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P A R T I 

ECOLOGY 0P TllANSFER.'.BLE AND NOK -TRA:~SFE:!"!.ABLE I!ESI STANCE 

IN COLIFORM BACT:3RiA ISOLATED · :m CISKEI AN D 'fRANSKEl. 

.:!on trot:uc tion 

It waD as ca~ly as )904 t ha t Paul Ehrlich p~cpo~nded 

the idea of a "magic bullat". This "rr.agic bull,-'t" or 

chemotherapeutic "gent, as he also called iT, ha.a i' o meet 

c ertain requirem ents; 

(a) a higt, activity against paThogenic micro-o"ga:'.i sms 

(b) eas~ absorpti on by the body 

(c) activity in the presence of body fluids and tissue 

(d) a low degree of toxici~y 

(e) must not allow the development of resistant mi~ro-

organismso 

The discovery of the sulphonamide de rivative, P~ ~ntoHil, 

by Domagk in 1935 Was one of th e jnitial steps ~n the search 

for this "magic bullet". This, together with the production 

and pU"' ification of the antibiotics penicill.i.n, by Fl eming, 

Florey and Ch ain in 1942 and s tr ep tomycin, by ;.)ak 3111an in 

1943, h e ralded a nel·' err. in the figh~ against bac te rial 

infoctions" Tile tn2j01'ity of rhodern an tib&cter':'al. <-;. gents 

have to a large extent met th e requir ements of Ehrlich's 

"magic bull.et" . Tiley have however failod tu p reve~ t the 

development of Z' p.s i s tar..t bactc~ial stT 3j .n Go Thi s has 

be e n particularly ~cticc able in the past tw en ty ye a rs 

since the Budden emcli2nce of multiple-resis tant bacteria, 
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many of which can transfer resistance to several drugs 

in one step by a process of conjugation. This phenomenon 

which has serious medical imp l ications 'laS prompted 

numerous studies on thd orig~n, ep~dalnioJogy) b~ochern~stry 

and genetics of transf?ra":"e drug r esist~ca. 

(A) Medical AspeLts nf R P &ctcrA 

Abrah am at .1 (1941) showed th&t it w~s easy to rdnder 

a highly per.icill.in-sensj tive s~rai'l of StapEylc. coccus 

l·esi.stv.nt by sub-"ulturi!lg the 0rgan i sm repeatedly in 

increas~ng sub-m~n~mal ~nhi~~tory concentrations of 

penicillin. It was soon Cli '3covered however that there 

existed naturally per.icilJ.:Ln-·resistan t strains of 

Staphy.loc occi. T~ese strains existed long before 

penicillin therapy WaS established (Kirkby, 1944) . 

Naturally occurring penicillin-resistant strains of 

StaQ..!!.xlococci produced, peni.cillinase, an ehzyme which 

des~royed penicillin (Atraham and Chain, 19 40 ). In the 

course of t~m e, tile D&ttlr&lJy pen~cj_J.lin-resistafit 

staphylococcal strains bsgaa to appear with increased 

frequency' in , hospi'tal \vards ~ A crisis situat.ion Was 

averted ~Jlen renj.c~lJ.~naHe-re~~st8~t r en~cj. ll~~s were 

discoysred; th e first of these to b~ clinically useful 

WaS dime th oxyphenyl por,iei llin (RoJ,j.nson e ·t a1, 19 60) . 

In the early 1950's, new ant~bacter~al agent s were 

introduced and although drug-resistant straills of bac1' eria 

were obtained in vitro under experimental conditions, little 

interest was aroused in the clinical field. He·wever the 
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sudden emergence of multiple-resistant Shigell.a strains 

in Japan SOOD a ttracted much attention from clinicians 

lind gencti.G.i..~\.:'3. In 1955, '" qU adrupl e-resist ant (cmp, 

str, suI, tGt) ,,3higella strain was isolated an(' it waS 

not Inng befol' e similar reports were received from other 

l\'orkers in Japan ( Gee Mitsuhashi, 196G) . Mvtati()n al 

th ec r.i.es could not account for the 1':11>5.(1 incr9ase in 

)nult~ple-ros~s~ance. Wor k by Oehiai et aI, Akiba et aI, 

Mitsuhushi et a1 and Wata'1~. be et: a 1 (reviewed in Mitsuhashi, 

:;.971) indicat e1 ho'" this took pJ.acB; tra.nsmission of 

multiple-· resist ance c'ccurr'ed through the tr ansfe r of R 

factors by conjugation between bacteria. Reports o f 

transferable drug resistance wei'e soon r eceived frOlr. 

sevGral other countries, incluc1ing Pranc e , Gre a t Brj,tain, 

Greece, Germ any, Hungar~', the Nethe rl ands , South Africa 

and th e U. S.A. (Smith, 1968). Transfer of resis1:ance ~i aS 

however not just confined tu Shigellae. It was in fact 

proved Hi th human volunteers that multiple drug r2 sistance 

cOll.ld be transferr 3 d from n:ultirle-resistant :5. co1j. LO 

Shi.eE'l~a.£ in t:he inte s tinal tract (i.n Watanate, l S63 ). 

Subsequent1,' it haG been sh "Hn that <' esistc.nee Can be 

transferred w:LJeJ.y alT,Gng th'3 EOlto...£obF.etGriac€~~ (H arada e, 

al J 196C) as well. as in Vibriocholerae: ,13ar .Jn aI!G. Falkow, 

1 961), Past0ttr',iJ)1" ... jH'St.:!c~ (Gin ozD '1nd Matney, 196:», Serratia 

l!!.!;lrceseens (F a1i<o\, _et aI, 1961), Prot:eus (Na!taya et aI, 1960) 

and ~'JLc~lO!laS aeruginosa (Roe, 1971) , Tl'ansferable 

r csistance !la 8 .J. l sG been sbown to exist in Aer...Q.!!!.9nas salmonicida 

(Aoki ~2.; 1971), Chl'omobaete l'ium violaceum, Rhizobium and 
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Agrobacterium tumef aciens (Datta et aI, 1971). 

Tran sfe r of resistance by conjugation has so far only 

been shoKn to occur in Gram-nHg8t lvB bacteria although 

transductioll of dru3 l'es~stant plasrn~ds has been shown in 

StanhylocoCLi. (Nervi.ok and ~.io]se, 1971, Lacey, 1971). 

The fact" that. resi st5.;lCe t:rar~fer can lake place between 

bacteria of different: gene~a takes on ad ded signifi cance 

when one c ons~ d~r3 that several of these organi sms are 

r espons ible fer a n'lmber of serious diseases s cch as 

dys BDtery, urinary infections, typhoid f ever, cholera and 

plague. The clinical significance of the s pread of 

multipl e resistance is w31l illustrated by epidemics of 

dysentery dae to Shigellae in Japan and of gastro-enteritis 

dUB to SaJ mc.n e lla tYl?himuriu111 in England. In 1956, 14 oat 

of 4,399 strains of Sh.i.gella (0 .3% ) i solated in Japan were 

r esistant to one 0;:' ITore of fOllr antibiotics (chloramphenicol , 

strer>tomycin, s ulphonamide, t e tracycline) and of theRe, 7% 

ehowed mult~ple rcsLstanc~. In 1966, 3,392 out of .. ,292 

s~rai",s of Shigella. (79 % ) wer: e reR.i.stant ar,d of <:: hese 97% 

showec) r.lultj.ple r esis tance PhtslihaRhi, 1971). During all 

outbrDa~ of R ~st ro-en te ritiB at a London hospital, Datta 

(J.962) i solated T{ faLtor-·cor.ta.iniilg 3. ~!!i",u1·iul1~. B,.twcen 

then and the winter of 196~-196&, the incidence of rBsi~t an t 

strains of this sped.os "os& from a':lot:t 3% to GJ.% (Andersor., 

1968) . A r ecRnt report teils of a~ ourb reak of typhoid 

in India from whie ;, !'.1:yphi. stl'ains c arrying R factors to 

multiple ant ibiotics, i 'l cluding chloramp henicol, have been 

isolated (Pan .i.ker and Vimola, 1972 ). Chl oramphenicol is 
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the drug of choice in the treatment of typhoid . 

The high incidence of multiple re s istance is not 

conf.i.ned to hospitalized patients . Po.~ examnle if-oorhouse 

(1969) repon;s tllat 8 J out of l CO straiuR of e ntero hacteria ---- -

isolat e d frem tile fe.8ces of normal heal th:r i.nfal! ts in 

Dublin were antibj. o ti.c-rcsistent. Sixty-eiE~t of these 

strains were 2.01e to transf ",,,· their res5 st""ce to E . coli 

K12 . 

There are n \ !!ileroUS reports of s urveys ~uch a~ describe d 

above, ar.d most point to the increased frequency of multiple 

r esistance and ':0 the high percentage of strains harbouring 

R factors. There arc however fel, which show in a concr e te 

way how the preblem Can be overcame . Bulger et al (1970) 

report a decrease in t he p e rcentage of resistant F. ~oli 

and Klebsiella-Enterob2.ct.~ isolate,\ from patiAnts at the 

Uni.versity of Washington Hospit a l, Seattle, from mid-1959 

thrv,'gh 1968 . They attribute tJlis decrease to careful 

planning by hospital staff ; eppropriate entimicrobial 

thcrepy was artTn~n~stered aft8r standardize d sensitivity 

testing \.:td . l ~ careful. chviron.n1cntal hJigien~ and st.r-ict use 

of i solation procedures ~~ere ~d~ered to. The pl'oce&ure 

HaS supervi.sed by ':1. h.:::- spital .::picel{tiolog';.s t h.itll tilC be..!..p 

of fJ.n Cl.ctive hospj. tal .i.nfec t.ion s ccmmitteeo 

Ric ft. "lOnd (1972) I'cints out th at while tr uilbf ", r is 

important in cont:.inually wid e ning and topp.i.ng "P the "'an ge 

of org anis ms j .n IoihicD. c linicall y importaTo1.: "p';ii>iotic 

resistanc e is encountcred, it is select~ c~ t~~t Jll&intains 

the high incidence of these s tr ains in the environment. 
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And since the selection imposed is lik ely to b e proportion a l 

to antibiol:ic usage, there appears to be a ne ed for some 

policy, national 01' world-wi.de, to regulate 1m tibiotic 

us age. 

(S) Classificat~Dn Df Trandferpble P1Hsrnids 

P1asmids arB uSUR1ly firet classified ac:ord5.ng to the 

function which they pe~form ~n the cell. Th u s co~iciRogenic 

f actors arR classified aR 8uch b e¢ause Df tile colicins which 

t~ey produce , R fnctol's b6c<.use they confer on their host 

rcsistance to antibacterial drugs, the Ent and HJ.y p1asmids 

because of ente~otoxin a~.d hacmol~'sin production respectively, 

th e F sex factor for the conjugal activity which it confers 

on its hoet. Yet this pri,eary c1a~sification is somewhat 

arbitrary in that it depends on ohsarved characteristics 

but is liable to omit certain characteristics which 

although easily identifiable, were not 100~A~ for and hence 

rClT,,,,lned undetected. For example , 35 per cent of fi R 

factors i solat ed by Mayne11. and Da1;tn (1969) a lso determined 

the production of colicin I, hut because thpy werB or·i.ginaJ.ly 

d etec t ed by ~'es1.star.ce to ar.t:ibiotics, they were de s ignated 

R fClctor's an_d not colici.d f z.c'!:ors. 

S~nc e the ~isccvcry that ~acterj_al cells hal'bouring 

tr'ansn.i.ssible pla,,;;:i ds call p<' oduce special typeo of pili, 

th ase p1a.mi.ds have been c1assiEi.ed by the type DE pili 

whose production th ey govern. Many Rnter('bucte1'i~. produce 

various types of " common pili" (Brinton, 1~lfi5) but these 

are found regardless of whether the cell hnr~ou~8 trans'nis s~ bJe 

plasmids or not. HOHevel' Brinton ~...!:.~ (1964) r epo rted that 
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cells containing the F sex factor "hether in an autonomous 

or integrated state, produced a different type of pilus 

which WaS named the "sex pilus" to differentiate it from 

Two typ<!S of se x pili have b0en 

id<'ntiLied (Ll' ~ 1n et a.l, 196'7): the F-type pl.lus which is 

typified by th~ sex pilus produced by the F sex f .. ctor aQd 

the I-type pilus which is typified by the sex pilus produced 

by the col I colicinogenic factor. The t" IO type s uf sex 

pili can be ,hfferertie.ted in a number of ~"ays ( Meynell at 

.1'1, 196 8; Novi.cK, 1969): 

(a) Difference in l &ngth - F··pilus up to 20p and I-pilus 

up to 2p . 

(b) Specificity as rec eptors to 1'I<:le specific pha"e 

( c ) 

~.g. F-pili adsorb spherical m,A phages such as MS2, 

f2, QB, M13 an d filamen tv:'s DNA phages s u ch as fl and 

fd. I-pili adsorb filamentous DNA phages such as 

Ifl an d If2 . 

An ti. g enic l'esp ons e t' "n d I-pili differ "n tigep .. ically 

from each other. 

Most sex factol'c have determinf.nts for r-spress.iDn of 

their own fertility . Only two wild-type sex fectors "re 

naturally derclJressed and produ(;G s~x pili &11 the tim\); 

these are F and col V (which is presuma~ly c losely related 

to F since it is the only sex f"ctnr with wtich it shows 

sup<':rillfect.ion immun.ity) (Meyn e ll an d Datt a , 1969). The 

effect of tJ •. is repression is to preven1: or drastically 

reduce the fOPlhhti o n of sex pili. Th e ability of an R 

factor to inhibi.t F WaS at tribut ed by Bgawa and Hirota (19 62) 
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to a cytoplasmic repressor produced by the R factor 

Watanabe et al (1964) initiated the practice of referring 

to R factors (and other sex factors) that repl''Ols s ed the 

fertility (If F as fi+ (for f e rtilit~ inhibition) and those 

that did not as fi , Al though fi sex f:::.c tors do not 

suppress the funct:LOl1 of F, tl:ey do neve rth cl::-ss for·m a 

repr essor wh~ct redllCGS th0~r own conjugal ect~v~ty. Since 

most sex fe.c tors nt'e in " l ·eprE>Gsed sts.te , t:hey will not 

produce sex pili Rnd transfer will only occur at low 

frequoncie s . Si;;Jilarly it will not be possit1le for male-

specific phages to infect the bacterial cell. The study 

Df tbese sex factars has be~n great ly enhanced since the 

isolation of stable del'epressed Mutants (Meynall et al, 

1968) . The depressed fi+ sex facturs have been found to 

p ro duce sex pili which closely resemble those produced by 

the F sex factor and which are also specific for the Same 

mal"- "pecific phages ( Mcynell and Datt a , 19 67). Likewise 

sarno derepressed fi sex factors have been found to prod~ce 

sex pili similar to the I-type sex pilus (Meynell and Lawn, 

1967, EdlVard::: and :·,leY:lell, 1968) and to act as recep·cors 

for I-spcc i fir. phage8 (M<.Jyn e l::' and r.,"in , 1963) . 

One of th€.- most Gigni.ficant. cl'i~~fjl"ia or clHssifying 

plasmi<1s is supedr.fecticm immunity. Bacter~a carry~ng 

one plcsmi d hinder the entry of others of the s,,",e group 

(sur face exclusion) . Also two plasmids or tho same group 

Hill not co-exist stably in the same host: (j .ncQn'i' u tibility) 

(M e ynell et aI, 1968). In bactcr.ia , incomp ~ tj_ "d.li ty 

app e ars to be a fund a mental prop e rty of repli.cons in that 
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it is exhibited by all plasmids isogenic for autonomy 

functions (Novick, 1969). According to the "replicon 

mod eJ" (Ja<::obs et al, 1963), genes in order to replicate 

must be part of a genetic unit, the r ep licon, ,·, hich 

occup~es a cn~qu e intracellular specific site ~here 

replication can be initiated, probably on the cell membrane. 

Different kinds of plasmids have different sitee a"d therc-

fore do not interfere with each other's continued exi~tence 

within the cell (Meynell at al, 1968) . M0st of the work 

on s up eriufectiol' immunity has been done with the P sex 

factor, colicinogenic factors and R fGct")rs (fi+ !inti fi -) . 

Howev er it appears as though thc same principles hcld for 

most other pl asmids (Meynell 8t al, 1968). 

Scaife and Gross (1962) showed that two F sex fa<;tors 

could not co-e xist stably in tlle same cell by transfer r ing 

+ - + -the F l a c factor to lac F and lac HEr recipients , 

Howev e r, apart from the col ;" factors, most plas<lids appear 

to belong to different incompatibility groups to tita"!: of F 

(Kahn Bnd Helinski, 1964) . There is no crosS-i,inini.lnitj" 

betPE'Hn fi+ and fi- factors but i!IiJn'lnity i s e vic0ut wi.th 

most pairs of ,~~ld t ype R factors when both mernters &rd 

or fi (l\~i tsah ashi .at B.1, 1962; HatanalJe et: aJ. , 1964), 

c·+ 
d. 

Classification into compatibi11ty classes has giv~n r1se 

to five cla';so>< arr.oug the fi. + plasJ'1ids (Hedges end Dat ta, 

1972) and four classes among th e fi plasmids (Datta and 

Hedges, 197.1 anel 1972). The classes include the following 

plasmids: 
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fi + plasmids class F I· , include s F , col V2, col V3 

and R386 

class F II; includes !1lany fi+ R factors 

class 11 III; includes col. B-K98 and col B-K166 

cJ ass F IV; R124 

A fifth group includes R62, an fi + R factor 

,,,hicjl tletermiJlcs I-l~ke pili ail d has the 

com;;atib.ili ty of a typical. I-li;, e plasmid. 

fi plas mids those which determine I-pili CO~ H tjtute one 

class . The other classe<; have besll named 

N, P and l~ . 

t. tten,p ts h ave also been made to classi fy plasm.i. ds 

according to their phJ'sical properties (Falkow et aI, 1969); 

for exampJ.0 G + C rab_o, nuclp.otide sequence , density, size, 

etc . 

More comprehens~.ve studies are required before such a 

sy s tem of clas $ if::..cation can be used generally . I'.; 

should be not e d t!1at when Guarry and Falkow (1971; examined 

the degre e of n1\cleotide ::;imilarity of sev"ral p .las mids, 

they fO ·.lll d th", DNA of F-like pJ. asmids to share a high 

degre e of simila r ity to eRch other Lut very l i ttle wjth 

(C) Origj.n o.E R F c.cto~'s 

On e of th e firs t qr ~st.ions tll f! t c:u'isc \oJh0U s e eking a 

solution to the origin of R factoru is whether the presence 

of R factors con f er s on the host e e]' l 3f!y advan t age s . It 

is undoubt e dly tn,e til,,;; in the pr eD ence of" the drug to 

which th. R f a ctor conf e r s re s ist a nce , th e hos t cell will 
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have a decided advantage over sensi tive cells. The 

repl acement of predominantly sensitive bacterial populations 

by onos cD"rying R factors under the selective pressures of 

an tibacterj. al drugs has b een ShOWll reprentedly j n vitro as 

~rh e same nOlH3ver cannoi; be s:3j. d in the 

absence of the s&lcctive action of antibiotics. N ovcLc k. 

( in Cbab bel't at al, 1969, p . 239) stntres that ",lld sensi tiv e 

strains have be"n s 1l0l-ln c learly to have an adva:"1 tag;; ever 

n factor-caI'l'y"ing straj.ns ( the a dvantag e st:'!ems to be that 

plasmid-fre~ r.ells g r ow Easter), Yet n factors have been 

found in strains i solated in "p r e-antibiotic" comriunities 

(Gardner et al, 1969; Dayi s ane Anandan, 1970) . It Il aS 

also reported by Smith (1967a) that an R factor I-Ias found 

i n an E. coli strain isolated in the 1930's and lyoi'h.ilize(l 

in 1946, suggesting the evolution of this R factor prier 

to the introduction of antibiotics. On the other hand, 

a fortuitous relat~on Jl1ay r~~ult in a sel ective ~dvantage 

+ for}: cells . For example , Smith (1967b) reporte that 

some R factor s alter the s usceptibility of bacteria to 

~l-rr.ethyl-N·-·llitro-;~-!:itrcsoguanid:;'lle (NTG), an organic 

chemical I-lith strong mutagenic properties . Although 

this pa J.'t.1.cula..l' example Inuy not have pJb.yed a p e. l't in th~ 

evolut.i0n o f R factor'", there may be other tortuitous 

r clDt1on s~i~3 which have ~nfluenccd the evolution of R 

factors . It is also l~kely that certa~n R factors h ave 

been selected hy natural exposure of bactoria to antibiotic-

produc~ng o~gBni D ms such as Streptomyces , Pen~c~llium, 

Cephalospor~l!l11, etc. ( seo d~scussion on S e cond Survey p. 4 .l) . 
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Gardner et a1 (1969) propose that studies of drug-free 

communities may reveal a pattern of R factors with limited 

genotype . 

Mi~suhasbi (1969) also pointM out that tho enzymes 

produ~Bd by R factors which inactivate the drugs tllrough 

acet:Ylation, pho s phorylation or adenylation regui;'e ATP 

or acetyl coen zyme A for activity. These requirements 

suggest t;'at ac e l:yJ.ating 01' phosp!,orylating enzymes may 

normally be functional in S(lme strainG of bacteria an d 

that following sp ontaneou~ lnut&t~onl they ~ay have acqu~red 

specificity for a particHI.ar dru g . Altllough this argument 

appears plausible , particularly when it is considered that 

many antibacterials have chemicq,l structures simil:::...r to 

subst~a~es normally present in nlicro-organ~snls, ~t Jnay 

not account for specificity to compounds synthesized in 

the laberatory wllieh do not have ti,eir counter parts iI, 

nature .. 

Another aspect to the origin of R factors i s the 

question as to whether resistance genes originated from 

chromosomal genes O!' from plasmid &enes. 'fhe:ce i .s 

considerable. oiBagreGmcr;.t betHeen Watanabe ut _al C4nd 

A~l dersG!l ct_ a\ on the genetj_c structure of R fi-\ctortio 

l-iatanz.be (19G3) suggests that the resistanc<'1 genes originated 

from BOTne ba~tcrjal chrom osonle, not necessarLlly from 

Enterob actE' ,,~.!'c :J.!?.£, and th a t t he resistance tl'ansfer factor 

aros e in much the Same way as F - prime is for~Bd. In other 

wordS, the fac ~or i s inte grated into the chremosome and 

when it comes off, it carries witl! it chromosomal r esistance 
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geneE . Th~s hypothes~s 1S supported largely by trans-

duct~ona1 exper~~ents on a number of R factors ~n wh~ch 

drug-reR~stanco markers and the~r conjugal tranGferab~l~ty 

Here co-trans duc ed by phage Plkc in Lcoli. In caBes 

where the transduced resistance genes lack ed c0n~ugal 

ab~l~ty, the R factors were assumed to have bec.orne 

integ"ated into host chromo somes or ~0 form hetorog 9Datcs 

lIith the help of the transducing phage genome (;'atanabe 

~~ 19681. W". t anabe nnd Fu;casaw a (J.96J.) conf,~de.~ed 

that unless the resistance genes which ~n some cases 

segregated from the tran s fer factor were ~ntegrated ~n tho 

chromos orne, they wou1 d be un able to rep1ic a to aU tonomous1y 

and Hou1d assume the state of ".bort~ve tran sd t:ctants 

(Stah.8r, 1956). Such abortive transductants "hould fa.i.1 

to form colonies on drug-conta~ning media but in fact 

res~stant transductants inher3 ted the~r drug res; stance 

quite stably. Hence the conclusion that they Wdrs 

integrated ~n the chromosome. 

An argument Hhich has been used at;ainst a chr'Olllosumal 

ol'j.g.in for transferauJ.e l'esis tance dete~m.ir;.ant s is tha fact 

that the mechan,isms o~ extra--chro!Ttosomal r &sista!'J.ce are 

often diffGrent f~ot;t those or chromosomal. re8 .i!-:;i; i:4.nce~ For 

ex~.rr.ple, chromosomal !'esistance to strept:omycin in E" coli. 

is due to a sing l e mutat~on to a h~gh level of resistance 

and results from alteration to the structUl'e of the ribosomes 

(Brock, lSf)G) . Streptomycin res~staDce carried by R factors 

i s low lev el BnJ results from inactivation of streptomyc in 

, by adeny1at.iun (Yamada et aI, 1968). Simil. rtr1y, di ffe r e n ces 
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between chromosomal and extrachromosom"l res~stances have 

been shown for chloramphen~col (Ramsey, 1958; Okamoto 

an d Suzuki, 1 tl (, 5) an ,I k~.n amyr.in (Tak an" e t al, 1964; 

Okamoto and Suzu),J, 1<:)65). It should nevertheless be 

noted that ce~ta~a penicillinBses produced by R factors 

heva been found to be s~m~la~ to those produced by 

chl~o:nOSolj.al gen.::>s of A'-1!:er.Q.g~~ (Datta and KontomichaJ. ou, 

.1965) indicating tllat chromosomal and pJaslllid resistance 

g8ues mr:.y have a common origin in some cases. 

nnderson (1965a) prov~des . , F 
ev~ (jene e _ at' H different 

~ethw~y in the evolut~on of R factors, 

that the R-determinants and the t 'ransfer factors uehav" 

as bas~cally ill dependent elelnents which become associa~ed 

w~th each other to form R factc ~ s when they are present 

~n the Sa",e cell. Anderson and Lew~s (1965) d8vi3ed an 

exper~ment to show t' , e ppesence of the R-determ~nants 

(rcon-transferable) and transfer factors as separate 

elltities . The cxper~ment cons~sts of m~x~ne a wl1d-type 

dI'ug-SGrJ.si. tive strain (donor containing transfer factor) 

w~th a stra~n carrying an R-detarminant but no transfer 

factor (i.llt8:';neciiato recipj.ent), and adding to t.he mi.xture 

a fuJ.ly drn ,e -s ens.i 1..i ve cuI turc (fin al recipien t wh:tcl~ has 

an add~tjona.l marker) wh .ic h carries ne.ithel' n tI'Ell s fer 

factor nor an R-detel'miEan to The transf&r fac to r ~n the 

donor strain mi~rates .into the inte~med~ate recipient 

where it cOlnbine'~ with the R-deterrn~nant to form an R 

factor which ~s tiler transferred i .nto tile final recipient o 

This Can be annotated as follows: 
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A(t) +B(r) +C --)C(tr) 

The method has been used to screen bacter~al strains for 

sex factors or non-transferable plRsmidti (Anderson, 1965b) 

Strong 8UPPI)1'"'t for Andal'son' 8 mOdG~l com..:s from biochemical 

a.nd biophysical ktud1es of R f"ctors i~l B. coli and 

E..., mirabilik by Silver and Falkow (1970). They examined 

a derepr"ssed R factor in ~_._<:.o.li h~' labe l ling and density 

gradier,t :::6ntri.fug Rt i on t,<!chniques and obtained a single 

3 plasmid peak at density 1.711 g/cm . The same R factc" 

in Proteus yielded three components of density 1 . 7G9, 

l ~ 711 "nd 1. 716 g/cm 3. WOl'king on a variant of the 

derepressed & factor whi~h did not contain any of the 

r esistance m"rkers but which did cenfer conjugal activity 

to its E. coli host, they obta.iT'9d a component of density 

3 1.709 g/em • They cante to tae conclusioI'. that th e 1.711 

component consists 0" a composite molecule made up of the 

1 . 709 and 1 .716 components which represent the sex f.ctor 

and R-determinantR r espectively . The fact that these two 

compononts ~an exist autonomously and independently in 

Pro .t.e~ indicates that the., R factor consi.sts of a 

cornbir. utj.on of separate and .:'ndepencent det:ermillant:~ 

(resis-:':al',C9 and t:re.~cfe!') each of Hhi.cl1 con"tro.ls i-ts O~.JH 

l'eplication. Ilo\vever ~.Jhen the compositr:: mol b cuJ.e is 

formed, one of the repli COjl systar:ls .is presumably r e presserlo 

The evidence at this stage tends to favour Anderson's 

ntodel but this does not discount tho possibility that both 

models may account for tne formation of d~fferent R factors. 

Hayes (1968) argues that if sexuality were a real 
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asset, one might anticipate that it would have become a 

,nare common property of bacteria ~n general o However 

one mi ght ~rgue that under particular selective pressure s , 

sexuality doeD a s s ume a highly s i gnificant role as has 

been s hcwn by the role R factors have playeo in the survival 

of resistant POPll~&t~OllS fol101~~ng antiba(: tcr~el therapy , 

The e lucidation of the role played b~' cr~'ptic plasmids 

which have been isol.ated (Novick, 1~69) may p~ovide scme 

a~swers to tl1ese qu ~st~ons. For all >Ie kncw, the isolated 

transf e r factors which cccur may be all that remains of a 

pro~l~scuous era ~n bbcte~ia Khich abat e d ,~hen selsctiv& 

forces which favoured their presence were withdrawn. Such 

a cycle has already been shown with the reduction but not 

the cOJll!,lete disappearance of R factors upon withdrawal 

of a particular antibiotic (Richmond, 19'72). 
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CHAPTBR I ------- ----

SURVEY OF TRA"f8FERABLE MW NON -TRAl'!SFERABI.E DRUG RESISTANCE. 

CoJ.ifer-m uacteria from a nUmb (H of different sources 

.:ere :isolated and test",d fo:, tJ:'a:isferable and non-transferable 

drug resis t.anceo In the f~rst survey, stra~ns were 

isoJ.atecl from urban Hhi 1;e, u:i'ba~ XhoSQ and l'ural Xhosa 

communities~ The percfH1tage Df drt.:.g resi~tance and 

resistance transfer w,,-s approximately the Same in the 

urbr',n white and rura). Xhosa populations but was bigber 

in the urban Xhosa popUlation . In the second slirvey, 

stra;.n s Here isoJ.ated from urban and r('mote Xhosa populations 

a~d their environmenttio The selective pr ess u res of anti-

bacterials in the urb ar. Xl'osa popUlation HaS cJ.earJ.y 

demon s tr ,,1;e O. The el1vil'or.Plen t.. of 1:li.c urbart Xhosa 

po~ulation (e crowded 1;ol,nship) WaS s ll 0wn to Rct as a 

reserVQ~r for E factors. This was i~ cOLtrast to the 

low incidence of H factors in the 1'enlote Xhosa populati0u 

and its env;.r0nmcnt. 
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(A) Materials and illethods: 

Pl: epa r'ation of a ll media, drug and chemical solutions 

are desc. ribeu in P.ppon dix A. 

( b) Fi rs t Sur,- ev : 
- -----~----'::... 

S t:rains were obta~ned frem 

the folJ~o"Jj.l1g SQllrC9S : 

Lpr.dorc C1illiea1 Le.l'oratory frclll stool 01' u ri.ne se.""p 1 es 

from wh~~e pati&nts whose h01J10S W&re c~ther i n BLinker's 

Hil l 01' Beac0~ l s Bay. tW0 suburbs of East London. 

L ondon P,,-l'ho10gicaJ. Laboratory f!'em stool 01' u1'.ine samp J.es 

from Xho s a pa t ients at tho Fre r e Fospita1, Eas t London, 

\<h oso homes were ei.ther in Duncan V.i.11age or M1antsane, 

two townshi.ps on the outskirts of East Londor. 

(iii.) . ~~E.'!!_~!':9~ . .'! - Strains WO i' e isolated from stool 

or ~rine samples [rain p~t~ erts at ~he ButterKorth Hospi.tal 

which i.s si.tuatec1 in Bui;t~rHor th, a small rl1ral t:own in 

the Tl'an>; I' E·i . (East: Coast cf SOL,-.;h Acriea). Swab samp.les 

were inoculated ill~O brjlJ.i&nt gre0J' hi]p broths which 

were th en Jisp&tchod to the Eas~ Lc·ncton PatlJ010gical 

Labora.tory, 

(2) Isolation u f straj~ns : --------- St.rains t-l8rG r-ecei.ved an d 

stored on ll ll tr ient agar slcpeso Upon arr.iva1 at our 

laboratory, e8.ch ntr ;:;.i.n \~as s t reai(E!d on to 8. ~1:J.c(;onkey Agar 

p J.ate. A Ringle non-m a coj.d red col.ony Wa3 delr!cted from 

.E!ach plate for further tests. Each ~o] . ony was inoculated 
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into a test tube containin g J.Oml. of bri~~iant green bile 

J. actose broth and a Durh am tube. Th e test tubes were 

o incubated at 37 C fo r 48 hOUI' 3 st th e en d of which 

product~on c f gas was o bso ~v odo On1s those s train s 

Wilich were able to p~oduce ga~ were resar~ ed as coliform 

hacteria B.n G 'H~r' e r etaine ao 

Bach 

str'ain ~c.s g rOl-lLl ov,~r·.o.i.ght in 5ml . nutrien t broth . 

a~iqllot of the cu l turD was sp re~d on a n l! trj.er: 1: agar or 

wcllcctest a ga r plats anG sensitivity discs placed on the 

Discs were arrang -2 d in bu ch a manl~er' as "'to avoj. d 

poss j. ble interacticn s b e tw een drugs ( see plates I & II), 

lill cre possible, mor e than or.G di s c per· drug was use d. Tile 

plates ,,, e r e left to s tand a t r (,0'Tl tempe ra tur e for 30 minuteR 

to allow the drugs t o Ciffuse into the age.r. Th~ pJ.at:es 

1-lere then incubated) 0 1' 24 h ou r s and exami.n e d fo r zones or' 

i nhi bition , l-Iher e a t l eas t one disc pel' d rug prodt:c011 a 

zone o f inhibition, t he b actp.ria.l strair .. hTas taker. aE being 

sen si. tiv e . The reCOllll11en datj.ons made by l-Ieterwor·th (1971) 

r'l3garu.i_ng the appJ"; cation of discs for tlle dctermj.l'l a tion 

of elrl1g r es!-stan cc were t aker;, into f:ccoll..nto III t h " ce.se 

o f dr l1 gs where disc s wer e n ot avaj.labJ.e ( cepha~exin, 

trimcth op l'i;n an d v:i o fo rm) th e dl 'Ug ""'as j .nc c, rp \.)1.' H ted in t he 

medium and broth cl\ .l tures of the test "t r"" .ns H0r~ !'ltreal<ed 

onto the medinm . 

(4) Isol ati0!.!. _~..f...J~.V. adixicJ • .c.id Resistan 1: E . col.i: 

For c onjuga tion e~p2r~_nlen~s ~o determinn wllether the 

r esistant str;d.ns c ould transfe r their resistance, a s uitet.l e 
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PLATE I - Sensit~v~ty dLscs on nutrLent agar: 

," , . 

AM 25 ( amr~cillin 25 pg); CR 15 (cephalor~din e J 5 pg); 

C 10 (chloramp h enicol 10 p g ); C 30 (clll orumr!l enicol 30 PH); 

K ::;0 (k an amycin 30 pg); TB 30 ( tet r a~ycline 5 p g ); 

~lO (streptomycin 10 }lg); T E 10 (tetracycline 10 pgl. 

Strain WaS J· e sis"tBEt to ampicil l~n, chloraJr.ph e nicoJ. , 

streptoJll yc i n a n d. t e tl'ac~' cliJl e . 
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PL ATE II -. Sens;i.t;i.v;i.t:y d;i.scs on Wellcotest agar: 

SXT 25 ( sulphamethoxazole 23.5 pg/tr;i.methopl'im L 5 )1g); 

PN 25 ( amp;i.c ;i.ll;i.n 25 )1g); NA 30 (nalad;i.x;i.c ac;i.d 30 jlg); 

F 200 (n;i. tl'ofuran to;i.n 200 )lg); 8300 (tr:i.ple 

sulphonam;i.de 300 pg); S 25 (stl' sptomyc;i.n 25 pg); 

TH (tetr acycl;i.no SO pg). 

Strain was ~esiR tan t ~0 amp~c~l lin, sulphonam~des, 

~treptomyc;i.n and tetracycline. 
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recipient with a known marker was required. As very few 

bac tel'i a shoNod t'esis tance to n al adixic acid, an d as 

resistanca t~ tn.is drug is usually associated with a non

transferab]. E' ",u oation on t:he chromosome (Cl" .. bbert e'c aI, 

19(9) it "as decideJ to u se naladixic acid r csi.st ance as 

a mark ero 

f. wild tyl'''' Escherichia c01.i stpain f'en3itive to all 

the drugs tested Was chosen a.s a l'ecipient. .Thi s strain 

was isolated frGn: a stool s~mp 1 8 from a pfit~ eat at the 

East Londor: Cl1.n ical Latol·atory. Two nutd ent agar plates 

containir, g naladi.xic a cid (30 p g/ml. ) lWt'e overla.id with 

O. 5ml. or an ovel'Ilight broth culture of the E. coJ.i atl'ai". 

Th ey were incubated fo r 24 hours and examined for growth. 

Four colonies .1e re obtained and one of these was re c h 9c ked 

for naladixic acid resistance. The strain was sensitive 

to all tho drugs except naladixic acid. Thi s strain was 

labelled 25R and u sed as th e r ec ipient in all subseqtl8ut 

mating experiments. Th e stability of the mutatioll has 

ba e n adequately shown in that aft e r nu~erou s gendrations, 

tile Etrain has consistently s hown ~tself to be re sis~ac t 

to n ctladixi(; aei d . 

On e mi.ll.{-

l it re of an o ve l'f,i gh i' broth culture of a rosis tunt st rain 

an d Iml . of a" cver'uight broth clll-t;ure of the recipient 

strain were botn inoculated into 5ml. nutrient broth . 

Th e mixed culture "as incubated overnight 0.11 d then streaked 

onto sc~ectivc r,lcdi.a containing lluladixic acid and one of 

the drugs (i . e. the one for which resistance t ransfe!' " as 
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being tested). Where there WaS no growth after 24 hours 

incubatio~, the resistant strain WaS regarded as being 

unable "to transfer res~stance to that dl-ug. Where grOl"th 

Was spaIse (l~,"s than 5 co:ior,ies per slOI'eak) the experi.ment 

WaG repeate~ to d~t2~mine ~;hether the colon~es were due to 

li!utation or .low freq\!~ncy transferD If there Were &gain 

less than 5 col.ronies the straia HaS assu~led to be un able 

1.,0 tranafGl" rC2~s't8.r. ce to that drugo Rowever if there 

w~re fi.ve or mor-a colon~es, the strain Waq cssumed to 

tranef2r resistf'o.nce at low frequel:..cies anci the r8~istance 

WaS classifiec, ".s being transferable. 

donor and recip~ent strains were tested ~ndividUally for 

mutation to resistacce by streaking onto selective media. 

As a result of tne pattern of resistance obt",ined in 

the first su.rvey, a pA-cond survey WaS initiated for" reaSons 

discussed on p. 34. A comparison was made between st~dins 

icolated frolh l'ul"'cl and t.:rban cOr.1JT,unities and their 

oPv.ir onnlents o 

Stra~ns were isolated from the 

following sources: 

stoul samJlles l\1€re obta.illed 

from Xhosa "fi.I'st time" oLtt-pati..ent:s at t!le MadHaleni 

Mission Hospital w.i.th 11;) record of I'Y·ev.iolle. conl; act wi.th 

a doctor or hosp~tal . The m~ssion hospital ~s situated 

in a very remote a~ea 
, . 

0, the Tr an sk(.i ~ 

Environl1lc~") tdl 8d.n:pJ.os 14cre c b taiu8C from the soil, 

water, ri.vers. huts, cooking areaS and cattle pens in an 
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area within a radius of 10 - 15 kill 

Mission Hospital. 

from the Madwaleni 

(ii. ) 2"E~~~_£2r:!~~~~E~: stool samrles Here obtained f r om 

¥Jlos a hospi t<:l::'zed p". t.'~ents 01: th e P;, e r e :los[o; tal in East 

London. The p~t: :ie!lLS J.ived eitber i .n Dune ali YiJ.lp.ge or 

in r.ldantsan e to",,' sh ips. 

E!1vironrnc nt a l sanlJ.iles we rf:: c,oi:aiflec! frcm s oi.J. , t7ai;e r, 

sewage. a.,.d drains in thE! arove t'"~o tOh"D-=:hj.ps . 

Sterile cotton woo~ swabs 

wo r e used to collect tho s toel samples. The se war e plac e d 

in sterile brilliant green bile broth and posted to our 

laboratory. 

Soil, water', ~;I?WE'!', drain and other en-V'il""onmental. 

samples Here colJectoG .in sterile standard containers. 

IH thin 12 hours, alo.quot.s of these samp l es He ro transfe rred 

to steril& ~rilliaDt green bil.e broth. UpOH a rrival at 

our .LaDoratory, a sin.ilar prOCEdure for the isolation of 

coliform bacteria was enlployed as has Hlready been describeD 

(p .18). HOHaver a number of n:od.i.f:i.cB.tions Her e made to "eh e 

p£'oc edu I'eo 

(i) It HaS [ouna t o be Decess~ry t o use Mac Conkay 

Purple Agar ins tGa~ of MacConkey Aca n as some diffo.culty 

fLad teen previously expar~enced with the C010Ul' r0~ c tion 

of b acterj_ul cells cn the latter med~urn~ Th\..l.s a n.on-mncoid 

yellow c lon e ( sec 918tes III & IV) HaS selected from each 

plate for further t eB ts. 

(ii) Each col.irorm st r ain was also t ">s t od fer the 

production of indo J. e . Coli forms which gave a positive 
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PLATE III - Yellow nOll--mtiCoid co::'onies on i>lacConke;,' PUl'p).e Agar. 

PLATE rv - Yellow mucoid colonies on MacConlcGY Pu.rple Agar. 
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indole reaction were classified as Escherich.ia coli and 

those which gave R negative indole reaction were classified 

as "ocher (.oJifurtns" (Cowan and St.cel , 1961). Strains 

to be tested o·lel'a inoculated into lOmL of tl' ~' ptone brott. 

a.nd L\cl!batE-d for 48 hours. Diethyl ether ( lmL ) Was 

added, the mixtu~:'c' shaken an d 0 .. 5ml .. of Ehrlic b l .S sol!.:.tion 

(pe.ra- dimethyl - amino-benza] dehyde, eth<noJ. and cone.:. ,:(:1) 

gently addc~ d o wn the s ide o f the tube. t. re.d col,,'-1r 

appear~ng ~n the up~ e r layer was taken as indicat~v~ of 

t he presence of indole. 

DeterlrLination of drug resistance and transf Eo t'8.ble 

resistance was carried out as previously d03scribed (p.l!)). 

( d ) ~99~~~~~~~_~~~~~_~~~~~~~: 

A number of surveys with l i mited numters of samples 

were also carried out . The isolation of straius from these 

samples and the tests carri ed out: on therr. were as d "S cl·j . Ded 

in the Second Survey . 

(1 ) School chiJ.dren . . s 1'001 samples were obtHin':'d ~,'oon 

a number of cl)~lrlr qn at th e Nkondwane Farm School near 

Bet t 1;e 1'1010 r1;h. Children .in their c c J:'ly tee1l 3 were se l ec. ted 

wh o had never consul1:ed n doc t or and hence presulnebly hhd 

net te.k8n any vf tho cr:.Jgs for wt j .ch resistull c~.l \..7S.8 bC.illS 

tes'teG. .. Thes e ch ildren 1o1ere ~ak eD to a pl~y~ng fia lJ and 

aoked to . pass ~ stooJ.o It ~ s interesting ~u note th.at 

eact child Has able to produce a faecal sample on demand. 

A sterile cottOG wool sHab Has dipped into the stool and 

placed in steri~ D brilliant green bile broth . 
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( 2 ) hladwaleni Hosp ital Wards - a limited number of 

samples were obtained from patients i n the General Ward 

and in th o Tu~erculosis Isolation Pa~~ . 

Drocessed a8 pre viously described. 

The samples wer e 
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( B) Results and Discussion: 

Abbreviations used for drugs and chemicB.ls are listed 

The number of culi.form stra~ns ~snlated from each source 

in the f~rst survey liQS: urban whites 1 .1 2, u:::,ban Xhosa. 47, 

and rural Xhoi;a 93 . The overall results (Tables I & II) 

incidence ot' resistant strains and R fac::org among col iform 

strains from urban white an d rural Xhosc. popuJ.atio!1s. The 
. 

only exception is the high degree of streptomycin resistance 

(27.9%) ':'n the rural Xhosa popu l ation. Streptomycin js 

extensively us ed to combat the high incidence of tuberculosis 

among the Transkei Xhosa. Accoraing to a member of a 

memLer of a mobi l e TB unit , great difficulty is exper.ienced 

in oui:aining continu?l co-operation from patients Hho 

requiro treatIH8n t. Hence therapy is often haphazard and 

irregular a!lC, this may contr3. Dut e to t116 high incidence of 

strer .. tctnyci.n resistan(";eo 

Th" high degr"e of rcsistance (8~ . 9%) and R factoi's 

( 6J .• 5%) in ",trains from urban Xhosa is strik.i.ng (T"ble I) . 

Tilis cce.ld t.; th~ r0f:ul.t \.)f the u sc of drugs ant:Jng an 

overcrowded, poor Dnd unectuca::ed population with inade4uate 

domestic hygiene fac~1~ti0s ru\d GeKR3~ t~entmento The 

unhygienic neighuo~rhoud would serve a s 8 reservoir for 

resistant strains . DU G ·~o the lOH J.ev"' l of education and 

unfavourable econol.'lis ~os j_ tion, the sitc.p.., tjon wo uld be 

aggravated by patients failing to complete a course of drugs 
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TABLE I 

FIRST SURVEY - INCIDENCE OF DRUG RESISTANCE 

AND THANSFERABLE RESISTAl-;CB 

IN COLIFORM STRAINS. 

----·-1 
Total No. Resistant ~~ai~& ShOld.ng--Origin of 

s"trains of strains s traj nl? transfer:).ble 

I resistaace 

I 
Urban Whjtes 112 58 (5l.8%) 26 (44.8~) 

Urban Xb uS a 47 39 (82.9%) 24 (61, 5%) 

Remote Xhosa 93 54 (58.1% ) 26 (48.1% ) 
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~'IRS't SURVEY - RESISTAr\CE A~D TFlAN:lH .. '1 Pl.tl·ER~S FCR lliDlvtDU.\1, DRU G3. 

r-----------.-r----------------------------------------------------------, 
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on discharge from hospital or on fec.ling better. It 

should be rot ed that the hi g h er incidence o f resistance 

in the urball Xhosa as compared to the u "L'uan white and 

rur al Xhosa pO~lilatioJ1 R, ~ s mainly dil~ to the high incidence 

of ampicil1~n rps~st~ncc. 1'1:0 inciderce of resistance and 

R factors is of the B~me orGar for the other drugs (T able II). 

MaX'€) and CC'etzee (196 G) cxam::'n"d the incidence of r e sistance 

ant R fact:oI's i ,l1 strain8 of B. coli i solated in the Pretcrie 

a~ea. The~' a l so found a high ind.oence of X'esis t ance (78%) 

but a much low e r incidence of R factors (19%). This cou~d 

be att ributed in part to the fact that a Salmonella 

.!.,Yph:imul ... .ium straia was u.sed as a recipient. Th o incide!lce 

o f R factors in E. coli in J apan (Mitsuh as hi, 1971) was 

66.3% which is of the same order as that encountered ill 

the urban Xhosa (61 . 5%1. 

ihe patterns foJ' l!lultiple r' esistance and multiplE' 

transrer are sbown in. Tables III and IV. In all th ;.' "e 

popUlation groups, ampic.i.l1in and, 'co a lesser extent , 

chlora~phenjcol and t e t racycJin~ resistance determinants 

W&re fO l\nd .in m03t multiple r·esi.stance t:r'a~lsfors (Table IV) . 

Simil~r re s~lts were obtained in tile overall multipJ.e 

re sis1;".uce patte::r. (Table III) . A b~Gakdo~n 3ho~s that 

out of 102 stra.ina whic.h spow(-!d il1ultiple resiE>tance, 99 

strains (97%) carried the af!'!pic3.J.lin !'(;sist r..l1cO de t(--t rmiI! all 1: , 

59 straLns (58%) c:.(l' ri " d the ehJ.oralllph(nd.col resistance 

determLl1al1t, 50 C Ci' o.:i.ns (5910) carriorl the 1: etracyc line 

resistance det8rn\i~ant and 29 strai.ns (28~5%) carrj.ed the 

streptomys.in res.istance c1cterminan t. In the multiple 
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TAR) ,r; 111 

FIRST SURVEY - !WLTIPLB RES ISTA:\CE PAT1'ERN. 

RE'si s l; l:i_n .:c ?.J. t t. ~:·n tio. of stra iri~ 

L'rbe.n ':h i te l' Ur b;;.ri XIIOt:o.=r RHr",l .:<.host' 

I sop 12 12 10 
cpd 4 - - I c op - 1 -
nit 1 - -
str - - 6 I t ~ t 2 1 -
1 l'esls ta."lC e - tot:ll 18 14 10 I , , 
amp. cpe. 4 1 4 
eel' . em!, 5 2 4 
aIDp ~ nft 1 1 -
amp, s tr 2 1 i 
amp, t~t 7 3 2 
emp. n f t 1 - -
st:r , tet - - 1 

2 re~i03-:;ence!> - t ot l::ll 20 I 9 12~ 
amp. cpd . emp - - 2 I s mp, c;..d , nft 1 - -
8ep, epe , s tr - - 5 I 
amp . c~d. tet - 1 - I amp . emp , nrt - 1 -
amp . emp . s tr - - 2 
a mp. c :np . tet 14 i 11 3 I 

sml. s'tr, tet 1 - 4 

3 r esis t a.."1ces tota l 16 I 13 
._--

- 16 

amp , cpd! emJl , nft 1 - -
BOp, cpd, c!r.F. s tr - 1 2 
amp. cpd , em!" tet 1 - :; 
BCP, cpd , s:r, tet - 1 1 
amp, cr..p, stT , t.et - - 3 

4 r eslstances - tOlOal 2 2 8 
-- . 

amp , cpd, cep , nft, tet - - 1 
~J:i.p , cpd. , cop , str , tet 1 1 1 
cpd , cpm, n r t, s tr, tet 1 - -
5 re ~ista.-'Ci!S - totCll 2 1 2 i 
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TABLE IV 

FIEST SFRYBY - l{F.SISTANCE TRAt"l SFER PATTERN . 

,- N 0 0 of strain s 
I{esistance 

Urb !'.n Hh i t e s Ur b a ll Xhos a Re r-,o t e Y.b nsa 
---------- - f------. - - r---

amp 4 1 0 7 · 
cp d 2 - --
cmp - 1 -
stl' - - 1 

-

1 r e sistance - to -i; al +--- 6 1 1 8 
----

amp, cp d - - 2 
amp , cmp - 2 9 
ar:lp J str - - 1 
amp, te t 7 5 2 

- -
2 resistances - total 7 7 14 

- .-
amp, cp d, cmp 1 - -
amp, cp d, n ft - 1 J. 
amp, cmp , tet 10 -. 3 u 

amp, nft, tet - 1 -
--- '-

3 ro eslstances - total 11 5 4 
-

<1inp} cp d, cmp, nEt 1 - -
amp, cpd. C)llP, tet 1 - .. 
arnp, cmp, n f t, 9tr 1 - -

r--- ----- - 1-------.-
I , , 

4 1' 8 sist a n c f .. s - total , 3 I - -I _ 1....-_ _ -~-------j 
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transfer pattern, 100% carried ampici1l.in resistance, 61% 

chloramphenj.co.l resista.nc e, 63% tetracycline resistance 

but only 4';1; caIl'Led st r eptomycin I'csistance. 

The high"r incidence of ref Lis tanc!; ( 82. SI1o) an.d R 

facto,,!? ( 61. 5~;) in tJ1e urban Xhosa (T at.>le 1) prompte d the 

initi ation of a second survey. It HaS decided to cOlnpe.r e 

the ir.cidence of r· esistance and R fact()·rs :en pa1;ion ts an d 

their envil'onm&r.t from an urban and a remote popu.la ·cion . 

This would possibly show ~ny existing relationship between 

the incicie,,-ce of R factors in the' population and in the 

environmenc which it inhabits, and whether such an 

ellv~ron ln ent does act as a rese rvoi r for R factors . 

(b) ~~£~~~_~~~~~~: 

As explained above, it WaS decided to compare the 

inc:Ldenee of resistance &nd R factors in urban and r emo te 

populations and their respective environments. The Same 

urban Xhosa population as haG been used in the fil's t s urvey 

Has chosen. The samp l es from the remot e popuJ.ati.0n were 

obtaj. l1l"l from the ~adwalen,i. Mission Ho'>pital as it provided 

easy aCcess to a Xh038 popUlation which live~ ~ll a remota 

regi cn anCl ~1hich he.d not bc~n exposed to antibacteriul 

treatme" t. 

vn<..e a.gain, the incidence of resistun(,() ( 68.6% ) an d 

R factors (47 0 3%) was high .i.n the urban Yho3a f'0pu .lation . 

The resistance pattern Eol' the urban Xhosa patients in the 

second su r vey (Table VI) was essentially the Dame as far 

as the urb a:1 X!10sa popUlation in the first 8urvey. There 

wer e Jl owevc r two major differences; the incidence of 
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TABLE V 

SECOND SURVEY - INCIDEN CE OF RESISTA"<CE AN D R FACTORS 

2N COLIFORM RACTBP.JA FROrv, UREAl'>: AND 

REMOTE COMMU:I ITIES . 

of 
strail1S 
te sted 

~--------r---~;----~--~ Rcmote lJopu1ation . 90 18 . 9 1J. e 

Remote e llv~ronment 
I 
[ 51 

r--------------------- ----------4 
Urban pop ul ation 67 

Ur ban e nvironment : 83 

25 ~ 5 o 

68. 6 47.8 

66. 3 23 . 1 L-_________________ L ______ 1.. ______ --'-_____ ---' 

R~ = % r esistant str a ins 

TH e = % resistant s trBi~s which carry R fdc~ors 
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C"'ll!l :\lo r cxin - -
C(!!l!1: .... 1orid.l.~~ 
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Chlorurnph(: n icol 

SECOND SURVEY - RES!S'rAN~E AND 'TRM':3P~R rt.7r :W!I::) FO~{ !:'l':IV!DUA!" tR'.J CS 

I 
Re~ote 1'lltiar. ts 

(SO !Jtreinl:l) 

H(!rr.o to 
lnvironment 
(51 ~tI'ajno ) 

R TR 

Url':m Pc.ti("r.t~ 

(67 D~ rD jn3) 

n 

Urbnn l Environment 
(6 3 s trD ir:~) 

R IP. 
~----+----~----~-----r----~r----~-----+---~ 

16.7 3.9 

8. 9 15 .7 

I 5.5 15.7 
I 

2_0 

49_3 

':).9 

703 

I 

45 .4 20". 5 2 9. J 
-+----_+--_1 

41.0 ,. . 
~ ... , 0 

le o .) 

I· 06.-; 
-+----

Y.:ln:l:llycin 

l1. l 

3.6 

l_G -+ - - - 18 . 0 'i·,.0 
---------.~+--~-+---.--r_--_r----+---_+_----_+--_1 

1_- -!blo.r!ixi c ecid 

I 
Ni. trtJfuran::l}in I - - - - I 

,--- ·-------1-----~----_+----_+----+I -------+--·-~r---~r----1 
S~rept om::cin N'1 0 .- 6 0 - 46.3 9 .7 24.1 I -

~I _T_e_t_r_a_,~y_'_l_i_n_e ___ 1:1 ___ -____ -+ ______ ~ __ -1 ____ -____ _r----2-2-.-4--_11---2-6-.-7----+_---7.---?-. --t_ __ l o_- _'7~ 
:':-:nct:lopri m - 6.0 - B.9 - 4.8 - i r---·----'-----+------r-----+------\-----+---·-=--+-,----t----------'-I 

'--z_'_p_' _r_'n ________ -L ____ -__ ~ _____ - ____ ~ __ ~_-__ _L ___ -____ _L _____ 8_. _9 __ _L ____ -____ -L __ ~1~_-.4° ___ 1 - -- I Vi ofor.D 13.) - 19.6 - 18 .0 -

R~ • pAr~entage resistant strains 

'l'R· • percent3R"e rosi stance strains which trans!"er reslatar.ce 

-: • 9~ 

,'. 
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TABLE VII 

SECJND :SURVEY - MULT iPLE RESI31'ANCF P'J,.'l'"rER!i • 

No. of ..;tr.1\n~ 

Resisttt. .... cc!'1 Ulb ... n Xho::;3 
I 

He-lJote ).hOS!:l 

e----
P '! t i er:tf> };n1l1. rOn'TIllnt; .r3~~e r. ~.~ Env.l"onllcnt 

8QP - 1 - -
cp:>.: - 2 1 -
emp - 1 - 1 
st!'" 7 8 5 1 
t et 2 - - -
tr", - - - 2 
VllI! 2 7 6 3 

---- 1---
1 !"esis ta.'"lC"E: - ': .;,l;p1 : 1 19 l2 6 

em}l r cpd 1 - i - -
.."p, cmp 2 - - -
am;., str • 2 1 -
aroF. vfm , 2 - -
cpx, q .d 1 4 1 3 
c px, str - 1 2 -
CJ:.X, vim - 4 - -
cp'l . vb - 1 - -
emF· str - - 1 -
emF. vfn:. - 1 - -
9tr , vfr-. 1 1 - -
2 TC!sistc...."1('es - t c -:al 9 16 5 3 

8!lJI= . cpx, CF" - 1 1 - -
amp. CpIr. , str 1 - - -
8m,!:, cpn: , tet 3 1 - -
am!" cr"'. vim 1 - - -
amp . kan .. st;- 4 1 - 1 
lllr.J- , kan, tet 2 1 - -
a mp. kan, v!'m 1 - - -
emF . str , t o t 2 1 1 -
amp, str. vft:'. 2 - 1 

=8 
cpx , cpd, str - 1 -
c~x. cpG., -:fro 1 13 1 
cpd, trm, vf;::J - 1 -
3 resistances - : o:a1 17 20 4 

8ep . cpx, q:d, vb - 1 2 1 
8 w!-, . cpx, trm, bse - 1 - -
2.I!lP, c·pa:, kan, tet 1 - - -
em}) J kan , atr , 'tet 1 - - -
61I!P , st!", tet I vfm - 2 - -
alll~ . str, t r:r:. 1.'8C 3 -. - -
C}.' X, cJ-Hi, str, vfm 1 2 - -
4 1 ~si st an\~{!!'; - total 6 6 2 1 

-
amp l cFx , cf.i . ~t!"ttrm I - 1 - -
ern; , c~x ) c~~ , ~ rrn , vfm 

I 
- 1 - -

amplcpi.kal: . 2't~ ,';et - 1 - -
am~tc;d.~an ,~~r.te; - 1 - -
Bm~, cF~ , kar. ,3~r,~ et 2 - - -
5 r euistf'.r.ces - tc.tal 2 J - -
Al so 

am~,cp~.k3n .3~r.tet. 

I 
trim,bac 1 - - -

amptc~n: . n 1 . :Jtr , ~et . 
tr~m,bllC ,Vrll1 1 - - -

am!',CF' , c,","m , . tr, + 
trim,bslc ,vfm . 1 - - -

: - I - --

. '. 

.' 
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TABLE VII I 

'SLCOND SUR~EY - RES ISTANCE TRANSF ~ B rATTE~N . 

L OBi . tanc. 

No. o f t> trair,s 

Urban UI'bau R~zotc !icrnot-a 
Pa!:ients Environrreut ?e.tlent .'3 L"!\'i r or.n'en t 

- ---

I a mp 7 4 2 -
c px - 3 - -
cp1 - 2 - -
cmp 1 - - -
kan 1 - - -
Btl' 1 - - -
t ot 1 - - -, 
1 resis t a~ce - to t al 11 1 0 I 2 -

amp, c~p 3 - I - -
amp , k~n 3 - - -
8 :Dp . tct l - - -
cpx , cpd - I 2 - -
2 r esistance.:; - total 7 2 - -

s ;op, cmp . kan 

I 
1 - - -

amp, cmp , t , t - 1 - -
a mp . kan , tet 2 - - -
3 r e sistanc es - total 3 1 - -
~ 

i amp. cmp . kan , s~r. t e t 1 - - -
--
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ampicillin resistance WaS lower (76% in 1st survey, 49% 

in 2nd survey) and that for streptomycin was much higher 

(8% in 1st survey, 46% in 2nd survey) . Due to lack of 

suitable data, )"_0 reason could bc assigned 1:0 tl1is change 

of resista~cB patte rn. Kanamyci!1 resistance ~..;hif'!il Y,'as 

not determined in th e first s urvey, Was also high, particularly 

tile number of s-trains which could transfel" i 4 hj,s resistance 

(8 out of 12 strain s ), Kan amyc in, be~ause 0f possible 

side-effects, is usually r ese rv e d for TB iafectJons which 

d 0 not respcnd to st:oeptomycin therapjr and n1 50 for sericua 

bacillary infections. Cohen (1969) suggea t e d that 

r es istance to kanamycin tends to occur as a compon ent of 

"large" l( factors (i. e. multip2.e - resistal.t). Out of the 

8 stra.ins Hhich transfe rred kahamycin resis·car.ce, '.;he 

associated resistance pattern WaS: 

3 triple, 1 quintuple (Table VIII) . 

1 si ngl e , <; doubl e, 

There does appea r 

to be a teudency for kanamyd_l1 resistance to be associa~ed 

with R factors carrying mul.tiple resistance determin~.nts. 

Therefore chemotherapeutic agents which are lik e ly to 

select "large" R factors ",nould be avoid.ect h'hEH'~' possi.t-le. 

From the urban Xhosa and their- environment, a num~)er of 

strains Here isoJ atod Hhich c a r-ried resj.s tar:C19D (nQ1-

n<!cessarily tran s ferat>l e) to more than th",ee Grug» (Tabl e VII) . 

Tr.us 12 straina Here resi.sta.!lt to four drtlg 'O , 5 to five 

drugs, 1 tc seven drugs and 2 to e~ght drugs . Although 

t hi.s trend is at present rel atively limited, it could 

r esul t in scrj~us medical implications, particularly if 

i t were to de velop among patho genic bacteria. The arsenal 

01: antibacterial agonts a\'aiJ.ablo to medicaJ. pl'actitioneI'8 
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would be vastly reduced and they would f~nd themselves 

almos t as helpl ess as the~r colle agues ~n th e pre-an ti biotic 

era. 

The hj.g h :i.r.cidp.nce (23.1%) of R factors in thp. 

environment of th e urban commun~ty is noteworthy (Table V). 

Firstly ~t indj.cate;,; til.at R factors c"n exist ~11 baeteria 

Secondly ~t conf~rms our suggestion 

~n th a fjrst survey that the crowded u rban Xilosa townsh~p 

stud~ ed is serving as a resErvoir lor R factors. Th~s 

~s h~ghl~ghted by the f indings of Grabow and Prozesky (1972). 

These workers studied th e j .ncicence of .:oliform bacter~a 

carry~ng R factor s ~n tlosp~tal wGlste Hater and c~ty sewag e. 

The ~nc~dence of r9s~s tant s tl'ains .in the hos pital waste 

water Has cons~derably h.i. ghe r tl;&Il in .:ity sew?ge and of "-he 

res~stal1t strains from th o hospital ,~aste wat"!', 20% carr~ed 

R "factorB. Yet th e township which ~e stud~pd is approximatoly 

12 k iO from the nearEs t hospital and 23 . 1% of the resistant 

strains carried R factors. 

Stut e vant et ,,1 (1971) who stud~ed the ~nc~dence of 

R factors among faecal coliforms ~solated from raw sewage 

s uggested that t:he source of antj. biot.ic r osist ant coliforms 

was prob a bly Caecal. 

isolated in tho ur h&a Xflosa anv~ronlnent caine from seT~er8, 

one wottld expect the source of R factors to be faecal and 

that ~t Hould be rolated to the ~ncidence Df R factors in 

the urb an Xhosa population. However it " h ould be notod 

that the p a ttern s of multiple resi stance and of multiple 

tran sfer are d~f ferent in the pat·i.ents and i n the~r 
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env~ronment (Tables VII & VIII). 

The t'es~stance and transfer patterns for cephalospod.ne 

are int~l'esting . A higher pe1'c~ntage of resistance to 

cephalosporiuo was obta~nAd in bacteria ~solated from the 

env~ronment th>\u fr' om 8tOOJ. speC~mel"3 (T&b.le VI). Only 

bacteria from the urban environment were found to transfer 

reSl.st::lllCe to cept! a.1.osporii1s. The cephalospor~ns are at 

present not used extensively in either this urbatl community 

or ~n the r.1iss~on hosp~tHl studj.ed. Cephalosporin WaS 

f~rst obta~ned from the fungus CeDhal osuor~um isolated from 

a sewer in SarQ~n~a (Abraham, 1967). If this fungus is 

present in the env~ronment, it may have resu~ted in the 

seloction of cephalospor~n res~stant strains. The use 

of two different cephalcspor~ns W£cS mot~vated to deterl1line 

wheth er coli forms wh~ch were resistant to a cephalospor~n 

adm~n~BtQred orally (c"phalex~n) woul d also be re3~stant 

to one adm~n~s'.:ered paren terally (cephalor~d.ine ). 

Table VII shows that out of 57 stra~ns which were resistant 

to e ~tt; el' drug, 41 were res~3tant to both, 12 to cephalexin 

only and 4 to cephalorid~ne only. Th~s may be due to a 

sJ. ~gbt d~ffeT.'ence in act~vii;y between the two drugs, 

HOl<ever ~ t should be Hoteri '.:hat different methods were 

used to test [or s&nsitiv~ty ~o each drug. Cephaloxin was 

incorporated in a selective mediun: ~herebo cephaloridine 

sensitiv~ty disc s ~e~e used and this Qay also account for 

the difference. 

Another ~nt Q~ Bs:.inM feature of cGpha10spor~n res~stance 

(Table X) is that the major~ty (61 out of 76) of th e 
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resistant strains fell Hithin the "other coliforms" 

classification (i.e. not E. coli. ) . Although it might 

be argued that the act~v~ty spectr~~~ of tne c~pl1alospo rifis 

may not extend to tho l10ther coliform l1 strains, this UiJ 0S 

not seem very J.3.kely if it: is considel'cd tllat 8 of these 

strains were able to tr anSff:' l' t~!eil"' :::'esistance to one or 

both cephalosporins . In the case of vioEornl res~st~n~e, 

it is also found th~t the majority of "other ~cliforms't 

( 42 out 0f 60) arB resi~tant to vicform while only 33 out 

or 231 E . col.1. ~.re resist"." t 1;0 1;his drug (Table X). 

Information on the spectr1'm of vioEorm j.s scarce, probably 

becau.se of the diffi.culti?s e)lco~ntered in proparing 

suitable sel ective media ( \'i.oform is almost insol ubl e> i .n 

aqueous solutions) and a.lSo becausp. it has b een mainly 

used as an amoebicille. II re;>ort by Diding and Strom (1957 ) 

h owever showed E. coli to be the o"ly strain on.ong a 

num1::p.r of Gram-negative strai.ns tested, to b e inhi bited 

Another intarosting feature abOltt the " ether 

coliform" s tr ains is 1:ha1; a.lthough they S hOH a higher 

il1cidence of rcsis 1:ance thhn ~~_o.li. stl"ains, they ShOH 

a lower ir.cidenc e of resi etc.Dce traI'.sf&r (Table IX) . 

Howev e r it should be r0me,r.beL"ed th1'.t an E . co13 strain 

lr~aB used as I"Gcip.i.e!'it in tl .... .'1p.sfer eXperiltien~S and the 

"oth er colifol'lnS '1 n'ay not:: have boen able to r;'ate as 

effic.i.ently with ~S_oli as with a strain of their own 

gen us. Watanab e (19G3) poin ted out that tl.e frequencies 

of transfer depended to a lorge extent on t h e '.:ypo of dono:' 

and recipient used. 
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TABLE IX 

SECOND SuRVEY - IllCIDENCE OF RESISTANCE liND R-FACTORS 

IN E. COLI AN D OTHllll. COLlr.:OHM 5 FRO,,1 

URBL\N M D REMOTE COMMUiU ,'I::; S . 

AREA E. coli Other colifor~ls I 

No. R'" TR<D _N~q 
I 

I Urban I 106 60.4 43.7 4 ,1 I G 4. 1. ' 19 

Remote l2114• 4l. '1l.1 1 6 '/5 . 0 0 
, 

"'R = % resistant strains 

<1lTR = % of r e8istant strains with R factors 



- 44 -

TABLE X 

SECOND SUJ>.VEY - n1C1:DENCE OF R1>SISTt~,,{CE TC VIOFORM AND 

CEP~;ALos'?oncNS IN n . COLI AI'1n 

"GYr!ER CO.LIFOIlMS". 

R. col:!:: Other coliforlTIs ~ 
Total No. isolated 231 60 - - -, I 
N 00 resi2tant t() vicfor'" 33 (14.3%) 42 (70.0r.. ) I 

I No. l·esi stall t to cephalorexin 9 ( 3 . 9%) 33 ( 55~q I 

I 
No. r es i s tant 1:0 ceph alori dine G ( 2. 6%) 28 ( 46.7%) I 
-----
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The detection of only two R factors in 141 specimens 

from the remote community suggests that R factors hav e a 

low inc.i..:!el-"CE: i.J1 dr.1i:g-free commu!'~i ties ~ Tid", agrees with 

the results of ~lare (1968) and Ga~'dner et a1 (1969) . Mare 

~nvestigated the i .ncidence of R factors amr)ng bacte~ia 

isolated from -17 Kalahari bushmen anJ 53;:; wiJ. cl animals in 

drug-fr·ec ccm:n~n.it:.ies a.nd no R factors were c1etected. 

Gardner et...El inv€sbgated an antibi_otic virgin population 

in the Solomon Islands_ Out of 40 sp&cimGnc processed, 

R factors ~ere recovered from only 2, onB orig1nating from 

a soil samp le a.nd the other f,' om the stool sample "f Oll" 

of the :i.T!habitants_ Th" striking difference in the 

incidence. of R fa.ctors between the urban and remo1;e 

communi ties p rovi des strong evi den ce for the selec ti ve 

pressures of antimicrobial drugs. 

(e) !~~!!!~~!!_~!~~~_~~E!!l~: 

Out of 14 strain s isolated from th e school children, 

2 "ere resistant to vioform and 1 to the ceph3.10sporins 

and to vioform (this strain baing the only "other coliform" 

whereas D.1J th8 othel'S {.Jere E. coli strains) 0 

from whom these strains HeI'e isolated all lived on remote 

rural farr,ls and the lack of R factors s ubs tan tiate the 

result s of ~he s~co~d s~rvo~r, i.eo the low ~ncidencc of 

R factors in th e re inote communj. tj.€s . 

The results of the limited S1\:'Vf>y3 car-ried out in the 

TB and General_ War-n" of: the Madwal&ni. Hospital are given 

in Tables XI and X-iL O',t of 31 At rai!1s, on l y one, which 

was j.soluted in the '~l) Hard, l\~as able to tl'al1ufcr resistance 
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TABLB XI 

ADDITIONAL SURVEYS - RESISTANCE Pt,T!ER'i FOR I NDIVIDUAL DRues. 

Drug Ger..~~.:'~l ':lard I-T .. -Ep Hard 
(16 s ·c r 8 . .:'..n s) I (15 s 1: rain s ) I---------t----_---i 

Ampicillin 

School children I 
(14) 
---

Cephalorexin 2 1 

Cephalol'i cl.in e 1. 1 1 

ChJ ol'amphenic 0]. 1 

Kanalllycin 

NaJ.adixic ad.d 

Ni trofuran toin 
I 

Streptomycin 7(45% ) 13(86.7%) 

2 

Trimeth op rim 

Septr.tn 

l Viofo .rm 
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TABLE XII 

ADDITIONAL SURVEYS -MULTIPLE RESISTA."CE PATTERN. 

Resistance Patter'n 

cpx 

str 

amp,str 

cpx, cpd 

cpd,str 

stl' ,ret 

str,vfm 

arflp, cmp, str, tet 

No. of strains 
------------T-------.--------,-------.--~ 

G,meraJ. Ward T. B. h'ard School 
children 

---------.--+--------~f_____---___! 

1 

6 7 

1 

1 

1 

1 

1 I 1 

J _____ . 1 

--
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(ampicillin an d chloramphenicol). The high number of 

strains from the TB ward which sho"ed resistance to 

streptomyc~n (13 Gut of 15) indicates once again the strong 

selec~iv~ pres sure s wh~ch ensue from dI'U8 therapy. These 

patients provirle a hazard s~nce upon release from hosp~tal 

they will return to live in the remote co~munity wLere 

they can possibly disseminate resi.stant strains. 

( d) Conclusions: 

The surve~s carried out demonstrated the strong 

selective pressures of antibacterial drug 'cherapy and 

the low incidence of R facto~s in communities where such 

pressu~es are absent. There are few re~ions l~ilich have 

not yet been influenced by modern antibacterial therapy 

but which are readily accessi.ble to research laboratories , 

The Transkei j s such a regi_on an d the rapid develormer. ts 

within it from a rural to a modern industrial comples will 

no doubt cause major ecological changes. Co:r\ S t an t 

monitoring of the pattern of d.rug resistance :en the 

bacterial flora in the _inhabitants and the en-,, _ir'o,,-mect 

may th"s prove usefnl in analysing the deve_lopmGnt of 

resistance in bacterj_al p01'ulations. Ir..v es tigat"i(lfi8 

ceuld ther determine wheicher carefn_l con t1'01_ over the 

distribution and prcscr~bLng of antibiotics can pI'eVGut 

the incrcasine pc.ttern of resiBtance 14'h.1.cto. has or.curred in 

other in dust):,ializ8d communi tieD .. A simplA C0lnputer 

programme (Appe"dix C) has been prepared which in large 

surveys can help to determine rapidly the various 

combinations of resis tances for up to four resistan ces per 

straino 
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C H A PTE R II 

SURVEY OF Sll:X FACTORS. 

A survey of F-ty~e s~x factors WaS carried out 

using l ysis by WS 2 phage as indicator for the presence 

of suc h factors . No lysi s WaS detected ~n 588 stra~ns 

teste~ ( of whi ch 283 were drug -sensi tive strains). 

+ R cells wer e treated .'ith the mutagen, nitrosogllanidine, 

in order to obtain a der e pressa d mutant of an a factor . No 

derepr essed mutant was isolated. Attempt s to isolate non -

transferable drug resistrulce plasmids by curing with 

acrifl avine or with ethidi uln bromide were un s uccessful. 
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(A) Materials and Methods: 

The presence of sex factors was determined by plaque 

form atio~ using malo - specific bacteriophages. Since thesE:: 

phage s ente r the bacterial cell by atthchmHn~ ~o sex pili, 

it is eseential that the seJ~ factor be able La p zodace 

such pili. Cells harbouring the F sex factor prcduce 

sex pili to which phaee can attach. Howeve r Most R factors 

produce a repressor which inhibits the formatio~ of sex 

pili. Thus plaques "'ill only be formed nhere tr..e sax 

factor is in a derepressed state. 

Preparati.on of all medin, drug and (:hdJ11ica.L solution~ 

are described in Appen~ix A. 

Two male--specific phag es were used: 

(1) Phag e MS 2 - a RNA phage '.,hich. is speci!:'i<: for E. c::>li 

containing the F sex factor ur any other sex fact:o!'s which 

when in the derapressed s~ate produce sex pili similar to 

th ose prodllced by the F sex factor (e.g. certain ~ factors 

and cclj.cin fac:tors) a This pha,ge Has obt id.ne d :Crom Prof. 

I~ . Ha.yes. 

containing sax fac to rs which produce pili sjn~lar to th"se 

produ" 8 1 i' Y the col I C02.ic1.11 factor. Thi.e phag e was 

obt aine d f rum ? ~ or. A. van Rens burg. 

( c ) PJ1age Te chn~o u es : 
---- --------~---

High t i tr c l ysates were prep ared and assayed by the 

modification (Adams, 1959) of the double-agar-layer lI1e t hud 
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of Hershey, Ka1man son and Bronfen brenner (19 43). Phage 

sample (O.lml) WaS added to 3ml . molten sloppy agar seeded 

with O.lml. overnight E. coli HEr cu::"tur<.! and the mixture 

poured over a 11ut:'ient aear pls.te. For the preparat~on 

of high titre phag e 1:;'s,,-tes, ;; top "g a,' layel's shoHing tot"l 

lysis were scrap0d off and added to 5J.u. nutrie:::.t broth. 

Agar debris "ne b".cterial cells ,"ere removed by centrifugation 

a';; 2,OOO g . and 10, OOOg. resp ec. tively. Tt, e c.lcarcd phage 

S1.1spenSiOTI was sto ]~' es over chloI'uf0!'nl {5-.10% v lv) o at 4 C. 

The same t echniques wer9 u sed in an .att empt to prep B.re 

high titre l ysates of the fil I phage using E. coli Sf I 

strain (wbich contains a col I factor) as host. 

In order to determine the incidel'.ce of F-type sex 

factors in both sensiti',re and I'esist-ant bac.t e::'ia, a ll the 

colifo::,m strains werc tested. 

hlS2 phage suspension was spotted on the su rface of 

double-agar plates seeded wi.th the b acte rial test s troin. 

The plates were observed for aroas of lysis aft-er overnight 

As t3 G nUn,GE;:).' l)f pJ.ates requir8d for this 

experirnen t Has l:ig;', a r.,o(lific[,tion !-: as developed l.~h.i.c ." 

aJ.lowed ·1 strains to ba testerl on e~cJl p J.ateo GJ. ~, ss rods 

{5mm .. diam.) wer(:: U:-": € ll tc. rnal:.e crosse s ""hich fit. t ::.:u eX-'3.ctly 

Th8 gl3.GS cr OEses 

wore sterilized by a tl toclaving, stor-od in ,.lcohol and 

flamed immedibtely prior to being used. The C;l'o&ses were 

placed j.n th e petri dishes before tho lOl.'e,,, ::utI·j.en t agar 

layer had set. In this way four different s ~ ~ains could 
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PLATE V - Lysie with phage MS2. 

Controls with B. coli HfrH, 5. coli_ HfrC, E. coli 

F-prime and E. coli F- (110 lysis ; 

corner ) . 

PI,ATE VI - Se(;tored agar plate. 

b o ttom le ft hand 

Each sloj)p~' agar sector contaj.n s a dye of c1iffel'ent 

colour. No seepage between sectors is observed . 
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be tested , each ~n a d~fferent quarter demarcated by the 

glass cross (see plate V ) . The amount o f sloppy agar 

used pe"C' ~train had to be r educec ~~oJr. =>oOOll. . to 1 0 5m.l . 

so as n ot tv oyerrlo!~ .i.nto adjt:.ceDt se(:1;0:'5 . TI) test 

wheth er t he r e "<J.S any s8apl"ge ~nto "dj~cEm1: eectol's , sloppy 

agar contain~ng dy~s of d~ff~rent cclours were used. No 

s u ch seepage was observed ( see plate VI ) , 

( e) Isolat±0n of mutant de - re ')rAss~rl R fac~ors: ___ _ _ _ _ _____ _ ______ _ _______ _ L.. __ __ _ ______ __ _ _ • __ _ 

An attempt was made to Lind a '-'ap~d metnud for 1:he 

j Z01at~on of mut ant de - repressed R factors so t hat the 

percentage of F- type R fa.::tors ~ould b,o established readily 

~n large batches of bac teri",l samples. The mutagen 

N-methyl-N· -n~t r o-t!-n~trosoguar,~dine (NTG) Has tested for 

~ts abil:ity to y~eld de- r epresaed mut uhts. The strain 

used ~n th~s experiment ;';&s a w.ild- type E. coli V1hich wus 

res~stunt to amp~cill~n, cbJ.orumphen ico l and streptomyc~n 

And y.rhich transferred res.ifJt:ance to the first tHO drugs. 

( J. ) Method us~ng NTG: 

To 4.5ml. of prewarrned (37°0 ) fresh nutr~ent broth in 

a McCartney bottle, 8.5ml. of aD overnight broth culture 

of the B. col~ s~~n~n Was added~ The 5ml. c u lture lJ~8 

~ncubat ed for 90 m~~utes (to obt£i~ a log p~ase cult~re) 

and vias then centrifuged (2,OOOg . [<"1' JO Plin',:'[;<}s ) . T!1e 

pellet "laS l'esusp'~r.(led in 5ml. of fI'eBh r,rE"'''J.'Tr.Ad nutI'iellt 

broth and O.lm!. of NTG solution (1, 5mg/n:1. j added, The 

NTG-treated cells were incubated for .15 minutes , centrifuged 

and washed twice with 0.85% sal~ne to remov e tho NTG . An 

aliquot (O.lml.) of the ,-<ashed cell suspension HaS transferred 
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to 5ml. of nutrient broth and incubated overnight. 

Dilution s of t~e overnight culture were plated on nutrient 

agar anG s~Dgle colonies were te ste d ~n eith er of two way~ ~ 

(i) Or. e l; uadred and fifty colonies Here seJect-ed aud 

te s ted for lys~s with MS2 phage as de scribed in th e 

pr evious paragrap h (Surv ey of F S e x Factors). 

(ii ) Pl ates c antaini . ~g between 100-9 00 colonies wer e 

replic a - p lated onto a layer of s loppy agar seeded with 

the E. coli re c i .pient . stridn (25 R, n al ··l'esj. Rtan~) arid 

('.ontaining amp i.c illin (30 rg/mJ. ) and n al adi xic acid 

( 30 )J g /ml ) • The idea benind this method WRS that i f 

one of th e colonies being replic a-plate d cont-ained a 

de-repr eese d R factor, it would possibly tr ans fer its 

R factor ~t high frequency to th e r ecipient aurt ampicillin 

+ naladixic resistant recombinants would arise ar. d grow 

on th e sel ectiv e medium. 

(f ) ~~~~~~_~~_~~~=!~~~~~~~i~~~_~~~~~!~~£~_~~~~~~~~: 

Hirota (1960) d.owed that: th e F sex f"ctor in E, coli 

could be " cured" ( e liminate d) by gr owing th e bac teriu~ i n 

nutr~ellt broth contdining acrid~rle dyes. S.',mil"r cu rin g 

has been reported with R factors in ~. Lcli groHn ~n the 

presen ce of acridin e dye ,; (\<at- anR be an d Fuk asa1'1a, J.961) 0=' 

ethidiul11 br'o",ide ( B:)llanchaud et aI, 196&). 

I t w"s der.ided to tr'Y both methods in .,n attempt to 

i .salate non-t~ansferabl e plasm~ds which car~ied dru g 

r esistance genes~ Strain s harbouring t hese plasmidR could 

be us ed to dete~t sex factors in other b acteria by the 

recombination me thod of Anderson (1 965). 
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(II EI~m~nat~on of plasm~ds w~th acr~flav~ne , 

Th~ s cxper~ment Has carried out on all strains ~solated 

in the fir.3"C f:ur"ve .y which showed resj.stH.nce to one or mere 

drugs but w:' icl: di..d Clot transfer . ... res loR .... anc e ~n mat~ng 

exper~ments. 'i'he str"~n to te tested Was g rown overn~ght 

in Iml. llutr.i..ent broth cont"in~ng amp~':~ll~n (30)lg/:nII . 

One loop ful o f' the overll~ght culture was diluted ~n lml, 

A iocp f ul of th~s suspension WaS then 

inoc ulated .in to 

(i) lml. of nutrient broth 

(~i) lml . of nutr~ent broth + acr~flav~ne (5 0 Jlg/mll 

Th ese cultures were ~ncubated overnight. Su~t able dilut~ons 

of the overnight cultures were prepared ~n ster~le sal~ne 

and plated on nutrient agar. After incubation for 24 hours , 

, - isolated single clones were transferred by stabb~ng or 

replj. c3-plat~ng onto ilt'tr~ent agar plates containin g 

ampicillin ( 30)lg I • Althou g h more tedious, stabbing was 

fouud to be mor'e reliaDle than repL\.ca-plat~ng, For each 

strain.50 colonies or5.ginating from the nutrient broth 

culture and 50 colonies or~g~nat~Dg from the nutr~ent broth 

c~lture + acriflavi ne were transferred by stabb~ng to the 

nutrient agar + c:-mpicillin platp-s . In the Cas e of the r e 

being no drug resi s t:;,nr..e plasJl! i0 (o r the!'e bej.n g no effective 

eli.mination or pl. &&m':.de), all 50 col.nnj es from aach culture 

were expected to ~i'I..1'hr on the nutrie:ni.. agar containing 

al11p~c~llin , In eila ca"E) of cur~ng, j t h'as expected that 

a certa~n percentage or the c olcniBs erCIWJl in nutrient broth 

cOJltain~ng acriflavine would be unable to gro~ on nutrient 
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agar conta~n~ng amp~c~llin, 

S~xty one strains were s ubje cted to the above tests . 

Another I< G ·.:ra~ns ><!tich were sen sit~ve to amp~c~llin were 

treated t,le same Hay but amp~c~J. l~J1 Ha~ omj, ttcid f .. om the 

Inste a d, o~e of th(~ drugs to which the sl. strains 

showed resistance was u se d. It should be notad ttat a 

nuntber of strains were in~~bi 1:e d hy fiO pg/l~lo o[ acr~flavil1c o 

Thus w~th thes" stra.i.ns tho n boVB pl'oc eda r e !lad to l>e 

rep eated uB~ng a lower conc en tratior of acrjf1 av~ne (10 p g/ml.!. 

Foul' stra~!1s (a].1 of ,dd ch grew J . n 50)lg "cl.'iflav~ne) 

were also tested u s~ng a range of acr~f1&v~ne concentrations 

(5, 25, 50, 75 and 100 pg/ml.) to dete rm:'_no ,/he-::her " 

m~nimal concentrat~on of acr~flav~ne was requ~red to induce 

cur~ng. 

( 2) .El~minatj_ on of p l asmids w~th eth~di llm bromid o . 

BOllanchaud et: a1 (1.968) .':'e.,ol'ted that ettj. d:i.lir.l !H'om~de 

was more effective ~n c~ring R factors than acriJine dyes. 

11- was thns decideel to tr·y el~lIlJ.nat~n g R factors ue~ng 

eth~d~um bromide and sho uld the method p>'ove s'lccessft!J. , 

~t covJ_d then be uspd to j.sal.ate strains carry~nc ~on·-

tran s fe .. ablc resi.st an ce plasmids. 

Ten strains from ti:. e Socond StJl'V0,\ carry.in g R fac1:or·c 

l\l Cr· e t.est e d. The prOCOdLlr& c.dopted h1c;S ")ssen L:i&}. J. ~r siJTlilar 

to that dosc~~bed usj.ng acr~fJ. &v~ne. How~ver the ncriflav~ne 

_<I 
WaS replacE, d hy ethidium hromi. c1e (1.0 'M). 
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(B) Results and Discussion: 

The sUl'vey oE sex f ac tors was lirr.i te d to F sex f aC torn 

as no b~ah titre prepBrotion or phage fi l. I could be obtained. 

This l.[ !:S be~ausc no sui tab] e d0t'epres~ecl ~-.-<:oli strain 

could bo isolated on which to erow the phase. The only 

strc .. i.r, HVaj ,lable (~col.i Sf I provj ded by Prof. Van Rensburg) 

proved to be unsuitable for the following r easons: 

(a) The strain did not g row ~e]_l 0n nutrisllt agar or in 

nutrient broth. 

(b) The col I factor harboured by the strain was 8l1ppor.cd 

to be in a derepressed state when received. HOHBver 

H!leu phage growth Has attempted, the col I factor had 

al r eady reverted to the rep,'essed state and hence phage 

could not infec t the ~oli etrain . The strain 

poss ibly reverted to the r epressed state prior to being 

s.rt to our laboratory since it had been stor8 d for 

80mB till'e on nutrient agar wj.t hout bei.ng used. 

No sucb probl en,s were enco~ntored in building up hl ,gh titre 

rrepBroti ons of phage MS2. 

Most surv e ys of transfe~able plaslnj.ds havp been carri e 0 

OGt on G t~a~ns harbour~ng R factorso How eve r, l iterature 

on th e inc.ic0!lCD of se:: ~ fftcto!'s j .n sen si tive ba.ct-at·j ell 

~trainR ~s SCarce . It WhS decided ~o Invef~ tigate the 

incidence of I' -type oe~ fact ors in all th e s train s isolated 

during the surveys. Sinco most R fHC~0rG are usually ill 

the r"pl'essed sta1:"" ther .... WaS littl.:? hop ~, of obtaining an 

indication of th 6 preponderance of F-typo R factors. 

Likcmise, the presence of any other F-typ e sex factor 
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would probably be repressed by the repres so r p~otein 

produced by F-type R factors. Howe v er it WaS hoped that 

the presence of de-repressed F-tYF e s ax fucLor s ( e . g , th & 

B. coli F Rex factor) would be detected in ~HDsitive c ells 

or ~n cell s h arbo tl ri~~ R fac tors wlLOSC represso r does not 

affect th e F-tY~ 0 sox factors ( e .g. I-type R fact ors) . 

COIltroJ.s with TI~ \oJ.j . Hfr a.n.d P-prime st l"e.ir'.s s hovle d that 

the mei-hod of lysis l:ith M82 phag o ",:d.ch was e~lpJ , oy ed) was 

ade q\l a te ( sea ~J.at& V) o In all, 58 8 s tr ains He l' e tested, 

2~3 of tliem dr lig- ~ensit.iv0 strai.ns .. None of the strains 

Ehow ed lys is with hl02 ph ase. These re s ults indicate th & 

low inc idenc e of F-type sex fac tor s in sensitive strains. 

Mits uhashi et al (1969) investi gated the distribution ---

of gene t ic elements Rmong clinical i sclates c apable of 

conferri ng conjugal. abiJ .i.ty en non-in fec tiuus r1rug-res i st ant 

dcterminan ts . Ou t of 105 s~ r a~n s tested, 42 ~arr~ed such 

genetic Elem ents wJd.ch were lab e ll e d liT f ac tCors " . However, 

a lthough they s uggested tha t one 07 these T factors ap p cared 

.to be different t o t J!e F facto r , they di d not provide 

concluc~v ~ ev~1enca as 1: 0 th e r eal . nature of thes e (actors. 

The method wh~ch t~BY u ~ed Was a mDdi r~catic& of the method 

of Ander'son p .• ,d Le"j,t; (1960; 

To establ:i .. sh a s.i:a.i. l a r syst€m , an att GF.'.pt: l': ~S .n ude to 

i sol ate a non-tI'aTl ,; fcr able plasmid. AJ .. 1 th0 st r ains in 

th e first survey lYhi.ell sil erlE' d dru g l'es;, s t dn': e ll ll t which 

could not transfer this resistance were t J e & t~ct with 

acri flavino. Acrid~ne dyes had been reporte~ to Ilcure'! 
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plasmids by Watanabe and Pukasawa (1961) . No curing was 

obtained Hi.th any of the 29 strains tested. This could 

either be d:.;c to tht,) absenr.e of 1!Orl-tr3nsfe1'ao.le plasmids 

or to the :LOH ef'ficiency of cud_ng by acriflavine. Doubt 

has hOHever bec". ex;->ress2u as to the real ,:uring ability of 

".cri_dinc dyes (IJata.ilabe, 19(9) and i 'c ha<; been suggeste'; 

that tho so-called curin g may be duo to, selective 

accumulatic·n nf s~()::r-a!\. ~0ns pJ~ asmj.dll?~s segregan"!::s in the 

presence of acrid:lno dyes. It Has reported by BOClancilaCld 

et aJ. (J.968) that ethi.dium bromide was a. more efEec tive 

agent than acr:ldine dyes in curing R factors. Th3 method 

Hi1:1Ch th •. 'Y employed HaS tried on 10 stl'ains isol.atec in 

the second sUlvey which harboured R factors. Again no 

curing was obtained and no further stl'ains \~er e tested . 

Chabbert at a1. (l969) repcrted that cUl'ing of R factors 

with Dtbidium bromide varied greatly with differont R f&cto~R. 

An ettompt WaS also ~ade to isolate a de-rdpress2d 

Inlltnnt of an R factor. Lssel . .'tia2.1y, \that was required waS 

a method ~bich ~ould l'apidly and easily yield dc-repressed 

R factor fl!Pte.nts so that lar ,sc numbers of bacl.-eri2. L str~.j.n~ 

C:C'l".lG be s~l·eeJ.lcd fOl"' the type of R fac"~ors \-.~hich ,;hey 

h a rb eu r. Adelberg et "1. (1965) showod that undel' certaill 

co~dit~Qns uVGr 40 pe~ ce~ ~ of the surv~vorG of nit~c50guan~de 

(NTG) treatment may he mutants, Therefore NTG y&s u se d as 

a mutagen to try an (1 .in duce mutatl.o!~ ~ ~o cbtaj.n a de-r0pressed 

R factor. + 
HO~0V€ r uo da-repressed R colls were obtainedo 

Mey~el1 at a1 (19E ~ l t ~ VB dev e lepad o~hBr m~~hods for the 

isolati on of de-rep~e~ ~B d R factors but these methods do 
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not lend themselves to rap~d screen~ng of l a rge numbers of 

stra~ns. Clearly, other methods w~ll have to be dev~sed 

for the rap~d ~dent~f~cat~on of the typ~ uf R factor present 

~n a bact~r~~l cell. 
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PART II 

MOLECULAR BIOLOGY STUDIES OF A PSEUDOMONAS AERUGINOSA 

R FACTOR IN ESCHERICHIA COLI . 

Introduction 

The study of the physical and biochemical properties 

of R factors have helped in explaining some of their genetic .. 
and physiological proper·ti es. The autonomous replication 

and the conjugal transfer of R factors would indicate "hat 

they probably consist of the same genetic material as 

chromosomes, i.e. DNA. This has been shown to be the 

case, for example, by labeling techniques. Watanabe and 

Takano (in Watanabe, 1963) studied the effect of decay 

on R factors in D. coli K-12 . Their results 

indicated that resi~tance transfer factors are compos e d , 

of DNA with a mol ec ul l r weight close to thos e of P ' and 

ph ag e 1 am d a (S t en t e t al, 1 S :; 7 ) • 

Schildkraut e t al (1962) have shown that members of 

the Enterobacteriac eae diff e red significantly in their 

DNA base composition. N al~aya et al (1960) reported that 

R factors were freely transmissible to many members of the 

Enterobacteriaceae . Taking advantage of these features, 

Rownd et al (1966) examined R factors in a number of hosts 

in an attempt to obtain information on th ei r base composition . 

An R factor from E. coli WaS transferred to Proteus mirabilis, 

B. coli and Serratia marcescens. DNA was isolated from 

the r ec ombinant strains and analyzed by Cs Cl ~en si ty-

gradient centrifugation . Satellite DNA bands were obtained 
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by analyt~cal dens~ty centr~fugat~on wh~ch showed the 

R factor to cons~st of two spec~es of Dt'lA, the base 

compos~t~on of wh~ch was 58% and 52% G + C respect~vely. 

Treatment of the bacter~al cells w~th acr~d~ne dyes or 

U.V. light resulted in the eliminat~on of the R factor, 

and satellite DNA peaks could not be isolaT.ed from these 

"cured ll ccl1s o Using similar techniques, Falkow et al 

(1966) showed that different determinants of R factors 

consisted of different G + C ratios . For example, they 

found the determinant for chloramphenicol resistance to 

have a 56% G + C ratio (density 1. 716 g/cm 3 ), the kanamycin, 

streptomycin and sulphonamide resistance determinants lay 

3 between 1.711 and 1.714 g/cm , wh~le the tetracycline 

resistance determinant and the transfer factor DNA had a 

3 density of 1.709 g/em , corresponding to 50% G + C ratio. 

Marmur and Doty (1959) have shown that the melting 

temperature (Tm) of DNA is related to its G + C ratio; 

the higher the G + C'ratio, the higher the Tm . Guerry 

and Falkow (1971) have used ~his relationship to determine 

the degree of polynucleotide sequence similar~ty between 

var~ous R factors, Although F-type factors showed a 

high degree of similarity with each other, they were not 

closely related to I-type factors. 

Another method used in isolating R factor DNA so that 

it may be studied relatively free of chromosomal DNA has 

been the isolation of minicells (Adler et aI, 1967). 

Th ese are mutants of B. coli cells which bud off at th eir 

In doing so, the portions which bud off 
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often contain plasmid DNA but no chromosomal DNA. 

Inselburg (1971) has analys ed R rB.c tor DNA in minicells 

and shown it to exist as double-stl' anded linear, open 

circular and twisted circular monomers . In the minicell, 

the R-DNA can replicate although the extent of the 

replication appea rs to be limit e d. Levy (1971), also 

working with R factor DNA in minieells, has s hown this 

system to offer a simple means of isol a tin g large 

quantities of episomal DNA. 

Because the density of most R factors corresponds 

closely to th at of E. coli, Salmonell ae and Shig ellae 

chromosomal DNA, it h ~s been difficult to study R factors 

in tbese species of bacteria. Since the DNA of Proteu s 

has a density s ufficiently diff erent from that of R factor 

DNA, seve ral R facto!"s have been transferr e d to Proteus 

strains prior to being studi ed . During early work on the 

biochemic al composition of R factors, it Was notic e d that 
, 

the amount of R factor DNA in Proteu.s diff ered markedly 

from that in other hosts. Rownd et al (1966) obse rv ed 

that there was an average of one R factor copy per chromosome 

in E. coli and S. marcescens, but 12 copies per chromosome 

in P . mirabilis . Furth er work by Falkow et al (1969) has 

shown that the amount of R factor DNA in P. mirabilis varies 

at di fferen t grow th phases. Throughout the exponential 

phase, the percentage R-DNA (10 relative to host chromosomal 

Dt"A) remains constant. Aft e r entry into the s tationary 

phase, the p e rcentage R-DNA increases with tim e and leve l s 

off at a valu e of 48% after about 6 hours in s tationary phase. 
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This corresponds to an increase in the number of R factors 

per host chromosome of 30 to 40 (Rownd et aI, in Mitsuhashi, 

i971, p. 123). 

Silver and Falkow (1970) have confirmed that in E. coli, 

the R factor Rl exj.sts as a single composite unit, of which 

there is only one per chromosome. This same R factor when 

studied j .n P. mirabilis resulted in a numbel' of copies of 

three distinctly diff e rent units (Falkow et aI, 1969). 

The first uni t Was shown to be the transfer factor, the 

second unit the r esistance determinants and the third was 

a composite structure formed by recombination of the transfer 

factor and the resistance determinants. Van Rensburg (1972) 

has studied the replication of the various components of 

an R factor in P. mirabilis. In stationary phase cultures, 

this R factor Dt"lA comprised 24% of the total amount of 

Dt"lA and was represen t ed by 10 copies of 50% G + C DNA and 

36 copies of 58% G + C DNA . Replic ation of the differen t 

R factor components WaS studied under conditions which 

inhibited either protein or DNA synthesis . Inhibi tion 

of protein synthesis increased the R factor DNA fraction 

to 68% with a concomitant increase in the 58%/50% G + C 

ratios to 8:1. A change to minimal medium or cooling of 

the medium caused selective inhibition of the 50% G + C 

c omponen t. Van Rensburg suggeste d that a possible 

explanation for these findings WaS that the 50% G + C 

component (the transfer factor) of the R factor WaS membrane

bound and replicated in unison with the genome whil e the 58% 

G + C component replicated under relaxed control. 

Rownd (1969) has proposed a model for replication of 
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episomes under relaxed control. The model predicted that 

individual copies of the R factor are selected at random 

for replication without discrimination as to whether any 

particular copy had been duplicated one or more times 

during that generation. The mechanism of doubling of 

tho multicopy pool of R factors in P . mirabilis was 

investigate d by transfering an exponential culture from 

l~-labeled medium to 15N-l abel ed medium . The observed 

distribution of light, hybrid and heavy R factor DNA during 

the first generation in l5N-labeled medium l ed to th e 

following conclusions regarding the replication of 

individual R factor·s llithin the population of episomes : 

(a) The initiation of replication of all the episomes 

within the pool could not have occurred simul tan e ous ly . 

(b) The initiation ~f replication of at least some R 

factor copies could not have occurred simultaneously 

with the initiation of the host chromosome. 

(c) The replication of anyone R factor could no t have 

occupied more than one fifth of the bacterial 

division cycle, 

Rownd describes his model of random replication as follow~: 

"The n copies of the episome exis t in a pool from which 

individual copies are withdrawn at random for replication . 

After the first round of episome replication during any 

particular generation, the two r eplicas are returned to 

the pool and the pool is thoroughly mixed . For th e next 

round of replication, another episome is selected from the 

pool without discriminating as to whether it has already 
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part~c~pated ~n repl~cat~on dur~ng that generat~on . At 

any t~me dud.ng the bacter~al d~v~s~on cycle, the probab~l~ty 

of selecting a parental (unrepl~cated) ep ~ some or an ep~some 

wh~ch has alrea dy repl~cated dur~ng that genera t~ on depends 

on th e we~ght fract~on of the two classes of ep ~somes ~n 

the pool. Th~s process of random select~on ~s repeated 

n ti.m es dur~ng each generat~on, that ~s, unt~l there has 

been a doubl~ng of the number of ep~sol1les . In an l~_ 

15N f . trans er exper1ment, th~s model pred~cts that 

appro~mately 25% of the ep~some DNA w~ll be l~ght 

(unr epl~cated), 50% w~ll be hy br~d ~n cha r acter (repl~cated 

once) and 25% w~ll be heavy (repl~cated more ti.a •. once) 

after one generat~on of 15N-labeled med~um . " 

Rownd also d~ scusses h~s model ~n relat~on to the 

"rep2.~con" model of Jacob et al (1963) and f.i.nds both 

mod el s to be compat~ble but po~nts out that tho not~on of 

a cytoplasm~c pool of R factors does suggest that thp 

repl~con ~s not permanently attached to a membrane repl~cat~on 

s~te when harboured ~n P. m~rab~l~s . 

Repl~cat~on of R factors ~n P . m~rab~l~s has also been 

l~kened to phage repl~cat~on, and lys~s due to m ult~ple 

cop~e s of R factors has been reported (Falkow et al, 1969; 

Van Rensburg, 1972) . 

The s~ze of R factors has been determ~ned by a number 

of methods ( e. g . 32p . . -1ncorporatl.on, sed~mon ta t~on, etc ..• ) . 

However, perhaps the most sat~sfactory results have been 

obta~ned wi. th electron m~crographs of R factor DNA. The 

s~ze of the molecules var~es ~n the l~terature but th~s ~s 
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usually because different R factors are being studied in 

different laboratories. Nisioka et a1 (1969) studied R 

factor 222/R3 in P. mirabi1is and, using densi ty-gradient 

centrifugation techniques, obtained a satellite DNA band 

with three peaks at densities 1.708, :3 1 . 711 and 1.717 glcm • 

B1ectron micrographs revealed circu~ar structures from 

each band witb. contour lengths, respectively of 29 ).lm 

(5 4 x 10
6 

da1ton s ), 

(12 x 10
6 

da1tons). 

6 
36 ).lm (6 8 x 10 da1 tons) an d 6 )lm 

It was suggested that the 36 pm 

molecule consis ted of a recombination of the 29 and 6 ).lm 

components. 

An B. coli straid harbouring an R factor originally 

isolated in a Pseudomonas aeruginosa strain Was sent to us 

by Prof . Van Ren s burg. No work had yet been published 

on the molecular bi0~ogy of an R factor isolated in 

Pse udomonas. It was decide d to try and characterize this 

R factor as far as possible "'i.th the techniques and 

apparatus available in our laboratory. 

• 
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CHAPTER I 

ISOLATION OF AN ECHBRICHIA COLI THYMU;ELESS MUTAl'lT. 

Summary 

A thymineless mu~ant of a naladixic acid resistant 

Bscherichia coli strain WaS isolated. An R factor 

o riginating from a Pseudomonas aeruginosa strain was 

transferred to the .!l.., __ "oli thymineless mutant, thus 

facilitating the isolation of the R factor DNA. 
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(A) Materi,als and Methods. 

(a) Media Drugs and Chemical s: _ ___ _ L _ _ _ _ ________ _ ____ _ _ _ 

Preparation of all media, drug and chemical solutions 

are described in Appendix A. 

( b) Source of R Factor and Bacterial Strains: ------ - ----------- - ------ - --------------

The R factor studied WaS isolated in a Pseudomonas 

aeruginosa st rain from a patient in Bloemfontein. When 

received by us, the R factor had been transferred by Prof. 

A. van Rensburg to an ' E. coli strain. This strain WaS 

received store9 on nutrient agar . Although when originally 

isolated the R factor carried resistance determinants to 

ampicillin, streptomycin, sulphonamide an" tetr'aLycline, 

only the ampicillin resistanc e determinant rem ained when 

the B. coli strain was tested for its resistancp spectrum 

in our l a boratory. 

Sinc e one of th e methods to be used in th •. study of 

thi s R factor involved labeling with tritiated thymi ~i~e , 

it was decided to i solate a thymineless mutant which could 

act as host strain for the R factor. The naladixic acid 

resistant B. coli used as the recipient strain in previous 

mating experiments was chosen as the host strain. This 

strain had been named 25 R (s ee p. 22) . A thymineless 

mutant of 25 R WaS isolated as described be low and the 

Pseudomonas R factor transferred to it. 

Two methods were used to try and isolate a thymineles s 

mutant. The first method tried WaS a modification of th e 

method for the isolation of auxotrophic mutants 
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developed by Davis (1948) and Lederberg and Zinder (1948 ) . 

The method is based on th e fact that penicillin kills only 

growing bacteria. Hence in a minimal medium, only 

prototrophs will grow and be killed wbereas auxotrophs 

c an be resc u e d. 

The second method used was a modification of the 

procedure described by Stacey (1968) . This method is based 

on the fact that E. coli mutants which require thymine can 

grow in the presence of aminopterin and thymine much better 

than thymine-independent strains , despite the ample s upply 

of thymine . ThUS, by prolonged incubation in a me dium 

containing aminopterin, any thymineless mutant will outgrow 

other cells and can then be isolated. 

(1) P enicill in method. 

Mutation Has inuuced in the E. coli strain (2 5 Rj 

with nitrosoguanidine (NTG ) by the method previously 

described (p . 53) . The NTG-created cells were was hed 

twice with saline, re-suspended in 10ml . saline and 0.3ml. 

of this suspension transferred to 10ml . nutrient broth (NB) . 

The culture WaS incubated overnight with aeration . The 

broth cultur e was diluted 10-1 in saline and O.lml. of 

the dilution transferred to 10ml . minimal medium (MM) 

containing penicillin (200 pg/ml) . 

incubated for 6 hours with aeration. 

The culture was 

Dilutions of this 

culture were plated on slightly enriched MM agar (2.5 ml 

NB/IOOml. MM) . Th e plates were incubatp.d for 24 hours. 

Small colonies (pr es umptiv e auxotrophic mutants) were 

transferred by stabbing to MM agar and MM agar + thymine 
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(50 )1g/ml ) 0 The plates were incubated for 48 hours and 

then compared. Growth on MM + thymine but not on MM ~ould 

indicate a thyminele ss mutant. ( Note that MM was not 

supplemented with other bases , amino acids or vitamins 

as only thy- mutants were requiredo) 

(2) Aminopterin method . 

The following 4 tubes were set up: 

A B C D 

Minimal medium 5ml 5ml 5ml 5ml 

Aminopt e rin 
( 30 5 mg/ml 0001 N N aOH ) - - lml lml 

00 IN HCl ( to neutralize I 
NaOH) - - O.lml O.lml 

M9 Buffer Im1 Iml - -
Thymine (00 5 mg/ml) 005ml 005ml - J 0 5ml 

--
Bacterial culture - Oolml 0 0 1m:'. i O.lml 

Tube A test of sterility of medium 

Tube B test of normal growth of bacteria 

Tube C test of eff ec t of aminopterin 

Tube D - te s t of effect of thymine 

Tubes B, C and D wer e inoculate d with Oolml of an overnight 

M~! culture of the wilc1-type B. coli strain ( 25 R). The 

tubes were incubat e d for 24 hours and examined for growth. 

Tube A - no growth 

Tube B - good growth 

Tube C - little growth 

Tube D - goo d growth 

Dilutions of tube D were plated on nutrient aga r and 
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incubated overnight. One hundred colonies were transferred 

by stabbing to MM agar and MM agar + thy (50 pg/ml). After 

incubation for 24 hours, the pl.ates were examined and 10 

co;tonies appeared to be thy mutants. Four strains which 

did not gr0w well were discarded. Colonies of the remaining 

6 strains were suspended in saline and streaked onto MM agar 

+ thy plates . To test the concentration of thymine 

required to maintain growth of tI,e thy strains, each strain 

was grown overnight, with aeration, in hlM + thy (2 pg/ml) 

and MM + thy (50 pg/ml). None of the strains grew in 

2 pg/ml of thymine and 4 grew on 50 pg/ml thymine. A 

mutant was required which grew at a thymine concentration 

of less than 5 }lg/ml. The four strains which grew were 

pl a ted onto MH agar plates containing 0, 2, 4 and 6 )lg/ml 

thymine. It was noticed th&t :> of the 4 strains 

occasionally grew on MM (i.e. either they were reverting 

to wild types or they were leaky mutants) . These 3 strains 

we re re j ec te d . After repeated subculturing of the remaining 

strain on low concentrations of thymine, a stable thy 

mutant cl one was isolated which WaS able to grow on 2 pg/ml. 

thymine. This strain was named 25 Rt. To transfer the 

Pseudomonas R factor to 25 Rt, mating WaS carri e d out with 

the E. coli strain harbouring th e R factor as previously 

described (p. 22). Mating had to be c a. rried out in 

nutrient broth as the donor strain did not grow on MM. 

The mating mixture WaS centrifuged and the cells washed 

twice with s alj.ne . The c e lls we re res usp e nded in salin e 

and recombinants wel'e isoJ.ated on MM + thy + amp + nal. 
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A single colony was picked and rechecked for its growth 

characteristics on MM and MM + thy (2 )lg/ml) and for its 

resistance spectrum ( amp and nal only). 

This strain, named 25 Rtr, was stored on MM + thy 

(2 )lg /ml). 
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(B) Results and Discussion. 

It is unfortunate that 3 out of 4 resistant determinants 

were lo s t from the R factor prior to work being done on it . 

Had this segregation of determinants happened at a later 

stage, one might have been able to isolate each segregant 

and studied them separately as well as together. 

phenomenon was reported by Grinsted e t al (1972) who also 

worked with a Pseudomonas R factor carryin g several 

resistance determinants, some of which segregated on storage. 

Dowever they were able to isolate a clone in which all the 

determinants existed stably. 

The penic i llin method yielded no thy- muta.lt . The 

aminopterin method yielded a number of potentially u se ful 

mutants and eventually one was isolated which only requir e d 

2 pg/ml thymine for growth. According to Stacey (1968), 

one mutation yields mutants which require 50 JIg/ml thymin e 

and a further mutation reduces this requirement to le"" than 

5 pg/m1. 

The two strains isolat e d, 25 Rt and 25 Rtr, were used 

in the experiments to extract labeled chromosoma.l and R 

factor DNA . , 
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C HAP T E R II 

ISOLATION OF LABELED CHROMOSOMAL DNA. 

Summary. 

Techniques were deveJ_oped for labeling and isolating 

E. coli chromosomal Dl'IA. Due to the small yield of 

bacteria in 1abeled minimal medium, only low concentrations 

of DNA could be isolatE"':. 
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(A) Mater~als and Methods. 

These exper~ments were carr~ed out to dev e lop for our 

laboratory techn~qu e s for label~ng, extract~ng and pur~fying 

DNA as Hell as density-grad~ ent centr~fugat~on and ~sotope-

counting techn~ques. 

The method employed was a modif~cation of the extract~on 

pro~edur e developed by Marmur (1961) . 

(a) Bacterial Stra~n: 

B. col~ 25 Rt (s ee p. 72) . 

The B. coJ.~ stra~n WaS ~noculated ~n 150ml of MM 

( s upple mented w~th 2 )lg/ml thymine and 0 . 75 m}- H3_thym~d~ne) 

and ~ncubated overn~ght w~th ae rat~on . The cells were 

harves t ed by centr~fugat~on (2,000g f o r 10 min. an d washe d 

tw~c(> H~ th s al~ne EDTA (t otal volume, 30ml.). 

Th e washed celJ.s were r e -susp en ded ~n 9ml sal~n e EDTA, 

5mg lysozyme added and the m~ xture Has ~ncubated at 37 0 C 

Sodium dodecyl sulphate (l.Oml of 2570 

solut~on) was added and the m~xtuI' e incubated at 60 0 C for 

15 minutes . , It was th e n alJ. o ~le d t o cool t o room t emp erature. 

Sod~um perchlorate (2.5ml of 5M solution ) and an equal 

volume (! l2ml) of chloroform/~so-amyl alcohol ( 24 :1) was 

adde d. The m~xture HaS gent ly mixed on an angled turn table 

(33 rpm) for 30 min, and th en centr~fuged (2, OOOg for 10 min . ). 

The bottom chloroform l ayer WaS r e mov e d w~th a P as t e ur 

p~pette and th e aqu e ous laye r gently tr ansferred to a clean 
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con tainer. The chloroform/iso-amyl alcohol extrac~ion 

was repeated 2 - 4 times (i. e. until the aqueous lay e r 

was clear). 

+ Two volumes of cold ethanol (- 20ml) was added to the 

clear aqueous layer from the protein pr e cipitation and the 

two layers mixed with a glass rod . Any spoolings 0n the 

rod we re dissolved in dil. sse. Th e mixture ~as c en trlfuged 

(2,OOOg for 30 min.), the precipitate dissolved in dil . sse 

and pool e d with the spoolings (total. volume, 3 - 5ml). 

Ribonuclease (0. 5ml o f a 0 . 5 mg/ml sol.uti wu; was added 

to the nucleic acid solution and inc~bat ed at 37 0 e for 

60 - 75 minut es. The Rt"Ase solution was adjust"!d to 

pH 5.0 and incubated at BOoe for 10 min. to inactivate any 

DNAse in the Rt"Ase. Tests were carried out tc ve rify the 

purity of th e RNAse and also ,,'hether the above troatmPllt 

altered it" activity. Three solutions were prepared: 

(i) DNA (0.5 mg/ml) sperm herring DNA in sse. 

(ii) RNA (0.5 mg/ml) - yeast RNA in sse. 

(iii) DNA/RNA (0.25 mg/ml of each). , 

Bach of the above solutions was divided into 3 aliquots. 

To the first aliquot 0.5ml of sse waS added, to the second 

aliquot 0.5ml of untreat ed RNAse solution was added and to 

the third aliquot 0.5ml of treated RNAse solution was added. 

These solutions were incubated for 60 - 75 min . 

and then dialysed ov ernight against 500ml sse. 

o at 37 e, 

The 

spectrum of each aliquot waS then determined spectrQphoto" 

metrically. 
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(g) ~~_~E~~~~~!~!~~~: 

Acetate-EDTA solution (0.5ml) and cold isopropanol 

(3 - 4ml) was added to the cooled fu~Ase-treated solution 

while stirring with a glass rod. 

rod were dis solve d in dilute SSC. 

Any spoolings on the 

The mixture was 

centrifuged (2,000g for 30 min . ), the precipitate dissolved 

in dilute SSC an d pool ed with the "poolings (total volume, 

2 - 5ml). 

(h) ~~E~~~~~!~~~_£~_!!~~_!:L~~~~~~~_QE~~~~~L!!~~~~!~ 

~~I!.!E~E~ f!~!~9~: 

Samples (1.5ml) of the DNA sol ution were layered on 

15 - 50~ sucrose grad~~n~s (in TES) . Centrifugation WaS 

carried out at 4 0 C in the SW 25.1 rotor for 7 - 9 hours 

at 25,000 rpm. Tubes . 'e re punctured at the bottom and 

25-drop fractions (!: 0.7ml) collected .~j. th a fraction 

collector. Radioactive co untin g was carried out by 

mixing O.lml o f each fraction with 10ml of dioxane 

scintillation cocktail. 
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(B) Results and Discussion . 

The amount of R factor DNA per B. coli cell is usually 

much less than chromosomal DNA. It i s thus difficult to 

measure by spec trophotom e tric methods the amount of R 

factor DNA extracted from E. coli cells, particularly when 

the weight of cells is small. Only small weigh ts of 

bacteria were available for each extraction owing to the 

cost of 3H-thymidine used to label the DNA. Hence, it 

was decided to try and extrac t chromosomal. DNA and to 

determine its concentration by spectrophotomet ric methods. 

Its radioactivity coul.d be measured by scintil.lation 

counting and the amount of DNA emit ting a give~ ladioactive 

count could then be calculated. By measuring the radio-

active count of R factor DNA, one could calculat~ the 

quantity of R fact(lr DNA extracted (assumin g chromosomal. 

and R factor DNA to incorporate simil.ar porportions of 

3H-thymidine). The experiment coul.d also h elp in detp ~mining 

whether sufficient quantities of 3H-thymidine were being 

incorporated i n th e DNA; i. e. this would provide 

in f orma tion as to the efficiency of the labeling teChnique 

used. 

Only small yields of bacterial cells were obtained as 

the E. coLi thy mutant grel, slowly in minimal medium. 

Bigger yields could not be obtained by growing the cells 

for extended periods of time as difficulty was experienced 

in lysing cells older than 22 hours. The average yield 

+ of wet-packed cells per 150~1 of MM was - 0.2g. Lysis of 

the cell suspension resulted in clearing of the suspension 
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and an increase in viscosity. Both these characteristics 

were affected by the age of the culture and the time of 

incubation. Very little nucleic acid WaS usually collected 

on th e glass rod but centrifugation greatly increased the 

yield. The concentration meas ur ed spectrophotometric ally 

ranged from 30 to 33 }lg/ml. This concentration, however, 

dropp ed to a level almo s t undetec table {~ 1.7 pg/mlj on 

th e spectrophotometer after tr e atment with RNAse. A 

scale expander r e ading (X5 - 10) usually had to be· carried 

out to detect the presence of DNA. This meant that most 

of the nucleic acid extracted con sisted of RNA. The 

possibility that the RNAse was contamin'ated wi~h DNAse 

was ruled out by the tests carried out . No significant 

decrease in DNA concentration Was noticed after inCUbating 

with RNAse (fig . 1). These tests also showed that 

treatment of the RNAse had no noticeable e ffect on its 

activity (fig. 1). The centrifugation to precipitate 

the DNA may have caus ed the strands to break up and some 

loss may have then occurred during dialysis. After any 

c entrifug a tion, the supernatant was, tested for tritiated 

thymidine to det e ct whether much DNA had remaine c in it. 

In the DNA precipitation Hith isoprop anol, it was noticed 

that radioactive count was exhibited by the supernatant, 

indicating that a large amount of DNA remain e d unprecipitated 

in it. This DNA possibly consisted of small nucleotide 

chains too small to spo01 on the rod or to be precipitated 

by centrifugation. 

Further purification of the DNA was carried out by 
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Fi g . l - Tests for Pu rity and Activity of RNAse . 
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centrifugation of the DNA solution on 15 - 50% sucrose 

gradients. A major DNA peak was obtained at fraction 32 

while minor peaks were obtained at fractions 35, 37 and 41 

(fig. 2). The major peak may possibly consist of the 

circular chrorr.osomal DNA molecule. The minor peaks may 

be due to Th~A molecules with one or more breaks in the 

DNA strands resulting in slower sedimenting forms of 

chromosomal DNA in various stages of unwinding._ 
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Fig . 2 - Sucrose gradient (15 - 50%) purification of 

E. coli chl' omosomal DNA. 
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C HAP T BRIll 

ISOLATION OF LABELED R FACTOR DNA. 

Summary. 

Techniques were developed for the isolation of R 

factor DNA free of chromosomal DNA. The DNA of an R 

factor segregant originating from a Pseudomonas aeruginosa 

strain and harboured i"1. an B. coli strain WaS isolated. 

This R factor segregant could not be eliminated by growth 

of its host in the pr~sence of sodium dodecyl sulphate 

(1% w Iv). 
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(A) Materials and Methods . 

A modific a tion of the method of Clewell and Helinski 

(1969) was utilised. 

(a) Bacterial Strains : 

B. coli 25 Rt all <:I B. coli 25 Rtr (see p . 72). 

Cells we~B grown in MM containing 2 pg/ml thymine and 

0.5 mlfJ.OOml 3H-tl1ymidine . Cells Kere grown overnight in 

5ml of medium, dilut e d ten-fold in fresh medium and 

incubat8d for 2 - 4 hours . Deoxyadeno s ine (250 pg/ml) 

was added to the medium as Boyce and Setlow (1962 ) had 

report e d that the adclitior, of certaiu nucleosides and 

deoxynucl e osides enhanced the uptake by B. coli of exogenous 

thymi din e . How~v e r t h e addition of deoxyadenosine did not 

app ear to notic e ably alt e r the amount of 3H-thymi dine taken 

up (as measured by th e ra~~eactiv e count of th e medium 

befor e and aft er inoculaticn). The c ell culture was 

centrif uged (2,000g for 10 min. mid th e cells were re-

suspended in I ml of cold 25% s ucrose (in 0 . 05M Tris, pH 8). 

Lysozym e (O.~ ml of a 5 mg/ml solution in 0.025M Tris, 

pH 8.0) was added , and after the suspension had been 

maint ained at OOC for 5 min., 0 .4 ml of EDTA (0 . 25M, pH 8.0) 

was added . The s usp e n si on WaS k ept a t 06C (with occasional 

shaking) for another 5 min . , af ter which lys i s was brought 

about by adding 1 . 6ml of a de t e rg e nt so l " tion ccnsisting 

of th e following: 1% Brij 58, 0 . 4% SOOiUll. ( e&L'xyc holatc, 

0.0625M BDTA and 0 . 0 5M Tris , pH 8.0. After 15 - 20 minutes, 
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the sample started to clear and the viscosity increased. 

+ The sample (- 3ml) was placed j.n 5 ml cellulose nitrate 

tubes. + In some Cases the volume WaS ~ade up to - 5 ml 

with cold 0.05M Tris (pH 8.0). The sample WaS then 

centrifuged at 2 c C for 25 min. in the SW 50L rotor at 25,000rpm. 

The supernatant l,as decantered and dj.alyseu overnight against 

U. TES (pH 8.0) .• 

THO ml of ethidium b::-o:nide solution (l mglml in TES) 

WaS added to the dialysed sample and the volume made up to 

l 'Oml wi th TES. Where true density measurements were 

required, ethidit;m bromid;; was omitt.)d. Caes ium chloride 

(lOg) was added and polyallomer tubes (l3 ml) were filled 

with the solutioD. Density equilibrium centrifugation 

was then carried out in the fixed-angle 65 rotor at 44,000rpm 

for 44 At the end of the run, the 

bottom of the tubes werg punctured and 20 drop fractions 

(0.25 - 0.30 ml) collecte d using a fraction collector . 

Aliquots of each fraction were used either for densi~y 

determinatio~, radioacti7ity counts or electron microscopy . 

The density WaS determined from the refractive index of 

fractions (Szy~alski, 1968). 

(e) ~~~~~~£!~~~_g£~~E~: 

A modification ' of the method of Bollum (1966) was used 

to remove CsCl which might have affected radioactive counts. 

Samples (O.l ml) of each fraction were s~ot.ed on filter 

paper discs (Whatman Nc . 1, diam. 4 . 25 Cll') . The discs 

were successively immersed in lOr- cold trichloroacetic acid 
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(TCA) (60 - 90 min.), 5% cold TCA (15 - 30 min.), cold 95% 

ethanol (15 - 30 min. an d diethyl ether (15 nun.) . 

discs were ther. air-dried, folded , placed in vials and 

cevered with 10 ml of toluene scintillation cocktail. 

Count s were porformed in the Beckman I-mate II liquid 

scintillation countero 

(f) ~~~~!E~~_~~~E~~~~E~: 

Th e 

Samples to be used for elect ron microscop.y were 

dialysed overnight against TES or O.lM ammonium aCfltate. 

In some cases, the sample waS treated with an equal volume 

of n-octanol to remove the ethidi um bromide prior to 

dialysis. 

The dialysed samples were then treated in eith er of 

two ways: 

(1) The sample WaS spotted directly on electron micros cope 

grids and coated. 

(2) The sample was mixed 1-1ith an equal volume of 0 . 04% 

cytochrome-C solution ( in 1M ammonium Bcetate) and 

0. 2 - 0.4 ml of. the mixture wan then run down a clean 

wet ramp (glass slide) onto rha surface of a O.lM 

arr.monium acetate sol u tion in a Langmuir trough (80 cm x 

10 cm x 1 cm). The movement of the su).'face layer Has 

followed by sprinkling a small amount of talcum powder 

near the ramp. After 5 - 10 minutes, the surface was 

touched wlth a carbon -co ated electron microscope grid. 

Excess water was removed by touching the surface of the 

grid on absolute e th anol for 30 seconds . The dried 

specimen was then coated (Kle inschmidt et al, 1963). 
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Coat~ng was carr~&d out by depos~t~on of gold, chrom~um 

or palladium- gold at an angle of approximately 8 0
• 

The me tal used for shadowing "as vapour~zed by heati.ng 

on tungsten wire under a pres$ur~ of less 
··4 than 10 mm Ug 

~n a Hitach~ HUS :In Vacuum Evaporator. 

(g) El~mination of n Factor : 

Ingram ~.l (1972) reported that a Pseudomonas R factor 

could be el.1.Jr.j.nated from cells grown fur 4 da.ys ~n nutriE'nt 

broth contnin~ng 1% (w/v) of sodium dodecyl sulphate ( SDS). 

A similar procedure was used in an attempt to eliminate 

1:he Pseudom2~ R fac1:or hal'boured in E . coli 25 Rtr . 

Nutr~ent broth (lOOml) and nutr~ent broth + SDS (1% w/v) 

were ~noculated with 0.1 ml of an exponentially growing 

cul ture of B. col~ 25 Rtr . The cultures were incubated 

for 4 days w~thout shaking. D~lutions of the cultures 

were plate9 on nutrient agar and nutrient agar + amp~cill~n 

(25 }lg/ml). After 24 hours inCUbation, the plates were 

examined for growth. 

• 
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i 

(B) Results and Discussion. 

Godson and Sinsheimer. (1967) sho>1ed that treatment of 

B. coli cells with the neutr.al detergent Brij 58 seemed to 

affect the cell wilLi. and membran e in such a way that it 

behaves as a molecular sieve. Thio method of lysis bas 

since been used to isolate Cytoplf"SllIic n ucleic acid molecules 

such as coli.ci.n factors (Cle lJell a!ld HeJ.inski., 1969), R 

factors (Col~""-' 3.n'J MiLler, 19'1C) a~d other plasmids (Olsen 

and Schoeni'.ard, 1972) freE' of chromosomal DNA. A similar 

method Was used in this experiment to isolate the 

pseudom9EJ!§. R factor t-1hich had been transferred to all 

E. coli strain. The ~~!i thy strains with and without 

the R factor were sGbjected to J.ysis and the lysat e 

. + 
centrifuged to remove cell debris a:1d most (_. 95%) of the 

c llromosomal DNA (Clewel.l and Helinski, 1969). 

Since the R factor DNA CQuld not be separated directly 

from the chromosomal DNA by CsCl densi ty - gradien t 

centrifugation, it WaS necess ar.y to add ethidium bromide. 

This dye has been shoHn b~' Rudloff at al (1967) to h?vc less 

affinity for closed circular. DNA than for open 01' nicked 

DNA. This property has been used 'to isolate a wide range 

of closed circl!lar DNA molecule,,; e. g. viral DNA (Bauer 

and Vinograd, 1967), R factor DNA (Cohen ar,d Mi:Ller-, 1970), 

colicin factor DNA (C:Lewell and Helinski , .l969). Dye-

buoyant-density c entrifug a tion of the ~0.1. j strain ,dthout 

the R factor (25 Rt) produc ed only one peak at density 

1.5805 (Pi.g. 3). The same strain harbou~in3 the R factor 

resulted i n an additional peak at: den sity l. 6024 (Fig. 3). 

I 

I 

\ 

I 
I 
i, 
l 
i 
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Fig. 3 - Dye -b uoyant Densj.ty Gradient Analysis DE Cl eared 

Lysattls of Strains 25 Rt and 25 Rtr. 
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The fact that the R factor DN~ could be separated in this 

way suggested that at least some of it exist e d as closed 

c~rcular molecules. However, desp ,ite screening of a number 

of prepared gr~ds, no e1e~tron micrographs were obtained 

which provided cle,:lrly den'llrcated mol<:.culcs of R factor DNA. 

Further work Was iut9rrupted owing to the b r eakdown of th e 

electron microscope which is expected to be out of use for 

:1 - 4 Jf!onths o Of the various methods tried in the 

pr~paration of samples on electron n.icrosccpe grids, the 

most successful was the one with cytoch r ome -C fol1owed 

by shadow:Lng with p all adium-gold. It provided the clearest 

g r .i ds Hi th P.. (; on tin lions backg roun d. The f ailur e to obtain 

microgl'aphs of R factor molecule s waE' probablY du e to the 

ext r eme l y law concentration of DNA. 

In a recent publication, Grinsted et al (1972) report ed 

'Hork of a similar nature on an R factor isol ate d j.r\ a strain 

of P. aerugin osa . The R factor caused resi s tanc e to 

carbenicillin, neo.nycin, kanamycin and tetr acycline and 

was freely transmissi 'ole to P. ae rugin o~!!, ~(',-ol~ an j 

Howev e r, a seg regant of "his R fsctor which 

"aused rEsis-::ance 1;0 carb<>nic.illin on J.y (Ingram e '~ al , 1972), 

whilst freely tran s.ni.ssible to P . aerugino2a, was tran sferabl e 

-8 
to ",B",o_c,,-o=li only at very low frequency (lO ) . Hhereas t he 

complete R factor could be ~solated in the cytoplasm of 

its host, the carbenicillin resistance segr&gant could not 

and Ingr am Bt al Buggus 1:ed that it had become ins e rted i n 

tlle chromosome . TIJi o cor-trasts Hith the Pseudomonas R 

fa c tC'r on which >Jork was done in thi s lahoratory. The 
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original R factor was resistant to ampicillin, streptomycin, 

sulphonamide and tetracycline and all ampicillin resis tance 

segregant was obtained (see p . 69). Studies were only 

carried out on the ampicillin resistan ce segregant. Thi.s 

R factor segregant was frealy transmissible be tween B. coli 

strains and as shown above was founl! to exist as a plasmid 

which could be isolated independently from the chromosomal 

IJ:'I A. Ingram at a1 also reported that they were unable to 

eliminate the R factor seeregant by growing the cells in 

the presence of ~US (1% w/v). They provided this as 

further evidence that th e R factor segregant WaS intergrated 

into the chromoseme . However the R factor segregant studied 

in this laboratory WaS no eliminated by growth in the 

presence of SDS, although it could be isolated indepen dently 

of th e chromosome. Therefo~e failure to eliminate the R 

facter segregant by tre atment with SDS cannot necessarily 

be used as a criterion for intergration into the 

chromosome" 
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APPENDIX A 

Media and solut~ons were prepared aD described below. 

Unless otherw~se stated, ster~l~zati. on by autoc 1 "v~ng WaS 

done at 151b/sq. in . EoI' 15 m~nu t es (or l.ongsr for vo1un,es 

greater than 250 ml). 

Nutrient Broth: d.isso1v2 8g Bacto-Nutr~e;,t lIroth (Difco) 

~n 1000 ml o~ d~st~lled water. Autoclava. 

suspend 23g Bacto-Nutrient Agar (DiEco) 

in 1000 m1 of cold distilled water an·j heat to boiling 

to dissolve the medium completely. Autoclave. 

We11cotest Agar: one l~tre of de~onised water is measured. 

Add 50 - 60 ml oE this water to 32g of Wel1cotest 

Sen sit~vity Test Agar (Burroughs We11come). Mix to 

a paste and gradually add the r emaining water with 

mixing to form a suspension . Solub~lise by heating 

o at 100 C. Autoclave. 

MacConkey Agar: suspend 50g of Bacto-MacConkey Ag ar (DiEco) 

in 1000 m1 of cold distilled wate r and heat to bo~ling 

to dissolve the medium completely. Autoclave. 

MacConkey Puro' e Ag-n: consists oE: 

Bacto-Peptone (DiEco) 109 

BLle Salts No. 3 (D~fco ) 9g 

NaC1 109 

D~st~lled water 1000m1 

Th e ~ngred~ ents arB d~ssolved by gent:1e heating and 

the pH adjusted to 7.4. Oxoid No. :> Ag~.r (15g) i.s 

added and the mixtur~ steamed to dissol".] the agar. 

Lactose (30g) and 12 m1 oE Bromocresol purple (1% 

I 
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alcoholic solution) are dissolved in thc medium . 

Autoclave. 

Sloppy Agar: consists of: 

Bacto-Nu~ricnt Broth (Difccl 0.8g 

NaCl 0 . 85g 

Oxoid No . 3 Ag a r 

Diotl.lled wat.er 10001.1 

The mediuA is heat ed until all th e ingredi ants have 

dissolvcd. It is then dispensed in 2 . 5 ml aliquots 

in capped slopPJ' agar tubes and autoclavGd. 

Bri.lli ant Q~~_.Bile L actose Broth: dissolve 40g of Bacto-

Brillian t (Jr p. cil Bj . .1e ?10 (Difco) in 1000 ml of distilled 

Hater. Autoclave. 

Tryp ton e Broth: consists of : 

Bacto-T~ypton e (D~fco) 109 

NaCl 5g 

Distilled Hater 1000ml 

Dispen se 10 mI . ali.quots in capped test tubes and 

autoclave. 

Salip. e Solution: COilS.! s ts of: 

Ne.Cl 

Dis tilled wate r 

Minim 21 ~.lt~: consists of: 

8.S0g 

lOOOml 

NH 4CJ. 20g 

NH
4

N0
3 

N a 2 SO 4 anhydrous 

K
2

HP 0
4 

anhydrous 

KJl
2
P0

4 

MgS04 ·7H
2

0 

Distilled wRter to 

4g 

8g 

12g 

4g 

0.4g 

lOOOml 
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Diss olve each salt in cold water in the order indicated, 

wai tin€; un til !' revi ous s al t is dissolve d before addil1g 

next . Filter an d autoclave . (pH 7.2) . 

2!...O% GlucoEo Solutj_on: 

D·-glucose 

Water to 

20g 

100ml 

Dj.s s olve in warm water and autoclave at 5 lbs fer 10 min. . 

MinimRl ~gar (~A): 

Oxoid Iouagar No. 2 

Water 

1. Og 

74ml. 

20% glucose sol. (sterile) lml 

25ml. " Minimal salts (sterile) 

Melt the agar by autoclaving. Add the ~armed, steril~ 

salts and glucose. 

before use . 

Minimal Medium (MM): 

This medium is made up immediately 

Minimal salts ( ·s ter i le) 25ml 

20% glucose ( steril e ) l ml 

Steril e water 74ml 

Mix the three components under aseptic conditions just: 

before use. 

NaCl 2.90g 

B~TA 1.86g 

Tris 3. (j 3g 

Wate r to 1000ml 

Adjust to pH 8.0. 
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S elDct~ve Med~a: 

Selective me dia conta~n~ng onD or mor e drugs were 

prepared by add~ng a liquots of sol~tions of the ~rugs 

to the molt en ag". r (50
0

C) i .lIlmediate ly pr~or to pouring 

plates. Nu~rie!L~ aga r WaS used ~n all sel. ect~ve 

media excep.; Wh€:'C ~; ulphonam.id~B or trimethopI'im were 

present ~n whic h case We llc otest Agar WaS use do 

Each dru g powd~ r was as s um ed to bo self-~ter~lizj. ng 

and was d~ssolved i. n steril e di s tilled Hat e r . Fresh 

drug Golutions wer e u s~d prier ~o each experiment. 

Drug 
Cun e .. 
[p g/ml) 

amp 2:; 

cp >: 15 

cpd 1 5 

cmp 30 

kan 30 

nal 
l. 

30 

nft
2 

200 

str 25 

tet SO 

tI'r.1 l_5 

vfm :3 
700 

Arna ur.. t - ----
20mg 

10mg 

10mg 

lOmg 

] (}ng 

2mJ. 

20me 

l.Omg 

20nig 

l5mg 

70mg 

Vul. of 
water 

10ml 

10ml 

J.vml 

10ml 

l.Oml 

7ml 

lOml 

lOml 

~ .Oml. 

Aliquot i 
100ml aE.!:!.!: 

l..26ml 

1.SOml 

L SOml 

3.0ml 

3 . 0ml 

O. 30ml 

20mg 

2.SCml 

2:150ml 

O.lOml 

70mg 

J'To help dis so ivEl the naladix.ic acid, lml of lN N"OH 

( ste ri l.e) was "d ded to th e 7ml of wat e r. Th.e nala dixJ.c 

acid use d Was obta~ncd as a s u s p e ns'i. on (W~n tomylon 

Suspension) • 

2"·h . f . d ~ e D1tro u~anto1n p ow ' o r Was &d dEld d~rectly to the 
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molten agar Dnd shaken unt~l dissolved. It was 

obtained in tablet fOI'in, 20mg of nitrofurantoin b eing 

equi.valeu t to 54mg of tablet (Fu::,,,dan t~n tablets). 

3The Vioform pOI,der ~~as d~ssOlvE'd in L1m! of dimethyl 

sulfoxide (mlSO) and thi;; 801,-,tio;1 added to the molten 

Dutl'i Cll t agaI', 

fine dispersion, 

sse Buffor: 

The Vioform praclp~rated to form a 

N aCl 8,8g 

Na C~trate 4.4g 

Water to 1000ml 

Adjust to pH 7.0. 

Conc . SSC Ruffer X10 conc. of SSC Buffe r. 

D.H . 

~19 Bl!e fer : 

SSC Buffer = 1/10 conc. of SSC Buffer. 

Na
2
HP0

4 
anhydrous 7.0g 

KH
2
P04 3 . 0g 

N aCJ. 4.0g 

MgS0
4

.7H
2

0 0.2g 

Wat er to l000ml 

D,iss(llve each saJ.t in the ordel' given before ajci.ng next .. 

Saline EDTA: 

N aCl O. S4g 

BDTA ~.7 2g 

Water to 100FIl 

Dissolve the iTq~redients and fl.djust t~le pH to 8 .. 0. 
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Acetatc-EDTA: 

13DTA sol. (O.lM) 

N a acetate 

Water to 

0.1r.11 

10ml 

Dissolve the ingredients and adjus t: the pH to 7. O. 

Dioxane Scintillation Cocktail: 

2,5-Diphenyloxazcle (PPO) 5g 

Naphthalene 

Dioxa:J.e to 

100g 

1000ml 

The cocktail must be protected from daylight 01' neon 

light as it is markedly affected, resulting in erratic 

counts. This is found to occur particularly with old 

cocktail and hence scintillation cocktails are best 

prepared immediately prior to being us ed. 

Toluen e Scintillation Cocktail: 

2,5-Diphenyloxazole (PPO) Gg 

Toluene to lOOOml 

Prepare as for Dioxane Scintillation Cocktail. 



- 99 -

! 

Source of Drugs and Chem~cals: 

a g~ft from Br~stol 

Laborator~es . 

Acr~flav~ne: Br~t~sh Drug Houses Ltd. 

a g~ft from Roneyw~ll-Atlas Ltd. 

"Gephalox~n" capsuJ .. es (SOOme.); a g~ft frol ., 

Glaxo-Allent~rys (S.A. }(Pty) Ltd. 

Cenh alori din e: __ c _________ _ "Ceporan'l vialB (lgm); a 6ift from GlaxG 

Allen burys (S .. A. }(Pty) Ltd. 

Chlor amnheni.c 01: _______ L.. ______ _ "Chloromycetin" powder; a gift from Parke-

Davis (Pt~ .. ) Ltd. 

2' Deoxyadenos~n& ffi0nohydrate; Br~t~sh 

Drug Houses Ltd. 

sperm htlrring DNA; Koch-Light 

Laboratories Ltd. 

E. Merck A.G., Darmstadt. 

Dioxane: 1,4-dioxan; Hopkins and Williams Ltd. 

Ethidium Bromide: a gift from Boots Pure Drug Company (S.A.) 

.(Pty) Ltd. 

kanamycin sul;:>hate; a gift from Bristol Laboratori e ~ 

ex egg wh~teJ 40,000 units / mg; British Drug Heuses 

Lcd. 

N al adi x i c Ad. d; -----------_._- nWintomylon" suspension; a gi f t f r O!!l 

Win throp, Sterling Drug (S . A. ) (Pty) Ltd . 

Hopkin and Williams Ltd. 

Nitrofurantoin: ------- ------- "Furadantin" tablats (100mg); a gift from 

S . K. F . Laboratories (Pty ) ~t~. 

n-Octanol: a gift from Chemistry Departmtlnt . 
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PPO: 2 , 5 -DiphenY1oxazo1 e; Beckman In st rumen ts, Inc. 

Ribonucl ease : ex bovine pancre as; British ~rug Houses Ltd. 

Ribonuc} ".ic Acjc\: eY.: yeast RNA; British Drug Hou ses Ltd . 

J[opJrin and l.Ii1liams Ltd . 

Strentomycin: ____ L. ______ _ a gift from G1axo-

Allen burys (S. A. ) (Pty) Ltd. 

tetracyclin e base; a gift froln Bristol 

Labor atori es . 

British Drug Houses Ltd. 

Tolu ene: - ----- - for scintillation; Beckman I JJ.st r ur.1ents, Inc. 

Burroughs Wellcome (Pty) Ltd. 

Tritiated Thvmidi~e: 
------------~------

thymidine (methyl-H3), 1.0mCi/rnl ; 

The Radiochemical Centre, Am ers ham . 

Viofornt: iodochlorhydroxyquinoline; a gift from eiba-Geigy 

(Pty) Ltd. 



- .10.1 -

App aratus. 

MSE cen trifuge. 

Hi tachi HU lIB. Tran s mission E.M. 

Refract:ompter: Car.l Zeiss. 

Scintil.latio~ Counte r: --------------------- Beckman p -mate II. 

Snectronhotonleter: 
-~-----~--- - -----

~ni cam SP BOOA U. V. spectrophotometer . 

Beckman L2-65B preparative ultracentrifuge . 
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APPENDIX B 

The follow~ng nomenclature and abbrev~at~ons were 

used: 

Autoclav~ng: - volume~ up to 250 ml ware autoclaved for 

15 m~nutes e.t 15 lbs /s q.~n. pressure. 

- larger volumes were autoclaved for longer 

~er~ods. 

Incubat~cn: incub3,tion WaS 
o usually carr~9d out at 37 C. 

Overn~ght: - normally refers to a g e r~od 12 - 16 hours long . 

the terms drugs, ant~b~otics ant! chemotllerapeut~c 

agents are used synonymously unJ.ess oth a rw~se statad. 

The follow~ng Bbbrev~at~ons have be en used for the 

drugs : 

amp~ci.ll~n amp 

cephalex~n. cpx 

ce"halor~d~ne cp d 

chlol'amphen~coJ cmp 

kana."11ycin kan 

gen tamyc:!.n gen 

nalad~xic ac i. d nal 

ni t rorurar .. to.in nft 

streptomycin str 

tetracycl~n 9 tet 

tr~inethop r~m trm 

septI'~n s ep 

v~ofornl vfm 

DNA deOXY1'ib \r.. ncleic acid 

DNAse deoxyribonuclease 

RNA ribonucl eic ac~d 

R.."< Ase ri b o nttclease 
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AP PENDIX C 

A computer programme has been prepared to assist in 

th e analysis of patterns of multiple r es .i.stance when large 

surveys are un dertaken. T he pr·ogramme WaS writt e n in 

ALGOL l Hng u age and run on an ICL 1 901A cO;,tpu1-er. Th e 

progr amme i s only designed to analys e double, triple or 

quadruple r esis tance patterns . BGcal!se of the manner in 

"hich the r esu l ts a r e. produced, th e datI> fa>' double, tripl e 

and qu ad rupl e resistances ln ust be fed in separat e ly. 

An ex am p l e of data an d · r esults (prin t -ou t) fo r a set of 

double r es i s tanc es is given below: 

Data 

1 0 0 0 0 0 0 1 
1 O. 1 0 0 0 0 0 
1 0 1 0 0 0 0 0 
1 0 U 0 n 1 0 0 
1 0 1 0 (I (l o. 0 
1 1 0 0 (l 0 0 0 
1 1 " U 0 0 v 0 0 
1 1 0 U 0 0 0 0 

·1 0 1 0 0 0 0 0 
1 0 II 0 0 0 0 1 
1 0 0 0 0 0 0 1 
1 0 1 0 G 0 0 0 
• 0 0 0 0 0 • 0 1 
1 0 0 0 0 0 0 1 
1 0 0 0 0 0 (. 1 
-, 0 (l 0 0 0 1 0 
0 0 1 0 0 1 0 0 
1 1 0 0 u 0 G 0 , 0 0 0 0 0 1 0 

0 0 0 0 0 U 1 

Results 

19 4 6 0 0 2 2 7 

4 5 0 0 1 2 7 
II () 0 () 0 o 
0 (, 1 (, U 
0 U 0 () 

0 0 0 
0 0 
0 
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In the nuove example, 20 strains shoHed resist an c e to 

two out of a total of eight dru gs. Resistance is denoted 

by a 1 and sensit:ivity by a O. In. t he '~Datp.!I matri x , 

the first strnin (1st lin e horizontally) ~JnS resistant 

to drug one an d drug ei.ght, the second strain to drugE'· one 

and thr e e, th e third st"ai.n to 'drt' gs one and thr ee , etc. 

The fir st horizontal lin e in thc "Results " matrix givps 

the total res~stanccs to eac h j .ndivi dual dru~; 

strains .Iere resist.an t to drug one, feur to dru.g two, six 

to drug th I' ee, etc. 

The first numb e r in the second line is the begi.nning 

of the r ~s u.1t. s or the clot'.ble resistances. The resul ts , 

readil\g from left to ri ght, re&d as fc·llows: 

4 resis ~ "n t. stra.i:ts to drllgs 1 and 2 

5 r·esi st&.nt stl'?:Cns to drugs 1 and :> 

o res;.s1:"nt: straj.ns to dru gs 1 and 4, etc. 

The last numb e r of the see-oil d line r eads; 

7 resistan t strair.s to dO'ugs 1 and 8. 

The third line then re ads : 
" 

0 resj.s t an t st r ains to d"ugs 2 and 3 

0 l'eb.ist&H t strai.as to dru gs 2 and 4 , e tc . 

In this way, all tl:e possj.ble double com bin at.ioas wil l be 

exhattsted (th e l ast being') and :3 ) . 

Analysj,s or T r .i.ple -Resist"n t Stre.i~. 

t.lhcn the da ta for tri.pJ. e resistances j . 8 ans.J.ysed, "Re s nlt" 

matric es for double and tri.rJ€' r esistances ,,1.1.1 b e prin"!;ed 

out " HOHever only thc.t for tri.pJ e resistan,' <:ls s hould b e 

used as the ono fo r double resistances g~vcs ~ - rrelevan t 
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results (e, g. a strain resistant to drugs 1, 2 and 3 wi.ll 

give tho combinations 1 + 2, 1 + 2 and 2 + 3, none of 

which are relevant since the strain is resistant to three 

an d Il.:>t t"o drugs). 

Similarly, when an alysing the result" fer C, uadruple 

re"istance patterns, double and tripl e resi.stance matric es 

should b e di srege. rd edD 

Before each set of data is fed in, a card must be 

inserted givir:g the number of strains tested and the number 

or drugs to which r es ista.nce "as t ested. In the example 

giv e n above, a card beari~g the numbers 20 (i ,e . 20 strains) 

and 8 (i , e. 3 drugs) was inse rted before the data cards. 

This corr esponds to step 4 ill the programme which reads: 

'Cml~!E!(T ' N IS ' THE TOTAL NO. OF COLUMNS AND 

M IS THE NO. OF ROWS. 

Th e computer is then instructed to re a d N (20 in this 

example) an d M (8 in this exampJ.e) . 
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