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ABSTRACT ‘ w

Four curing proccdurcs were used in an 1ﬂVcst1gat10n “of plasmxd 4:
\

K mvolvcmcnt in anublotm pmductxon in St"eptomyces clavullgerus With thc

: protoplast formation and -rcgcncragon proccdur;, and growth in novobxocm,
i /Q;\ p

isolates were obtained which showed a transient inability to produce antibiotic.,
 This lagk of antibiotic prodix;tion also seem=d to be correlated to allack of acrial P SRR
mycclial, Howcvér, n6 stable antibiotic non-producing isolatg:s were oﬁtaincd ‘ B
. with any of the curing procedures, and the transient inability to produce antibiotic
was related to recovery afteg the curing procedure, |

Several techniques were ﬁs;d to demonstrate plasmid DNA ijn S. .’.';iﬁ
clavuligerus. Usihg an alkaiihc-SDS isolation procedure, there was no c»l'idcn_cev .

of plasmid DNA. Using a neutral lysis procedure, there was some evidence of

v

plasmid DNA in S. clavuligerus, but it was not possible to isolate routinely any

: "
P

Transformation of §. .clavuligerﬁ;‘s with plJ702 isolated from v

§;repromyces lividans was not directly poss‘}ble. This is presumed to be due to 'ﬂ
. the presence of rgsuiéﬁon endonuclease(s). ilowever, plJ702 was':ir_:troduccd
" into ne:st‘ry.i‘étion-dcfiéiycnt ;;}ptoplasté of S. clavulifg;rus, and it was possible to |
 isolate pLJ702 from these ﬁa}:gfomt‘gf "This modified plasmid DNA was able
to trai\sforin S : clavuliggrus | at satisfactor; frequences _6f 105 -106
transformants/ug DNA R ‘
| In one mstancc,, pIJ702 1solated from S clavulzgerus had mcrcascd in'size

by 1.4kb. 'I'hns increase in slzc was duc to a fragment of S. cIavulzgems

.’—f‘

v



chromosomal DNA being inserted into the plasmid.
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1. INTRODUCTION

Srrepromycgs spp. are gram positive filamentous bacteria which b;long to tl:lc
family Acrinomycet'ales, Actinomycetes arcl a valuable source of a wide range of
antibiotics, producing almost 3000 antibiotic substances, Streptomyces spp,'make the
largést proportion of. these substances (Aharonowitz and Cohen 1981), Of these
antibiotics produced, many have been found to be useful in human and veterinary
medicine, such as streptomycin, chloramphenicol, novo‘.“biocin and the tetracyclines, [t
was only recently that Streptomyces spp. were found to produce beta-lactam antibiotics
(Nagarajan er al, 1971). Prior to that time, production of bct;;-lactam antibiotics was a
charactcn'stfc associzltcd with fungi, r;lost notably Peniciliium spp. and Cephalosporium
spp. which produce penicillins and cephalosporins respectively, |

Of the beta-lactam antibiotic producing Streptomyces spp., one that is of
particular interest is Streptomyces clavuligerus, This organis\m' produces four
beta-lactam antibiotics: écphamycin C and desacetoxycephalosporin C (Aharonowitz and
Demain 1978); cla\./ulz‘mic acid (Reading and Cole 1976); and pcnicillinlN (Higgens and

"cr'1971). S. clavuligerus also produces two additional antibiotics unrelated to

. W®a-lactams, tunicamycin and holomycin (Kenig and Reading 1979).

The biosynthetic pathway of cephamycin C and cephalosporin C has been
fciucidatcd in both‘ fungi and streptomycetes (Baldwin et al. 1983; Jensen et al. 1985).
Several of the enzymes involved have been wholiy or partially purified and characterized
and it has been recognized that there are similarities bctw;cn ith,c two systems. In
contrast, littlc" has been established about the genetics of beta-lactam antiSiotic
production. The genetically best characterized Sr;'eptomyces Spp. i$ Streptomyces
coelicolor A3(2)"which produces mcthylcnom;'cin A ‘It has been shown thata plasmid,
SCKI, codes for the genes involved in methylenomycin A production (Kirby and
Hopwood 1977). ‘



-

With othcr antibiotics thé inyol\"cmcttt of plastnids is not so clear. For cxartfﬁle,
there is no physical evidence for a plasmid in Stre.;promyées grise;u;, but it appears that
cephamycin vpnoduction (Parag 1979) by this organism’ involve genes on a plasmid.- In
other tnstanccs plasmids have been tsolatcd to which no functtort has been assngncd ‘

In those instances where a plasmtd cannot be dctcctcd physxcally, although gcnctt(r:
or biochemical cvutcncc suggests that a plasmid is present, there are scvcral possible -
explanations. One is that the plasmid may be large and since many of the isolation
techniques used for plasmids are harsh, the plasmid is destroyed during the isolation
procedure, Anothcr'po‘ssibility is that the plasmid may become physically entrapped

" with the chromosome and be lost dusing thc isolation proccdurt:. If a plasmid is
involved in antibiotic productionjit can be either by coding for regulatory genes, or by
coding for the structural genes for biosynthetic enzymes reponsible for arttibiotic
pmduction (Homemann and Hopwood 1981). One approach to determining the
function of a plasmid is to subject the organism to.manipulations which would promote
the.loss of the plasmtd and then examine for the loss of, or changes in, productton of
the antibidtic. The manipulations used are called curing tet;hmqucs and a numbcr have
been shown to be successful in bacteri@ With Streptomyces spp., a most uscft;xl curing -
techn,iqu‘c is protoplast‘ formation and regeneration (Hopwood iBSI). Other methods

for curing exist, including growth in the prt:scnceof novobiocin growth at clevated

%ﬁ;g - tempcramm and growth in the presence of acrtdmc orange (Carlton and Brown 1981).

.~\

Regardlcss of whethcr thc genetic information for antibiotic productton is located
on a plasmid 011 the chromosome, 1t may bc beneficial to tsolatc the btosynthcuc and/or
the mgulatory genes involved. - The ulnmatc aim of this type of work isto mampulatc
antibiotic pvoducuon, both in terms of quantity and in the production of novel antibiotics.
If the gcnes mvolved in antibiotic production are located on a plasmid, then clomng those
genes may bc stratghtfomard since the genes already rcsxdc on a potentially useful



N

clonmg vector, If, o0 the othcr hand thcrc is no plasmld mvolved it is, ncccssary to

devise a mcthod for scparatmg and 1dcnt1fymg the Eencs ofii mtcrest fro rest of the
chromosomal matcnal and transfcmng thcm to a smtablc‘clomng vcctor . c such

method for clomng gcncs cmploys a llbrary of gcnomxc DNA fragmcnts prcpamd from

the producmg orgamsm and mscrtcd mto an appropnatc clonmg vector. The hbrary is .

-

then mtmduccd into an appropnate rccnplcn( orgamsm that can bc uscd in screcnmg for

the actmty of the cloncd gcncs either by dxrcct assay (Joncs and Hopwood 1984) or by

.complcmcntauon of a mutanon (Hopwood 1967 Ohmxkx etal. 1985 Plrct and Chatcr -

1985) Genes mvojvcd in the blosymhcs1s of clavulamc acid mS clavuhgeru.s havc

o,

bccn succcssfully cloned onto a plasmnd vcctor (Bailey et al. 1984) z;nd then mtroduccd

into a mutant strain of S. c[avulxgerus deﬁcncnt in the production of clavulamc acxd lt

Y

was therefore possnblc to screen for a rcmm to clavulamc acxd producuon as mdlcauon
that the neccesary genes. had been cloned. This w&k allows foq lhc study ‘of thc

orgamzauon of genes involved in a smglc biosynthetic pathway.

)
(.

An csscnnal requm:ment for thcsc types of proccdurcs is the avallablhty of smtablc" ;
clomng vectors. A vancty of plasrmd clomng vcctoxs have been constructed pnmanly' ' P |

for use in Streptomyces lxwdans but. thclr smtablhty has been dcmonstratcd for ethcr

. streptomycctcs (Bibb eé al. 1980; Katz et al 1983) To datc the Srreptomyces plasmnd

most widely used asa cloning vector is pLI702. Thxs plasmxd carries two sclcctablc ‘
‘markcrs, t}uostreptbn rcsxstancc and mclanm productxon with sultablc smglc rcstnehon
enzyme clcavagc sites. The mcthod for mtroducmg a plasmld into a strcptomycctc '

involves formatlon of protoplasts tosallow access of the plasmld DNA to the cell

: niériibrane, and then addmon of polycthylcnc glycol Wthh causcs the DNA to bc

absorbcd into the cell. This transformation proccdurc will only be successful if thc .

'plasmxd is not subjcctcd to the defences of its new host. .If there is a

resmctwn-modxﬁcamn systcm prcscnt in thc host, in most cases the plasmxd wnll bc .

v

I



digéswd, and will not Survivc.‘
ThE objcctivcs of this study are threefold: ' o v
l to dctcnmnc if there is- an cxtrachromosomal DNA clement in S, clavuli gerus
‘whxch contams on it CII}ICF the structural genes for the producnon of* ccphamycm C or
.gcncs involved in rcgulanon of thc.\ blosynthcuc pathway
2, to investigate and if ncccssary overcome restriction- modlﬁcanon barriers m S.
- clavuligerus R ' " B ' -
3. to cstabhsh an cff cient transformation system m S. clavuligerus “in order to

‘ furtﬁcr lhc possibility of gene ‘cloning in S. clavuhgerus .

v i
\

=
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II. LITERATURE REVIEW
Chemotherapy is thc treatment of infectious diseases using chemical suustanccs,

with the basic principle being that these chemicals will be sclcctivcly more toxic for

~ pathogenic microrganisms than for the cells of the infcctcd host. There arc three cia&scs
. ) 1 B . . 4
. . . - ' )
of subsjances that are used in chemotherapy, and they are: compounds produced by,

* chemical synthesis, natural products“dcrivcd fmm plants, and natural products produced

by microorganisms. Itis within this last group of compounds that most antibiotics arc ;
found. At thc beginning of the l27(;th ccntury, there was mcrcasmg activity in the fields of
chcmothcrapy and 1mmunology, with the goal of finding thcrapcuncally cffccnvc
compounds, and this acuvnty contmucs to the preserit, '
IL. 1 Hxstory of Penicillin i ,
In 1929, Fleming made a report to thc British Joumal of Expcnmcntal Pathology
(Fleming 1929) on a substance that mhxbltcd the growth of Gram—posmvc orgamsms.

The culturc filtrate of the mold, Pencillium nofatum, inhibited the growth of

Staphylococcas and was not toxic to ammals Implementation of pcmcnllm as a
S‘o

| chcmothcrapcuuc agent was hmdercd by problcms of mstabxhty and low productmty
- (Cham et {17\1940 Lovell et'al. 1932) but by 1943 pemcnllm was in largc scalc '

producnon m cooperatmn w1th Amcncan phannaccuucal compam&s

[

Smce Flcmmgs mmal dlscovcry, it has becn found that fungt producc many

‘anubloucs scvcral of wluch bclong to thc group of bcta-lactams, w1th pcmc:lhn as an

exaﬁiplc Several gcncra of the family A.sperg:llaceae producc beta-lactams Peructllmm |

L ‘spp and Aspergzllus spp produce pcmcnllm G pcmc:llm Vv, and pcmclllm O

(Hopwood et al 1977) Bclow is the baslc strucnirc for a pemcxllm-typc oompound thc

. ,R group detcmuncs somc of thc pharmacologlcal properties of’ the pcmcxllm that results.
o For cxamplc a phcnylacctyl s1de cham gwcs pcmclllm G, an acld scnsmvc anubxotu: .

, thh cxccllcnt actmty against Gmm posmvc bactcna. A phcnoxyacctyl sldc cham gwcs ’

N -pemcxlhn V wluch has. s1mllar anubxouc actmty to pemcxlhn G but is acid stablc thus -

n Yo,
i B R
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allowing oral administration. A D-a-aminoadipyl side chain gives penicillin N, a

biosynthetic intermediate in the production of ccphalosp(;ri'ns and ;:éphamycins (Demain
1983).

\

Al
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“ ~ Penicillin
Anothcr'fﬁngus, Cepﬁal_osgbriurgx acremoniym, pi‘oducés cephalosporin C and
penicillins. The production 8f_c§phal'ospor%n C by this fungﬁs@as the first reported
isolation of ccph'alospoxix;s (Newton ana Abraham 1955) These antibiotics“"havc proven
‘to have certain clxmcal advantagcs over pcmcdhn due to thclr broadcr acthty spectrum
and grcatcr msxstancc to degradation by cnzymcs ‘Shown hene is the basic structure for

ccphalosporm-typecompounds. As with pemcﬂlms; dxffercnt sxdc chains for R and R', '

x glvc each ccphalosponn dxffcrcm propcrucs The D-a-ammoadxpyl s1dc cham for R anid v‘ ;

-OCOCH3 fOr R' glvcs ccphalosponn C whxlc desacetoxycephalosponn C has thc A» |

Cephalosporm C



.'sarnc R side chain but R' js simply ~H.

11.2 Isolation of Antibiotics from ;S'rrvep;omyces‘ spo. |

At thc same time that Chain and hls co- workcrs were studymg pcmcnllm |
Waksman was beginning his work of surveying soil mlcnoorgamsms for antibiotics.
The fnrst antlbnotm he discovered to be produccd by thc Acnnomycerales was
actmomycm (Waksman and Woodruff 1940) In spbscqucnt studlcs Waksman
-described several more annblotxcs mcludmg stn:ptothncm strcptomycm and neomycin,
Not all of the substances isolated were of chmcal valuc but in 1952 Waksman rcccxvcd
the Nobcl Pnze for his dlscovcry of. strcptomycm At pncscnt Streptomyces spp. arg
known to produce in excess of 3000 antibiotic substanccs of whlch about 50 are " |
produccd commercnally (Flcck 1979) : |
Waksman made\a largc conmbunon to the study of soi/ nucroorgamsms by
‘ strcssmg the potcnual of the Actmomycetales as’a sourcenf antibiotics, but it was not
unnl 1971 that thclr potential to produce beta- lactarn annbxotncs was rccogmzed '
(Naéa};]an etal. 1971). Smcc the discovery that beta-lactams wcrc produced by
A Streptomyces SPp;, mcreased attentmn has gone to these organisms. Streptomyces spb. | |
are prokaryouc orgamsms wuh less complcxxty than the fung1 thus thcy can be’ used as a |
model systcm to study anubxonc pnoduct:on 'I‘hc classxcal bcta-lactam compounds that‘
thcy producc are: pcmclllm N a ccphalosponn type annbxotxc, deacctoxyccphalosponn

s
Q and ccpl'iamycm type antxbxotxcs The structurc for ccphamwm-typc compounds is’

sho\‘n below. Ccphamycms differ from ccphalosporms in that thcy contam an OCH3

gnou ‘at C7 A ain dlffctent R and R’ sldc chams are possxblc For ccphamycm A R is .
Pl 8

a D-a-ammoadxpyl sxdc cham and R xs -OCOCH(OCH3) CHz-C6H6-OSO3H |

Cephamycm C has the same R side cham as ccphamycm A with. -OCONH2 for R

(Elandcr 1975)



MeR'

Cephamycin
Rcocntly, Strepromyces spccxcs have also bccn dxscovcrcd to producc a numbcr of novcl
‘ bcta-lactam compounds, mcludmg clavulanic acxd and carbapenem compounds such as
thtcnamycm and ohvamc acxd (Elandcr 1975) Clavulamc ac1d is a beta-lactam -

_ compound thh no anubactcnal activity of its own, but it has the ab111ty to bind

N

\
1rrcvcrsnbly thh bcta-lactamascs SO clavulamc acnd behaves as an mhlbltor of

" beta-lactamases. 'nuenamycm has both antibacterial acnvnty and bcta—lactamasc mhxbxtor
<
acthty. Below are clavulanic acid and thienamycin:

O\ MeOH

‘ Clavulamc acid




' Streptomyces c[aw{(hgerus was isolated from a Sou(h Afncan sonl and synthcsxzcs

pcmclllm N, ccphamycm C (nggcns and Kastner 1971), and clavulamc acid (Rcadmg L

and Cole 1976), along with tumcamycm and holomycin (Kcmg and Rcadmg 1979)
1.3 Smdymg Beta- Lactam Pmduc(mn

iy
T
Dt it}

Some work has bccn done to undcrstand the bxosynthcsns of pcmcxllms
ccphalosporms and cephamycins, Wlth the suc:ccssful pncparatxon of ccll frcc cxtracts of
both C. acremonium and S. clavullgerus it has been possxblc to observe thc activity of -

the cnzymcs mvolv7 Ain anubmtn: synthesis (Jcnscn et al 1985 Kupka et al 1983) ln

‘ general, the ﬁrst step in thc synthesis is a condcnsanon of L-a-armnoadlpm acxd with

lL-cystcmclto gnve‘a-dxpcpudc. Following this, the carbpz&yJ group of the cysteinyl

residue c‘o‘ndcns‘és‘ with L~valine. rDuring this reaction Lfvaiinc is converted to the
D-conﬁguraﬁbn and the resulting wripeptide is &(L—a—anlinoadipyl)-bcjstcinyﬁb—valinc ‘

(ACV). 'An enzyme;-isopenicillin N synthetase then converts ACYV through an oxidation

~ ‘reaction, to isopenicillin N. An cpimerase enzyme takes isopenicillin N, with 'th‘c

Lo ammoadxpyl Sldc cham to pemcnllm N thh the D—configuranon of thc side chain. -

~ An "cxpandasc cnzyme cnlarges the S-mcmbcrcd thlaz.ohdmc nng toa 6-mcmbcrcd .

7 dxhydrotluazme rmg to form dcsacctoxyccphalosponn C and a "hydroxylase" cnzymc s

" converts thxs to dcsacctylccphalosponn C ' From hcrc the pathway sphts gomg to
| ccphalosporm C, or ccphamycm C

| Thesc studws havc shown that there: are sumlarmcs bctwecn thc C acremoruum L
- and S. clavulzgems bxosymhcnc pathways leadmg to the producuon of pcmcllhns and

K cephalosponns In parucular, the enzyme mvolvcd in- thc convcrsxon of ACV to

lsopcmcﬂlm N in both of thcse orgamsms has becn shown to have slmﬂar molccular“

Y

" Jensen et al: 1982b;, Baldwin et al. 1983).

wcnghts and sumlar mquucmcnts for 02, ascorbate and fcn'ous ion (Jcnscn et aI 19823 '



Although some of thc bnochcmxcal aspccts of antibiotic producuon havc bcca
jnvestigated, fess is known about the genetic aspccts Thls is duc largely to thc fact that

- until recently genetic mampulanon at the mdustnal level was restricted to mutagcncsns
used to dchicve stram lmprovcman As a rcsult, vcry few of thc industrial antxblou::
producmg orgamsms have wcll characterized gcncttc systcms (Hopwood and Mcmck

1977).

In order to take full advantage of the capabllmcs of anubxouc producing E

nucroorgamsms a complctc undcxstandmg of the gcncuc aspects of anublouc pmducuon
= ‘

is necessary. Strepromyces coeltcolor A3(2) is thc pcst gcncncally charactcnzcd

stxvcptomyccté with a well dcvclopcd chromosomal map, and has bccn uscd asa modcl ‘

systcm for S)reptomyces spp The Tinkage map has bccn dctcmuncd through mtxcd '

: culturc matmg of" complcmcntary parcntal strams A plasmtd SCPl has bccn
‘dcmonstratcd to act as a fcrnhty plasrmd promoting the cxchangc of chromosomal
- DNA. . One hundred loci havc bccn mappcd to the chromosomc. Arrangement of
markers on the chromosomcs of Streptomyces glaucescens Streptomyces rimosus,
Streptomyces oltvaceus and Streptomyces btkmzensts bear strong sumlanne«s to.S.
coelxcolor A3(2) (Hopwood etal 1973) . o |
11.4 Involvemcnt of P‘lasmlds in Annbxouc Productxon

Onc of the ﬁrst stcps in analyzmg gcncs mvolved in annbxotxc producnon is to

’ dcterrmne their locanon and thcn dctcnmne what controls the cxprcssxon of these gencs

In thxs ncgard, thc mvolvement of plasrmds nwds to bc dctcrmmed Hopwood (1978) :

3 _ _' outlmed what is acceptablc evxdcncc for a plasxmd detcrxmned chamctcnstxc Thcrc are

. ‘threc lmes of evndence for procaryonc orgamsms .First, a plasrmd‘ may. be

| self-trmsxmssxble or transrmssxble along w1th a second plasrmd. Thcrefoxc, gcncs can

C '.be dctenmned to be plasmxd bome 1f thexr frequcncy of transfcr is slgn;ficantly hlgher

| than that obsctved for chmmosomal recombmauon a phcnomcnon somcumes rcfcrred

10



. to as mfccnous transfcr Hopwood caunoncd that failure to observe thls phenomenon
does no( preclude plasmid involvment, as somc plasmids are non- trcmsmxssxblc Also,

mfgcuous transfcr on its own, is not substantial as evidence, as some plasrmds prombte

the transfer of certain n:glons of the chromosomc rcsultmg in frcqucnmcs grcatcr than

that fornormal chromosomal rccombmauon A socond lmc of cv1dcncc is the con'clauon

of a particular characteristic with the physical presence of a plasmid. Again, negative ;

cvxdcncc is mconclusxvc as some genetically well characterized plasnuds are dxfﬁcult to'

dctcc( physncally, such as the S. coelicolor A3(2) plasmxd SCPl ‘The third' lmc of

evidence is mstablhty and curing, Phcnotyplclmstablhty refers to the appcaranoc of

stable antibiotic non-producing variants that.arise at a frequency higher than that of

random gcnc mutations, and i lS an mdxcauon that the genes are plasmld bornc Thls can
i+ '

bc furthcr substanuatcd if thc mstablhty mcreascs with the use of proccdurcs that

promote thc loss of the plasmld. Agam a negative curmg result on its own is

insufficient as cvndcnce against plasnud mvolvcmcm smce plasmlds that occur in high

copy number are lost mfrequcntly (Hopwood 1978)

Three apparcﬁt pattcms of genetic control havc bccn obscrvcd with antibiotic '

| productxon In the ﬁrst situation plasrmds are not- mvolvcd All mutants gencratcd

. which mtcrrupt the synthcsxs of an anublonc, can bc mappcd to thc chromosomc An

’ annbxoUc of tlus naturc is actmorhodu) produced by S. coelzcolor A3(2) Thc mutations

of actmorhodm producnon also map- vcry closc to onc anothcr on thc chromosomc
] mdxcatmg thc possnbnhty of thc arrangement of antxblouc productxon gcncs into opérons
' (Homcmann and Hopwood 1981) '
| Thc second apparcnt pattcm has somc or all of thc structural genes rcsponsxblc for

anubxonc producuon located on thc chromosomc, but thh plasrmds apparcntly‘.

11

' ‘mﬂucncmg gcnc cxprcssxon Thls ls usually marufcsted as unstable antlblouc : B

producuon whcrc the loss of a plasmid, clthcr spontaneons or mduced causes a -

4



aro“xytctracyclme producnon in Srrepromyces rxmosus and chloramphemcol

pm(j“é::n(;n in Srrepromyces venezuelae (Horncmann and Hopwood 1981). Holomycin

" produkﬁgﬁ-m S. clavullgerus has also bccn obscrvcd to be unstable. Nonproducing

' 1solatcs occur on solid mcdnu[n at a spontancous frequency of 0.5% which can be

. mcrcascd to 3% after cunng proccdurcs and transfer of the holomycm producmg
phcnotypc occurs at about 15% (Hopwood 1978). Hopwood (1978) has noted that a
ho]omycm nonproducing 1solaté ‘could produce holomycin in liquid cuhurc suggesting
that an unstablc clcmcm mgulatcs the producnon of holomycm but that the biosynthetic
gcncs are chmmosomal (HOpWOOd 1978 Klrby 1978).

The thud pattcrn obscrvcd is where the genes rcqmrcd for'antibiotic synthcsxs are
mappcd toa plasnucL An cxamplc of this pattcm is the productlon of methylenomycin A
byS. coelicolor A3(2) Thc information required for productJon of this antibiotic is
carried on the plasmid SCP1 (Hornemann and Hopwogd 1981).

ILS Plasmid Isolation and Detection ' |

Thqrp are“a numbcr of tcchmqucs available for the detection of plasmid DNA

' A
(Chatcr etal. 1982) Plasmids may be lsolatcd from Srreptomyces ‘@ a variety of
!

. methods, three of which will be described in some detail; all of the rhethods involve

treatment-of the mycclla with lysozyme. The alkaline-sodium dodccyl sulfate (SDS)
procedure involves lysing the mycelia after lysozyme treatment and removing most of the
| chr;inosomal f)NA by qeat;ncnt with alkali. This procedure is most successful with
’small~ plasmids. The ncutral lysis proccdum is different from tﬂc alkaline-SDS in that the

pH of the prcparauon rcmams neutral, and the plasmid is separated from the

chromosomal DNA by precxpltauon of the chromosomal DNA with salt and polyethylene \'

glycol. Thc thll'd procedurc involves. the formation of protoplasts by the lysozyme

]

treatmcnt’. Protoplasts lack a cell wall, and may be lysed in a controlled manner for

L
& ‘
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plasmid isolation (Chater et al, 1982)

In a survey of Strepmmycés spp. Kiiby er al, used a neutral lysis procedure to
isolate plasmid DNA (Kirby er al, 1982), and then he z.n’tqcmptcd'to observe the presence
of the plasmids by use of caesium chloride-cthidium bromide density gradient
centrifugation, agarose gel lclcc,trophorcsis and electron microscopy. The ’pulrposc of
Kirby's study was to isolate plasmids which might be useful as cloning vectors, Of the
23 Spcéics tcstcd; only 8 showed any sign of plasmid DNA and from this Kirby
concluded the presence of pléQmids was not ubiquitous, One of the tested species was
S. clavuligerus ; it was no( found to contain a plz;smid (Kirby er al. 1982). There are
reports of a variety of Streptomyces spp, which contain plasmid DNA: S, coelicolor

A3(2) (Bibb eral. 1977; Schrempf,et al. 1975); Streptomyces kasugaensis (Okanishi

1977); 5. venezuelae 3022a (Malek 1977); Streptomyces fradiae (Yagisawa et al, 1978), .

and Streptornyces lividans (Bibb er al. 1980). Similarly, Pernodet and Guerin examined

Streptomyces coelicolor isolates for plasmid DNA (Pemnodet and Guerineau 1981).

Plasmid DN'A was prepared by a neutral lysis procedure, and isolated by agarose gel
’ electrophoresis. In their examination, the two isolates tested contained a plasmid.
' A variety of self-transmissible plasmids have been detected by the formation of
what is called a pock (Kobayashi er al. 1984). A pock is formed when a plasmid bearing
strain is grown with a plasmidless strain. Afound the plasnﬁd bearing strain a temporary
zone of growth inhibition 6f the ’plzllsmidless strain occurs as the plasmid is being
tfar;sferrcd. It was the obsewadc;n of pocks that eventually led to the isolation of the
self-transmissible piasmid, SCP2 of S. coelicolor A3(2). Thc formation of pocks, also
termed lethal zygosis, although there i no bacter‘ocidal effect, has aided in the detéction
of low frcc.lucncy‘ interspecific transfer of SC¥2. In other instances this observation of
;;ocks suggests that a plasmid may be present even if ii cannot be physically isolated

\

(Wéstphi:ling 1980).
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' An interesting family of plasmids has been detected in S, lividans, This SLP]
series of plasmids was gencrated by cleaving total DNA of S. coelicolor with a
restriction enzyme, ligating the ends of the fragments of DNA and introducing them int§
S.lividans (Bibb er al, 1981). Some portion of the circularized DNA fragfncnxs
persisted in S, lividans as 'plasmids. The plasmids subsequently isolated from S,
lividans varied in size from 9.38 kilobases (kb) to 12,35 kb with the 9.38 kb sequence
being common to all of them, .

In a similar Situatior;, a plasmid free culture of §, lividans was grown in mixed
cu.l‘turc, with a plasmid free culture of Streptomyces parvulus, Transfer of chromosomal

)

DNA between strains occurred at a low frequency by conjugation. Some of the
transconjugants of S, lividans that resulted, were able to fo‘rm pocl;s on the originlal
plasmid fr;:c 8. lividans culture. A plasmid was isolated from the S, lividans
transconjugants and determined to have originated from the chromosomé of S. parvulus
(Hopv}ood et ai. 1984), This would suggest that some sequences of DNA may be
present as part of the chromosome in certain Streptomyces species and a; free plasmids
in other species. N |

Another interesting occurance in a few Streptomyces ;pp. is the presence of

extrachromasomal DNA which is linear instead of covalently closed and circular in

nature. The first example of linear plasmids was demonstrated with a Strepromyces

—

spp-thatproduced lankacidin-type antibiotics. The linear DNA was isolated by agarose

gél electrophoresis and then purified by hydroxyapatite column chromatography ..

(Hayakawa er al. 1979). Factors that led to,ﬁihe.conclusion that this segment of DNA

‘ was indeed linear were: the DNA could not be separated from chromosomal DNA on

caesium chloride-ethidium bromide density graciient centrifugation; a second distinct
band of DNA was observed on ethidium brdmidc stained agaroée gels; electron

microscopy showed the DNA segment to be linear. This segment was termed a linear

14
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plasmid, pSLAZ2, on the basis that cleavage with restriction endonucleases gave rise to

distinct DNA fragments whose sum of molecular weights equalled that of the complete
pSLA2 and that the host could be cured of the plasmid by treatment with ethidium
bromide (Ha;'akawa er al‘, 1979). Ethidium bromide has been dcmonsbtratcd to be
- capable of cagsi'ng the loss of plasmid DNA ‘(Bohanchaud etal 1969, The ends of

this plasmid contain a 614 base pair inverted terminal repeat, and are associated with

- protein (Hirochika er al. 1982 Hirochika er al, 1984), The association of the cnds of the

plasmid with protcm plays a key role in the isolation of the plasmxd in that it is necessary |

to remove the protein before removing cell debris and proceeding wnth the isolation of
the DNA. Recently, a similar linear plasmid of unknown function has been detected in
S. clavuligerus (Keen 1985).

1.6 Curing Procedures

Curing a host of its plasmid involves treating the host with a chemical, or

subjecting it to unusual growth conditions in such a manner as to promote the loss of the

plasmid. Several methods are available such as growth at temperatures 4° to 5°C above

the optimal growth tcmpcraturc of thc organism. The effect of this may by related to
changes in the membrane of thc cell, and would therefore be effective for curing
plasmxds assoctatcd with membranes (Carlton and Brown 1981), or growth at elevated
tcmperatures can also result in complete or partial deletions (T rcVors 1986). Another
condmon used for plasmid curing is growth in the prcscnce of compounds whxch at
hxghcr concentrations are muta‘g_cmc Examples are ctludmm bromiide (Bouanchaud er al.

1969), novoblocm acnﬂavm and acridine orange. Ethldnum bromide, acnﬂavm and

aéndmc ‘orange are intercalating dyes, and will mh:bxt plasmxd rephcatmn (Trcvors .

1986). Novobiocin mhlbxts supcrcoﬂmg of plasmids dcpcndcnt on DNA gyrasc
(Trevors 1986). One of the most cffcctxvc curing techniques for Streptomyces is the

formation and regeneration of protoplasts. There are several possible explanations for

15,
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the curing ability of protoplast formation and regeneration: plasmids may be assoc“ia.(cd
‘with mesosomes and wo;ld therefore be lost upon protoplasting, as mesosomes tend to
be expelled during the removal of the cell wall; subdivision ¢:>f the mycelium into
protoplasts may conceivably generate pmkoplz;sts which do not carry a plasmid"
rcgcncrauon of protoplasts may give rise to developing hyphae which fail to mclude a
plasxmd copy (Hopwood 1981). Oncec a culturc has béen cured of its plasrmd it is then
possible to determine the effect of that loss on annbxotw production, This can bc done’
by assaying for the antibiotic and comparing producuon in cun;d versus plasmid bcanng
strains. |

I1.7 Protoplast Formation and Regeneration

Protoplast formation and regegeration is an important technique for genetic studies

. with Streptomyces spp. In addition to use as a curing technique, protoplast formation

and regeneration is also an essential $tep in genetic recombination by protoplast fusion

"and in transformation. Okanishi et al. (1974) cstablishéd a procedure for the formation ‘

of protoplasts and their n‘cgcneration The techniquc'involves the suspension of mycelia
in 1sotomc media in the presencc of iysozymc whlch dcgradcs the cell wall Thc
protoplasts are regcncrated on solid mcdlum which is also 1sotomc, prevcntmg the
protoplasts fmm bursting (Okamsh: et al. 1974).

In gcncue recombmanon_ procedures, protoplasts can be fused in the presence’of

é

polycthylcnc‘ glycol. This fusion significantly increases the frequency of genetic'
recombination over that seen when intact cclls are éo-cultivated on solid medium. The "
" use of protoplast fusxons also allows for thc recombmat10n 0 occur bctween more than A

Ctwe genomes since more than two protoplasts can fuse at the same nmc (Hopwood and

{

‘anht 1978)

In tmnsformatlon pmcedurcs, plasmxd DNA can be mtroduced into protoplasts by

incubating the pmtoplasts with the plasmid in the presence of polyethylene glycol (Bibb '

~
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etal. 1978). In this case the concentration of polycthylcnc glycol used is lower than that

‘ required to givc protoplast.fusiorr about 20% as opposed to 60% (Hopwood and 'Wri“ght "
1979). The actual manner by which. polyethylene glycol sumulatcs plasmxd DNA |

uptake or protoplast fusion is unknown

IL.8 Clohmg in Srreptomyce.l‘ spp. |

The once unéttalnable goal of isolation arld -idéntiﬁcan‘on of lgcncs involved irr the
synthesis of antibiotics has now bccomc realistic with the development of rccombinzim
DNA techniques for use With Strépromyées spp- With techniques noirv available,
researchers have begun to examine the structure and control of genes rcsponsnblc for
antrbroue producuon and cvcntually hope to be able to altcr the quantity and type of gene
products in a controlled fashion. Thcrc is an increasing numbcr of reports of succcssful

cloning experiments in the literature. A successful cloning system gencrally rcquxrcs the

use of a selectable clomng vector and a mcthod of gencratmg sultablc fragments of the
DNA containing the gene to be cloned. The fragmcnts obtamcd are mscrtcd into the

-vcctor in a locatjon that allows for differentiation of, uansformants carrymg the vcctor‘ -

‘ wrth inserted DNA from transformants carrymg the unmodxﬁcd vcctor This gencrdl

.' proccdunc, rcfcrrcd to as shotgun- clomng, has becn used to clonc Streptomyces

spp-genes mto thc same as well as othcr Specxcs . ‘
Bibb et al. ( 1980) developed an mtcrspccu:s gcnc transfer systcm by using the

| plasmid vcctor SLPl and cloning mto it the gcnc for rcsxstancc to thlostrepton from

Streptomyces azureus (Bibb ez al. 1980) Usmg a dcnvatxvc of thxs plasmrd callcd :

. plJ101, other workcrs have - bccn ablc to mtroduce thc tyrosmasc gene from

‘Streptomyces armbxotxcus The plasrmd pUlOl 1s a sclf-transmxss:blc plasrmd whxchr

- produces the charactcnstxc of lethal zygosis (Kxescr et al 1982) The tynosmasc gene is

: rcsponsrblc for the produ uon of melanin and gwcs nsc to black colored colomcs The - _

-

ncw construct, called le702 was mtmduccd to S lmdans whcrc thc productmn of
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‘ gcnc Inscruon of DNA fragmcnts at this site mtcrrupts the tyrosmasc gcnc giving nsc |

L

melanin and thxostmpton resistance was dcwctcd (Katz et al. 1983). Tho plasmid pIJ702
has a copy ‘number of 40 - 300 pcr gcnomc and lacks the conjugatwe funcuons ‘of

lelOl There is a smglc Bgl 11 restriction site' wh:ch is located within thc tyrosmasc

to whne colonies. 'I‘hls works as a sclcctablc marker when cloning. The host range of

this plasmld has been cxammcd and it appears to be mamtamed ina wide rangc of ~

Streptomyces Spp- (Katz etal. 1983)
Thcrc has been a numbcr of clonmg studxcs whlch havc used pI]’702 as thc
L
cloning vector. The gene for »(«)—mcthyl transférase, involved in the producuon of

undccylprodigibsin was isolatcd. from‘thc chromosomal DNA of S. coelicolor by

‘ mscrtmg chromosomal fragmcnts mto the Bgl II restriction enzyme site of plJ702. The

| hybnd plasmxd was mtmduced mto a mutant of S. coelecolor ‘blocked for the synthcs:s

of undecylprodigiosin, and in a smgle 1solatc producuon was restored (Hopwood etal.

- 1983). Ina second examplc the rcgulatwn of candncxdm blosynthems in §. griseus was |

studied by usmg pU702 to relntroducc thc cloned gencs of the pat]lway, ata hlgh copy-

" number, toS gnseus (Hopwood et al 1983)

,f'so thcy were. unable to dlstmgmsh ,transfonnants w1th unmodxﬁed plasrmd from thosc; s

L

In thc first two examplcs it was possxblc to dctcct transformants contalnmg ‘
plasmlds with an mscruon as the producnon of tyrosmase was lost resultmg in whnc 'v
“ colomcs Baxlpy et al. (1984) have becn able to 1solatc gcnes mvolved in the

bxosynthcsns of clavulamc acxd usmg pIJ702 as a clomng vector The dxfﬁculty they, . |

encountcred was that thc melanm phcnotype was not expressed in S. clavulxgerus, and N )

' ,thh plasmxds bcanng mscrts Howcvcr, 1t was stxll possxble to transform S. lzvxdansv

and dctg:nmne the frequcncy of i mscrnon, thcy detcrrmned the ficquency of mSeruon to

be approxlmatcly 95%
| lI 9 Restncuon and Modiﬁcauon

18
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Many organisms have a means by which they*protect themselves against foreign ‘
DNA, for eJtample the DNA of a yit'us' The orgamsms own DNA is modxﬁed ina

spectﬁc manner so that it is recogmzed as self Along wnh the modification there is also .

a SpClelC enzymie that recogmzes the absence of the modtfxcatton and cleaves

unmodxfxed DNA; this enzyme is a restncuon enzyme lt is very common for sotl'

N

organisms to have both types of enzymes resulting in what is known as a

resmcuon/modtﬁcanon system. The presence of restnctxon enzymes gives rise to

barriers to mterspecxﬁc gene clomng, and hmxts the host range of plasmxds and :

actmophage which can be used as clomng vectors (Cox and Baltz l984) It is possible
to determine if a restriction enzyme is present by observing the failure of actmophage to
produce plaques (Co|x and Baltz 1984), or the inability of a plasmid_ to transform
(Hunter, personal communication) A Streptornyces Spp. may contain morethan one
restnctlon enzyme (Sanchez et al. 1985), with as many ‘as ﬁve (Hunter personal

[
commumcanon) ’

" In order to transtrm an arganism with unmodiﬁed DNA, such as‘a'plasmid from .

r

another organism, it becomes necessary to overcome the resmcuon/modtﬁcatlon system

. E of the. orgamsm 'I‘here Q two possxble ways in Wthh thls can be done One is to treat o

‘ the cells so that the restriction enzyme is not produced but the modnﬁcatxon enzyme

remams unchanged When forelgn plasrmd DNA is mtroduced it wxll not ‘undergo
' f'xestrtctton and will become modified. _This modxﬁed plastmd DNA can, then be used in S

unmteicells One such method of treatment whxch can produce this effect 1s random

19

mutagenesis (Chater and Wﬂde 1980), treated cells that can be transfomted thh foretgn b

, plasmtd DNA and in whtch the plasrmd DNA can survxve may have acquued mutatlons 8

\
" in their restnctton enzyme system. -

‘A second procedure used to ovencome the restncuon/modtﬁcamn system nehes '

- on the dtfferenua] sensntmty of these two enzyme systems to heat macttvauon In many; .



Ll ! ' ‘v v o
. ) ) Y

"
R4 "

spccncs thc rcsmcuon systcm 1s consndcrably more scnsmvc to clcvatcd tcmpcrarurt: lhan

isthe modtﬁcauon systcm lmmcdxatq:Lv bcforc transformatmn protoplasts dre hcated to

45°C for a short pcnod of time. The hcat labxlex‘esmcuon system is destroyed and upon

" “ l transformatxon thc modlﬁcatxon cnzymc w111 be able to alter thc foncgn DNA to thc

hosts spcctﬁcattons beforc thc rcstnctton enzyme has been rcsynthcsxzed (Huntcr

personal commumcauon) ‘ 4::"'"

thctr attcnnon to thc gcnenc aspccts of annbtotm pro ucuon Each Streptonyces sp.

of -

appcars to be dtffcrcnt thh rcspcct to plasmid co 'nt and plasmid mvolvcment in
iy

annbtottc production. The goal is to be ablc to m ifpulatc ant’xbnotxc producuon by

- deregulation t)f production, or to produce new produé \ In order to do this, cloning of

gcncs involved must be achtcved Poss1blc vectors' are bcmg investigated, and

requu‘cmcnts for transformauons are bcmg determmcd.

A
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.. MATERIALS AND METHODS
LI, BACTERIAL CULTURES
Thc Strc'ptbfnyccs cultms used in this studly were:
Srrepcor}xyccs clavuligerus NRRL 3585 |
Srccpromyccs phacOCh}crhoéenes NCIB 8505
: Srrepromyces venezuelae 13s
/ Streptomyces venezuelde NCIB 8231
Srrep’tbmyces fradiac NCIB 8233
Streptomyces gr:iseuS‘LNCIB_8‘237
- Streptomycelsl rimccus NCIB 8229I
Srrept‘omjces lividans 1326 |
Screptor'rxyces lividans 3141
Streptomyces lividans 3046 |
The S. lividans s&ﬁs’ were obtaincd from Y. Aharonbwitz, Tel Aviv Univcrsi(y.
The S. venezuelae 13s culture was obtamed from L. Vlmng, Dalhousxc Umvcrsnty
Escherzchxa coli Ess was used for the bxoassay of annbxonc produccd by S.
clavulxgerus Thxs pamcular stram of E. coh isa mutant which is Vcry scnsmvc to
'bcta-lactam antxbxoncs and it was obtamcd from A L. Demain, Massachusctts Institute
of chhnology Thc culture used for the clavulamc acxd bloassay was Staphylococcus |
k-‘aureus N2. ThJs S aureus stram)is msensmvc to bcta-lactam antlbloncs due to-vthc ) |
;productmn of a. bcta-lactamase, but wnth thc addmon of clavulamc acnd thcA N
:beta-lactamasc was mhlbxtcd, rcndcnng the S aureus sensitive to pemcxlhn '
Five plasxmd bcarmg strains of Eschenciua cah were used as known standards
| for some of the plasnud pfcparanons 'I‘hese strams were: | | |
Escherichia coli HB101 with plasrmdeR322 o | o “ - o
 Escherichia coli J53-1 with plasmid R307 '

'\
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 Escherichia coli J53-1 with plasmid R177
 Escherichia coli J53:1 with plasmid R27 |
Eschenciua coli J53-1 wuh plasmid pSD114
Thc strains were obtained from J. Foght. |
IE2. MAIN'I'ENANCE AND CULTIVATION OF BACI‘ERIAL CULTURES
: III 2. l Maintenance of Streptomyces spp. cultures »

A lxquxd nitrogen slant of S cIavulxgerus NRRL 3585 was uscd to moculatc
tomato—oatmcal agar plates [per litre: 20. Og tomato pastc 20.0g oatmeal pablum; 25. Og
" Bacto agar; adjusted to. pH 6. 8] Thcsc plates were mcubatcd at 28°C until spores were
formcd L ' o . ’

Sporcs were rcmovcd from the: colomcs on thc tomat&oatmcal agar platcs by

scraping with a stenlc spatula and suspcndmg m dlsulled HZO Sterile glyccrol was

addcd to a final concentration of 20% (v/v) Thls sporc suspensxon was thcn dxspcnscd

into stcnlc plast1c screw capped tubcs (NUNC Laboratoncs) and stored at 20°C The

: vxabxhty was dctcnmncd by senally dllutmg thc thawcd spore suspcnsron in dlsnllcd |
| ; HzO and then platmg 0 l mL amounts on tomato—oatmeal agar plates Spore stocks i

: Wcrc found to contain 107 108 vlablc sporcs/mL This same proccdurc was uscd for .

B thc mamn:nancc and pmparanon of spore stocks fpr the other Streptomyces spp uscd in
“thxsstudy N /j SR . |
© 2. 2. Culuvauon of Streptomyces spp in quuld Medlum .
| In ordcr to culture S. clavuhgerus a sporc stock was thawcd and 05 mL was

‘. uscd to moculate 25 mL of phytonc sccd mcdxum [pcr lrtrc, 15 g of phytonc, 10¢g
;. , glyccrﬁl and 1 g ycast cxtract, pl-l 6. 5] or Glyccrol—YEME [per litre: ycast extract, 4 0

"g malt cxtract, 10 g glyccrol 10 mL pH 6 8] ina 125 mL ﬂask 'I'hese broth

e cultures were mcubated at 28°C on a Ncw Brunswrck Scxcnufic shaker at 250
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23 .
revolutions per minute, for a period of 2 to 4 days, .

Thc S. lividans strains were grown jn aGYEME mcdlum [pcr litre glucosc 10 g:
yeast extract, 4 0g; malt cxtract 10 g; pH 6. 8) supplcm"ntcd with 34% sucrosc The
remamder of the Streptomyces spp wcrc grown in phytonc seed medium., A volumc
of 25 mL of mcdlum was placed ina 125 mL flask. Thc culxurcs were. incubated at 28°C
ona New Brunswxck Scxcnnﬁc shakcr at 250 revolutions per mmutc '
o III 2. 3 Mamtcnancc of Othcr Cultures

i ‘The E. coli: culturcs for plasnnd prcparanons were grown in 50 mL ﬂasks of 10
mL containing brain heart mfuston broth (BHI leco Laboratoncs) with 5. anubxouc |
‘ impregnated discs (Bccton Dxckmson Sensi-Discs and Difco Dispens-o-disc) r_cqu’gcd‘
for malntenancc of the plasmids For plasmids pl3R322 andyR‘27 tctracyclinc discs were
addcd to the mcdxum for pR307 kanamycm dxscs wcrc addcd and for pRl‘,7'i'~~"’:2
. carbemcrlhn dnscs ‘were added. The cultures were mcubatcd at 250 rpm, for 16-hours at
37°C The culturcs were mamtamed on BHI platcs on whrch were placcd 5 of thc
) appropnatc annblonc dxscs Thc platcs were incubated at 37°C for up to 48 hours after
. whlch they were stored at 4°C Thc cultures were tmnsfcm:d at monthly mtcrvals in N
‘ ordcr to cnsure mamtenancc of thcxr plasn'uds | ‘
- E. colx Ess was mamtamcd on tryptlcasc S0y broth platcs (TCS BBL
- Laboratones) To obtam an ovemxght culture for use ina bloassay, 10 mL of TCS was -
| | moculated wnh a smgre colony and thcn mcubatcd at 37°C for about 16 hours S. aureus

N2 was mamtamcd on blood agar platcs To obtam an ovcmnght culturc Q‘ btoassay,

single colony was suspcndcd in 10 mL of nutrlcnt broth (anco) and mcubatcd at 37°C o .

o for about 16 hours.

L3, SBLECI'ION OF A SINGLE SPORE ISOLATE OF S. CLAVU[JGERUS -

" A sporc suspcnsxon, prcpared from tomato-oatmcal agar platcs, was dxlutcd to

: | KU o
10’7 in dlsulled HZO A volumc of 01 mL of thcsc dxluuons was sprcad on . -



, colonies wlhiich dEQlopcd on the plates typically'disolaycd a variety of colony ‘

‘,-A

tomato-oatmeal agar plates. The plates were incubated at 28°C for twelve days. The

morphologncs Thrs morphologrcal vanabxhty is a common occurance in many . :

Streptomyces spp One colony rcprcscntatxve of cach typc was sclcctcd and used to

moculatc 25 mL of phytonc seed medium. ‘The culturcs were iricubated at 28°C on a.

shakcr. After 2 days_ and 6 days, 1 mL of the cultures was filtered through a Whatman‘ .

#1 filter by gravity. The filtrates were assayed for antibiotic production and'clav:ul{anic"

acid production by the bioassay method. N
III 3.1 onassay for Annbronc Producnon
" The bxoassay for antibiotic producuon was pcrformcd using TCS agar moculatcd

to 2% with an ovcmxght culturc oQEschenchta coli Ess dxspcnsod in 10 mL amounts m

pctri dishes. A stcrilc paper disc was placed in thc ccntrc of the platc and 20 L of

culture ﬁltratc was apphed to thc drsc The plates were mcubatcd at 37°C for 24 hours

- and the zoncs of mhrbmon of growth which rcsultcd were compared to those obtamcd

' culture filtratc was. placed on thc dxsc The platcs were mcubatcd at 37°C for 24 hours,

and the zones <of mhxbmon of growth of thc S aureis - N2 whxch rcsultcd werc ’

with standard solutions of ccphalosporm C
‘. III 3 2. Bloassay for Clavulamc Acid Productron

Flltcr stcnhzed pcmcrllm G obmmcd from antol—Myexs, was added to TCS agar

)

-at a ﬁnal conccntratxon of 1 uglmL. To thxs a l% moculum of an ovenught culture of “

Staphylococcus aureus N2 was added, and the agar d1spcnscd in 10 mL amounts in.

pctn dxshes A stcnlc papcr drsc was placed in thc centre of thc platc and 20 p.L of the’ .

o oompared to those obtamed thh standard solunons of clavulamc acxd

The smglc spom 1solatc showmg good charactcnsms of sporc formatxon and W

producnon of beta—lactam compounds was thcn uscd for the remamder of thc studms
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A, ?LASMID CURING TECHNIQUES
H1.4, 1 Pmtoplast Formalmn and chcncmnon

Ill 4.1.1. SoluUOns and Mcdxa ,

All matcnals and solutxons were stcnlc .and ascpue tcchmquc was obscrvcd Thc

method for _protoplast’ formanon and regcncrauon used was that of Okamsm et al,
(1975), as modified by Thompson et al, (1984) ‘When protoplasts were madc of S
clavuligerus there were some modxﬁcauons to thc proccdurc appropnatc for thls
culture L-mcdxum rcfcrrcd to thc solution contammg lysozymc and P~mcdxum rcfcrrcd
to the isotonic solution used to stablhze protoplasts as designated by Okamshl etal’

(1975), and Thompson et al. (1984),

o, sucrose . 100g T
SRRt . K,S0, | 025g .
' o MgCl,-6H,0 . ©0508g
| y trace elements o : 2.0 mL
A . finalvolume  + | 880mL
- After autoclavmg add: |
L OSEKHPO, 160mC
3.68% CaCly2H,0 - - :  100mL
0.25M MOPS, . - o
pH72 - . 1000mL,
- lysozyme | - lmgImL ‘
' . "-l . ’ _‘\.‘
sﬁqrdse - L “103g .
. K80, “ . 025g
. trace'elements - - 20mL -

MgCly6H,0 - 203g
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final volume |

After autoclaving add: |

0.5%KH,PO,
3.68%CaCl,2H,0

. 0.25M MOPS,

pH 7.2

Trace Elements:

ZnCl, "
FeCly 6H,0
CuCl,2H,0
MnCly4H,0
Na,B,0,10H,0 !
(NH)gMoy,-4H,0

sucrose

K,SO,
MgCl,-6H,0
trace elements
glycerol C
Difco casamino acids
agar
L-asparagine

- Difco yeast extract -
§ ﬁnal volume
ﬂ After autoclavirlg, add:

¥ 05%KH,PO, .
3.68%CaCly2H,0
0.25M MOPS, pH 7.2

.. II.4.1.2. Preparation of Protoplasts

508

N
SNl

790 mL.

10.0 mL

1000 mL

. 1000 mL

per ligre
40 mg

200 mg ",

10 mg
10 mg
10 mg
10 mg

103 g
025g

12¢g

20mL

100 mL -
0.1lg
22
18¢g

810 mL

100mL

80mL
100 mL

The R2YE was dispi-;nsed in 20 mL amounts in petri dishes,

%
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Sporés (0.5 mL of a spore suspension containing 107 to 108 spores/mL) of §.
clavuligerus were used to inoculate a 125 mL flask containing- 25 mL of ecither
glycerol-YEME, or phytone seed medium. This culture was incubated at 28°&], at250

'rpm, for 40 hours, and was then used to inoculate fresh broth, The fresh broth was

sluppllcmcntcd with 0.8% glycine, and 5mM MgCl,, ’i'hcsc cultures were incubated at
‘ 28°$3, at 250 rpm, for 40 hours before being harvcstéd. The volumes of solutions given
below refer to an’oﬁginal culture volume of 25 mL.,

Mycelia were harvested by centrifugation at 27,000x g for 15 minutes. After the
supernatant was removed the pellet was resuspended in 10 mL of 0.3M 'sucrose, The
mycelia were again collected by centrifugation but this time at 3,000x g for 15 minutes.
'The pellet was resuspended in 5 mL of 0.3M sucrose, The suspension was transferred
to a Kontes glass homogenizer and homogenized ‘briefly, The suspension was

transferred back to the centrifuge tube and a further 5 mL 'of 0.3M sucrose was added,

. The mycelia were again collected by centrifugation at 1,500x g for 10 minutes. The

pellet was drained and then resuspended in 4 mL of L-medium. The mycelia were
incubated in L-medium at 32°C for up to 90 minutes, with gentle mixing. The formation
?f protoplasts was followed by using phase contrast microscopy. Once protoplast
formation appeared to be complete, 5 mL of P-medium was added to the pfotoplast
suspension and the mixture was pipetted up and down gently to furttier aid in the release
of protoplasts. The suspension was ihcn ﬁltcrcd through sterile cotton wool to remove
. long myceha that remamed The protoplasts were then centrifuged, at room temperature,
‘ at 1,500x g for 7 minutes.’ The protoplasts were resuspended in 10 mL of P-medium.

‘At this pomt, a portion of the protoplasts were diluted in P-medium and counted in an

AO Scientific Instruments Bright-Line hcmocytomctcr The remainder of the protoplasts

were again centrifuged at 1,500x g, at 22°C, for 7 minutes. The pcllcted protoplasts



"t me—y

were then resuspended in an appropriate volume of P-medium, and either used
immediately or stored at ~70°(f‘
111.4,1.3. Protoplast Regeneration

Protoplasts of S. clavuligerus were serially diluted in both P-medium and distilled
H,0 to distinguish protoplasts from non-protoplasted units, A volume of 0.05 mL of .

the dilutions was spread, using a glass spreader, on R2YE agar and incubated 24 hours
' at 22°C. Following this intial time of incubation, plates were placed at 28°C for the
remainder of the incubation ‘pcriod The actual number of protoplasts which regenerated

was determined by taking the total number of colonies, arising on the R2YE media, from
~ the P-medium dilution series and subtracting that arising from the H,0 dilution series.

The percentage survival was calculated from the number of protoplasts regenerated and

)

the total number of protoplasts counted in the hemocytometer.

[11.4.2. Growth at Elcvatcd Temperatures !

Growth at tcm;icraturcs‘, clcvatcd'by 5°C over the optimum érowth temperature,
can be used as a curing technique (Ca’rltén and Brown 1981). S: clavuligerus spores
(0.5 mL of a spore suspension of 107 Fo' .lOs‘spo'res)mL) were used to inoculate 25 mL
of glycerol-YEME broth in a 125 mL flask. The culture was incubated at 285C, at 250
rpm, for two days. The éultufc was then used as an inoculum for fresh medium. Onc
flask of glycerol-YEME was piaced at 28°C, and three other flasks were incubatcd at
temperatures of 33°C, 34°C, and 35°C. After 2 déys in‘cubatjo‘n, the cultures were

. u'anqun'é_d to fresh média and incubation was cohtinpcd at the éame temperatures. . .
- Incubation was continued again for 2 days ahd again the éultures were transferred and
incubation continued. - |

Cultures were diluted and plated on glycerol- YEME agar [glycerol-YEME broth
with 2% agar]. The percent survival was determined. )



111.4.3, Gr\pwm in the Presence of Novobiocin

i

\

~HL43.1. Growth in Broth Culture

\ .
A 48 hour bmth culturc of S. clavuligerus in 25 mL of glycerol-YEME was used .

to inoculate flasks of 25 mL of fresh glycerol-YEME containing various concdntrations '

of novobiocin. The ﬂ:lgks were incubated at 286C,'shakihg at 250 rpm.- After 3 days,
Vo ' ‘ ‘
the cultures were observed microscopically and macroscopically to determine the
. e r
concentration of novobncgc\in which gave partial inhibition of growth for use in curing

cxpcnmcnts \

'111.4.3.2. Growth on Solid Medium

a

' Spovres were diluted jn ‘distill‘cd H,0O and 0.1 mL of the dilutions were spread on

.

phytone seed agar plates contafr\xing from O to 5 pg/mL of novobiocin. The plates were .

incubated at 28°C. - Colonies -ar\ising on the plates were counted, and the percentage

i

survxval was dctcrmmcd '\\ , ' R
III 44. Tcstmg for Changcs W Antibiotic or Clayulanic Acid Production

Colqnies which resulted fron\ the various curing procedures were patched to

‘phytone seed agaron 243 vc‘m X i4,3, l plates (NUNC Laboratories) and incubated for ‘

" up to three days at 28°C. At that time colonies were tested for their ability to produce
antibiotics by the bioassay system by o 'é’rlaying the plate with 100 mL of TCS agzir

inoculated to 2% with an ovemight culture of E. coli Ess. Any colonies whxch did not
give a zonc of inhibition were prcsumcd bc annbxonc non-producmg colomcs and
' these were 1solawd and rctcstcd.

A second method for antibiotic produc ion tcstmg was to plck |solatcd colonies

onto plugs of phytone secd agar cut from a petri dish platc thh a stcnlc cork borer (3 .

mm dxamctcr) After the colony on the plug h gmwn the plug was transferred to a
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petri platc containing E. coli Ess moculatcd TCS agar, and the colony was then
- bloassaycd as described before. In a snmxlar manner, clavulamc acid.production was
‘tested by transferring rhc agar plugs to S. aureus s N2 inoculated nutncnt agar containing
‘penicillin G as described previously. | '
LS. PLASMID ISOLATION
L1.5.1. Alkaline Sodium Dodecyl Sulfate (SDS) Procedures
. IIL.5.1.1. Bimboim and Doly
Thrs prochurc for plasmid isolation was a modxﬁcatxon of thc mcthod used by

Brmborm and Doly (1979) The solutmns used were prepared usmg ultra pure water

’ (obtamcd with a Millipore Mxlh-Q system, hencc ncfcrrcd toas Milli-Q water), and were
sterilized before use. The procedure uscd either colonies from plate cultures of';'

| Streptomyces sp. or E. colx , or 0.1 mL- 0.5 mL volumes of broth cultures. When

using broth cultures fdr the streptomycetes, 'glycinc was added to the mcdiurn before

moculatmn $O as to sensitize the myceha to lysis, and the cultures were incubated fora -

pcnod of 48 hours If S clavulxgerus was being. used 0. 8% glycmc was the. fmal

conccntrauon for §. hwdans 0. 5% glycine was used and for the rcmamdcr of thc

stmptomycctcs 1 0% glycmc was used. Thc cells were susoendcd in 100 pL of solutmn f
- 1{50mM, glucosc, 10mM EDTA and 25mM Tns HCl pH 8.0]. To this 5 uL of fresh

A\ ‘
lysozymc solution [4 mg lysozymc per 100 uL of solunon I] was added; the tube was

a

. ‘mixed and mcubatcd for 1 hour at 37°C Followmg the mcubauon pcnod 200 pL of |
~ 0.2N NaOH contammg l% SDS was addcd, the tubc mixed by inversion and mcubatcd

@'

.at 22°C for exactly 6 minutes. Aftcr tlus 150 u.L of 3M Na acetatc adjusted to pH 438
- with glacial accuc acid was added, thc tubc mrxed, and thcn held at,0°C for 1 hour The
tube was centnfuged in an Eppendorf rmcrofuge for 5 mmutes after whrch 0. 4 mL of the
‘ supcmatant was transfermd to aclean tube. The DNA was preciprtated by the addmon
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of 0.11 volumes of 3M_s"odium acetate and 2 volumes of cold 95% ethanol and pla‘céd at

-20°C for 2 to 16 hours, centrifuged and rcsuspcnéd in 100 pL of 0.1M Na acctate

containing 50mM Tris-HCl, pH 8.0, and prccipitatod with ethanol a second time.
Following this the DNA pcllci was'résuspc_udod in 20 pL. of l@iilli—Q 'watér, to which §

WL of Sx sample buffer [25% sucrose, SmM Na acetate, 0.05% bromophenol blue, 0,1%
SDS] was added. In some cusos the 5x sample buffer was rcpléccd with a Ficoll samplc
buffer [16% FlCOll 400,000 Pharmacia, 50mM EDTA 0.05% bromophenol blue or R

orange G]. C ' | , . S }

11.5.1.2. Kiescr"s\Alkalinc Lysis Procedure

This 'altc;m'ative 1procc:durc for plasmid isolation (Kieser et al. '1982‘), was used as
a somcniug ormodum for the detection of plasmids in uausformcd cultures, und was - -,
caﬁ‘icd outin 1.5 ‘mL'Eppcndorf tubes. The souroe of mycelia was a 10 mL broth
culture appropnate for the species of strepromyces bcmg tested.” A volume of 1 SmL -

. of culture was ccnmfuged ina n'ucrofugc to pcllct thc myccha, and the supematant was

- discarded. The pellet was rcsuspcndf,d in 500 puLL of 25mM Tris- HCI (pH 8. 0) 25mM :
EDTA, 0.3M sucrose, and 0. 02% orange G ay.e contammg 2 mg lysozymc/mL This . -

‘was mcubated at 37°C for 30 rmnutes After thc mcubatwn the tube was mxxed and 250

<

‘ pL of 0 3M NaOH contaxmng 2% SDS was addcd Thxs was rmxcd completcly and. then
incubated at 70°C for 15 minutes The tubc was cooled to 22°C ' and 80 nL of acxd

: phcnol/chloroform [ 5 g phcnol 5 mL chloroform l mL H20 and5 mg

- 8-hydroxyqumohne] was added." The tubes wcxc mlxed thoroughly and then ccnmfugcd

to separaie the phascs The s p!cs were thcn sub]ected to agarosc gcl elcctrophorcsxs
'I1.5.2.. Neniral Lys1s Proccdures ‘ B '
I5.2.1. Westpheling |



Thxs proccdurc follows that of Wcstphclmg (1980) A 25 mL culturc of S.

clavulngerus grown in glyccrol YEME or phftonc seed medxum supplcmcntcd wnh

0 8% glycmc and SmM MgCl,, was harvestcd by centnfugauon at 27, Ong g for 15 L

| mmutcsT The pellct of myccha was rcsuspcnded in 10 mL of TE buffer
[10mMTns-HCl pH 8 0; lmM 'EDTA] containing }5% ‘sucrosc : Thxs was thcn

| ccnmfugcd at 27 OOOx g for 10 minutes; the’ pcllct was rcsuspcnded in 4 mL 0.05M |
Tris- HCl pH 8. O contammg 15% sucrose. One’ mnlhhm: of frcsh lysozymc
'solunon at$ mg lymzymd 1 mL of 0.25M Tris-HCl, pH 8.0 was then added and the

suspcnsiou was in'cubatcd at:30°C, with continuous gcnt]c mixiug, until the appcarancé
bccame "ﬂuffy" but before complctc lysxs had occured. After the mcubatmn 2 mL of
0.25M EDTA, pH 8. 0 and -3 mL of 20% SDS were addcd and thc suspension was ',
| allowcd to clear. To thxs 3 mL of SM NaCl was addcd the suspcnsxon was left at 4°C-
for2 to 16 hours This was then ccnmfuged at 30,000x g for 20 mmutcs at 4°C Thc -

supematant was savcd and to it was addcd 4 mL of sterile 50% polycthylcnc glycol

6000 (PEG) and this was left at 4°C for 2 to 16 hours. Thc prec1p1tatcd DNA was '

collectcd by ggntlc ccntnfugauon l,SOOx g for 5 mmutes and thcn resuspcndcd in up to
1 mL of stcnlc TE buffa‘ '
| ms2. 2 Modx. ied Ncutral Lysxs Proccdurc

The Wcstphclmg procedurc for plasmxd lsolanon was modxfied in ordcr to‘v :

. decrcasc the amount of time requtred whlch in tum would nunmuzc the dcgradauon of

the DNA 1soiated. The myccha wcn: harvcstcd by centnfuganon from a 25 mL broth

cultupe‘ and washed m TE plus 15% sucrose as thh the ongmal procedum The pcllct |
/was msuspendcd m s mL of 0 OSM Tns-HCl pl-i 8 O plus 15% sucrosc, and agam 1 "

mL of lysozyme solutmn was addcd but at, a much hlgher conccntranon, 150 mg

lysozymelmL of 0. 25 M Tns-HCl pH 8.0. The susPcnsxon was mcubatcd at 30°C ’ :

: wuh continous qg;tauon, for7 nunutcs.. Fol,lowmg}thxs, E_DTA~ and SDS were addcd as '



in the ongmal procedure Three mxlhhtnes of 5M NaCl was added, and the tube was

Rlaced on ice for 10 minutes, by which time precxprtatron of denatured chromosomal

DNA and cell debns was complete To obtain a firm pellet the tube was cenmfuged at

48,000x g for 60 nutes The supematant was then extracted with equal volumes of .

-{I'E buffer equlhbrated phenol rmxed and then centnfuged at 1,500x g for 10 minutes to
separate thé phases The aqueous phase was extracted wrth an equal volume of
'phenol/chloroform {50/50, v/v] in the same manner The DNA was precnpntated with
ethanol from the aqueous phase as descnbed prevxously The precxpntated DNA was.
collected by centnfugatlon at | SOOx g for5 mmutes and resuspended in up to 1 mL of
TE buffer. o

- HO1.5.23. Large Scale Plasmid Isolatlon ’

The Westphelmg neutml lys:s procedure was scaled up in order to process 500 mL

amounts of Streptomyces spp culture The culture medwm used varied accordmg to the

l

" parncular specres as mdxcated earher For example spores of S lxwdans were used to.

L _moculate 25 mL of GYEME plus 34% sucrose. The ﬂask was mcubated at 28°C at 250 :

. 1pm, for 40 hours at whlch txme the culture was subcultured at 2% v/v mto 5 flasks of -

100 mL of the same medxa, supplemented with glycme at 0. 5% and SmM MgClz B
|

R These ﬂasks were mcubated at 28°C at 250 rpm, for a further 40 hours. The myceha o

. | were harvesth by cenmfuganon and processed accordmg to the Westphelmg neutral

: lysns procedure as,descnbed prevrously The pellet of DNA obtamed after PEG'.; “
'F"‘preelpxtanon was dxssolved in 5 to lO mL of 'I'E buffer To thxs, 1 05 g CsCl was added
: . for each mxlhhtre of DNA soluuon The suspensxon was- then centnfuged t 3 OOOx g L
| l3945and‘l"‘

for § nunutes m order to remove hpxds The refracuve mdex was adjusted

elludmm bronude was added toa ﬁnal concentratxon of 10 ug/mL Thrs was cenmfugcd Lo

:at 90 OOOx g, at 20°C for 40 houxs Upon completmn ot‘ the centnfugauon, the tubes ,'



were exammed wnth a Cole Parmer hand held UV tllummator for evndcnce of cthtdtum

bromtde stamed bands of DNA. The lower band was removed by punctunng the stde of

the tube with a 22 gauge needle and removmg the band with a syringe..

The collected bands were placed in srlamzaed glass tubcs and the etludtum bronude‘

| “was- nernoved by repeated cxtractton ‘with an equal volume of Hz,() equtltbratedﬂ
n-butanol _' The CsCl was‘ fe'.moved by .ovemight dialysis against (llSSC [1SSC:
0.15M NaCl 0. OlSM Na crtrate] lf it was necessary to concentrate the DNA it was
‘ ethanol, precnpttated as descnbed prev1ously The amount of DNA present was

determined by readmg the absorbance of the DNA solutton at 260 nm, knowmg that 50

ng DNA/mL gives an Aqgo Of 1. 0

- I15.3. lsolauon of Linear Extxachromosomal DNA

~

Linear extrachromosomal DNA can be 1solated usmg a modtﬁcatton of the

procedure of Fxshmann and Hershberger (1984), as developed by Keen (1985). Spores

34

" of S. clavultgerus were used to 1noculate TCS broth containing 1% glycerol The . . |

culture was tncubated for 40 hours, at 28°C and then used to tnoculate 100 mL of the ~

C same medmm. Tlus culture 'was mcubated for 24 hours and then used for DNA tsolatxon o

The myceha were collected by centnfugatton and each 10 g wet wetght of myceha o

, y-were resuspended in 100 mL of TES [IOmM Tns-HCl 1 OmM EDTA, and 25%
sucrose, pH 8 0] thty rmlhhtres of 0 25M EDTA 50 mL of a lysozyme soluuon [10 o

. 'mg lysozyme per rmlhlttre of TES], and 0. 2 mL dlcthylpyrocarbonate were added to the | . o

L cell'f”'“ Apenswn Thts was mcubated for 15 mmutes at 22°C after whtch protcmase K |

" '.'(Slgma protemase XD and SDS were added to gtve ﬁnal concenuatxons of 50 ug/mL and

) | _10 mglmL respectwely The rmxture was mcubated at 55°C for 30 mmutes Followmg‘\ |
: ‘tlus, 20 mL of SM NaCl was added and the mtxture was then mcubatcd on tce for 1 to 3' o
| | 'hours Tlns was then centnfuged at 42 000x g for 45 mmutes The DNA was " ,

RTINS
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prccipit'atcd from the supernatant with 0.64 volumes of isopropyl alcohol at -20°C,and

| collected by ccntnfugauon at3 OOOx g for 20 mmu&es (chn 1985) The DNA pellet

was resuspcndcd in TE buffcr

. The linear plasmrd was scparatcd from the chromosomal DNA by thc use of . |

preparative sucrose gradlcnt centrifugdtion. - Gradrcnts were prcparcd using a conical . ‘

‘ chambcrcd gradient makcr with 6.5 mL of 40% sucrose and 6.9 mL of" 10% sucrose
soluuons in 20mM Tris-HCl (pH 8. O), and lM NaCl. Once the gradients were
preparcd they were placcd at 4°C for 2 hours and then 0.2 mL of DNA solution was

carefully laycrcd on the top of the gradrcnts The gradients.were balanccd and then

centrifuged at 175 000x g for 20 hours Aftcr&c ccnmfugatmn was complctcd the

' gradlcnts were fracuonatcd by rcpcatcdly rcmovmg aliquots of 0 4 mL from the top, .

usmg an Eppendorf prpcttc The DNA in the fractrons was prccrpltated with 95%
| ethanol and stored at -20°C.
~1IIL6. RESTRICI'ION ENDONUCLEASE DIGESTIONS | ‘
Enzymcs uscd for rcstnchon dlgcsts wcre Bgl Il (BRL), Sst II (BRL) Sat I

(BRL, lyphozymc), Sma 1 (BRL, lyphozymc), Cla I (Bochrmgcr Mannhcrm) ‘Pst I .
(BRL), Bst EII\(I/;oLabs) Bam HI (BroLabs) and Hmd III (BRL) Thc restrrcnon -
| cnzymas used wcre gcncrously supphcd by K L. Roy 'Fhe lambda DNA uscd asa
‘standard for most drgcstrons was purchasod from P. L onchcrmcals The rcsmcuon"‘ .

3 -‘cnzymc buffcrs and tempcraturcs of mcubatnon were thosc rccommcndcd by tRe- |

‘ manufacturcr As a rulc, lO urfits of an cnzymc was rcqulrcd to. dngcst 1 ng of"

Streptomyces spp DNA wuh mcubanon( txmcs of 2 to 3 hours | B
III 7. ELECI'ROPHORESIS AND PHOT OGRAPHY

\ Electmphorcsrs in agarose gcls was used to scparatc DNA ‘%garosc (ScaKcm‘,-i’ ‘
" Type LE) was drssolved in TEA buffer [20mM Tris-HCI (pH 8.0), 2mM EDTA\ and o
= SOmM sodmm acctatc] and thc conccmrauon of the agarosc vaned from 0. 7% l 25%‘ -
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‘ ‘w/v dcpcndmg on thc DNA prcparatxon ’I’hc voltagc for clcctrophorcsm was up o 6

volts per centimetre of the length of the gcl Oncc clcctmp- oresns was complctcd thc gcl

. )
. was placcd in a tray, and stamcd wnth 10 pg/mL of ethxdmm bmmxdc in HZO for 30

, mmutes After stammg, thc gcl was nnscd in elthcr dlsullcd HZO or 0. OlM MgC12 to -

| mmovc excess cthldmm bromldc ‘Gels were photographed wnh Ilford negauve film, or ‘

Polarmd type 667 and typc 665 ﬁlm usmg uv hght at' 300 nm and a Kodak Wratten :

gclatm ﬁltcr numbcr 23A
1L8. TRANSFORMATION STUDIES
[L.8.1. Solutions and Medxa |

"

Transformatlon studies uscd thc same solunons for protoplast formatmn and

)

regencraupn as described earlier. In addmon, T-mcdxum was used.

1

sucrose C 025¢g
K80, - 100025 ¢
PEG1000 . 25g"

MgCly6H0 . - 0028
. traceelements: , ‘002mL

e L
~ Adjust volum€ to 7.9 mL with H20
andafmrau lavmgadd

: 1472%CaC122H20 S 1omL

05% KH,PO," *~ . ~0lmL
‘O.SMTns-malelc S, .1 0mL
'acld, pH8O ‘ -

iR

' III82 'I‘ransfomxauonofS lwzdans S Lo
'I‘he procedm-c for thc transformauon of S lzvzdans thh plasxmd vcctors pU702
, and pIJ303 had alrcady been estabhshed (Kxcser et al 1982) Plasrmd DNA for

transformatmn studxcs was preparcd by thc large scalc neutral lysxs procedurc as. -

dcscnbcd earhcr Protoplasts about 4 x 109 protoplasts per transformatlon, of S
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3 hwdans were centnfuged at 1 500;; g to sednment and resuSpended in a mmxm \

volume usmg the residual- hqund in thc centrifuge tube, Ten microlitres of 10.3%
sucrose was added to the protoplasts and then 10 p.L of plasmid DNA solition containing

| up to 1 ug of DNA, The control performed for any transformauon expenment was the

. |
' . 4

. addmon of 10 ulL of TE buffer (no DNA) Five hundred mlcrohtres of T~medrum was
added 1o all the tubes -

| The tubes were mixed gently for‘ 30 seconds and then the‘transfo‘rrnation'reaction

was terminated by the addmon of 5 mL of P- medlum ’I'he protoplasts were pelleted by

‘ cenmfugauon at 1,500x g for 7 minutes, and then nesuspended in 0.5 mL of P- mcdlum .

The proto;(lasts were Counted using the hemocytometer as descnbed .earlier, and the

" appropnate drluuons were made in both P—medxum and dxsnlled H,0. A volume of 50

ulL of the dilutions ‘was.sprfelad gen\tlx on R2YE and the plates were then left at 22°C
ovemlght |
HI 8. 3 Transformatron of S. clavulxgerus |
The transformatlon of S. clavultgerus with the plasmld vector pli702, was
performed in the’ same manner as descnbed above Imually, transformanons were -
performed usmg protoplasts obtamed from an unaltered cultuﬂe of S cIavulzgerus but

‘these transformanons wene unsuccessful The mablhty to transform S clavulzgeru.t

thh pU702 was postulated to. be due toa restncuon barner, smce pIJ702 had been ‘:: |

. 1solated from a S lmdans culture Two dxfferent methods were used to get around the -

dxfﬁculty observed In the ﬁrst method protoplasts were prepared from an S
.‘ clavulzgems culture whlch was culuvated as descnbed prevrously except that the spores

‘! ‘;used as an moculum had been xposed to N-methyl N'-nttro-N-mtrosoguamdme : .
(N'PG) atl mg/mLfor l hour P&

" as descnbed earher An N’I‘G mutagemzed culture was. used for obtammg pmtoplasts‘ '

—— : . oo G . . L : ‘r

toplasts denved from thts culture were transformed .



bccausc the mutagcmc treauncnt mnght have gcncratcd a mutant wnh a defective
Vel

rcstncuon systcm Thc second method mvolvcd making protoplasts of a normal S,

clavullgerus culture, but thcn bcforc thc actual transformanon steps, hcanng thc

protoplasts to 45°C ifor a pcnod of 5, lO or 15 ‘minutes. The heat shock trcatmcnt -

“ should macuvatc thc restriction cnzymc allowmg for transfonnatxon with pIJ702 and -

’modlﬁcatlon of thc plasmld bcforc restriction acnvnty rctumcd (I. Hunter, personal '

communication). Aftcr the hcat shock, the protoplasts were transfonncd as. usual
M. 8 4. Dcwcnon of Transformants |

Thc R2YE plates from the: transformauon of S. Itwdans were ovcrlaycd with 5

mL of thnostrcpton contammg soft agar [RZYE w1th 07% agar and 25 ug/mL."
thxostmpton] for a20 mL plate, after 24 hours mcubatmn Thlostrcpton was gcnerously"‘

- provided by Dr S. Lucxtama, Sqmbb Laboratoncs The plates were mcubatcd unul

colomcs appcared thcsc colem& were thlostrcpton n:sxstant, and therefore comamcd thc '

plasrmd pU702 ‘With S clavultgerus the R2YE platcs were overlaycd after 48 hours ’

mcubauon Agam any colomcs that appeared were thiostrepton resistant mmsformants
mL9. HYBRIDIZATION STUDIES | S
TL9.1. Southern Transfer
_ III.9Q1.\1.. Sbiuﬁqné .

* Denatwingsolution . 1SMNaCl
S S \OSMNaOH
" MNeitralizing solition - - . 3MNaOAc : |

B : S y'pHS.Swnhglacxalacencacxd

' 20xSSPE T . CaMNea
" S : “402MN3H2P04H20 '
02MNaEDTA |

pH74w1thNaOH

e %

‘9.2 Transferof DNA' .

@
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DNA contamcd in agarosc gcls was- transfcrrcd to mtroccllulosc (SCthlChcr and :

Schull BAB8S) as dcscnbcd in ‘the lxtcraturc (Southcm 1975 Hopwood et al 1985)

Bncﬂy, DNA contammg agarosc gcls were soakcd in 2 changcs of 0. 4M HCl for7

nunutcs to dcpunnate thc DNA fragmcms This tn:atmcnt cnhanccs the transfer of DNA

fragmcnts The DNA was then dcnaturcd for 6Gmmutcs and thcn ncutrahzcd for 60

mmutcs by soakmg the gcl in the appropnatc solutxons Nxtroccllulosc prcsoakcd in ’

Ml“l Q H20 was placcd on. top of thc gcl in the Southem uansfcr apparatus Thc

transfcr buffer, used as thc medium to transfcr the DNA from the agarosc gcl to the R

._mtroccllulosc was 20x SSPE The transfer was allowed to continue ovcmlght Thc

' mtroccllulosc was thcn washed in 2x SSPE for about 5 mmutcs and air dncd It was :

then bakcd at 70°C to 80°C undcr vacuum, for 2 hours.
HI.9_.2. N 1ck Translation

u

I1.9.2.1. Materials and Solutions

" The Klenow fragmcnt of E. coli DNA polymerasc I was purchascd from’ P L.~

»

‘ Blochenucals and DNasc was punchased from Slgma Both were gcncrously supphcd )

by K. L. Roy Thc [a-32P]dATP and [a-32P]dC'I'P were purchased from Amcrsham '

- Both had a spccxﬁc actmty of about 3 000 Cx/nmolc thh a radxoactxvny conccntrahon -

of 10 mCx/mL. The deoxynuclc()sxdc tnphosphatcs wcrc purchascd from P.L.

o onchcnucals

' Niék-uﬁnslnﬁon buffcr 4x): I, k
g - C 0.2M Tris-HCl1 pH 7.8
- 0.02MMgCL, . :
. 00IMdithiothreitsl - —

0. 2 ug/mL bovmc serum. albumm (BSA)

III 9 2 2 Nlck-translanon Ptocedure
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The reaction mixture was as follows:

5 ul. 4x nick translation buffer
Iul ' [a-2P)-dATP 1OmCi/mL)
. : 1 ul of cach of 0.5mM dCTP, dGTP dTTp
‘ C 04pg  plasmid DNA
B 0.025 pg/ml DNase
‘ 0.5 units/ ul }')olymcrasc 1
,ﬂl - . .
\ The total volume of the reaction mixture was 20 pl. and it was incubated at 15°C

§

for 60 minutes. The reaction was stopped by the addition of 1 pL of 0.5M EDTA, pH |

80 To this, 1 pl. of 2% bromophenol blue was added, and the mixture wa§ then
pagscd through a small Sephadcx G50 Superfine column (Pharmacia P-L Biochemicals,

A,
Inc)), equlhbratcd in 10mM Tns HCI (pH 8. O) ImM EDTA, and 0.1% SDS. The

column chromatography scparatcd the labelled plasmnd DNA from the 0-32}’ dATP In

one rcactmn [a—32P]dCTP was used in'place of [u—32P]dATP
H1.9.3, Hybndxzatxon : |
I11.9.3.) Materials and Solutions
The ‘SSP-Esolution rcfer;ed to here was the same as that mfcrix;d to earlier. The

non-homologous DNA, snjpplied by K. Roy, was isolated from E. coli C4_l;49 and ased

P

at 150 pg/mL. : SR .
Denhardt's solution (20x): . N
‘ IR lOancoll : A
» ’ 1.0 g polyvinyl pyrollldonc
e 1.0 g BSA
I © 'in 250 mL of 3x SSPE

Prehybndizauon solution (ﬁnal concentratlons)
; 3x SSPE -
4X Denhardt's solunon

. }v 150.ug/mL non-homologous DNA

. B .
' . . . ' oa
’ ]

A0



Hybridization solution (final concentrations):
. 3x SSPE
: 4x Denhardt's solution

111.9.3.2, Hybridization Procedure
The nitrocellulose was placed in a heat sealed plastic bag with prehybridization
solution, This was incubated at 65°C for 1 hour. After the incubation, the -

_ : " /
prehybridization solution was removed, and replaced with the hybridization solution.’

The nick-translated plas-mid DNA, about 0.4 ug, was denatured by hcadng- at 90°C for §

minutes and then cooled and added to the hybridization solution, This was incubated at
65°C for 16 hours. The solution was removed, and the filter was' washed in two

‘changes of 2x 8SPE containing 0.1% SDS f’or 30 minutes’ at 70°C, and then the
Jnitrocellulose was air dried. ‘. |

I11.9.4. Autoradiography

Autoradiograms of the hybridized nitrocellulose filters wcrc'pGC,arcd.. The
m'tmccjiulosc was placed in an X-ray film cassette and covered with Saran Wrap. In the
 dark room, a shéct‘ of X-ray film (X-Orﬁat AR film) was placed on ‘top of the

nitrocellulose and the cassette was sealed. The film was left on the nitrocellulose for 24

hours or more at -70°C, and then developed according to the manufacturer's directions.

'



1V. RESULTS AND DISCUSSION
. Iv.1, SELECTION OF A SINGLE SPORE ISOLATE
Streptomyces spp. show great morphological Qan'ation, var‘xd so it is important to
select a single spore isoiatc. :l'hc purpose of this survey was to select a single spore
.isolate to be used, through the fcmaindcr of the research work, which was typical of S.
chuliéerus as described in thc‘litcrature The chzimctcﬁstics sought wcrc. those of goéd
sporulauon antibiotic producuon and clavulanic acid pnoductxon
’Ihc single spore isolates were obtained by diluting a suspension of S. clavullgerus
’sporcs and plating the dilutions on tomato-oatmeal agar. Each colony was assumed to
have arisen from a single spore, Témato-oatmeal agar was used since it is one of the
few growth mcdia' which supports ‘éood sporulation-of S. clavuligerus.. The colony
morphology of S. clavuligerus on‘tomato-oatmcal agar includes creamy beige substrate
mycelium, po;vdciy white aerial mycclium, and gray-grecn spores (Higgens and Kastner
1971). After twcl‘)c days'ingubétioﬁ the various colony morphologies were identified,
and colonies were gn;upcd by their similarities. A representative of cach colony type . .
was then selected to inoculate phytone seed mediuh\ to follow antibiotic aﬁd clavulanic
acid production (Table 1). Tén différent colony types were obscrv‘ed, and considcfablc
) variation was noted in the antibiotic and clavulanic a}cid production abilities of t‘he various
colony types. No clear relationship was seen between sporhlation abilify and aﬁﬁbiotiq
and clavulanic ‘acid prod{xction, but colony type 10 was the most predominant colony
type, and showed good sporulation and production charactcristicé. .This colony was
.. '\ised to inoculate additional tomato-datmcal agar plates and the résulting spores 'wcrg:
: harirested and stored at -20°C‘a_s_ glycerol stocks for use in the remainder of the stﬁdies.
Antibiotic and clavulanic acid were pen‘odically‘ tested for to ensure tl;at the isolate

sclecwd remained stable.
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’ ‘I'\” 1. C} .  Single S

Colony , Appearance Proportion Antibiotic? Clavulanic Acid®
Type of total Production Production
R ) colonies (%) (ng/mL) (ng/mL)
T < 48h  144h - 48h  144n
1 7mm diameter, acrial - 18 115 6.1 30 90
» mycelia, heavy with '
spores
2 6mm, little aerial mycelia, 2 7.3 11.5 2.2 0
no spores |\ i ‘
3 6mm, little aerial mycelia, 9 0 9.1 0 0
few spores ’
) X
4 6émm, aerial mycelia, 7 11.5 11.5 - 7.1 7.8
few spores at centre of colony,
but radiating rings of spores
5 ~ 8mm, flat, no spores 7 11.5 9.1 182 5.4
- some aerial mycelia .
6 6mm, mostly substrate 5 1.5 102 165 49
mycelia, ring of aerial S
Y mycelia, no spores
7 7.5mm, edge shows 7 '11.5 15.0 135 85
substrate mycelia : ‘
" aerial mycelia, no spores
8 ° 7mm, radiating ridges of 2 152 8.1 500 6.6
' acrial mycelia, no spores ' :
.9 Smm, mostly substrate 11 " 9.1 8.2 135 1.3
, mycelia, few spores ' .
10 - 9mm,heavy with acrial . 32 1.5 168 370 115"
' mycelia, many spores L '

Ll

a. Samples of culture filtrate

(20 pL) were bioasséycd using E. coﬁ' Ess as the indicator .

organism. Zones of inhibition were compared to those obtained from know_n‘ amounts of
‘cephalosporin C. Antibiotic production is expressed as pg/mL cephalosporin C equivalents.

b. Details as in a. except indicator organism was S. aureus N2 as clavulanic acid was being. -

measured.
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Iv.2. INVESTIGATION OF PLASMID INVOLVEMENT IN ANTIBIOTIC
PRODUCFION BY STREPTOMYCES CLAVULIGERUS

Plasmlds havc been found to be involved: in antibiotic producnon in some
N *

Srreptomyces spp> (erby and Hopwood, 1977) Several approachcs can be uscd to

investigate the potential significance of plasmids in production of antibiotics. One is to

. correlate changes in antibiotic production with treatments known to promote plasmid

loss, called plasmid curing. Another is to directly isolate and visualize plésmid DNA.

' These procedures have liritations. as previously mentioned, so some combination of.

these approaches is presented.
IV.2.1. Curing
"Sincc it is not possible to readily isolate all Streptomyces spp.plasmids, an

alternative appgoach.is to correlate the presence of a plasmid with a phenotype, or the

absence of the plasmid with a loss of that phenotype.” With curing techniques, a plasmid-

may be lost, and so following a curing procedure, isolates obtained must be tested for a
loss of the charactenshc of interest. Curmg techmqucs used wcre protoplast formation
and: rcgencrauon growth at clevated tcmperatun:s and growth in the pmence ‘of acridine
| orangc or novobiocin. - | | - | |
V2l 1. Protoplast Formauon and Regeneration |

Pmtoplast formauon and mgcnenmon has beev 2 successful mcthod for the curmg

‘ glycme The mycelia were exposed to lysozymc in an 1sotomc medmm to remove the :

cell wall and then the protoplasts were sprcad on RZYE regcneratxon agar as descrived

in Matcnals and Mcthods
1) Determination of Glycmc Conocntmuon

Pmtoplast formation of- Streptomyces Spp. typxcally requires that glycmc bc

N

a cell of plasmlds (Hopwood 1981) S _clavuligerus was grown in the presence of ‘
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included in the growth mcdium‘in order to sensitize the cells to lysozyme so that they

will convert to protoplasts more easily. The most suitable concentration of glycine is that

whichigivcs partial inhibition of growth, For S. phaeochromogenes has been rcportcd

that 1% glycine is most suitable and for S. lividans 0.5% glycine is optimal $O . -

considerable vanatron is observed among various Strepromyces SPP- (Kieser er al.
+1982). The percentage of glycmc (w/v) to be used for scnsmzmg S. clavulxgerus was
determined by obscrvanon of culturcs contammg various amounts of glycmc

Cultures of S clavuligerus were prcpared m glycerol- YEME medrum with
glycmc added at various conccntratrons from 0% to 2 0% (w/v) Thc culturcs were
A mcubatcd fora pcnod of 24 hours and then thc optrcal dcnsrty at 600nm, clavulamc acid
productron and antibiotic production of the cultures were measured (Figure 1). '

As can be seen, the control culturc contarmng no glycmc reached the highest

optical density and the culture contarnmg 0.5% glycrnc showed little growth mhrbrtron

relative to the control The culture contammg 0.8% glycmc showcd thc desu'cd partnal

guowth mhrbmon whrle cultures contammg 1% glycmc or more shchd csscntrally no

growth Antrbrotrc productron appcamd to be more Scnsrtwe to glycme than drd growth.
" The control culture prmuccd the grcatcst amount of antrbtotrc, but 0.5% glycmc, whrlc :

’havmg little cffect on growth marlccdly mhrbttcd antrbrotrc productron Cultures

containing glycmc at l% or hrgher produced no detcctablc antrbrotrc - The effect of

glycme on clavulanic acid productron showed the same pattcrn of mhrbrtron as was seen

with antrbrotrc productron, but the mhrbrtron was lcss scvcrc From thcsc results, the.,
most approprratc amount of glycmc to add to thé culturcs is 0. 8%. (wlv) in order to : |

obtam the best balancc bctwecn unrcsmcted growth and mhrbmon ‘, _' : " B

) Protoplast Formatron and chcneratron

Protoplasts were countcd ina hemocytomctcr to estimate thc total numbcr of
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protoplasts formed. Regeneration ability of the protplasts was then measured by

prepanng drlutton series of the protop‘asts in both medrum P and. water. Samples of

each dtlutJon were spread on RZYE plates 10 allow regeneranon to take place. Once the

colomes had fully developed the number of colomes whxch was actually due to the
regeneration of protoplasts was determined as follows: | ,

[# of colonies (medium P dilution)] - [# of colonies. (water ‘dilution)‘]‘; o
: : - L -

This determmauon was made knowing that both protoplasts and.non protoplasted S ‘

AN

mycehal fragments should survive the medtum P dtlutton while only cells whtch were:

not protoplasts would survrve‘ the water dtluuon As an example, the number of

protoplasts formed from a culture of S. clavuhgerus was 2.5 x 109 protoplasts/mL
The percentage of protoplasts was then determmed to be the number of ‘

protoplasts, from the first equatxon over the number of colomes ansmg from the

1

medium P dtluuon series, multiplied by one hundred

#of protoplasts _ ‘
' - x 100
# of colomes (medtum P dtlutton) ‘

L o R
The percent of protoplasts was used ds an mdxcatxon of the efﬁcnency of the
: ‘protoplast formataon 'I'he hlgher the percentage of protoplasts the fewer the number of . :
non-protoplasted fragments of myeelra From the example above, the percent “
- protoplasts was 99 The percent protoplasts formed was consrstantly above 95%

| The percent survxval of protoplasts was a reflecuon of whether or not the’ h

) .protoplasts had regenerated successfully It was detemuned in the followmg manner |
o ..'#ofprotoplastsl(regen‘crat‘cd)_ = | o S “

L _ . x 100
. #of protoplasts (total count) -

N‘



Although protoplasts were dtluted in osmottcally supported medijum P pnor to platmg

‘on R2YE the percent survrval of protoplasts was always low and rarely exceeded'f% -

- To contmue w1th the example gtven the number o? protoplasts from the total count was |

3 Ix lO8 protoplasts/mL and so the percent survrval was 0. 9% Although this number |

lwas low there was sttll 106 vrable protoplasts If the percent survtval approached l%, |

then regencratton was consxdered to have been successuful The percent survlval was

5 gencrally a reﬂectton of how easrly the culturc formed protoplasts In general 1f the

ensure that the 1solate would not regam its capabthty of productng anubtottcs. Table 2‘ o

Co culture to be used for protoplast formation contamed clumpy cells, or had grown slowly,

Lo prolonged mcubatton wrth lysozyme would be required to form the protoplasts Thts .

prolonged mcubatton lowered the percent survwal of the protoplasts formed.
O s
- In view of the vanabtltty in protoplast preparattons the regeneratton of the

protoplasts was checked before using protoplasts in any expenmenL ' Since protoplasts

o ‘could be stored at. 70°C for several months w1th no loss of vrabthty, lhlS proved to ‘be

) _’ helpful m avoxdtng vanauon of protoplasts parttculanly in transfonnatlon expenments

m) Cunng

Cells of S. clavuhgerus were protoplastcd and, once the regcnerated colomes had =

| grown. they were tested for thetr abthty to produce anttbtotxc by btoassay Each 1solate

whtch was. not able to produce anttbtottc was retested a number of ttmes, in order to

. | 'shows that a total of 905 colomes were tested and thh the ﬁrst screen, 5. 2% of the L

: : colomes dtd not produce anttbxouc These non-producmg tsolates were retested and on "
“: \'the second screen, of the ortgtnal 905 colomes, only l 2% dtd not produce anubtottcs o

Aﬂer thts seeond screen, it was nottced that the non-producmg colomes also appeared to ) \ :
have no aerial myceha, an appearanee whrch was called "bald" ' Agam these colomes o ;

L2

wene retested, and on thts final screen, there were no. tsolates whtch would not produce



Table 2: Protoplast Formation and Regeneration as a method of plasmid curing.,

Regenerating protoplasts on R2YE piatcs were tested for their ability to produce

wt

antibiotics.’

T

Total Colonies Tested - Antibiotic Négadvc Colonies (%)

]
’ First Screen  Second Screen.  Final Screer®
_ ) 3 ,
905 . 52 12 0
N .
- — ( |
Y ' fj

.o~
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leading to a loss in their “baldness”. } _

‘IV 2.1 2. Growth 'in The Presence of Novobiocln -

Novobtocm has also been used successfully as a curing agent (Carlton and Bmwn
1981) To have an effcct, novobtocm must be present\te culture medium at a hlgh
enough concentratton to cause partial growth mhtbmon but not so high as to senously
inhibit, and alter the\growth of S clavulzgerus For this reason, 1t was necessary to
gmw S clavulzgerus in. medium thh different concentrations of novobiocin. Spores of

S. clavultgerus were used to moculate phytone seed ntedtum, and after 48h growth, the

culture was used to tnoculate the same medtum contammg novobtocm as descnbed in

Materials and Methods After growth in the presence of novobtocm the cultures were
then plated on medxum suttable for anttbtottc btoassay The number of colonies on the
plates was compared to the number of colonies artsmg on plates from a culture Whlch

‘had not grown wrth the presence of novoblocm gmng the percent survxval Two

‘. ‘dtfferent concentrattons of novobrocm were used, 0.01 ug/mL and 0 1 ug/mL each of

: ‘WhICh resulted in approxrmately the same rate of survrval (T able 3) Two hundred and l

| . 'vtwo colomes wluch had been exposed to novobroctn at 0: Ol p.g/mL were testedl all were N

| capable of producmg anttbtouc Three hundred and seventy colomes whxeh had been‘

- exposed to novobtoctn at: 0 1 uglmL were also tested but in thts case 8 6% of the

'colomes dtd not produee anttbtoue The non-producers were retested for anttbtotrc 2
i ‘productton and of the ongmal number of eolomes, 7 0% were not capable of antxbtottc A
'productton On the ﬁnal screen, however, all of the colomes tested were capable of L

. producmg anubtottc Agam, mmal observattons of the htgh loss of antrbtotxc producmg : '} ‘

i pabtlmes suggested that plasxmd loss mxgh’t be occurrmg

! . v . o . . .
B . oo o ' '
N . Ca « .
. . .
) N . . ) ] \
. . s I .
I . . . : i
: SN : ‘ S : A
" ‘l‘ ' ' " . !

. antibiotic. It should also be noted that . these colonies started to regain aerial mycelia, |
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‘Table, 3 Novobiocin as a method for plasmid curing ‘
S. clavulxgerus was grown at two dxffcn:nt conccntrauons of novobxocm in .b

order to obtam ‘cured” strains. Isolatcs were tcstcd for annbnotm producnon

.

" Concentrationof % survival Colonies'tested . Antibiuiic Negative Colonies (%)

.

Novobiocin 2
Ist 2nd Final
00l mg/mL . 513 T2 0
OlmgmlL 520 370 .86 10 0
,;v ‘, : | “w’:’?. ,' » -
»\”'\ . ‘;y:é‘, ‘ . '
P*Q‘*" '
- ¢"
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.Howelve'r, the suhscqulent‘r'eturn to antibiotic produotlon was inconsistent with that
- conclusion. ' . | | | |
IV.2.13. Growtl‘r at Elew'ated 'l‘cmperatures “ | "

Growth at elcvated tcmpcraturcs has been used as a cunng techmque (Carlton and
- Brown 1981) Growth of S. clavulrgerus at elevated temperaturcs was drfﬁcult in that

o the culture was very sensitive to tempcrature changc Temperaturcs of 33°C 34°C and

35°C were tested, but the cultures would only gnow at the lowcr temperaturcs and not at .

35°C Growth was an ' all or none"” phenomenon and no partral inhibition of growth

could be achreved. It was also very drfficult to obtain a smooth broth culture; at elevated

‘ temperatures the cultures would be clumped, even when glass beads were added to thc .

culture flask. Thrs made it more drfﬁcult to moniter the pattem of "growth.

: Once a culture had‘grown at an elcvated temperaturs, it was subcultur‘éd and
 grown at that same temperature twrce before platmg and texting the rsolated colomcs for ‘

‘ "the ability to produce annblottc It was found that of the lOU ec'onrcs tested all were "

| able to produce amtrbrotrc

LIV .2.1.4. Growth in the Pncsence of Acnﬂavrn

Acnﬂavrn not only acts as.a curmg agent, but also as-a mutagen(Ca.lton and
: Brown 1981) Itis rmportant, therefore, to work wrth the proper concentratron of .

- : acnﬂavm, m order to cause plasnud cunng, and not mutagenesrs a lower concentratron‘ .

)

‘ wxll result in cunng S. cIavulrgerus was grown first in phytone seed medmm wrthout

- _ acnﬂavm for 48h and then transfered to phytone seed medmm in whrth acnﬂavm was - |

“ mcorporated mto the medrurn at 1 ug/mL. Thrs concentratron gave pamal mhrbrtron of

: growth. of the lOO eolomes tested, all wq'e capable of producmg anubrotrc
o IV215 Drscussron R | _‘ . L

.
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For each of the cunng methods used, nmstable antrbrotrc neganve rsolates were o



1. o
[

obtamcd Thc fcw 1solatcs whlch initially appeared to be nonproduccrs of anubnouc
- could havc requucd a recovery period fiom: the curing proccdure beforc thcy were able.

‘ agam o producc antibiotic, It js possible that there is a rclanonshxp between the trans:cm

anubnotm nonproducmg cgaractcnsue and the "baldncss of these lsolatcs smcc thns ;

conclanon has also been notcd in other Streptomyces - Spp. (Pmct and Chatcr 1985). Thc L,

cunng techmqucs uscd to dcmonstratc thc possxblc mvovcment .of plasmxds in the
mgulanon or productxon of antibiotics did not indicate that plasrmds were mvolvcd, but
_ were sufﬁcncntly mconclusxvc to warrant furthcr investigation.

Iv.22. PLASMID ISOLATIONS

To mveshgatc furthcr any possnblc role of plasnuds in annblotlc productxon

: attcmpts were made to dcmonstratc physncally the prcscncc of a plasrmd Pubhshcd

‘reports describe a vancty of proccdurcs for the 1solanon of plasmxds and two gcncral

proccdures sultablc for use with Strepromyces Spp. were followcd alkahnc SDS

| (Bnmboxm and Doly 1979 Ahmed and Vining 1980) and ncutral lysns (Wcstphclmg 4

" 1980)., The: techmqucs fprpﬁsmd 1solat10n were also apphcd to plasxmd bearing-E. coli
strains and Streptomyces spp- as controls wherc apprOpnatc

IV 2. 2 1. Alkaline Sodium Dodccyl Sulfate Pg)ccdunc

,

ThlS procedure was sclcctcd as 1t had bccn used succcssfully to 1dcnufy plasmlds

: in, S venezuelae (Ahmcd and meg 1980) “The s<:paranon of plasmxd from thc'

chromosomal DNA is’ based on the denaturauon of thc chromosomal DNA by alkalmc

“ ‘.cOndmons Thc covalcntly closed cn'cular naturc of plasnud DNA cnablcs itto renaturc :

\ ;oncc neutrahty is. restored. 'I‘hc procedurc is parucularly suitable for 1solauon of small

| 1 plasrmds Broth culturcs of thrcc Streptomyces spp., mcludmg S clavulxgerus, andf'

‘thrcc E coli strains were procwsed by thc alkalifie-SDS- proccdurc givein Matcnals and

| Mcthods Plasmid matcnal was clcctrophorcsed ona0. 7% agarosc gcl in 'I'EA buffcr B

o -

:
'
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(Plate 1), The DNA from the bacteriophage A (lane 1) was used as a marker to indicate

approximately where chromosomal DNA would migrate, and also to serve as an internal

\ . o A ' ) )
- check on how well the electrophoresis had progressed, The location of the A DNA is

marked with an arrow. The E, coli plasmids (lanes 2, 3, and 4) were used both as a

, contml of thc alkaline- SDS procedure, and as molecular weight markeg, Plasmid DNA

was succcssfully obtamcd fmm the E. coli strmns contmmng pBR%22 (lane 2) seen als a
‘bnght band near the t;qnom of the gel; pR307 (lane 3) seen as a,banad running just above

the expected location for chfomosomal' DNA -and pR177 (lane 4) also seen as a band

' running above Lhe\cxpcctcd location for chro‘ mal DNA. Plasmid DNA was also

isolated from S. venezuelae Ilane 7) and S, phaeochromogenes (lane 5). Literature
rcports indicate that S. plmeochromogenes contams a 10.8kb plasmfd (Doull et al

1983) and S. venezuelae 13s contams\a 12.7kb pl‘asrmd (Ahmed and Vining 1983)
!
‘Othcr bands of lower moblhty than thc cbvalcmly closcd and circular plasmids are seen,

—
~

and these am\hc lmcar and open clrcuiar forms of the plasmids. Despite repeated

)

attempts, it was not possnblc to obtam any DNA 'from S. clavuligerus by the

: a@inc-SDS procedure. Mi’goscopic‘cxgmination of S. clavuligerus "cclls during the
lysi§ stage' of tl‘\c‘plasmi‘d‘ preparation procedurc indicated that the culturcl was lysing and
' Iso thc mablllty to dctect plasrmd DNA could not be cxp‘amed by inadequate lysis. i
IV222 'Neutral Lysxs S
S\ncc the alkalmc-SDS plasmld 1solanon ‘ pr;ccdurc was not successf_ul in
dcmonstranng plasmxd DNA in S. cla\mlxgems, a neutral lysis proccdure was tested.
The: neutral lysxs proccdurc lsglcss harsh, and has been suggestcd to bc useful for
) isolation of largcr. morc fraglle plasmids (Westpheling 1980)

| , 1) Westphclmg Ncutra.l Lysis

Tlns pmwdure was ongmally dcvcloped by Wmtphclmg (1980) for the isolation -

[
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Plate 1: Agarose gel electrophorcsxs of plasmid DNA samples prepared by the N

alkaline-SDS proccdure Plasmid DNA prcparatxons were analyzed by clectrophoresis

on a 0.7% agarosc gel in TEA buffcr Lane 1 contains A DNA , lanes 2, 3, and 4
contam plasmids isolated from E. coli strains. The plasinids are: 'pBR322 (4.3kb) in
lane -2, pR307 (21.4kb) in lane 3, and pR177 (42.8kb) in lane 4. Lanes 5 contains
plasxmd isolated from S. phaeochromogenes, lane 6 had S. clavuhgerus DNA and lane
7 contams DNA molawq,fmm S venezuelae 13s.

‘I
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of the lz;rgc S. coeli.color plasmid, SCP 1 (approximately 223kb). Although there were
‘no indications as to the size of plasmid, if any, in S. clavuligerus, a large plasmid might
well have been destroyed by the alkaline-SDS procedure. In contrast, the neutral lysis
procedure should be suitable for isolation of both large and small plasmids,

Preparations of DNA isolated from cultures, using the Westpheling procedure,

. were clccfropho;'cscq on a 0.7% agarose gel in TEA buffer (Plate 2). Again, A DNA was
used as an indication of the approximate location of chromosomial DNA. It was possible
to isolate the plasmids fmrﬂ the E. coli strains, seen as bands near the bottdm of the gel
in lane 2 and above the chromosomal DN?\ in lanes 3 and 4, bu; in most casés the
prc;;aration were heavily contaminated with chromosomal DNA due to the less selective

. nature of the neutral i)’léis procedure. The chromosomal DNA isolated from S. |
venezuelae 13s (lane 5) interfered with the visualization g;f plasmid DNA';ﬁd repeated
attempts to demonstrate plasmid DNA in S. venezdelag 13s by this m‘cthod were
unsuccessful. The neutral lysis procedure was effective in isélating plasmid DNA fmm
S. phae;Jchfomogenes (lane 6). With f:arcfull examination, a faiﬁt plasmid band'can be

- detected in the S. clavuligerus preparation (laﬁe 7). The location of thié faint band is

. 'rr'xarkcd with an arrow.
i) Modified Neutral Lysis | |
 Since plasmid DNA from S. clavuligerus was present in yéry small amounts, if at
-all, it seemed appropriate to modify the Westpheling Neutral Lysis ‘procedurc to
.minimize any ficgradation of DNA that might be occuring. Modifications used were ;dl
designed to hasten the_procedure and therefore allow less time in which dégridafion
couid occur. The neutral lysis procedure was modified in three ways. First, a highér
_ f:’opc;znmﬁon.of lyéozymc was used in the lysis step in order to hasten lysis of the cells. . -

A,shoft;r incdbation time for salt pwcipitation 6f chromosomal DNA was also used, as it

N
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» Plate 2: Agarose gcl clcctrophorcsls of plasnud DNA samples prcparcd by the~
Wcstphelmg ncutral lysxs Plasmid DNA preparations were analyzed by clcctrophotcsm ‘

A‘ on 2 0.7% agarose gel in TEA buffcr I.anc 1 contains A DNA, lancs 2,3, and 4 contain g
DNA isolated from E. coli strains. The plasmids are: pBR322 (4.3kb) in lan‘cl ; “

| pR307 (21 4kb) in lane 3, and pRI 17 (42. 8kb) in lane 4. Lane S contains DNA 1solatcd

from S. venezuelae 13s, lane 6 contains DNA isolated from S. phaeochromogenes, and

lanc 7 contams DNA 1solatcd from S. clavuligerus. ..



appeared that maximal precipitation had aln:ady occurrcd after 10 min., and so the~16h
prccxpltanon time was excessive. Also, in conjunction with the shortened time of
prccnpxtatxon a higher speed was used for ccntnfuganon in order to obtain bcttcr
scparatlon of the chromosomal DNA from the plasrmd DN A Finally, phcnol extractions

were used rather than polycthylcnc glycol prccxpltanon of the DNA, Agam thns

decreased the amount of time required to complctc the prcparanon, as well as :esulnng in

a cleaner preparation. The shorter Iength of time used would mean that there was less -

exposure of the DNA, during the isolation procedure, to any enzymes that could degrade
* .
the DNA. Again, the DNA isolatéd with the proccdurc was clcctropho;cscd ona0.7%

agarose gel (Plate\3). Lanc 1 contains the DNA lsolatcd from S. clavullgerus An :

cxuachromosomal DNA band as indicated with the arrow (a) is clearly wsnble The
arrows marked wnth a (c) indicate the chromsomal DNA for both S. clavulxgerus (lane
1) and S. phacochromogenes (lane 2) Morc than one extrachromsomal DNA band is

cvxdcnt in the S, phaeochromogenes prcparanon Wthh may be open c1rcular and linear

forms of the plasnud band that was observed clcarly in the two prcv1ous plasmid

| preparatmns (Plate 1 and 2), herc mdxcated wnh an arrow (b), or there may. be more than

ong; p‘lasxmd prescnt. The modxficatlons used ‘do not hinder the isolation of plasmxd

58

DNA, and in fact with §. phaeochromogenes there was an unprovcd yield of plasrmd |

DNA over. that seen wnth the Wcstphclmg Neutral Lysxs procedure. Using this
procedurc it was possnble to 1solatc plasnud DNA from S clavuhgems on an mfrequent

basxs, but no further modxﬁcatxons were found which could cnablc the "plasnu " to be

. molated on a routine basxs or with better yields.

A IV223 D1scusston 4 _

\ There was no rcproduclble evxdcncc of*cgvaicntly closcd cxrcular plasrmds in S.
" clavultgerus, by any of the pmcedums used Occassmnally, a famt plasrmd band was ,‘



Platc 3 Agarose gel electrophoresxs of plasxmd DNA samplcs prcpared by thc
modified neutral lysis procedurc Plasmld DNA preparatlons were analyzed by

| clectrophorcms on a0. 5% agarose gcl in TEA buffer Lanc 1 contains S. clavulxgerus'

| ‘DNA Lancs 2 contams S. phaeochromogenes DNA Arrows markcd a and b mdxcate '.

cxuachmmosomal DNA bands c mdxcatcs chromosomal DNA
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‘ 1
observed on agarose gels of the neutral lysis-type preparations. - It was never possible to

isolate this "p)asmid"' on a large scale, and so there is no way of investigating it in more
detail. There are several ‘possible explanauons the "plasmrd" may be of low copy
number and therefore be difficult o isolate. Alternatively, the "plasmrd may be capable
of integration into the chromosome and Only rarely exrst as an autonomous replicon,
v ‘There is evrdence for this type of phenomenon in other Streptomyces spp. (Bibb etal.
1981' Cohen et al. 1985; Hoptvoo’d et al. 1984).. ‘ﬁe existence of such a segment of
DNA as a plasmid is consrdered to be unhkely due to possrble mcompatrblhty effects

IV 3. DEVELOPMENT OF CLONING VECTORS FOR USE WITH |

' STREP’I‘OMYCES CLA VULIGERUS

One of the reasons for i mterest in plasnuds of S clavulxgerus was for development
of clonmg vectors, and soa second aim of thrs research project was to obtam a cloning
' vector useful in 1 S. clavulzgerus Srnce it appeared that. there was not an easrly 1solatable

natural plasmid which could. be adapted for use as a clomng vector wrthm S.

clavulcgerus attentron was shrfted to the adaptatron of broad host range clomng vectors

from other. Srreptomyces Spp. The plasrmd pIJ702 was selected for further study.

_because of its broad host range and reported abrhty to txansform S clavul:gerus (Katz et
al. 1983) “ ' “ - |
Y 1 Transformauon of S. clavultgerus wrth pU702 from s: vaxdans

Plasmrd DNA from S. lzvxdans 3131 bearmg pU702 (Plate 4), was rsolated

.60

‘usmg a neutral lysrs plasrmd 1solatlon procedure The plasnud DNA nugrated to' af‘ o

location. mdrcatrve of its reported s1ze of 5. Skb (Hopwood et al 1985) A large scale

neutral lysrs plasrmd xsolatron procedure, as descmbed in Matenals and Methods was o

used to obtarn a sufﬁcrent amount of plasmrd DNA to be used for transformatrons

¢

Some chromosomal DNA was present, but thrs was not expected to 1nterfere wrth

1 o



chromosomal »

oc» .

cceC»

' Platc 2 Agamsc gel clcctmphomsxs of pU702 (S 8kb) prepamd by the modxﬁed
' neutral lysxs procedum Thc plasnud DNA prcparatlon was analyzcd by clcctrophorcms

‘on a0, 7% agarosc gcl in 'I'EA buffer Thc covalcntly closcd and cu-cular (ccc) plasmld
, DNA is 1nd1cated by an armw ’ |
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\ transformauons The transformauon procedure mvolved the mcubanon of protoplasts ‘

prepared from S clavulzgerus with the isolated plasmnd DNA, in the presence of 25%

polyethylene glycol 1000. The expected transformauon frequency for , pIJ702 was 105

106 transfonnants per ug of DNA based on hterature reports (Katz et al. 1983) In

transformauons usmg S. clavullgerus protoplasts however, no transformants were

| obtamed (Table 4). There are a number of possxble explanations for this farlure to "

observe transformatton Etther the plasmtd DNA was defective. and not able to

transfonn or the uansformatron procedure that was being used was unsurtable or the S,

‘clavullgerus culture was mcapable of bemg transformed As a check of both the qualrty

of the plasrmd DNA and the appropnateness of the procedure the same transformanon

'procedure was carried out usmg protoplasts of S. llwdans 1326 a plasnud free strain

‘mstead of . clavultgerus The observed frequency of transformatron of 8. 0 X 105

transformants perug DNA rndrcated that both the quahty of the plasrrud DN A and the

transformatton procedure 1tself were able to support hlgh levels of u'ansformatron in -

| ‘Streptomyces spp - This suggested that the problem in transformatlons usmg S. .

clavultgems protoplasts -was due to an mabrhty of the S clavulzgerus protoplasts to be

transformed by the S. lzvxdans denved plasrmd Prevrous studies’ by Barley etal.
, ( 1984) usmg pIJ702 as a clonmg veetor, stated that plasnud DNA from S. clavultgerus
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~ was used for the transformatton procedures Thrs specrficatxon as to the source of the - L

‘ plasrmd DNA suggested that S. clavulxgems nught have a restnctron system that was

preventmg the maintenence of pIJ702 denved from S lzvtdans N

V32, \Isolatton of pU702 from 5. clavultgerus o

[ 5 In order to isolate pIJ702 plasrrud DNA from . clavultgems, it was necessary to.

ﬁrst mtmduce the plasrmd mto S clavultgerus and have it be mamtat ]

that a resmcuon/modxficauon enzyme system was responsrble for

Assurmng L

: mabtlrty 0 achleve '




S. lividans 3131

Al
h

. Table 4: Transformation of S. clavuligerus and S. lividans

with pLi702 isolated from S. lividans .

Vector S ' N , b"Tmnsfdnnants/ug DNA

- S. clavuligerus ‘ s lividans

pUi702fom . 0 80x10°

O

!
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‘ uansfonnants a method was requuved to overcome the bamer to the hetcnologous DNA

The S. clavultgerus cclls had to be tneated ina manner $0 as to inactivate the nestnctton -

~enzyme, whtle not altenng or macttvatmg the modtﬁcatton _enzyme. Two ways of
‘achtyc\mg this goal were tnvesttgated selecttve macttvauon of restriction enzyme(s) by
< mtld heat tneatment and gcnerauon of mutants defecuve in restriction enzyme(s)
/‘ | IV.3.2.1. Transformation of Pmtoplasts after Heat Shock Treatment «
Protoplasts of S. clavultgerus wcneexposed to 45°C for 5 min to 10 min just pnor
to transformatxon as suggested by Dr. L. 'Hunter (pcrsonal commumcatxon) The brief
tncubatwn at 45°C should heat macttvate the restriction enzyme(s) w1thout affectmg the

‘ modtﬁcatton system so that the plasmtd can enter the cell be modtﬁed, and maintained.

Usmg 0. 3ug of S Itv:dans derived pIJ702 to transfqrm S. clavultgerus protoplasts that

had been heat tneated 20 transformants wene obtatned. Plasmtd DNA was lsolated from

the 20 S clavultgerus transformants by the procedure of Kteser et al (1982). All

| contamed a plasrmd of the same mobthty as pU702
IV 3.2, 2 Transformanon of Protoplasts Denved fmm Mutagemzed Spones

Spores of §. clavulzgerus that had been treated w1th N'I‘G were moculated mto

phytone seed medmm, and then u'ansferred to phytone seed' medtum contammg glycme ‘

"transformed thh S hwdans denved pIJ702 plasmtd DNA usmg the same R "
‘transfonnatton procedureasbefore Mutagemzed cells werc usedtoprepare protoplasts A

. m hopes that the random mutagenesns procedure nught have produced some mutants’

jdeﬁcnent m restnctxon enzyme(s) When 0 3 ug of pU702 plasnud DNA tsolated from“ =
| ‘S lxvxdans was used to transform the protoplasts, three transformants were obtamed | By

;‘.When exammed for plasmtd content, two of the transformants contamed plasrmd DNA

| of the same mobthty as pU702 whtle the thmd conta.med a plasrmd w1th lower mobxhty

to. make protoplasts as descnbed m Materials and Methods The protoplasts were.
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Plate 5: Agarose gcl clcctrop resns of pIJ702 and the lowcr mobxhty plasmxd ;

lsolated from mutagcmzed culuhts S clavuhgerus after transformanon with pU702

" The DNA preparanons wcnc analyzcd by gel clcctrophoresxs ona O 7% agarosc gcl in~

'TEA buffer Lane 9 contams 1 DNA and lanc 8 contams DNA 1solatcd from S. |
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‘ clavulzgerus by thc modxﬁed ncutml lysxs mcthod (prcparcd Novcmbcr 1982), showmg .

_the famt plasrmd band, markcd with an arnow Lancs 1 and 7 contain the ongmal pU702 .
as 1solated from S lxwdans Lancs 2 through 5 contam thc lowcr moblhty plasmxd w1th |

: tmce the amount of the DN A pn:parauon apphed m lancs 4 and 5
, L ‘

O SN O o
‘ . .




" This lower mobility plasmtd was analyzed by gel electrophoresxs ona(. 7% agarosc gel,

~in TEA buffer along with pU702 and 7\ DNA (Plate 5) The A DNA (Jane 9) indicates

the appnoxtmate location of chromosomal DNA for the other DNA samples. The pU702»

plasnud as lsolated from S llwdans is seen near the bottom of the gel (lanes 4 and 7)..

The plasmtd tsolated fmm the transfonned mutagemzed S 7avulzgerus isolate, called

pIJ702 -SC, ‘has a lower mobtltty (]anes 2,3, 4, and 5). The amount of material applied

to the gel was ‘20 uL of the preparation‘(lancs 2 and 3), and 40 ne (lanea 4 and5).. A
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‘sample of one of the original plasmid isolation preparations of S. ‘ctavuligerus which

showed a“famt plassd band was also placed on the gel to ensure that the plasmid band |

observed carlier (Plate 3) was not le702 SC
. 1) Restriction Endonuclease Dtgests of pU702 SC
" To detemune the swe difference between plJ702 and plJ702- SC \smgle dxgests

‘were perfonned usmg four dtfferent restncuon endonucleases Bcl], Sall Smal, and

- Sse 1L The pU702 SC was tsolated usmg a large scale neutral lys1s procedure and -

CsCl-etlttdtum bmrmde densnty gradtcnt centnfugauon as described in Matenals and

Methods The dtgests were then performed on both pU702 and pU702 SC using

‘ the dtgesuon condtti’ons as stated earlter Samples from the dtgesuons w\ére

L electrophoresed on a l 25% agarose gel w1th the addltton of a l—Bst EII dxgest as_. "

‘markers, and stamed with etludtum bronude (Plate 6) ngestlons wrth Ss; II (lanes 2 -
| and 3) showed two dtfferent fragments in pIJ702 SC as companed to pU702 Dtgestron N

| | ‘wnth Sma I (lanes 4 and 5) also gave n‘se to two ncw fragments The Sal I dtgests (lanes;‘ |

6 and 7) generated three new fragments and the Bcl I dlgests (lanes 8 and 9) resulted in

- two new fragments, and thce as tntense stammg of an already extstmg fragment. The o

double tntenstty mdxcates that the concentrauon of the fragment has doubled. The two




agarosc gcl clectrophorcsxs Thc dxgcsts were clcctrophoresqd ona 1 25% agarosc gcl in

‘ TEA buffcr Lancs 1 and lO contam a l-Bsr EII dlgwt as size markcrs thh thc fragmcnt -
sﬂ@s mdlcatzd in kb Lancs 2,4,6 and 8 are dlgcsts of pIJ702-SC thh lanc 2, Sst1l; N
' lanc 4,Sma I; lanc 6 Sal I; and lane 8 Bcl I Lancs 3 S, 7 and 9 arc dlgcsts of the

Al

Platc 6 Analysxs of restriction cnzymc dxgcsts of pIJ702-SC and pIJ702 by"

~ ongmal pU702 wnh lane 3 Sst II lanc 5, Sma L lanc 7, Sal I; and lane 9 Bcl I
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) Table 5: Sizes of fragments obtained after restriction digests of pU702 and
plI702-8C. ~
> s Rcsmctlon €nzyme . Sizes of fragments (in base panrs)
P o ‘uscd in digest - plJ702 plJ702 'plJ702-SC
?? k *ﬁ’ j. o | ; © (literature valuc?)a (appar?nt) (apparent)
o chl‘l B T A770 1770 1770
Ve S v 41560 1560 1560
\ S 1425 - 1340 1430
\ o - 1085 11Q0 © 2x1100
N L . N 390
"Total #5840 O . 5770 7350
o ' i . o7 . ’ .
. Sall J 2380 7380 2060
o - f 2130 2060 1750
j 550 610 1070
. 515 510 970 ,
265 260 610 .
e g\ Co 510
oo | 260
" Towl . 5840 #  ssa0 7230
Smal 4280 w200 . “2750
. ;840 . 910 . .2580-
| . 4500 1 430 7910
A r 220 229 ) 430
! e , - / 220
Towl . . ¢ 5840 L5760 - . 76890 .
X7 | 360 7380 3000
T &3S 1750 1750, .
T 1210 . .1210 - 1210,
Lo e 0 438 - 480" 750
R ,‘\‘ : .‘- Lo "‘ -) . ‘ - . e | N . 480I :
_ Towl. .. - 5840, 5820 . 71907
- o . .‘J_f" 4‘- z
SRS e ;a.-"?‘t. N -
T, PR PR
o a i AN - . X '
) R ‘ j 4
\1. .‘ ' > L t . : s
y 7. }A A&;' ‘l e Ny 4."‘.'_
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' Figure 2: Restriction Enzyme Sites of plJ702, and the Point of Insertion

of the Extra Ffagmcnt of DNA.

Sst 11 L Sma 1

Sma |

Bcl ]
Sma |
Ss 11

Sal |

Sal |

Sal |

- 1 .
Both pIJ702 and pU702 SC were digested with the same cnzymcs and the
D resulnng fragments weft comparcd to those from the literature (HOpwood
) etal 1985). The point ¢ of insertion of the "new" segment of DNA was
. detcrmmcd by examination of the fragments from the dxgcstwn of pU702-SC o
| whlch were altered as compared to plJ702, and is between the Bcl Iand o

)
. Sst 1l restriction endonucleasc snes as 1nd1catcd .
v - ) s .:t,;‘ )
e ' ) v K | o
’ ‘.
\ : .
T s
L . C ‘:
L
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~ flares on the gel are areas at, which ethidium bromide was concentrated and did not rinse
. off: they do not indicate areas <;f DNA. All of the digests appeared to be complete except
for the Sal 1 digest of plJ702-SC (lane 6) which showed a faint ladder of high molecular

wieght fragments due to incomplete digestion.

For each restriction endonuclease that was tested, the fragments that were obtained

from pIJ702-SC were compared to those obtained froh plJ702. The size of each

frogment was determined using the A-Bst EIl digest size markers and then compared to

the known sizes of the fragments of pIJI702, as de'tqgnincd by Hopwood et al. (1985)
(Table 5). The results for plJ702 correlated well with those obtained by Hopwood, .

while plJ702-SC was determined to be approximately 1.4kb larger than plJ702. Using
the known map fdr pU702 from Hopwood et al. (1985), it was possiblc to determine an

N\

approximate location for the insertion of the new DNA fragment (anurc 2). ThC/rca
within which thc new fragment of DNA had bccomc inserted is bctwcen the B¢

site
and the Sst II site as indicated by the arrows. ‘ . / |

' T . e j . R
i) Hybndlzatxon Studxes - ' W

7

The extra scgment .of DNA in pIJ702 -SC was postulatcd to have th\_p’o7551blc ,

- _origias: the fragmcnt’of DNA could have resulted from a duphcatmn of a fragment of

the original plJ702 plasxmd the fragment could have come from the DNA of S. -

clavuligerus. This latter possnblhty is comphcated by the rccent observanon of Keen
(1985) that S. clavuhgerus contains extrachromsomal DNA thn total D’\JA was
prtpamd fmm S clavuhgerus by the method of Fnshman and Hcrshbcrger (1983) 1t was

J)OSSlblc to scparatc plasnﬁd DNA from chromosomal DNA on an agarose gel. ThlS .

* DNA 1solat10n method is bascd ona ncutral lysxs proccdurc, but w1t.h thc addmon of a

pmtcm dlgesuon stcp, usmg protcmase K pnqr to the salt prempltatmn * The plasmxd C

-

detected by tlus mcthod is agparcntly hnear and contains protein whxch is
‘ - , .

N :v,A - . . s R 0 . N
' ) [ Lo T : ‘s ' D o~ .
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L thhanarrow

Platc 7: Agarosc gel clcctrophoncsxs of hncar plasmid from S clavuligerus. The

DNA prcparatxons were analyz.ed by clcctrophorcsxs ona 0. 7% agamsc in TEA buffcr =

A

v Lane'l contams DNA isolated fmmS cIavulzgems smglc sponc 1solatc #10, and lancz S

contains DNA 1solatcd from S. clavulzgerus NRRL3585 The plasxmd DNA is markcd .




Plate$ Agarosc gel clectrophoresxs of the fracnbns from the sucrose gradxem

used to lsolate lmcar plasxmd from S. clavulzgerus 'I‘he fmcnons were elecuophorest:d _
‘ on% honzomal O 7% agamsc gel in TEA buffer The lane m{mbers are mdxcated on the' . |
platc Evety second fracuon collected was electrophoresed, w1th the fust fractxon, lane‘ |

1, from the top of the sucmse gradxent. Plasrmd DNA was dctermmed to be contamcd in

- fracuons ll through 19 at the hlghest conccntmtxons, lanes 6 thmugh 10

-
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t - prepared exactly as m Plate 6, were transferred fnom the agarose gel to mtrocellulose and
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removed by the proteinase K dtg{suon The combmauon of these two unusual features
of the plasrmd resulted in an mablllty to tsolate the plasmld by commonly used plasmid
1solauon procedures such as were used carlier in this study. However, in mvesttgatmg
" the possxbtlxty that the extra DNA fragment in plJ702-SC had come from §. clavulzgerus
DNA it seemed advxsable to dlstmgutsh between chmmosomal and lmeapplasmxd DNA
' The procedure used by Kee: (1985) as descnbed in Materials and Methods for . f.

the lsolanon of lmear plasmnd DNA was followed and the DNA preparauon was .
electrophoresed on a 0.7% agarose gel (Plate 7) Lane 1 confams DNA isolated from the + .

»i#“ "
smgle spore isolate #10, and lane 2 contams DNA tsolated fr’om the ongmal parent

culture S. clavuligerus NRRL 3585 “As can be seen, both contain the lmear plasmtd G
(marked ‘with an arrow) The plasmrd was further purified by s’ucrose gradrent |
centnfugatron Samples of evcry second fractton from the sucrose éradtent were:
analyzed onao. 7% agarose gel to locate the lmear plasrmd materxal (Plate 8) Fracuons

‘ll through 19 inclusive were found to be greatly ennched for lmear plasrmd DNA

| although a background smear of chromosomal DNA fragments was also pnesent These.

\ fractwns were saved for restriction endonuclease dtgests and hybnd,tzatmn studles

' In order to mvestlgate the possnbthty that the new DNA fragment in pIJ702-SC ‘

| had arisen from the linear plasnud of S. clavulzgerus, drgests of pIJ702 and pIJ702 SC

B Kthen hybndlzed with labelled lmear plasmid DNA The lmear plasnud was labelled with - f
.32P by mck translatmn and used to probe the mtmeellulose“ as desenbed m Matenals "
;;and Methods ‘l'he mtrocellulose was’ then exlﬁsed to: x—ray,,ﬁlm m order to detect S
: fragments fmm the dlgests whtch hybndtzed to the probe (Plate 9) Lanes 3 5 7 and 9

B : contamed dxgests of pIJ702-SC 'I'he fragments m these lanes hybndwed to the lmear

o .plasmxd probe whefeas the dlgests of pIJ702 showed no hybndtzatton Furthermore, . ‘




aftcr hybndlzau _hf?‘ thh 32P-labclled-hncar plasrmd 'I'lns is thc revcrsc of the gel
pxctuned on Platc 6 thh lanc l hcm, corrcspondmg to lane 10 Lanes 2 4 6 and 8
contam thc dlgests of pIJ702 whllc lancs 3 5 7 and 9 contam thc dxgests of
pIJ'lOZ-SC The*"‘ianes wluch hybndlzed to thc probe are lane 3 Bcl 1 dlgest of
,.,.moz-sc lane s SalIdlgcst of pU702-SC lzu;e 7, Sma 1 dlgcst of pIJ702-SC and
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the restriction fragments of pLJ702-SC whi'ch show

fragments whtch were dtfferent from those of pL}/02.. These data suggested that the
fragment that mcreased the size of pIJ702 gmated from the lmear plasmid of S

clavultge(us.«‘ Looktng backat Plate 8, however, it was observed that fragments of

chromosomal DNA were present in the linear plasmid preparation. "This chromosomal

DNA was labelled together with the linear plasmid, and so the observed hybridization to

ybridizat:ion corresponded to the

, ‘the fragments of pU702'-SC could also be due to hybn'dization thh the small amount of . .

contammaung chromosomal DN A.

{ In order to determme whether chromosomal DNA or ltnear plasrmd DNA was

-

responsrble for the hybndxzatron a recnprocal type of hybndlzatxon was performed In

thts case restnctton endonuclease dtgests of S. clavultgerus hnear plasmxd and :

Y l . A

-+
: chromosomal DNA were subjected to agarose gel electrophoresrs transferred to

' mtrocellulose and then hy 'dtzed with labelled pU702 SC The dtgests of the linear " . .

‘ _plasnud were fust analyze

. observe the dtgest pattems (Plate 10) A sample of Jt DNA dlggsted thh Bst E 1§ was
“ mcluded on. the gel as a marker (lane 5) The resmcnon,enzymes used to prepaxe dtgests

| "Iof the lmear plasmtd were w1th Bcl I (lane l), Sal I (lane 2), Sma I (lane 3), and Sst ]1

o ,ﬂane 4) Smce the hnear plasnud is small relatwe to the chmmosomal DNA 1t gwes ise

: to relauvely few fragments and there are more copres of each fragment of the plasnud

ona éparate gel, not used for the hybndtzat’ton in order to o
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. ) clavuhgerus hnear plasnud DNA and chromosomal DNA Thc dngests wemc analyzed

by clcctrophorcsls on a l 25% agarosc m TEA Lancs 2 through 5 contam dlgcsts of
lmear plasrmd DNA lancs 6 through 9 contam dlgcsts of chromosomal DNA Lancs 2

- and6anchlIdxgcsts Lanes 3 and 7 arcSaII lancs 4and‘ ;_'amsmal and lancs 5 and9

arc Ssz H Lanc 10 is a Bst E II dlgest of 1 DNA uscd as a mar)(cr. :»3
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Py

‘, i obscrvcd (lancs 6 through 9) The BstE Il dxgcst of A DNA was used asa marker lanc

. (lanc 10) Thc gcl wuh all of the dxgcsts (Platc llA) was tmnsferred to mtroccllulosc as

an dcscnbcd in Matérials and Methods. The plasrmd pU792 sC was labcllcd with 32p by, .-
mck txanslanon and then uscd to probc thc mtrocellulose paper. 'I'he papcr was" then
cxposcd to X-ray ﬁlm to locate hybndlzmg bands (Plate llB) | I S
Wxth the second hybndxzanon it was observed. that the 32P—labelled-pU702-SC S
,' was only able to h)‘ndxze to the fragmcnts of DNA in the chromosoma} dxgcsts of S, .
clavultgerus Tlus md:cates that thc extra sequence of DNA in pU702 sc actually
N vongmatcd from some area on the ohromosome of S. c)avu‘lxgerus .Tht: hybndlzatwn |
. prevxously obscncd to the lmear plasrmd,DNA prcparahon must thcre{om have resultcd ‘
from thc presencc of c.ontammaung chromo&omal DNA | o |
IV 3.3. Transformanon of S clavulxgerus wnth MOdlﬁCd pIJ702 1
o As a result of thc hcat shock and mutagcnesxs procedurcs desnnbcd narller '
' .‘pIJ702 was- succcssfully mtroduced mto S clavulzgerus and pIJ702 and pIJ702 SC' -
:  v wcrc rclsolatcd from S clavulzgerus If‘ assumpnons of thc presencc of aj,. -
: i

mstncuon/modxﬁcauon systcm anc corrcct, thc plasnuds rcxsolated ﬁom S" clavul:gerus s - |

‘f' j‘should be much more efﬁclent m transformmg S. cIavulzgerus protoplasts than was o

L plasmxd dcnved from S Imdans Thc plasnuds tcstcd for transformatlon cfﬁclcncy-.‘mg;’ 4

\S clavuhgerus wcne thc plasxmd DNA obtz&med frorn onc of the transformants after:“f‘; e
 aiid pnyoz-sc Th‘ff results of the {’f |

r~z,

L hcat-shock trcatmcnt (apparcntl wnormal PU702),




i

o 4. o transformants/pg DNA Thc pIJ702 1solatcd from thc hcat shoFk trcatcd transformam

‘%f,q‘\ o

. » " muccd 1.4 x lknsformams/pg DNA Both of, thcsc transformatxon frcqucncxcs
R I I e
S ‘cceded 105/ug which is the transformation rate expected for (ransformauon of

-

S clavullgeruk wnth pU702 ﬁomS clavulngerus (L Huntcr personal commumcauon)
e should bc noted that pIJ702 SC coul4 also rctransfdrm S. l:wdans and maintain * :

us largcr snzc Also"»oth the thnostrcpton msgstance gene and the tyrosmasc gcne were
| exprcsscd in S lzvzdans . | o ‘ - o
‘ I"/ 3:4 Transformauon of Cured §. claluhgerus with pU702 from S hwdans
' Thc transfc:rmant from whleh pIJ702 SC was 1solatcd here namai NTG-13, was - :

curcd of the- plasmxd by growth on nonsclcctxve medna Sporcs of NTG 1'.‘:mwcrc grown |

: . in phytonc secd mcdnlm nﬁhci abscncc of thxostrepton and thcn platcd onto phytonc

S _ seed medxum agar platcs Colnmcs were then rephca platcd to plates of phytonc sccd

) L mcdxum m thc prcscnce and absence of thxostfepton o dctcrmmc whxch colomcs had

e 4
bcen cured of thc plasmxd Of 64 colomcs tcsted all were thxostrepton~ scnsmvc

mdxcatmg that the plasnud had bcqn lost Oncc the plasmld had bcen lost 1t was (i :'- .

. S r

possxble to- rctransform the protopiasts w1t.h pU702 1solated from\ S. lzvxdans Thc A
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V3.5, Discussion” . . e Ve L
It was found that S clavultgerus has a restnctton system that prevcnts the -
: o ‘
o transfown of protoplasts with heterologous DNA The restnctton system can bo‘ o
. . 1
, ) PE - | 4 Lo .
: overcome to a certain extent cither by tn:atmg the protoplasts with heat Just pnor to ' .

‘ transformatnon to macttvate thc restrlctton enzyme or by mutagemzmg spores of S,
clavultgerus pnor to makmg protoplasts 1o obtaxh resmctxon deﬁcnent protoplasts The

resmcuon deficient protoplasts were not completely devond of restnctxon actmty, as the ‘
‘ ‘ . L 8
S frequcncy of transformatton obtamed was not as hlgh as would be cxpected with

,'o ' Yy

";‘ homologous DNA whene restncnon is not mﬂl,ved ( 105 106 transformants/;tg DNA) . ,‘

<“ o
1.. -

. ' * -
Instead it' was 103 txansformants per pg DNA mdtcatmg th'at they were parually '

v}.. 1 o \ !
. o LU

EIIE restncuondeﬁcuenL ' " B : I
.o . N ’ ‘

IR N The lmear plasnud at t.hlS ume has not been shown to have any mvolvemcnt thh \
T anttblonc producuon Itis a possnbmty worth explonng, however as there is cvidence
| o é;..‘ of the mvolvement of a lmcar plasrmd m thc productton of lankamdm anttbtotlcs

"1(_"\;; Y

(Hayakawa et al 1979) Also the unusual propertles of the lmcar plasrmd explam why

»thls study and prevxous surveys of Streptomyces spp (Klrby e ul 1982) were: mfable to
'y T 1 A R S
detect thc presence of plasrmd DNA mS clavulxgerus ; ‘. o | g« R R A

vt o
¥ {

Plasmxd DNA retsolated from s. clavulzgerus aftcr heat shock or NTG

D

sy mutagenes1s mduced transformatxon’w,tth pIJ702 from S hwdans, normally was »;‘,,‘..- -
mdxstmguxshable from the ongmal pIJ702 by agarosc gcl clectx:oPhorcsxs The Loy
pU702-SC obtamedéfter transfonnatton of onc parncular restncnon‘ dct' cxcnt protopla;t" .

was about 1 4kb larger that the pH7O 2 that wasused for thc transformtlon Thc segment

of DNA that mserted 1tself mto the plasrmd apparentlY camcfrom th&chromosomc of S
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V. CONCLUSION ) e

The initial goal of this project was to dcicrminc if.a plasmid existed in S,

clavuligerus NRRIL 3585, ‘if it would be suitable for use as a cloning vcct6r, and if it

. was involved in some manner in the production of beta-lactam antibiotics. The basis for

‘.M\lis‘ interest was the discovery of the S, coelicolor A3(2) plasmid, SCP1, and

demonstration of its direct involvement in the production of methylenomycin A
(Homcmann and Hopwood 1981). Criteria useful for determining plasmid involvement

were outlined by Hopwood (1978), The first criterion tested was the loss of the ability

+ of isolates to producc antibiotic, or an alteration of thc lcvcls of antibiotic produced,

q\rougﬁ trcatmcn( wnh cunng agcms Isolates wcrc obtained through protoplast

formatmn and ncgcncrann or novobiocin trcatmcms ‘Which appeared to have altered

[

levels of preduction ef antibiotic or clavulanic acid, and i in some instances these changes
-4 ' .

were correlated with a lack of acrial mycelia, giving "bald" colonies, However, these

changes were transient and seemed more likely to be related to the stresses of the curing

treatment. In no instance was a stable non-producing isolate obtained after a curing

~ technique, which suggests that plasmids are not involved in the production of antibiotics

in S. clavuligerus.

R:,s‘ul”ts from curing tcchniqucs‘alonc are insufficient evidence to discount the
involvement of plasmids, so attempts were made to demonstrate physically the presence
of plasﬁids. Two isolati(;n procedures were used, one iﬁvolvin_g lysis with SDS under
alkaline conditions and the other involving a neutral lysis procedure. The results
indicated that a covalently closed circular blasnﬁd .is not prcscht in'S. clavuligerl.ls or at
least not isolated by these methods, and therefore would not be involved in the
- production of antibiotics. Howcvcr with the addition of a preliminary protcm digestion
stcp to a procedure for total DNA isolation (Keen 1985), it is possible to isolate what

appcars to be a linear plasmxgl. Conﬁrmatior} of the presence of a linear plasmid in §.

_ clavuligerus has been obtained from Y. Aharonowitz's laboratory at the University of

Tel Aviv (Aharonowitz, personal communication). The linear plasmid is 12.8 kb in
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- size. The function and copy number per genome of this plasmid is not k‘n0wn, The
apP;arancc of linear plasmids ix}Stréprém}ccs Spp. cannot be considered an isolated’
incident (Hayakawa er al, 1979), lt would be intcresting to determine the distribution of
l.incar plasmids in Stre‘promycés spp., and '\}hcir characteristics, including -

. transmissibility, and mode of replication, Mofc imﬁonantly, it would be intércsting to
determine their function, )

A sccond aim of this study was to establish an efficient tmnsfomaﬁoﬁ sysvtcm
within §. claw;ligerus in order to facilitate gene cloning, P‘bor efficiency of
transformation was obtained using the plasmid plJ702 isolated directly from S. lividans
to transform S, clavuligerus, It was clear that the plasmid was not maintained in S,
clavuligcrﬁs, leading to the assumption that the plasfnid DNA w.as being digested,

Two methods chc used to overcome the problem of restriction. The NTG
mutagenesis gave rise to three isolates which were succcssfull)'"u?nsfonned with forcign\
DNA due to deficiencies in their restriction enzyme systems. Since transformation of

these isolates with pli702 isolated from'S. lividans did not takc\;lacc at optimal

frequencies, 10° - 108 transformants per ng DNA (Hopwood et al. 1985), it is likely th;'n
morc‘ thgn one restriction system is present in the wildft)}pc strain and that these is‘ola}qs
arc only partially defective in restriction ability. - Plasmid DNA obtained from
transformants of these isolates was used to transform wild-fypé S. clavuligerus and.
opﬁmal fmqﬁcncics were obsc;vcd, indicating that!hcplasmid had.bccn modified and ~
was no longer subject to restriction by S. clavuligerus.

The procedure of heat sfxocking protoplasts (Hu'ntcr? personal commun,i‘cation)
also gave rise to tranisformants which failed to restrict the foreign plJ702. vThc plasmid
subsequchtly isolated from these tramsformants was also able to transform wild-type S.
clavuligerus at optimal frequencies. So, through the use of NTG mutagenesis or heat
shock BcaUncﬁt it has becnv pc;ssible to transform S. clavuligerus with foreign plasmid

DNA. Plasmid DNA subsequently reisolated from these restriction-deficient or heat
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shock treated strains of S. clavuligerus wals able to transform wild-type cultures at
optimal frequencies. These same procedures could be used with any number of
potentially useful cloning vectors, - o
\ A ' .
As a tesult of the transformation of one of the restriction deficient isolates of S,

clavuligerus with plJ702 isolated from §, lividans, a plasmid was isolated from S.

clavuligerus that had increased in size by 1.4 kb over the original plJ702. Upon

examination it was determined that a segment of DNA from the S. clavuligerus

!
chromosome had become inserted into thclf original plJ702, The event that took place

rcscmblcs a transposition cvent, and so may represent evidence for transpgsable
clements in Srrepromyces spp. The use of transposable elements in cloning proccdurcs
and mutagcncsns has been amply dcmonst}atcd in other species and could be cxpcctcd to

alter significantly the nature of gcncue rcScarch in Slreplomyces spp

t
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