder

Lané 8. ¥ DNA digested With HindIII ah "
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.Chapter 4
DISCUSSION

4.1. MYCOPLASMA BNA ORIGIN MAY NOT FUNCTION IN
. ) E. coli ’ !
T o (The expe¥iments described hert strongly suggest that the mycoplasma origin
. of DNA replication may:r;gz\m ctiondn E. coli, and Lk;nt mycoplasjyna DNA may

x ¥ not contain any sequence homologous er}%ngh to be recognized in E. coli as a

. functional ARS sequence, because, had such a sequence been present, it would *
“have had a good chance of being secovered in these experiments. This may be a

reflection of the great taxonomic distance between these two organisms and a

reflection of different replication systems.

. In these experiments, aliquots of the EcoR1 digestion products of M. .
pneumoniae DNA were examined on a ;;el to ensure that only partial digestion
had been achieved. This would ensure the preservation of any origin which :
contains an EcoR 1 site! Aliquots of most of the ligation mixtures were also
examined on gels and mycoplasma DNA was shown to be capabable of hgahon
The fact that the exlrac!ed plasmid pOX was shown to have a mycoplasma DNA
insert suggests that the ligation and transformation of mycoplasma DNA

. fragments can occut and that mycoplasma DNA is capable of being stably
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(] ~ =
transformed into E. coli. This is congistant with previous observations-from this * - .*

’ /

laboratory (Satishchandran and Barusley, 1984). : L

When pUC12 was used as a control, a large number of transformants were

RS

- N
obtained. When partially digested mycoplastfa DNA was ligated with the Km" Lt

&
gene fragment prior to transformation, no transformants were ohserved ifha total
of 8 experiments, even though a number of variations ih By ligation conditions

were tried.

In ordef.th ensure equivalent tonditions for the dephosphorylation, ligation,
and transformation of the pUCI2 origin fragment and the mycoplas’ma origin
fragment, an interpal control experiment was designed: In contrast to the pUCI2
plasmid DNA, the mycoplasma DNA frngxnen! carrying the origin is iuevital;iy o
masked by the large number of non-origin mycoplasma DNA, fragments. The
EcoR1 partially digested myco‘plésma D!\YA and E'coR1 céml;letely digested
pUCI2 were therefore mixed in 1:1 genomic ratio, depho;phorylated, ligated with
the Km' gene and the mixture used to transform E. coli corapetent calls, From
the 7 expenments of this type, a total of 160 Km" tmnsformants were obtained,
all but one of Whlch Wel% also Ap" which means that it was the pUClZ origin and
not a mycoplasma.angm that was recovered. Even the plasmid from the only .
Km'Ap® transformant has proven to be the pUC12 origin. No mycoplasma origin
was recovered.. From thesé data we suggest that no s_ingle, col‘xtig\xo\ls sequence of
mycoplasma DNA can function as an 'arigilei‘in E. coli.

K . i .
Furthermore, recent Southern blot transfer and DNA hybridization » 6

"
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experiments have demonsu-ated that the H?AGE dmi dnak and dnaZX
~

genes of E. coli have no homology with mycoplasma DNAT(S Regu]s‘sr and

P. Hempstead, unpublished results). The products of tgose genes are important
constituents of the DNA replication apparatus of E. coli. Although i dsia A gone
has not as )vv‘et been examined, the complete lack or‘{:)mology of those geues

examined suggests either a totally different replication apparatus in mycoplasma,

or virtually complete diverg of due to the considerabl:

distance between mycoplasma and E. coli.

Some other possibilities, however, cannot be ruled out. Since the only

enzyme I have used is EcoRl, it may cut in the replication origin of M. est
pnc‘v:mom‘ae and Hence reduce the number of intact functional origin Iraﬁgl_'nenls,
Similarly, if the FeoRl origin fragment of M. pneumoniae, on its ows or aftct
hgauon, is larger than 20Kb, it will be transformed mto the host cell wnth reduced +

efficiency. More restriction enzymes need to be tried i m order to draav 2 more

vr
confident conclision. ¥ .
_ & v .
+ & =

4.2. A POSSIBLE MECH;’\N'ISM' FOR THE SPONTANEOUS
4 = : EXCISION 'OF THE. MYCOPLASMA DNA FRAGMENT
. o

FROM pOX ) T O

When ‘the spon excision of the pl DNA rraimeqt from

. —
o POX was first observed, the possibility that pl DNA is i npatible in

E. coli was considered. Some ‘genes from Mop[nsma have, however, been
transerlped and translated in E. coli without the help of an expression.vector

(Kawauchi, et al., 1984; Mouchés, etal., 1984; Trevino, et ﬂi:, 1986) which spoke




\\ EcoR1* site with one terminal base pair different from the standard EcoR1 site

95

for the opposite. Since 2 copies of thé Km® gene hav‘e been found in pOX and onl;
P pi Lin p ly

a single Km' gene in ﬁOY, homol bination bet: these two Km"

getes appears to be a more ble explanation for this ph Such
homologous recombination would result in the excision of the mycoplasma DNA

fragment and also one copy of the Km" gene as illustrated in Flg 16. In thls case |

the pOX must have two copies of the Km" gene in the same orientation and

separated by the origin \{ragment, with the other ends of the Km' genes being
& ) ils

hgated tofthe mycoplasnia DNA fragment as shown in Fig. 13. If the 2 Km" genes
- g

were orienfed in an ipverted T ination would -

\ .

result only in aninversion of the origin fragment, not an-excision of the

mycoplasma DNA fragment. ’ g B

.y |
\) From th‘e propused structure of pOX (Fig. 13) it can be seen that mcomplete
dlgeshon by EcoR1 could produce 4 specles of 9.3 Kb-containing fragments: 9. 3
Kb, 9.3 Kb + 1 Kn! gene; 9.3 Kb + 1 Km' gene + the origin and 9.3 Kb + 2
Km'l gexes + the origin. This fSSult is consistant with the results shown in Fig.

L. N
10\lane 5, which shows 4 bands resulting from the incomplete digestion of pOX

with EcoR1.” General bination between hi ! is a common

“event in living cells and the smaller pOY could have an‘ndvxntage o(er pOX, for

it has lost some of the replication burden, explaining why the proportion of pOY

plasmid component increases with increased culture time. 3

In these experiments, there are still 'some questions to be answered. First,

-the EcoR1* end of the origiz{ ligated with a EcoR1 »site.will pl:Qdu\ge another




Fig. 18. Proposed Mechanlsyqr Excision of pOY from pOX by

Homologous Recombination .
A. Putative structure of p0OX . -~
B. Homologous recombination between two Kn' genes >
C. Recombination results in two circular DNA molecules.
The ‘smaller one is pOY, the larger onme, lacking an
origin, will be lost in lnbsp\q\unf. cell divili?l"l\l.

the orien-

HatcHiad bar: Kngene, the arrow-head ipdica
tation. ) .

_Filled bar: origin fragment. -

Open bar: M. pneumoniae_DNA insert._. ’ .
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- Ce i
(Fig. 17)>The plasmids’pOX and pOY which should contain the few EcoR1*

" 0
sites, however, can-be digested to completion with approximately the normal

amount of EooR1 and .at the normal rate. Is it a intrinsicYeature of this new
EcoR1* site or has it been corrected to a true EcoRl‘te by the host cell? I it is
the latter, then w’hst was the selective pressure? 'I‘he problem of whether or not

. the EcoR1*'site has been repmred to an EcoR1 s;te can be solved by determining

the seqyénce of the DNA in this region.’

From the Southern blot transfer and DNA hybridization results pUC12 was
ound to have,n certain nmoT?Z of homology with E. coli DNA In'Fig 12B, there

are 7 bands of E coli DNA wluch hybridize with the puCL2 rephcanqn ongm

(i.e. pOY origin) rragment /\ - g By ,‘

The E. col« DNA was completely‘digc’sted and most of the bands do not look like

incomplete digestion products. What is the sougge of the r— Jomology? The
= R presence of a laci, O, P and-Z fragment from pUCI2 &um>explam the’

' hybridization of some of the bands‘but it is difficult to explam all7 bands in t}ns

. way.

: . 4.3. WHAT IS THE POsSmLE REASQN WHY THEM. - 2
’ fa pneumoniae ORIGIN mY NOT FUNCTION IN E. coli?
Even though the mxcoplasmas are ssslgned to the Gram posmve bucterm
according to their IRNA sequences, it appears that the mycoplasmas form a
divergent. froup and are relitively distinet from the fest of the eubacteria (Razin,
1985; Woese, 1987) ‘The evolutionary distantebetween the mycoplasmas and the

’
: eubacteria may be even greater than that between E. ooli (as a representative of
' 9 . ' §

i s . ’

L /
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|
Gram negative bacterm) and B. subtilis (as a representauve of Gnm positive

bmtena) The results from the experiments reported here would suggest that this
is parueularly so with respect to the replication system. In addmoﬂ to the

evidence discussed in section 1.6., other reasons for this conclusion are as follows.
~— . ;

No homology has been loun"d between mycoplas‘ma DNA and the dnaB, E,
ZX, and K genes of E. coli (S.'Regular and. P. Hempstead, unpublished

results). Among these genes, dnaB, E, G, ZX proguce important replication
proteins, while dnak is a heat shock gene and is con;erved in both eubacteria and
eukaryotes (Bardwell xmd Craig, 1984). Although the homology between the
-TRNA genes of B. sublxhs and mycoplasma is relatwely ha (Razin, 1985 Woese,
1987), the mygop]ssma 16s rRNA gene has many base alterations in the regions
usuall:{ conserved between <‘7thur ;xhacteria (Woese,'1987)4 Recently,

Mycoplasma mycéides DNA has been shown to share similar features with the

hondrial DNA of ‘t pora, yeasts and n Is with res))ect to the .
reading of certain codons (Sa;mxglsson et al., 1987). Because the' mitoghondrion‘ is
considered to be derived from a primitive bacterinm,_the similarity between them
suggesl§ that the mycoplasma group is a primitive group among prokary;)tes,

'his evidence suggests a clear distinction between the my and other

eubacteria. On the other hsmd_, B. subtilis Aoains considerable homology with E.
coli. Its origin regign has 6 open reading frames (ORF) which have homology to 6
genes of E. coli and have the same gen‘e organizaton. The 6 genes of E. coli are

involved in' nucleic acid metabolism (rnpA), translation (rpm]-[i, DNA replication

‘(dnaA, dnaN), recombination (recF) and DNA conformation (gyrB) (Ogasa;varﬁ,
s

~ #




d

102 %y

et al:, 1985). The dnaA genes of the two bacteria have high homology and a
gyrase gene fmgme;ﬂ: from B. subtilis can complement the gyrA mutant of E. cé;i
(Lampe et al., 1985). In addition, the E. coli .and B. .s\ubtilia origins both contain
multiple dnaA boxes a/nd ;l;a\refore may belong to the same dnaA-type origin (set‘e :
below) with similar replication apparatus and initiation mechanism (Lother, 1985;
Zyskind et al., 1983; Ogadawara el al., 1085).

. \ \

The DnaA protein of E. coli h'as bc‘e’n found to be able to initiate replication
of many plasmids (Seufert et al., 1987) by binding to the dnaA box an}l diregting‘
DnaB, C, and G proteins boasémble into a prg-replisomeA Such an Jrigin, >
ltermed a dnnA-t;}pe,{;nust contain the dnaA box, a primer initiation signal and a
primer processing signal (Either a termination siglml or an RNaséH cutting site)
so that DNA polymerase I can continue synthes]s from an R.NA primer, In thwe L
experiments, however no such origin has been found in M pneumumamA

v which suggests that the origin in M. pneumoniaze DNA may not be of dnaA-type.
~ .
-

Does M. pneumoniae share a similar overall DNA replication meéhauisﬁl
2nd exchangeable %ppnratus with E. coli but onl&the'sequence specific initiation
protein (DnaA equivalent) is different and recognizes a different specific initiation
sequence? In this case the major possible reason for the failure to clone an M,
pneumoniae origin could lze that the sequence recognizing protein gene (dna4
equivalent) is located far away from thevorigiyn»and the digested. M. pneumoniae
DNA always contains an origin fragment without the gene coding for the specific

. initiation protein. The origin fragment, not being recognized by DnaA.protein,

.cannot function in the%e“ only because of the lack of the corresponding

'
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initiation protein. However, the heterology of the dnaB, E, G and ZX genes
between the two ba‘cteria suggests that the replication apparatus itself may have
more extensive heterology than a difference between two initiation proteins. If
the only difference between the DNA replication system of M. pneumoniae and
that of E. coli lies in the initiation proteins, it might be possil;lé to clone the M.
-;zztgilr:oninc origin by transforming ligation mixtures of M. pneumoniae DNA
’;hed’% resistance gen’e‘ fragment into E. coli which already carry one.or more
broad host range plasmid(s) resulting in the presence in tH®cells of an initiation
protein(s) coded by the plasmid(s). If an initiation protein coded by the plasmid(s)
can recognize the origin from M. pneumonize and compensate ¢ missing -~
*DnaA *-like function, the M. pneumoniae orig'h'] of DNA replication migi)t then
i

be functional in E. coli.- Alternatively, it might be necces&ny ﬂo@lﬂm M.

DNA i ligated with a resi gene directly into M.

pneumnoniae itsell. - .
G

Another type of origin that functions in E. coli is t!]e ColELtyp\origin with
a promotor for prithing the leading strand and afi™n’ site for initiating the lagging
strand (Marians, 1984). The plasmids pBRSngd\ pUCl)2 have this origin derived-
from ColEL In these cxperiments nd such origin has been cloned from M
pneumoniae DNA and the plasmid pUC12 ;as no homology witil the M.

DNA, ing that the M. pn iae DNA does not have s

ColE1-type initiation sequence.

)
In addition to the E. colé DnaA initiation origin and the ColEl type origin,

“
there are many other ly replicatini (ARS) which function
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in E. coli (Kornberg, 1981; Séott, 1984). Some of them only need a portion of the
replication apparatus of the host cell; sorgg of ther}n‘ also encode proteins which are
spegific for their own replication. However, the funcl.ioning"of these ARS
(plasmids and phages) in E. coli. usually involves a part of the whiale replication
system of the host cell. Since no ARS from M. pneumoniae was found that can
function in E. colt it ag¥n implies that the difference between the two replication

systéms is extensive ratker than only lying in thé initiation protein itself.

A's mentioned in section 1.2., damn methylation is essential for the
functioning of E. coli-type origins. Four mycoplasma species have been tested for
- ¢ g

dam methylation by digesting the genomiq\DNAs with the restriction

endonucleases Sau3AT and Mbol. Of the 4 species tested, M. argMini and M.
. .
2.
Jfermentans DNA are dam methylated, and M. gallisepticum and M.
pneumoniae DNA are not methylated at dam sites (data not shown). If all the

: o .
mycoplasma species examined share a similar replication mechanism and

1]
apparatus, dam methylation must not be essential, which supports the conclusion

" that the mycoplasma have a different replication initiation mechanism irom that

of E. colt; if dem methylation is- esssntial for initiation in the darn methylation
positive mycoplasmas, it means that theve are different replication mechanisms
within the mycoplasma group, providing additional evidence for wide divergence

within the genus Mycoplasma. .

; - .
TiE M. iae DNA is not at the dam sites, suggests that

the M. pneumoniae origin may représent an ancestral version of the E. coli-type
N

oriC before dam meth}.'lnhiun evolved; and that the M. pneumoniae originn, after:
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it is dem methylated, might be recoghized by E. mll" ‘as an origin. This is not,

however, likely to be the case because in these experiments the transformed cells

_ were always incubated for 30 min"’ non-selective medium after transformation, L oan

which would allow the methiylation of dam sites in the M. pneumoniae DNA tg, _
occur. The dam methylase can methylate all double stranded, non-methylated
damm sites in incoming DNA (Adams, 1985).” Since the dam n(emyim hasno”
cognate restriction’ endonviclease in E. coli (Adams and Burdon, 1085) and the E,,
coli K-12 strain RR1, the host used in these upenm’enu, lacks the only known .

restriction endonuclene in E. coli K-l2 it is unlikely that there was axtenslve loss,

of transformed M. iae DNA due to such it ‘\
e e A

Also relevant to this disenssion.ol why the M. pneumoniae origin fails tq

function in E. coli, is a consideration of the urgl.nintin; of the B: subtilis ori
(secnon L.5). Two origins have been found wuhln the origin region of B. aub(xlu, .
but their in vivo roles are not yet clear. Fotibe il (1987) suggests that both

origins of B. sublilis must be ananged in the correct order for it to function, .and

that this may be the reason for. }he failure of efforts to clone the B. subtilis origin

as an oriC-plasmid in B. subtilis itself.. In E. coli, the essential elements are

clustered into a miniorigin The E. coli 0‘n’C~plumid however, always shows-

some dJ.lTerence with rupect to s‘ablllly, copy number, pnrtltlonmg, ete., rrom the

chromosome no matter how exleuswe Lhe oriC fragment cloned. Except for the ’

_ difference in absolute ;enome size between an oriG-plasmid and the chromosome, . ..

this suggests that there exist regulatory sequences iocnfted some distance from the

" miniorigin itself. If the essential sequences of the M, pneumoniae DNA origin are
v

" ~
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i distributed separately and cannot be cloned in one single fragment in an artificial

pla.‘s’mid after digestion and ligation, a functional origin can never be cloned with
the method used in this experiment. A modification to the principle of these
experiments may solve the problem, i.e. digesting and ligating mycoplasma DNA
on its own before it is ligated with marker gené fragments. In the random ligation
betweert mycoplasma fragments, a ligated fragment with 2 originally separated
origin regions close to each other might be created that can be transformed and

function as an intact origin. \

This work is only the beginning of a study of mycopl DNA repli
There are further experiments worth doing, for example, to repeat these
E B ~ ;

but into host cells i broad host range plasmids.

The possibility of homology of the E. coli dnaA gene to M. pneumonize DNA

needs to be examined considering the important role the dnaA gene plays in

“determining the specifity of initiation at the origim‘further possibility is to

atzempt the cloning of a functional origin from M. pneumoniae as an
oriC-plasmid ih M. pneumoniae itself or in another mycoplasma species.
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