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¡,B5TiìACT

Three of 2f isolates of Haemophilus duere¡¡t the bacterial

agent ¡¡hich causes the se:n:¿3Jy transnitted disease chancroid,

were fowrd to be resj-stant to an¡lici'llin and tetracycline" Us5$g

a chromogenic cephalcsporin substrate they were shcrum to produce

a B-lactaJnase"

hlhen these three strains ?rexe screened for plasnid DILA" a

single 6 x l0o dalton fé Ítr¿el) band of plasnid DNA was seen on agat:-

ose gel electrophoresj-s. This plasnrirl was puriJied by density

gradienü centrifirgation arrd trensfo¡m'red i¡rto an ampicì'llin, tetra:
eycline sensitir¡e Es.cþerj-chig coli strain C60O" 1?ansforrnants

were arpi-qìlliq but not tetracycllne resÍstanÈ and prcduced a B*

lactamase simìlap in substrate profiJe to that of the H" ducreyi

B-lactamase" This suggested that the a4licì'llin resistance gene

resides on this plasmid (desÍgnated pJBt), rñiJe the tetracycline

resistance gene lras integrated j¡rto the chromosoÍte"

Usi¡g the restriction endonuclease Hj¡rcII, the H" ducreEt

plasnid vras digested and the di-gesti-on pattern coq)ared to the

digesti-on pattern frorn plasnids containi¡g the aryici'tlin trans-

posons Th.lu Tn2, and Th3" These are three previousþ described

transposable pieees of DNA r¡hich carïîr genes ccding for TEM-t¡4pe

B-lactamases" The E* ducreyi plasnid r^¡as shswtr to contain at least

Ø% of the aryi-ci]]ìq transposon Th-l or Th2.

ConJugation ex¡:eriments were carried out to deterni¡re l¡hether



If-

or not tlee plasmid pJBL could trarrsfer itself from the resistant

H- ducreyi to a sensitive recipient, No such transfer took place,

sr:.ggesi;i.::g the plasnid is non-self ðransnissible" However, strai¡s

of g* ducreyi v¡ere shø¡rn to accept anC donate large con"jugative

plasmids origirral}f isolated jri H" å¡flugrtzae"

Studies were carried ouÈ to characteri-ze the B-laetamåse

produced bM H. dqcreyi. TLre substrate profiJ-e suggested a IEIË-

t¡rpe B-laetêmase" The isoelectric poirt ¡¡¿s similar to that of the

B-lactanase ædåated by the plasmid RSELO3O r.¡hich carries t'he

arryici]]in transposon Th2" Ttr-is t¡rpe of B-lacta¡ì.nse is designated

lEl,f-l-" Using the techn-ique of tanden crossed j-nimr¡noelectrophoresS-s

with antiserun prepared agaS-::st par"bial-ly pwi-fieC B-lact¡.¡nase froro

the transformant E, co.Li. C6OO (p¿af) tne B-lactauases from R"Sfit030

(Thz), RP{ (Tb3) ênd a-rl arpici]li'r resj-süant I* j¡^fluenzae were

shovrn to be ímunologicat-ly si-niJar to the B-lactanase coded þ
t¡re .&. duereyi pl-asnid pJBL,



T{TR,ODUCTÏON

Bacteri-a resistant to perricillin have been around J-onger

than penici]lin has been in cli¡rica1 use (PoJ-locko L967), The

resistance i¡t sone cases is due to celL v¡all nodifications v¡hi-Le

j¡r others it is due to the prcduction of the enøJee B*laetarnasee

l¡h:ich j:ractivates pen5-cillìns and cephalosporlns by hydroþsis of

their B-Iactan bond (Darnies, 19?9) " ùrjginalJy, the gene coding

for E*lactarRse produetion !¡as for¡¡d as part of the chromosome

rçhjl-e today it is fnequently for¡rd i¡rserted i¡rto a plasmid or

exLrachromosomal pieee of DItrA (Stoconbe and Sutherland, 3:g':;3;

Heffron et aI, I975b)"

Plasn:ids carrSring dr.:g resistance genes were fjrst recog-

rúzed in L957 anon€ enteric bacteria, specÍficalJy SrieelJ-a spp"

carasing þ¿çi]]¿s¡r dysenterSr (watanane s f:963)" These bacterj¿ lrere

¡esistant to chloraryhen:ico}, tetracycline, streptonq¡cin and sul-

fonanide" Hlas¡dd-redi"ated aq>icì]lirr resistance vras noÈ reeogza;tø*d

unti-l approximately 1965, when an þ coIL v¡1th a resistarice factor

(R factor) t¡a" shou¡n to transfer aryici]ljn resistance and B-

J-actamese prcduction to a sensitive strain þ transfer of the R

factor (Datta and Kontonrichalouu 1965).

W L972s plasn:id-mediated a4rici]lin resistance due to the

production of a variety of B*lactarnases ¡ras fot¡rrd throughout the

Enterobacteriaceae (Richmond and Sykes u L973)" Illr' 1:g75s cli:úcal.

isolates of anqrici llj¡r resistant H" i¡rflgenzae were found to



contåjrì large 3O Srdeå pl-asmids (81'.reu- et al-u 1gT5) "

These pJ.asmids vrere shotnt to contaj:r a 3 Tffia] rri ana nf
x,Avvvv4

DNA which cou.l-d transpose from one pJ-asnld to another, inserting

itself j¡rto the recÍpient plasnrjd (Heffron et al, I975aE DeGraaff

et aI., L976), The transposable piece of DNA carried the gene for

B*lactanrase prduction and 5-s rlesignated the aryicilljn trânsposon

or Tl:Â, A snall-er 4,1 F@aX plasnid v¡hich ¡rediated arpi-

sì'llin resi-stance in g=. parai¡flìrensae was sho¡¡n to carry onJ¡r

one-thi-rd of tkre ltrA (Gromkorm and Goodgal, l-.T77E Roberbs et al,

L977) " tr:l l7/7 s tr¡¡o srna3.l. pJ-asarlds fron gg.iqg-qg:!S_ ßoq¡aagËþg&eg Td@re
€arry

Ë3àerÆ3 tøÅãa*Uo/" of ThA (Rouerus et, a1, lg?Z),

There ere a nimber of a4>ici]]i¡r transposons íden'i;ified at

this time'.carrXri¡g genes v¡h:ieh cd.e for eíther a TEI'I*I or a TB,I-2

type B-lactarnase (t'rattrrew and Hedgesu Lg76s caryberl et alu rltT)"

These tuo B-lactanrâses have a si¡i-lar subsirate profiLe bub di-:ffer

j¡ their isoelectric point"

i'trhen three of 21 strai¡rs of .&. dpqfeyi were four¡i to be

resistant to aryi-ci]1irr and tetracycline an-d to produce a B*

laetarnase, plasmid-+ediated d.rug resi.stance was suspected. (Haronond

et al" 19?S), ttre rsr.derbook to characterize the B*lactanase prcduced

by these a4>icil]in resistant straj¡s and to deterruine the geneti-c

basi-s of the a4>icil'li¡r and tetracycline resistance,



lT|ìì.ì-mÀffiñn ñffiffitJ¡J-Ii!.-tJlIUrLrr ILÉV I F,!T

A" B-Iacta.mr.ses

1" Introduction

Fle!Èing, in Lgzg, was the first to report specijicalJy on

the grornrbh inhlbiting factor produced by a mold identjjied as

Penici]-lir¡n r"r-rbrrrm (rtern:.rq, rgzg)" ¡:l a recent paper, sel,.rryn

has described a number of instances l.¡here the antibacteri¿l factor
of Fen-lcilli¡¡m molds rras actirg but its effect v¡as not recognjzed

(Sehqrn, I97ù, Scme of these studies dated back to 1g?I* The

ani;ibiotic penieiJ"lin has therefore been arou:d a 1ong tj-Ee a¡rc it
has been j:e ili¡l-ical u.se si¡ce about lg40"

FleiLir€ noted the lysis of h:'s curtr:res of staphylococcusby

penicillin, Today it i.s believed ilrere are a nrmber of perric5rlin-

bi-ndirrg proteins r.¡h-ich have j-rq:orbant pþsiological- roles jn the

cel-L" It is these protei:rs r'¡hich make an organlsm ser¡sitive to
the antibacterial action of penici]]in a¡id its deriratives (Tonasz,

L979)' û:e such acticn is the brealadsr¡n of the ce]J- trall structrire.

resultilg jJt lysis of the.organism.

Abraham and Chai:r (1940) fol-l-c¡r¡ed lp on trleni:rges obserrya*

tion that some bacteria of lhe coli-typhoid grorp vrere not j::¿ibited
Eae-åJJJêq

by penì-cillliq' They used a fr coli., and lrere able to exbract a sub*

stance r'¡trich desiroyed the gro,rbh fulribitixg property of pen-icijt-lì'l."

The substance, an errzJirûe¡ r.iâs given the name pen-icil'tiqase" äir.bs¡

(19À4) isolated a nunber of pen-i-ciÏri:rase producing strains of



L

SjSpb¿þru alrre,lÞ fron patients r'.*ro had never received perÉc'i'l-lin.

S. au{eus inade resisiant to penici'llin by serial passage j:r the

presence of the antibiotic did not produce a pen-icillinase"
'[,l¡'ork continued on peniciJ-Linases with the

efforts of Benedict et å1 (1g45) and T-epage et aI (1g46), wfro

j¡r-itiated the studies on the pen:icil'Tinases produced Þ the organ-

isr,s of the genus BagiJlus, It lras not i¡rtll the mici*196Osss lritÌl
the j¡creased u,se of arpicillinu that i¡rterest rras rener,¡ed, in the

penicill'inases of graÞnegative crganisms, Today it i-s tmc¡r^nr that,

perLicillinase producír:g strains are rrideþ distr-ibuted among

bactecd-al species but there is no evidence thrat pen:icìlllinases are

forned by orgar:-i-sns other than bacteria (citri and PolJ-ock, ]:966),

T?ie teru pen:iciJJ-ir,ase denotes an enzJnie r"¡hich cataþzes

the hJruiroþsi-s of the amride bond jn the B*l¿ctan ri-ng of ó-"anino*

penicil]e¡rtc acid and its N-aeyl derivatives (F:glge 1)" Eecause

the eriø¡im.e also brealcs tJre B*lactam bond of f*alrlno-.cepha]-osporar:-ic

acidr the more general tern B-lacta¡nase is u.sed rather than pen-i-cil-

fjr¡ase or cephalosporS¡ase" No bond other ttran the anrìde bond j¡

the jntact nucrer¡.s of penic-LË:in or cephalosporin is broken þ the

enzJ&eê trtrhen tÌre B*IacÌ;am bond is broken the antibiotic is no

longer active against bacterj-a"

There are trso other enzJiries nvùich are lceovrn to destrc'y or

reduce the effect of penicilljn and its derivatives (Sykes ar:d

l"Iat'i;herr, L976), O:e is an anridase and, the other Ís an esterase

(nigure t). They are produced þ a nwiber of bacteria, Eecause
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they cleave onþ the side chai¡s from -r,l:e penicil]in or cephalo-

sporjl. and leave the nucleus intact, i;he antibioti c can sonetj-rnes

nai¡tiai n antibacterial activity,

2, Oraracteri¿ation of ÞIactamases

&lactanases are characterj-zed by a nrmber of criteri¿ as

otrtlined by Sykes and. ]'Íatihev¡ (1g76)'

a) åestrat-e prof:ne: Substrate profiJ-e refers to the

hydroJybic aciivity of a B*l¿etanase agai:rst a variety

of B-lectam substrates" The profiles are generalJy

oipressed, as ratj-os related to a value of 10O for a

chosen subs-r,rate (r¡sr¡aily berøy'14>enicil]-irr), (e"g"

a profiJ-e of penicì]]in 1O0 ard aryicil-ljrr 200 jrtdi*

cates an enuyme r,rith a rate of þdroþsis of alçicil]in

ttrice that of Pen:icìl]-in")

b) Þhibition o:L_eagvme gctir:tti'1:

i, B-lac@n 3I&:ibitor.s: Penici-L1.:ins such as cloxa-

qi.LLin and neth:icìllirr r+h:ich are SeneralJy stable

towards B-Lactanases car'ì act as i¡hibitors of

certajn types of B-Lactarnas€se Th:is j.s due to

colpetiti-on beil¡een the stable penicill:i:r and the

ffiroþzabIe penieililin or cephalosporin for the

active sites on the B-l,acta¡ase molecuLe" Some

B*l¿ctamases are strongþ fulÉbüed whjl-e for others

the j¡hibj-tion is reduced" lhereforeo the degree of

i¡ùLihition has been r:sed, i¡r the classi-ficetion of

B-lacta&ases"



c)

ii " Itron*B*lacte¡n i-nhibitorss Inhibition of B*lactanases

by both chJ.ori-de ions and p*chlorornecrribenzoate

/ ^r-\(pCits) has been used j:r tJre cJ assj-fication of B-

lactamases (Ri-ctmond and Sykes e lg73), At a

concentration of O,5.ËM¡ pCI.fB co4>leteþ j¡hibits

B*}aeüareBes coniaining cysteine resiclues "

.Anal¡rbi_eal iÊçelegtric fgg.r.lÞl'E: Isoelectric focusing

is a procedure l*rich allov¡s dírect uisual:isation of the

B-lactarnase on a tlúrì-layer poþacryJamide gel" The

gel is stajned lrith chromogenic cephalosporin (OeCa]Ia-

ghan et eL, Jl972), r*hich is spec.ific for B*lactanases,

Pr:ri-fication of the enz¡zme is not necess&ry and the

procedure is quite sensitive, The B*lactaneses âlign

thense}res at thei¡ isoelectric poirrt l¡h.ich helps

differentiate enz¡znes si¡ri'lar þ other bioche¡úcal and

i.mrwrological rnethcds of characterjzation,

@: Antiseruo raised agai.:nst one

B-Lactanase can react r,rith other B*lactanases ard argr

cross-reaction obse¡:ved rrrith methods such as inh'ibition

oi ertzyæ. activity (Jacle ard ll:ich:nond, 1970) and j¡mn:no-

eleetrophoresis (Ross anl Boultona L%2) "

I'fo].ecuJ.al v¡eisht deterp_j E!i_oq: The molecul.ar l*eight

of any proteÍn and more speciiicalJy, arly B-J-actanase,

can be determined by a nunber of procedures (-Andrevr,

lç65¡ trleber and Osborns ]-969)* ThLs nethod of protein

d)

e)



characieri-zation i-s no-i; that useful in differentÍatfurg

B*l¿c'r,ar-tiases as soüe enul,rlles vrüh sin'ilar nolecuf.ar

weights have different biochenical characteristics

(t..ratthevr, 1979)" It is therefore the least effectir¡e

nethod for characterizing B*Lacta¡lases "

3" Ässay of B-Iactarnases

lJhen penici]lin is hydroJ¡rzed by a B-lactanase the coflres-

pondi::g penicill.oic acid is produceci i¡r stoich:iometric amor¡nts" A

penicì]]oic acj-d has two acidic groups where the parent cotçorurd

has onþ one and it is a stable substance rrrhich can be readÍJy

^^^^--^t6ù ùdJ u\-( o

Cephalospori:rs are nore colçLicated as follorring hydroþsi-s

an r¡:rstable cephalosporan:ic acid is prduced, Tttis breaks dovm to

prcd,uce a conpourd i{ifich has 'r,ruo addj-tional acidic gr:oupso Hot'rever,

not alJ- cephal-osporj¡rs f,ol-Lov.r th-i-s patierrr" Cephaloridi¡re for

ø<a4>1e is deconposed to products r'¡ith tl¡o acid.ic groìæs and one

basic groupa

a) tÞ'Lho<þ of assaxr:

i" fhe most l'ri-deþ used nethod to deteruri¡re brealdol'nr

products of peni-ci l'i i ns and cephalosporins is the

iodor¡etric assayø PasicaJJy, an er{cess of iodine

buffered to pH d,0 is used to stop the reaction,

The hyd::oþ-sis prcducts of the B-lactan antibiotj.c

react lrith the iodine, The renainilg idine can

be ¡reasured by titration irith sodir¡n th'iosu-lphai;e



b)

(Per"re-L, L95Ð¡ or bg neasr.ring the decrease in

optical density at 49O rm (Sargento 19óB), ûbher

me'uhcds, sucir as a decrease j-n absorbance at ó20 r:n.

of a starch-icdjne cotplex have al.so been used

(Sytes and I'iordstroro., L972) "

ii. The concentration of residual pen:icil]irr or cephalo-

sporin can be deterErined. l$dro:ç¡larrine has been

used as it reacts with the j¡tact B-lac'r,am givj-ng

a iqnCro;<arn:i-c acid r.fu1ch forrns a chromogen lrith fer-
f,+ -^/-\ric ions (Ha¡ilton-i.lil-Ler et aI, L96Ð" Destruciion

of the B*lactan antibiotic r,¡ould be seen as a decrease

j¡r absorbance at 490 nu, IIydroþsis of cephalospor*

i¡s catr be mon-üored di-rectþ as they absorb i:r the

250-260 nm range (OeCariaghan et al-, 1968),

FjnalJry, a biol-ogi.cal assay using su-ltabþ sensitive

organism.s can be used to deternine residual cephalo-

sporins and penici.l-Liris 
"

: l'Jhen the assay has been

cotpJ.eted the enz¡me activity is eryressed jn un-lts"

Qre B-lactanase urrit is defi¡red as equ:ivalent to one lr

moJ.e of benzylpenic'i'lljn l¡yclroþzed per ninute at JOoC,

pH ?,0, The tenperature and pH har¡e been varied by tuany

authors to produce opii-mrau condj-tions for thej-r particu*

l¿r B-lacteJnnse" This practice sometiraes rnakes corparisons

between variorrs B-lactamases di*fficufi"



l+" B*Iactanases of Gran=Posüir¿-e Bacteria

Citri and PolJoclc (1966) rerrier^¡ed the avalLable j¡-forua'i;ion

on B.lactan.qses produced by BaciJ-lue cereuse B" Iichgn:i-toluiå and

S" atrreqg,

The B-lacta¡ases of gran-positive bacieria are i¡varjåbly

found to be bberated i¡rto the grø'rbh medium, Recent l¡ork with

B" låghg¡5i-fglglg shou¡ed tlrree djstj:ict celhrlar locations for the

same B-lactanase (Tbaficante and Ia¡pen, lY77)" The B*J¿ct,qrlase

was found as an extracel-h¡-lar þJrophi-Lic enzyre and as a hydropho-

bic celJ-*bormd fo::¡r(s) tocated on the outer su.rface of the plasna

mernbrane of the protoplast and at the sa¡ae time assocj-ated r^i:ith

vesicrrlar me¡nbrane coryonentso Alyappa et a]. (f977) prir5Ji-ed a

perr-ici.llinase*releasing protease lfuich cleaved 24 a:¡jrr.o acid resi-

dues from the hydrophobicu menbrane bormd B-lac-r,amaser convert'iflg

it to the extracelfuJar fozÍ0.,

There appears to be no perneabi-Lity or accessibÍIity barrier

betrveen the B-l-actamases of graæ-positive organisms and the petuici-l-

Li¡r substrates" Studies have shoi'nr that soaicated a¡d j¡rtac! ss'lls

have si¡rì'lar rates of hydroþsis of the substrate suggesting that

grarn-posi-r,ive B-lacta,r¡ases have u:rresiricted access to the substrate.

The substrate profiJ-e of the B*Iacta¡nses from graæpositive

bacteria (tafte I) jndicates good activity agai:rst, the pen-icil'lins

r.rü;h very lcrt'r activity agai-nst c].o:<aeì]]in and the cephalosporirts"

Hor.rever, wrder cerbajn conditiot'rs the profÍÌe nay change. Poll-oclc
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(1963) has shor.¿rr that l¿-ith the addj-tion of specific antjserum to

B_" subijlå¡ B-lact:¡ase the rate of þdroþsis of nethicillin r¡as

increased ten-fold, I(uyrabara (1970) isol¿,ted tr.ro separate B:lactae

ases from a straj:r of .8"- cereu.se produced urrder specific cond.i-,,ions.

ûee rrras a Penic'illinase v¡hi-Le the other'üras a cephalosporinase and
a-J-

ttas Zn'' dependent, These tlro enzyaies nêð¡ be similar.to the lqnCro*

phÍLic and llydrophobic B-lactarases described ty Traficante and

Ta¡rFen (1gru),

Tï:e genetic regulatic'n of B*l¿ctarrase s¡mthesis j-n gran-posj-tive

bacteria r^¡as recentþ reri.ewed (Issandeu L978), It has ].ong been

lanolnr that gran-positive organi-srus mrst be j-nduced to produce B*

l-actanase, usrralþ by erçosr:re to pen:ici]liq (Citri and Po]-locku

L966). Saz and lrcr'rny (196/+) repor*bed on tl,¡o non-peniciljn-Lilce

cyclic pepti-des rd"rich acted as i¡rducers and substrates for a

staphylococcal B-l¿ctar¡ase" Th:is ¡¡orlc rras never substantiatedu

suggestÍlg that B-lactanases are jnduced onþ by peniciEir¡s or

cephalosporj¡rs and that these are the onþ substrates for the

enøyrrûee

Ttre position of the B*l¿ctamase gene in gram-posüir¡e bacteria

has been r,rell- worked or¡b, tre Baci-llg; spp, the gene is part of tJ.e

chronoscme, r*rÏLe i:r Staqhr¡Ioçoccue, spp" the B*l¿cta.mase gene

resj.d,es on a pl-aseid (Rush et al.u L969E Shematt and Colfinse 1973)"

The orSgin of B*lactanases irr grenrpositive orgarr-isms is

uriclear" Appro:cìæate7;f f+Ofr of the e60 a¡ui¡o acid residues of the

4pciJ"luå spp" and S?anhylococcn¡s spp" Þ-,leotaJrases are found jrl bü'th
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suggestiJìg a cernmon origin for these two enz¡rmes (Tm"q¿n¿e, 19?8).

Pol]-ock (1967) states that there are enough Fenici 1'l i n prcducj.-ng

fungi in the natural en-'riron¡rent that B*lactamase producing bacteri-a

v¡ould have a seleetive advantage" Þlodern day use of penici'llins and

cephalosporj:rs rras obulousþ not the cause for the evolution of the

B-lactanase gene and the enzJme for whictr it ccdes, as a strai¡r of

B, ï-Sþeni3ormis grcróm from spores stored sjnce f689 produeed a B-

lactamase simì1¿¡ Èo the gran-positive B-lactamases seen today (Sneath,

L962), Candidates for a possible B-lactainêse ancestor lrrould be

errzJ¡rnes involved j¡r the forrnation of the peptidogþcan of the baeterial

ceJJ- wa]l as these reactions are specSJicalJy jæiribited bS peni-cilììn"

5. B-Iecfarnases of Graa-Negati-v'e Bacteria

A B-l-aetaroase designaÈed TEII was the first B-lactanase to be

purified from a grairþnegative organisn (natta and Richmond, Lg66) 
"

since that ti-me u"sing a variety of èechniques, a nu.nber of B-lecta-

mâses from gram-negaèive organisns such as Pseudomonas aerugi-nosa

(l,aUia et al, f9?7), Eeçlc¡_qides fragifig (nritz and bü-lkinson, l!f$),
and Ueåsseria Fonorrhoeae (nriquez and DtAnato, 1979) have been puri-

fied.

The B-lactamases of grara-negative bacteria are for the most

part, produeed constitutiveþ' There is no need to induce thej-r for-
metion with pen-isilljr¡s or cephalosporins and there is no j¡rcrease in

rate of formation in the presence of these antibiotics (Rich:aond and

Sykes, L973). This property differs from the B-lactamases of gram-
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posåti1-e bacteria which normally must be i¡duced with penieillin"

Another point of di-fference is that, granenegative B*lactarnases

are not released exLraeellular1y" They are loeated j¡r the peri-

plasnr:ie sFace whj.ch is betv¡een the peptidogþcan and, tl:e outer cel-l-

walJ (Crirtis et a], ]9?2) " The B-lactarnase is bound to thi.s region

of the ceLL and not reLeased jnto Èhe nedir:m" In sonie graa-negati-ve

bacteria ihe outer celS r,¡a]-]. can aci as a perneability bar¡ier such

that aniibiotics are restricted i¡l thei¡ access into the celJ- and

are more easiJy inactivated by the strategiealJy pfaced B-laetarases

(RichmonC and Sykes, I9?3)n The periplasnic position of the gran-

negative B-lactamasss sliminates the need for copious anoqnts of the

enzJ¡me as are usualþ prcduced by the gran=positÍve bacte::ia,

There are a number of reviews on gran-negative B:lactanâ.ses

rs'ith ihe fi¡st hav:ing been vr¡it,ten by Jack and Riehmond (19?0) 
"

They tested 46 B-lactan¿ses from enteric bacteria by various críåeria

and fourd eight distinct B-laetanases. T\rro types specif5.calJy

hydrolyzed pen-icil]i¡¡ whiJe two others Ì{ere cepha}osporj¡ases" the

renaínång four had acÈivity against both peuicillirrs and cephalo-

sporins" fuþ Ëhree of the eight $pes of B-l-actemases descrj-bed

t¡ere shcry¡n to be plasnid-mediated ¡^¡híle the others presr:nably

origi:rated from genes camied on the chromosome.

The next najor revievr appeared jå 1973 (nicfunonn and Sykes u l.]|3) "

Ït descr"ibed five classes of B-lsctamases based on substrate profile

and actir-ity of the enzJn¡.e after addition of cloxaci]-liq and pclß

{?a¡}e rr). The TBì4 B-lactamase was placed j:r class rrr (Tab}e trrr),
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This class had a wide substrate specÍficity'*rith approrci-mate3-y equal

rates of hydroþsis of pen-ieil'lins and cephalosporins, The enz,Ítr,e

ç¡as sensifive i;o i::hibition by c]-oxaci,llin but resistant to Èhe effect

of pCI'ß, The gene coding for TÐ,I B-lactanase r,"ras plasrdd-mediated,

causing fhe TEM B-laciam,ase to be r,r"ideJy dissemiilåted througþout tf¡e

f ani 1 y _En:Lef oba qtetiqgeêe,

Hedges et aJ- (lgZl+a) studied B-l-actamases deterni¡red by 29

ampici,l'li¡r-resistance plasnlds. Ttro groupings were recogrui-zed, TLre

most predoni¡rant were the TEM*t¡'pe E*factanases nedi-at,ed by plasraids

w-ith a vride range of plasmid eorpaÈibilty groups, The abi-Lity of

the structura] gene for the TtrI B-lacta¡nase to translocate f,ram one

plasn:id to another was given as one reason for its spread among

plasmids" The other type of B*lactanase studied r¡as an e¡ìu;rne vrhieh

hydroþzed oxacillín at a higher rate than penicì11ìq. Th'is B*

lactamase ¡¡as for¡rd in n-ine of the 29 cases studied"

fn L975 the techrrique of isoeleetri-c focusing was used to

further differenÈiate the TEM*i¡pe B-Lactamases i:rto two groups

(Uatttre¡¡ et al, 1975)" One group was found to have an isoelectrie

point of 5.1+ tshil-e the other had an iscelectric point of J.6" Both

had identieal substrate profiJes, An i:rteresting poirrt i+as that al]

strajns tested, including supposed B-lacta¡'nse negative organ-isms,

had bands appearing at an isoelectric point of 8,3" These were cor¡-

sidered to be chromosonnJJ;y*mediated E-lactaunses" Une>pla5-rred

satel-l-1te bands r"¡ere also apparent near the nairr B-lactamase band.

Matthev¡ and Hedges (19?6) designated the TEIvI B-lactameses vrith an
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j-soe]-ectrie poÍni; of 5"Ìr as TH{*l and 5,ó &s Tm'l*z, 1þs o:{açil]:l'n

t;tpe B-lactal¡äses had ihree djjfereni isoel-ectz'ic poj¡ts and were na:r'.eC

0XA-1, OXA-2 and 0XÀ-3.

The most Tecent reviet¡ covering aJJ gran-negative B-lacianases

appeared ín 1976 (Sykes and l,fatthetru ]9,16), Here the B-lactamases

were divided by Ïlhether or not the B-I.actar¡ase gene T{as ctrromosornalþ-

&oe.aèed or plasmid- Soea'ted. The najority of chrcmosomalþ-[,6s6fr6g

B-lactamases I'rere cephalosporinases with the one exception of a broad

spectnern B-lactamase prdrlced by a l!-eb-sie]-lq strain" The pl-asnid-

åq3çs.bçd B*J-actar¡ases 'brere of the TH'l and O&4. vari-ety"

FTlaJJy, I&tf;hew (f%9) exani:rd a nuÍ(ber of plasn:id-nediated

E-l-actamases, trrcluded v¿ere six additional enuJnoes not laaoum at the

tise of the Sykes ard I'fatthew revieu" Four of the six had origS-nated

from Pseudomona-s- p3-asmids " Of Lhe 363 graaénegative B-

lactamases exani¡red o 77.hi6 were of the TE"I type lrith l:-"t& of the

OXA 'rariety, The Pseudomonas enzJno.es lrere r&Te but exceptional as

onþ they hydrolyze "¿¡¡srrlqillirl at rates equal to benzylpen-ici ìlin,
A parbjal amieo acid sequence of the TB,f-j- B-lactarrase has

receTliLy been reported (Ambler and Scott, ]gTS)" ldhen conpared to

the sequences of the grarr-positive B*lactanases there appeared to be

3A45% identity" Gre point of i¡rterest was ttrat the Tml-l B-lactapnse

did not shoru si¡riJ-arity with the NH2 termi-nal. region of the membrane

bound form of the B-l¿ctarnse from B" Lichen-iforrai-q rçhich has an

urrusual- a¡nino aci-d conposition. This question r¡¡as answered by

Su'r,cliffe {L975)" He sequenced the gene codi-ng for the Tm't-l B-
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lactamase and for:nd that it encdes for a protein of 286 a¡ti:ro acid

resi-dues 'rrhich ís 23 ani¡ro acid residues !-onger than the na'Lure enzyïltlo

These extra residues nay be 5'irnìlar to the 24 residues cleaved from

the menbrane B-lactamase of gs. 1j-gþen¿fo;:mig to forn the exbracell-ular

B-lacta¡nse (Atyappa et aL, 1977) "

There are a r,ride range of gram*negative bacteria which can

produce a B-lactanase (Sykes and l.latthen, 1976) with so¡ne organisns

able to produce truo distinct B-lactamâses (Ietarte et alu 1978)" The

T&i B-lactanase r,¡as i-nitialJy restricted to the EnËerobacteriaceae

but it is ncrv,¡ forurd j¡r such grårÞnegatil're organisuls as g. lætli€nzeg.

(81'*"eJJ ei, aJ., LW|) and lü. go¡o¡rrhoeae. (ELweLL et aI, I%|a)"

B" Hlasn:ld*mediated Antibiotie Resistanee

1, Ïntroduction

The bacterj-al cel-L may eontain a wide variety of genetic

material" Some of th:is is its crnrn chromosonal DNA but at tj¡æs it

rnay contain the DNA of an j¡rfeetixg l:i-rus or the DNA of a sex

factor, cotici¡r factor or d.r"ug resistance factor.

Viral- Dl{A can rep}icate autonomouslìf in the cyboplasm or as an

i¡tegrated part of the host chrenosolneo Ttris t¡pe of genetic element

was given the rrame episome (Hayes, 1968)" llith the demonstration of

a large nmber of genetic elements ruhich did not integrate into the

chro¡rosome the r¡ord plasnid r.¡as coj¡ed (Hayes, 196S) " Such genetic

elements as the sex factor, coJ.icin factor and resistance factor are

plasnids as they repl.icâte independentþ and onþ infrequentþ
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i-ntegreÈe j-r¿to the chromosor,e"

Sex factors v¿hich are for¡nd jrr E" coLL straias prcnote conjuga-

tion a¡d ehromosome trar¡sfer bet'¡¡een baeterial strains luh:ich possess

the factor ¿nd simiJar strains v¡hich do not,

CoJ-icins are bactericidal agents wh:ich are pro<iuced by sorne

speali"es of the Enterobacteri-aceae and kilJ- other straj-ns of this

sg:eeåen g*¡f,'ain classes of colicin determi¡rants could promote thei¡

ot¡¡n transfer by conjugation to recipient bacteria l¡hile others could

not do so, but couJ-d be transferred if a sex-factor r¡as added to the

donor organism,

2, Resisiance tr"ansfer Factors i:r the E¡rterobac''eeri-aeeae

Resistanee transfer faetors tcere fjrst noted by Japanese

v¡orkers in 4957 when large n¡rmbers of mútiply<irug resistant

Sh:ieeLla straj-ns causing dysentery l¡ere isolated (trJatanabe, L963) 
"

It rsas sho'¿¡n that these organ-isns could transfer the resistance genes

to other Sh:igell-a as r+eLL as &- cg}t" Tt¡e mechanism of transfer

proved to be eonjr.rgation"

The antibiotics i¡rvoJ.ved ¡¡ere streptorycin, sulfona¡ride, chlor-

anphenicol and tetracyclire, Resistance to these dnrgs could be

transferred togeiher or as nülaerous combj¡ations, indi-cat5rig the

associaticn bet-ween the resistance genes and the resistance transfe¡r

factor was not always stable (Hayes, 1968)"

Anderson (L965), usi:rg a triple-üross techn-ique, demonstrated

that many drug sensitivc straíns of Salmonella had only the transfer



factor which coui-d couple lrith a non-trans¡rissible dnrg resi-sfance

deterninent from a second organism rr"ith the combi¡ed piece of DIiIA

berng transferred to a thjrd recipient organism. It .ltas suggested

that sueh a ¡aecharrism could be going on in the gut wbich wor:-ld give

rise to a large variety of R faetors ard. resistant organisrs,

The j¡rcrease j¡r drug resisiant -S" typhj.m¡rj-r:m v¡as fol-lcited in

Great Britaj:r fro¡r 19ó2-1965 (Anderson, 19óB)" Fhage type 29 was

shovro to predoninate among the resistant hacierial popu.1a'uion, The

reservojr for thj-s resistant organ:ism r'ras fo'.¡¡rd to be cattle raised

by i-ntensive farming r:eÈhods r¡here overcrowdi-ng anC heavf use of

anti-bicties Èo eontrol- infectíon caused it to be selected over

serrsitive strai-ns, Thun*65isn'-* ?{ere spread to farm workers and

i;he general popuJ.ation by r:npasteurized n:i-lk from i¡lflected eows.

FoJåCI'ring the j-ntrduction of a:npicillj-¡r j¡tto cJ-i¡:ical use j-n

the earþ 1pó0ns, transferrable aryici lJin resisi:,ance quickly arose

(Slocoanbe and Sutherland t ]-973),, This resistance rtras due to the

production of a broad-spectrum B-laetamase active against both

penicilins and eephalosporins" Itn 1965 Datta showed transfer of

aryiciljin resistance due to a B-lactamase gene being carried on a

large R factor (Da*,ta and Kontçmichalou, 1965),

2 rF-â*-*.sabl-e Antibiotic Resistance) ø r¿ qr¡ùåJv

Hedges et af (fg7+) studied a nunber of aryic'i]]in resistance

plasrLids and for:nd that vi¡iualJy alJ of the plasnids had been

originaliy isolqted from menrbers of the Bnterobacteliacege, Hon the
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gene for TBI B-}acÈamese ca¡:e fo be on such a variety of plasrrids låas

soon e;çiained,

I',, r¡as found that a L,7 - 3,9 I'HaI piece of DitIA corrld remove

i-'t,self from one plasnid and inserÈ j-nto another ptas¡nid (HeOges and

Jacobs, L974b). Thls piece of DlüA carried. the gene for TEI"I-type B-

lacta¡ase production, Hedges and Jacobs (1974b) designated DNA

sequences rsith transposition potential as transposons and the trans-

poson marked by aryici]Ën resistance gene(s) as transposon A"

Continued research denonstrated that reconbi¡rant plasnids v¡hich

acquired arçicillin resistanee had an identical insertion of a 3"2

Ifdal piece of DNA içhi-ch i,ras b'ounded by short i:¡r¡erted repeaÈ sequences

(Heffron et a1u L975aE Þabens et aJ-u L976), This small- piece of ÐNA

r¡as the transposon A or T?r.{, The inçeràion of TbA i-¡rto a pJ.asmid

was shotnr to be at a number of non*random sites, søe of wh:lch iøouf-d

cause 3.oss of host gene ft¡nction"

Transposons are naned muerieall¡r as they are fourd" lhJ-e T:r2

and Tn3 are al-L arapj.cilli¡ transposons idenf;ified and characterized

by three separate authors (Ce¡æUe:: et a1u J97il, Tb4 to h'¡-1O are

transposons carrying drug resistance genes other than for alrpici,l]in.

The abi.i j ty of the 1ìnA to move from one plasnid to another

e>çlained ühe rapid energence of anpicì]]iq resistance aiuong the

Enterobacterj4ceag" No reeombination rças required as the fAÄ simply

i¡serted itsel-f at a certai¡r site on the recipient plasrnid, l'fith

such indiss¡iminant, transÍer of DNA it was on-ly a natter of tl¡e
before anpici'ilin resistance mediated by a TEM B-lactamase spread
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out frcm the enteric baeteria and into oùher €raeÈnegative organi-sns

of cliaical i.:¡portance 
"

4" Plasm:ids in Grapllegative Orgar-*-r.ns Obher than Inieric Bacteria

IC:a¡ et al (1974) r'¡as the fi-:'st to describe a case of nen:i:rgj-tis

caused by a strai¡r of H, Í::flgenzae vrhich did not respond t,o arpicjJ-

lino The organ:lsm j-solated prcduced a B-Lactamlse,

F'Ll*e1l- in l-975 reporbed axtrici'lltn resistance fu lü. i-nÍSuenzae

wh-ich l,ras assoeiated r¡.ith a 30 imal plasmid (ELweI_ eÈ a}, fW5) 
"

Tlris plas¡n:id i.¡as ftrrther characterized by DeGraaff et al (L%6) where

it was shou,¡n to contain all- of the ampicillirl transposon"

-4. srnall- plasnid from H.- parai¡fJ-uepzag v¡as shov¡n to possess

onþ about 3ofl of the ThA (nouerus et ale L7TT), This sun]} pLasmíd

?ras non*eonjugative whj-l-e the J.arger plasmid of fiå j¡fþ,enz.ag was

conjuga'i;ive (EL';ælJ et a1, 1975)"

Tl¡o disconcerbi:rg reports appeared ia rancet deseribimg B-

lactanase prcduei-ng IË zurAor:.h.oeae (fhiif ips, IgT6E Ashford et aI,

IW6)' One strai¡l had orig'inated i¡r r¡Iest Afriea wh.i-Le the other l,¡as

assocj-ated with a u.s. eerv-icenan retwning from ihe Far East"

Work by &ltreIl et a^I (L977) shc¡',ced èhat two snalS plasn-ids l.rere

j¿vorved in carr¡ring the TE4 B-lactannse gene j-n Iv" gqaorrhqeae" A

d"d i"Idal p].asrnrj.d v¡as isolaÈed fron Far East straj¡s ¡¡hile a 3"2 Lna]-

plasniid r¡¡as found isr strains frc¡a l'üest Africa, These two plasrrids

l{ere non-conJugative but cou.l-d be mobi ]i.zed and transferred to

recipient organisns by a large 25 lrda¡- plasnid which '"*as found. j-n
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both a:pieillin sensitive and resj-siant N" eonorf,hgeaq (Sox et at,
197s) ' The tr¡¡o sna.lJ- plasrnids were shcr*m to be hj€hlJ homorogous

to the snalJ- plesmid fron H" paraj:rfruenzae and possessed abouf {0S

or rne tnA"

ûlþ striç¿ su¡*r¡sil]ance and fo]-lcrir-u¡l of contacts has prevented

anlFisi]]iì1 resistant N" åonorrhoeae fron gaining a foothol-d jn ¡trorbh

å¡erica' Ho'deveru this j-s not the case r+ith isolates of &- infl-qenzeg.

Apprc.>ciJerai"e1:y g/, of clin-ical isoJ-ates of th-is organi-era ia I'J5:gripeg

are resistant to aryicil lin srith obhers beÍng resistant to tetracyc*

Line ard chloraryhenicol (aluritton et. a1, ]9?s), TLÉs probabre

spread of anpiciuin resistance from the enterie bacteria to N"

gonoErh_ceae and H-. jlrfllrqnzae i-s probably due to v¡Íde use of alpiciå*
I:in and the i¡creased nurnber of B*lactanase resistance plasmids 

"

C. Ántibiotic Suscep'i;ibi-lity of Þe¡nophjJus duceelri

H. du-creyi j-s bebeired to be the causative agent in the se"xualJ.,y-

i;rans¡'ritted di_sease chancroid. Iù is a small gram-negative coceo:

baci-Llus which reqtri.res the X-factor hernjrr but not the V-factor N¡ID

for grol'rürr (ril-ian, Lg76), Trr norual culturing practice the organ:isns

are gro¡'b'¡n on chocoLate agar p]-us added enricli:¡ent rnedía"

There are a m¿rnber of papers repor-ting antibioti-c sensitivities
of g= dl¿creÊ tn¡t no dnq resistanee patterns, includii€ resistance

to pen-iei lrirre ï¡ere noted (ffiayer et al, rg55t Re¡æann, fghg|

Mortara, 1944) " Ho-,,'trever, these studies r,¡ere done before pl¿snid-

¡rediated drug resistance became'*ridespread"
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Ker'oer et al (1969) described the treat¡nent of 90 cases of

chancroid jn Vietna:n" ùdJ¡ 31fr aî'uhe trlcers healed with tetra-

cyc"line, vrnjl-e 89Í heal-ed lrith sulfisoxazoleu tr{hen both drags v,'ere

tæed 'bhere lras a tOOØ cure rate"

tiarr¡r:r (Lg'12) f,oJ.lo,,sed thj.s r*ith a drr¿g study on 67 patients

who faiJ-ed to respond to the conbj¡ration of tetracycUne and sulfi-
soxazole therapy" I{anaqyci:r 'r,sas the antibioÈic rr.sed to clear læ the

resi-siant lesions.

Genrital u.lcers l¡hich did not respond to streptarycin but healed

vri*h a five-day course of cephaloth:i¡ were reported by ihz-t (19?5) 
"

Kerber suggests the use of ]oo¡ doses of antibiotics for J.ong periods

of tj.:ne by Vietnamese prostitutes rna¡r be the reason for deveLopment

of drug*resistant chancroid i¡¡ Vj-etnam"

Ibon late W75 *"o earþ Ig77 e 21 jsoJ.ates of H, d:r.4crqyi luere

recovered in bfi:uripeg by eufi;uri-ng suabs from gerrital ulcers on

chocolate agar plus I ne/ú vancorycin (Haroirond et aJ-, 197S). These

organisms were tested agaiast a s¡'ide array o¡ ¿¡liinicrobial agents to

determi¡re their ni¡ri-sun inltibitory concentratj-on. Tlrree of the ã
were fourd .to be resistant to LZS yg/nL arryícillin and one of these

three v¡as aLso resistant to 3Z ilg/ú tetraeycli:re (Hamond et aJ-, 19?8),

.AIL three were shcmrn to produce a B-lactaÐase"

Patients i:r l,li::r::ipeg lrere treated with su.l-fj-so<azole, tetraeyc-

li:re and do:q¡eycline (iurpublished data), Faj-li;ses to heal- i¡r each

group !,rere associated l¡-ith non-corpli-ancee presence of lesio*þ f *
in diapeter and presence of J-arge i¡t8r¡inal buboes "
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}.ÍATEA,IAIS AND ¡,IETHODS

A"__ Bacterial Strai¡rs and plesnids

The organisms used in this str:dy are listed i' Tabre rv,
ï¡ncruded are the pJasnids used for molecuJ.ar *ei-ght standards. The

plasnid RSEL030 camies the gene coding for a Tm.{-r B-ractanase

r¡hile the pJ.asnid Rpl¡ carries the gene codirg for a TEl,{-2 B-l¿cta_
rnase (Itatthew and Hedgesu Jp|6),

B" Grorrbh Media

1" H" ducreEl

Antibiotic sensiti-ve strains were grolrrr on chocorate agar (cA,

Apper:dix ra). Aryici rlin resistant strains lùere gro!ùn on cA plus

5--Lo A%/nr amtrli-ci'l1irl" TLre plates were iacubated j¡¡ a hr:nld j:rcuba-

tor r.rith jf. coz aL 3¡5oc.

2o !* foifluenza.e

AntibioÈic sensitive organisms .Ì¿¡ere gro?rn on plai¡, cA iqhlle
resistant organisns had the appropriate antibiotic added to the
medi.m (¡-ro rc,/nl axpicillin o tt pat/nl tetracycline a h pg/nr chlora¡r-
pherricol, 50 rtg/nl nalidi:cic aci.d and 1O0O ¡g,/ml streptonrycin),

3" fu coli

a) Generar grsbrth conditionss Tl¡e liquid medir¡n r¡sed r.¡as

r.-broth (.appendix rb) ' The solid ¡iedårrm r.ras r"facconlcey

agar withoret crystal violeË, Resistant strair¡s had
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A
JIA

EI

C.

Table ïV,

Strai¡

H, ducre_yi

5&98
51+207

5l+2f1 ì
35000 Süf
35000 tu Alp¿
35oCÐ Sn Ch]- Tet2
542o5 Ch]. Tet2

H" i¡¡fluenzae

Bo3r
Re3O r
Onnâ t't^'t!LÃ-r\.r¿¡ r\,¡éd-

RoS? sn* .
BO03 iüal Áæ'

E,_ coLL

HLasmid

RL drd 19
RP4
Sa
RSELO].O

Baeterial- Strai¡s arid Hlasn-ids

HlasniÇ Corplenent
(x 1oo daltons)

6"o
6"0
6"o

3o,o
3h.o
3l+.O

30,0
3!øro

30,0

c600
c6æ (pJm) 6"0
có00 (R.sF:1o10:T?L1)AplOt 8"7
cóoo (IìsFLolo;Tnl)April g,T
c6oo (RsELolo:Th3)Ap23o 8"7
c6oo (RsELolo) 5.5
r'l-J4s5-1 (nS¡ro3o) 5.5

Ð, Hlas¡rids for molecrrlar rveight standards

Hrenot¡pe3

Arp Tet
Ary Tet
Anp Tet
Sn
Sa Anry
Sn ChI Tet
Ch]. Tet

@
Cl¡l Tet
$al
Sü0.

NaJ. Arp

åJr$,

Á¡ry
Aryfu
Ary
Su Sn
@

L
IíolecuJ.ar weÍght (x 10" daltons)

6z
3l+
23

5"5

1 Th.ru strains rrere nade resistant þ passage on agar contai-rrirrg
i:rcreasi:rg amor¡nts of the antibioti-c"

2 Th*"* strains rnrere recipients of a large plasmid r,¡irich carried a
resistance marker"

3 Abbr"viations: Su (Suljonanide), Anp (.olçicitr¡a), Cil (cEorarpheni-
co1), sm (strept'oqrci¡) u T.et' (tetracycÏ¡le)e I'Ia]. (ñari¿¡âc Acid,).
Designates resi-stance to these arrtibj_otj.cs,
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25 ]re/ú a¡çici]lia ad.ded to the redia.

b) Parbial B*lectanase purification: Ttre r¡arious strajns of

_ E. coJ-i trere grcrrxn jn the J-ow phosphate broth of Neu and

Cirou (3ç6?) (åppendi-:< Ic) "

C o A¡rti mi crobi-a]. Si:.sceptibi Ii ty

1, Agar D5-Lution

This net'hod v¡as r¡sed to deterui¡re the nirri¡mm inhibitory con-

centrations of a4licil]in and tetracyclÍte for the H" dJ¡cre¡ri strains"

The entibiotics t^rere incorporated jJr CA decreasi-ng ia doubJ-ing di-Iu*

tions fron 128 pg/nl to "06 reg/ù, lhe organisms ¡rere scraped fron

cA pJates, suspended j-n broth, vorbexed and al'lø,,red to settle, The

sipernatant ruas ad justed to approdnatery to8crr4ßL (,5 l¿ac¡'arl¿nd

standard) and sarçles aFp].ied to the swface of the plates r¿ith a

Steers-Foltz replicator, The plates T{ere incubated f,or 2t+ hours j¡

a C}2j¡cubator at 35-37oC. The end poÍnt r,¡as taken as Þ gOÉ

reductíon in grc*bh when coryared to the growbh on pJ-ailr CA,

2" I'ticrotitre Elate Di-Lt¡ficn

Th:is method sfias used to deter:¡:i¡re the nri¡-i¡run 5rd::ibitory con-

centratiorrs of alqlicì'l'lin and tetracycline for varior¡s E" cgli strains"

colonies were picked fron a plate, i¡oculated j¡rto r*broth and grown

for three to five hours" The brott¡ was dj-luted to fO2CfUftO. The

antibi-otics lùere serÍalJy dj-luted i¡r brc'th fro¡n 128 Nnt to "o6 )tg/ol7-,

The ceJJ-s and antibiotics l.¡ere raixd by addj-Eeg O"1 m.l of each t,o r,¿e'il,s
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in a microtitre plate. The plaie was incubated at 37ot for t6 hours

and gnowbh or no growbh observed" Grovrbh v¡as defined as visual

cloudiness of the brot;h j¡l the rvelJ-, &fl G@;ered Èo Èhe eåear can*rCI], v¿*13 *

D,-- B-Iaetamase Assay and Deterrn:i¡ration of Substrate hofiLe

1, B-lacta¡nase Assay

The B-lactamase assay used was a nodifieation of the proeedure

of Sawai et a3- (197S). It neasures the breakdor^m products of the

penici'llìqs and cephalosporins folJ-ovrilg hydroþsis by the B-lactamase.

The couposition of the iodine reagent is given in Appendiic II, The

assay took place at 3OoC j¡ a .1 M NaTHPOU - KH2PO4 brrffer pH J"0"

The B-lactanases were prepared þ sonication of the organisns" The

celI debris was discarded foJJ-owing eentrifugation at LSpçûû g for

JO ninutes with the supernatant being used as the crude B-lacta@,se.

The procedr¡re for the assay r,¡as to pre-Írcubate 100 ¡rmoles of

the antibiotic i¡r the phosphate buffer for ten ninutes. To this was

added enough B-l-actanase to hydroþze 10O ¡:noIes of pen:lcillin G i¡r

about ten minutes. Ttte fi:ral vo}¡me uould be l¡"O nJ-, At various times

80 Xl of è3tís sû3ut åo$ .¡ras removed and added j-mediateþ to a

solution consisti-ng of I.25 nl iodj¡e reqgent and 1"17 nl. phosphate

buffer naicing a fj¡lal vo}.¡me of 2"j m1. This was left for at least

ten minutes a¡d not longer than 20 n:i:cutes at v¡f¡i-ch ti¡e the absorb-

ance was measured at 490 run i¡ a Urricam SP-1800 spectrophotometer.

The inhibition studies ï¡ere carried out i¡l the same nannere

except the enz¡nne was pre-incubated for ten ¡d¡rutes with either

"5 uMpCI'{B or loryt.Yf sfçi(ssillin" At this time too }:moles of
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penici]]jrr G was added to the reaetion mix"

The conÈrols for the assay consisted of the antibiotic i:rcuba-

te_d rrith no enz¡¡tîe and the enzyrue incubated lrith no antibiotic added"

No decrease j:r absorbance at l+9Q nn over a pericd of 120 su!¡¡utes was

seen with Èhese conüroIs,

2. Substrate Profile

Oace the B-lactanase åssay was completed the change in absorb-

ance at t+90 nn l+as plotted against the ti"ne of removal of, the hydroþ-

sis prducts from the reaction nlxtr¡re (ei6ure Z), Fbora this plot

the appro:ci:nate tin'e required for a given amor¡nt of B-]aetamase to

hydroþze 100;¡noles of the anÈibiotie could be detersjned. ff setti-ng

the Èj-me to hydroþze 10O,:moles of penicil'lin G to the relative

value of l0O the other times can be compared to it and the substrate

profiJ-e produced. Tnhibition by slsr€sillin v¡as defj¡¡ed as greater

t'han 2O% increase in the tirne required to hydro!¡ze 1OO prnoles of

perricillìn G as conpared to penicilljrr G alone.

E, Partial- P¡:rification of B-I-actarnase

TLre organism wsed for thls procedure was fu c-oti CóOO (p¡af)

which was produced W transformation of E" coli Có00 r'i.ith the pr.¡rified

plasnid pJBJ- isolated from $ dqcrey!.

The cells were gror,{n to early stationary phase (g-tz hours) i¡¡

1 liter vo}:mes of the low phosphate broth of Neu and Chow (L967) 
"

The þsis procedure r,¡as the method of l,i:rdquist and }lordstron (fçZO)
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for the release of períplasnic enø5mes. The st4lernatant was applied

to a coh¡wr contaÍning DEÁE-Sephadex j-n "01 i.f TRIS pH B.O, The B-

laçtanase ro'as batch efuted from the column with "4 M NaCl-. Fbactions

of high activity were pooled and þophilSzed" Upon resuspension in

3 ¡rl of "01 M TRIS pll I,O, iù was rtur on a C*75 Sephadex co1utr¡,

fbactions of higþ activity røere agai-n pooled, At the conclusion of

ttr-is step the B-lactarnase from E- c-oli CóOO (pJnf) had j¡creased i¡,

specific activity from 40 ruuit's/ng lo 1,,79 rrrits/ng protei:r vrl't"h 5A/'

recovery, ApproximateJy six other proteins r"¡ere present as dete:s¡-i:aed

by poþacrylanide gel electrophoresis"

F, fsoelectric Focusj:rg

Thís techn-ique 1s¿s sini-lar to that of l4atttrew et aL (]-.W5) 
"

Ready-nade PAG anipho1i¡e gels with a pH range of 3"5 - 9"5 were pi¡r:

chased frm lJ{B (SrseOen), The ge}s vrere run on a LKB 2lå7 nn¡ltiphor

apparat'us,

The geJ- was prefocused for one hoi:r at which time I cn sql¡âres

of filter paper soaked j¡r the B-lactam¡se sotrution r{ere placed on top

of the gel-" The B-lactanase saryles had been partialJ-y purified by

eluÈion from a DEAE-Sephadex colu¡n. At the end of one hour of

focusing the B-lactanases, the pH gradient, &ras measured wj-th a surface

electrode and then the gel was i¡mersed j-n a solution of chromogenic

cephalosporjn" The red colour prcduced upon reaction of the B-lectam-

ase v¡ith the chronogenic cephalosporj¡r rqas al-Lor¡¡ed to develop for 20

rni¡lutes at which tjme a photograph r¡as taken, ûne gel lras stai¡ted
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for more than 60 minutes to look for chromosomalJy-rnediated B-lactas-

ases "

G. Preparation of T¡mr::re Sen¡m

A þsozyme preparation of E" .coli C600 (pJH-) v¡as þephìlized

and resuspended to give 6 ng/*.L protei:r, 0,1 nJ. (25 untts B-lacta¡'ase

activity) lrras ni:red w'ith Ereundss adjuvant and injected j¡to the foot-

pad of young rabbits, At weekþ j¡tervals for four weeks, O"1 rul of

antigen lras i:rjected intravenous$. The rabbits v¡ere bLed two weeks

follouring the last iajection,

H, f-i¡murroelectrophoresÍs

ï-mr:¡roelectrophoretic procedures r,lrere carried out on a T"KB 2l I ?

m.r-ltiphor apparatus accordi-qg to ttre method of Weeke (1973) " For

crossed i-muunoelectrophoresisu 5 - 10,&1 of parbia1Jy-purified B-

J.actemase fro¡n E" eo]-i C600 (pJBl) Ì'¡as run in the first dj:nension for

2A4O n:i¡rutes at 10 v/cm. The r4o¡rer parb of the get not contaiûjrl€

any enzJzme was cut a'aay and 12 al of 7fi agarose $rith 1 rnJ. antiserr:¡n,

nås poured" Ttre B-Iactanrase r.¡as then run i.n the second dj¡ension for

16 hor:rs at, 2 v/cm" The gel was stained for B-laetamase activity by

i¡rr¡eyeie¡¡ in a solution of chromogenic cephalosporin" After photo-

graphs had been taken, the gel v¡as Ì,Ëshed rdith sali¡re ar1¿ dlsf,illqd

water, dried, and stained for protejrÀ x{iÈh Coomassie h"jlli¿nf, glus

n25o ("25% in 7% acetie acid)"

Tandem crossed j¡¡m¡noelectrophoresis was nm using B-lacÈarnase
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from E. coli- C60O (p-¡¡f) as the reference enz)nme and B-laetama.ses

fron BO3l-, RP/+ and R.SEL030 as ttre sanple erìzJ¡nes to determi:re j-rmlrnc-

BÇnic relatedness. The 'Leehn:ique was the sane as described above,

except üorc sanple well.s 1 cm apart were used j¡rstead of one t¡elJ- for

cyossed j¡CIn¡rrcelectrophoresis, Agai¡, the geJ-s ¡sere staj¡ed fj-rst

for B-lact¡Jnase activity and then protein"

I" Hlasn:id Screenilg

The preparation of cleared þsates ìras by the methcd of Ì'leyers

et aI (1976), For eultures of g* ducreyi and H" jåf_l-uengÊg five

plates of chocolate agar were srsabbed r,¡ith organisns and then scraped

18 hours later. Crrlir-¡res of Ss. ggþ were grCI!{n ín 30 ¡ul of L-

hoth for 18 hours at 3?oC" Af-l- eells creÍ.e washed j:r TES buffer

(50 n¡¿ Na01, 5 nI'{ EDI'Ap 30 ¡rl¿ TRTS, pH 8.0) "

Usi-ng }4eyerse method, f,þe sells were þsed i^rith 10Ø sodiru.

dodecyl sr¡lfate (SlS), the protein v¡as exbracted with buffered phenol

and the Ðl,tré. precipitated \{tl"h 95f. ethanol. Ttre DNA was resuspended

irr .2 nJ- of TES brrffer and ,05 xû3. of trackilrg dye (bronophenol blue

(o"o7%), SDS (lÐ, and glycerot (39%), 5n water)" fire plasmid DNA

sanples þrere ncri¿r ready for agarose gel electrophoresis"

.J, Agarose GeJ. Electrophoresis

Samples (3-25 ¡-1) of ethanol precipitated DNA with tæecking

dye vrere subjected to electrophoresis an ,7il agarose gels in TRIS-

BoRATB buffer (Sg uû't TAIS, 2.5 ú[ disodiu¡n EDTA and 8.9 n],I borie
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acid), Eìeetrophoresis rras cerried out on a verLical slab gel w:lth

the sar¡Fles pl.aced j-n wells nade wj-th a lueite conb, The gels ruere

run at 6O n¡. and 100 v rutjL the tracking dye had reached the botto¡n

of the geI, The ge1 r'¡as then placed i¡r a solution of eth-idiun bro-

miAe (¡'¿Sr) :rr 'nrater (.¿s lg/rù) and stai¡ned for L54O ni¡iuies,

The gels lçere nade to fluoresce vrith a shortr¡ave W transj-l--

Iu¡i¡r.ator ard then pbotographed ''r¡:ith a Polaroid carûera using ty6,e 55

pos/neg fi'ìm"

K" Cal-culation of Hlesnid Molecrü-ar Weight

The molecul-ar weight of the pJ-asrnid ¡¡as estimated by plotti:tg

the logarithm of the relatj-ve distance nigrated of standard pl¿snåd

DNA preparatj-ons throt¿gh the gel, versus the logarithn of the plasrrid

molecu.l¿r weight. the distance migrated by the test plasmid is lmor.tn

and rrhen plotted on the EraÞhs the no].ecular weight can be deternj¡ed"

Care r¡as taken to not overload the sa4r1e as this affected the rate of

ni.gration and, therefore, the molecular weigþt esti¡,ation,

I,, Rr¡iji-cation of Elas¡cid DNA

This procedure nras a modj-fication of the nethod of Cler,¡e1J. and

Hel:i:nski j:r r.¡h:ich triton X-IOO (Ð.3fi fjrlal concentration) was substi-

tr¡bed for hij l8 (BllreLL et al, L975)" The cleared þsates of L
dlrcrefi or & col:i had J- g of cesium chloride added per 1 ¡¿1 of

cleared þsate" To th.is v¡as added ,2 m1 of 10 mgÉn-l ethidium brorolde"

The refractive j¡rdex r'ras adjusted lrith TES to approxi.nately 1o3990 for
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H" duereyi and 1,3941 for E. qof!" The tubes lrere sprrn at -¡,-tûri)fiO g

for À.0 hours" The plasm:lds l*ere drip fractionated frø the bottcm of

th-e tube" Tne EtBr was extracted rrith Cs0l-satr¡rated isopropyl alco-

hol and the rernain-1ng plasmid dial¡rzed or¡ern-ight against 50 m14 1BIS

pH I,O, ltre pr:ri3i-ed plasnid DNA' v¡as stored' at -20oC'

Iui, Restriction Drdonuclease Dgesèions

The restrietion endonucleases Pstf, HincII, Baniü a:rd Iti:tdTJI

$ere purchased from Ïüew E:ngland Biolabs" The reaction buffers for

each enz¡nne are listed in Appendix I[I' Tbe amor,¡nt of puriJied plas-

ftid DllA. used depend.ed upon the nrmher of f,ragnents produced by the

digestion procedi:re and the concentration of plasmid DNA" Usually

2-15 pL of ÐNA l¡as added to I ¡r1 of enzyne u 3 ú of buJfer and made to

30 )rL lrith disti'ì'isfl HaO" The digestion reactions were cal:ried ouÈ at

37oC far 90 ¡ai¡rubes and stopped by addjng tracking dye to a fj¡ral con-

centration oî ZOf". The digests were run on .7% to L.5% agarose geIs,

stajned with ethidirm bronide and phoiographed vrith the Pol¿roid

camera"

The endonucl-eases PstI, Hi¡rcII and BanIII rrere used to d{gest the

various p1-asmids, HindIII was used to dÍgestfr nfiIA into 7 fragments of

lmown rnoleer:-lar weights frora r¡Ìrich noåecrrlar weight esti-rnates of the

plasmi¿ fragrnents v¡ere made (t'tr:may and Mr¡rra1a 1975)"

No lransfornaiion of E" eoli C6O0

The procedure folJo.¡ed was that of Cohen et al (L97ù" E" g.oli,

Có00 v¡as grotfil . for three hours in 30 m-l of L=koth alll then rrashed
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."r.ith .03 i"i GaC12, 0"1 inl of puriJied plasuuid DIüA (pJBI) vras add'ed to

o"2 nl of ccrpetent ceLls, incubated for one how at ooc and then heat

pg]r"d at ÀZoC for tr"¡o mj¡utes for maxi:¡u¡¡. uptake of Ðl'lA. T-B¿"oth

(2"7 nf) r+as add.ed and the cef-Is i:rcubated for 3"5 hours at 3?oC to

alj-or¡ e:q>ression of the resistance genes" At the end of thi-s tj'net

0"I ûl allquots nere spread on tfacconkey agar plates contail-ing 25 lJ'/

ml aryici'tlin, 8 Ðg/ú tetracycline or a cc,nbination of both' The

plates ruere i¡rcubated for 18 hours al 37oC" transfo:mants vrere checked

for B-lactamase prod.r.Letion, plasnid content and m:ini¡n:m ính:ibiÈory

concentrations to aryici]]in and tetracyeli-ne. cont^rols consisted of

corye'i;ent, cells ¡rith no DNA added and DIIA vrith no ceIls added'

Oo Genetic I'fatjxg Er'peri-nents

The object of these proeedures was to dete:r¡:i-ne jJ & ducreÉ

straj::.s could act as dqrors and recipj-ents of plasrn:id DNA' The donor

and recipient strains used are listed i¡r Table V'

The nethod vras to take fresh cultures of donor and recipient

si;,rajns and sr-l-spend each i31 1 n-l of brot'h to ro8cl-u/:t'r' They r^¡ere then

por:red j¡r a 3 nl s¡æi:rge and fj-ltered onto a .h5 pm rnembrane fj'lter"

The fjfter was placed cultr:re side rp on plain cA and incubated

overnight, The nexb day the fi-lter vtas vortexed irl 1 nrl of broth and

,01 or ,1 nl allquots spread onto appropriate eelective ¡nedia. This

j¡r,cluded 2=5 tÆ/Ñ alpicilli-nu h pe/nI tetracycli:re and chloramphen-i-

col, 10@ ]tg/ù streptcu¡¡ci¡ or 50 Pe/nt nalidj:cic acid" Individual

colonies r,rere picked and passed a nunber of tjmes on the selective
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content

As welJ-, the supposed transcipients

and B-lacta:¡ase Production"

r,¡ere checked for pl-asmid



37

Table V" Flas¡dd Transfers

Donor Recipienò

7f
Il o

u¡¡ o

tt
¡l ô

H

H"

lt¡À ø

H

duc

duc

i:rf

duc

inf

inf

duc

duc

5LJgs.nrpl (6,0)2

5t"J9S Anp (ó.0)

8031 Anp (30)

35OOO ¡np, Sn (30)

R23o Ch]., let (34)

R23O Chle ret (34)

5t+205 ch}, Tet (34)

54205 ChI, Tet (34)

H, duc 35O00 Sm

H" inf R087 Sm

H" duc 35000 Sm

H. i¡f BO01 Iüa1

H" ciuc 5l+205

H" duc 5hA9S A!@ (ó"O)

H. duc 35000 Sn

H, j::f R087 Sn

I Abbreviations : Aup (Rrryici I I in), cr¿ (Chloraqphenicol),
Sn (Strepto¡rycin), Tet (Tetracyctine),
Nat (NaliCixic Acid)" Designates
resistance to these antibiotics.

2 l¡rolecular weight of plasnid (x 1oó daltons) ,
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RESìÏJTTS

4",_ ilntj-¡nicrobial SusceptibÍJity of &- ciucreÉ

Fbora the i¡:itial susceptibitity tests done by }l.a¡mond et aI

(I9ZS), it lras seen that three strains of H. ducref,i l¡ere resistant

to aryicìllitr and one of those t¡a5 a:lso resistant to tetracycline"

These tests were repeated on the same organisns and the results shol'¡n

i-n Tab1e 1II,

It can be seen that three s'i;raj¡is are resistant to a¡g¡ici'i'ìin

as lrras for:nC by }lamond e'b a} (197S) " Ho}tever, all three of these

strai¡rs are also resistant to tetreeycU-ne in the range 8*32 Pg/nJ."

lihen a 1oopful of each of the three aryicjllin*tetracycli:re resistant

strajns was emtulsified j:r "05 ¡r1 of ehromogen:ic cephalosporint the

color:r u¡ould ckrange from ye3-lot¡¡ to red r.*ithj¡r e couple of ni¡:utes'

Th:is j¡rdieaÈes production of B-l¿ctañese by t'Ïrese three strai¡s"

B" Substrete Profi-l-e

The sr¡bstrate profi-Le for the B-lactanases is given in Table VII'

The H" cluereyi B-lecta¡rase shcic¡s god activity agai:rst pen:ieiJ-lin and

alryici ltin r,rith a much ]ca'¡er rate of hydrolysis of cephalot'hil' It

is i:rtribited ry cloxacill-i:r but does not sholç j::hibition j¡r the

presence of pQl'ß, T[is tSpe of substrate profiJ-e is sr:ggestive of a

TtrI B-lacte"mno.su" Usi¡g the same assay nethods, the B-lacfarnases

coded by the plasruids RSFIO3O (tmçf) and RPd (TH'f-2) appear rery

sùuiJar to the H. duereyi, B-lactamase. fh;is also sugests the il,
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Straín lJ-uuber

Table Vï" l.fini:¡un Inhibitcry Coneentratj-ons of

H, {gcLeE!. for Aryici1.lìn and Tetracycli-ne

lü.nj¡orm T:d:-ibitory' Conc (¡:S/n]-)

35000
35aot
35L99
36652
?Brr-8
78226
82038
5ha82
5]&83
5tÃ89
5ÀJgæ
5taor
5l+2O2
5ì+ZOto
5h205^
54207^
5l+Zo9^
4,, r1 '1 q
¿+æ
5h243
5leZZO
5tp39

" Th"u" strai¡s contained a

A:çicì I ìì n

1"0
1,O
o"5
1"O
1"O
1n
o"5
0*5
1rì46V

1,o
þ tzl

1"0
2'o
1.o
1"0

þ t2s
1,0

þ tzl
1"0
1,O
O,5

TetracycU:-re

0.5
O,5
o"5
o"5
1.0
wø)
o"25
o,25
ô<vø¿/

o"5
8"0
o,25
1"0
o.25
o"5
3z
o"?_5
.LO

o.5
o"25
o"5

pl-asmid and produced a B-1ac'r,amase,
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ducreyi B*iacta¡nase is a TEI*t;rne B*lactamase" There al.so appears

to be no apparen'r, cha:tge i¡ substrate speeiJi cit¡t v¡hen the B-lacta*

nê,se I¡aS derive,C fren H, dl¡creEi or the transforuiant E"- ca]:L CóOO

(piE) '

Cu Isoelectric Focusing

The isoelectrj.c focusi:rg pattern for several B-Lacta¡rases j-s

shc¡v¡n 5r¡ Figure j" The isoelectric poi:rt for the Þl-acta¡:ase fræ

the transforrnani Eo go];L CóOO (pJBL) rvas sj-Liler to the isoelectric

poj:rt of the RSF1O3O TH'[-I B-lacta¡nase and the B*lactanase frora the

aryici ll.in resi-stant H. i:rËllre+gae strai-n Ð3f" The B-lactamase

from RP{, a TEl.[-2 type B-lactanase focused at a s]-i€htþ irigþer åeo-

electric poi:rt," Satel-Lite bands as noted by others (&"ive et al, f977)

were seen both above and belols the main band, Although the gels were

staj-ned lrith chromogenic cephalosporS-n for up to one hor:r, no chro,¡Lo-

soaåI B-Laci;arnases l{ere seen i-n the pH range of 74"

D" T¡mt¡noeleetrophoresis

. Gbossed j¡munoelectrophoresis of parbj-al-ry pruified B*lactamse

frcn $* ce.LL C6OO (pJHf) -'rith the homologotls antjse¡rm. shorcd five

precipitin !::es" Ey stail'5lg fj-rst for B-lactamase activäy lrith

chroæcogen:ic cephalosporin the B*l-actanase precipitin li¡re ¡¡as iden-

tj-fied (Fieure &),

The tandem crossed j¡mr¡noelectrophoresis uechl-i-que :'ll çç.¡sd us

to sho'ø i.:mn:nologis¿J simi.larity bet'rreen tlee B-]actaunses fron E. goLi.
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Fegure j, Partialþ purified B-lactanases

r¡ere isoelectricaLlv focused and

genic cephalosporiJr"

A. E" eo4t Cóoo (p¿ru)

c" B. coJå (ns¡:-o:o)

from the folåovri¡g straj¡rs

then stai-ired rfüth chrornc*

/^ñr \H, S- sg¿L (jif4J

D" H. g[l¡errzgg EO3f



Figr:re å, Crossed i-mr¡¡¡oelectrophoresis of B-lacta:nase from E" co]j

ç$gg (pJrl) stai¡red with chrctaogen-lc cephalospori¡r. The

B*lactarnase l{as elecirophoresed into agar contaiaing anti*

serltm against the B-l-acta¡rase fron fu c,?j"i Có00 (pJm)

prducirg ihe precipi*"in }i¡.e seens
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CóOO (pJBl) and each of the B-lecta¡¡ases from H. j¡rflj¿enøae BO3le

RP4, and RSm-030 (trigure 5 ), The E* cplå CóOO (pJBI) B-l_acta:¡ase Ï¡as

used as the reference enzJnr.e and r¿n l¡ith one of ihe other B-lactar-

ases as the test ensJroieô The antiser¡.El ïras prepared agaj¡rst, the E,

cori cóOo (pRIl) B-ractanrase and the fo cqljl cóoo (p.lnr) B-lactamase

cot¡ld not be dis-r,inguished i.:umrnologicaSJy by this method from the

B-l¿ctarrases of H, i¿Ílgengee Bo3ls RP4 arld RSFIO3O"

E, Agarose Gel. H-ectrophoresi-s of Cl-eared þsaÈes

The 21 strai¡¡s of H" duçåe.]ï! vreÍ"e screened for the presence

of pJ-aslald DiiÏ/t, The onþ Flasmids seen T,¡ere those fourid jn the three

alç:icillin-tetracycllne resistant straj¡s (Cigure 6), None of tl¡e

other strai¡¿s l,iere showïl to contai¡r any plasntd DNA"

The plasnld DNA laas pi:rífied a¡d n:¡r i¡r ar agarose ge]. with

knoiçir mo].ecr¡-ler vre5ght standards (nigLr.e 7i " The qolecu-lar weight

calculated from its electrophoretic mobility r.¡as 6,0 ulfl 
^ 

t1

This was confirrned by contour length measuÌeûrents of the pJ-asrn:id

ni-cked w-ith DlIAse which gave an estinate of 5"g ¿vHal_ (foi:riton

et a1, 1979)" ÁrL three plasmids from the three resj-stant strajns

r'¡ere of the same molecul.ar vreight, ltre plasnid from H" dgcre)"i |,t&g8

lras designated pJBl"

F, Restriction Ðrdonuclease Digest;iør

The plasrn'id DNA from the three B-lactanase prducÍng strains

of &- ducqeyi l,ras purifi-ed and anaþzed þ electrophoresis of
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FliEure 5" Ä: Tandem crossed irnrnrnoelectrophoresis of B-lactanases

rrom (1) RSF.J030 and (z) pJ&l staÍned for protein shooring

a nr:mber of precipitin lines and a Li¡re of identity beÌ,r¡een

the two B*laetanases,

B; The same gel as ifi (A) staj:red with cllronogerric cepl:a*

losporin, Simi lar patterns l¡ere obtaj¡red lvhen t'he B-

lactanases from the strai¡r carrylng RPd or the H"- infhrenøae

BO31 luere rrm j¡r tandem with the enuJrne from E-_ c.olå CóOO

(pJBL) 
"
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-A.garose geJ- ("7/,) of DNA screened. from the follovrjrrg H*

dncrg¡¡i straj:rs j-sol,ated in'l{isuripeg" A, 5h2O5& B" 350COp

c. 36652e E, 5tÀ98, F" 5l+21ls G" 5lao7 " The firs'b

three antibiotic*sensitive straj¡¡s (lre and C) have onty

chromosc¡¡af (CUn) DNA rrh5..Ie the last three antibiotic

resístant s{¡¿ins (nrn anA C) have ehrromosonal DNA as v¡e]-l

as covalentþ closed cj¡cular (CCC) or plasnid DNA of about
A

6"0 x 10" dal-tons" @en ci-rcufar (OC) forms of the plasrsid

are seen above the chromosorn€o Coh:mr D contaj¡s plasn:ids

used as molegr¡lar lreigþt standards"
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Figr:re ?. Agarose e.l- (.7%) of ttre purÍ-fied plasuid pJm. from Ï"
dg*qqrri strain 5,ì+A98 "

A" IiolecuJ.ar weight standards Rldrdlpu 6Z x 1Oó; Rl4,

3Iç x J;06; -ea, 23 x 106; RsFIOloe 5"J x !06"

B, pJBL pJ.asiuid DNA rrith moleci;l*ar r^reighi, of 6,O x 10ó"
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fragnents prcduced by restricticn endonuclease diEesiion (Figures I
and g), Icientical fregr.entation patterns were proCuced for the pÞsnid

Dì{A isol-ated fron all three straj¡r.s for each enzJee used"

llire digestion pattern prduced by ILincII vsas used ¿uo conpât€

pJBL DNA ¡rith the pJ-asnids Rsl-a030s RSELOIO::T::-1 Aptole nSELOlO;;Ttrl

Ap]]J, RSFI010, and RSHLOIO::Tn3 ApZ30" The RS!!-010::*t1 plas¡rids

differ frcm P,5F|L01O only in hairi:rg the 1krl transposon j¡serted i¡
RSELO1O (Heffron et aI, f975a), the plasruid desigr:ated RSFS-O1O::Tn1

4p101 dj-ffers fro¡a the other desSgnated RSFl-010::1Yr-1 Ap]l] on-ìy Í::.

the location of j¿serf,ion of the transposon Th3. (l{effron et aJ, LgTSa) 
"

RSn-030 is a pJ-asnid contairr"i-ng the whole of the aqici'l]in transposon

Th2 (campbeLå êt aL, Lg77) " The renaÍa;ing pl-asnid, RSF.LO]0::Tb¡3 Âpe3o

has the whole of the iransposon Tn3 jeserbed i¡to the plasnid ASFJ.OIO"

There are a nu¡rber of fragments for¡ned lrith ItincII d5gesÌ;ion as

seen j¡r Figtre trO, The tlro fragments l¿belled 1 and 2 are cor,¡non to

pJBl, the tl¡o RSFlOlO::Tnl plasmids and FSELO3O" They are not present

jrr RSFIOI-O or RS[1010: ¡Tn3 Ap23O, The mo]-ecuJer weight estixlate of

fragments 1 anl 2 is 1.0 34aal and O,? 3rde3 respec-

tiveþ, As r'rel}, there are three more fragnents produeed from RSF101O;:

Th,I than from F"SfiLO1O, suggesting there are three FLi:rcTJ cleavage sites

wj-thi¡ Thl- and Ttr2 and these sites are present i¡l pJH-"



Figr:re &. Agarose ee:- (t"5%) of Èhe followings J\.? DlüA digested r'rith

restriction endonucl-ease lli:rdll[. B"p C"¡ and Ð" F]-as¡¡"ids

fron g* duc&yi straj¡ 5l+]i98s 5løJ and 5h2O7 respectiveþ

digested with the restriction endoauclease Hi:rcfI"
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Figure 9 " .{garose geJ. ("7/,) of plasnid DtùA fron H" ducreyi strains

5+98 (A and D), 54ztt (n ano tr) and 5teo7 (c and F)

digested v¡ith the restriction end,onucleases BanlII (AuB, and

C) and Pst (Drc, and F) " 
T O*¿ clÍgesi;ed l.,rith the restric*

tion endonuclease lüJtdTTI is in Co].'mst G.
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Eigtrre åQ Agarose gel- (1"571) of HincII endonuclease digests,

A, pJBl; B, F*SflLO3Oi C. RSELO1O::Th-1 (Ap'1i1); D"

1OLO::T¡r (¡.Hl-01); E, (nSFIO1O); n, RSELOIO::1Ìr3

I'Iolecular vreighi; esti¡îâtes of fragments J. and 2 aye
k

-^vand 0.? x lO-u respectively.

RSF

(apÐo) 
"

1*O x 106
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G" lransfornation of E, colj- C600

The pirrified pl-asmid DI'IA fron the three H" ducreyi straìns was

successfuJJy iransforned into !. coJi CóOO" The transf,ormant was

designated E,- col-i CóOO (pJRl.) " lJhen n:i¡ri¡¡¡m Írrh:ibitory concentra-

tions ¡¡ere done on the transfomant"s, onJ¡r an¡licil-]in resistance l¡as

shorom 'uo be transferred uhÏLe tetracycline sensitivity remained the

sane as the recipient E" co]j C600"

Purified plasrûid DNA fron the transforrnants r^ras digested reith

the restriction endonucleases HjrrcII, BamI{I and PsiI. These fragmen-

tation patterns were coüq)ared to the patterns from digests of H" duçfCtÈ

ptrÊs&id Dl.lA and appeared to be identical"

H" IkÈjlg Þçeri-ments

The results are su¡marjzed i¡r TabLe V" These experiments were

underbaken to try ar¡l transfer the small plasraid fron &- ducreyi to

other if, ducreyi and Ii" j+fluensae straj¡rs" i{e r¡ere urrable, after a

niunber of aitetryts, to demonstrate transfer of tluis plasnid to recipi-

ent organisns"

Atì;en:pt,s Ì;o transfer a large plasraid j¡rto the Þlactanase produ-

ciæg straj::.s of H". ducreyi. also faj-Led" It rras hoped that tJre large

plasraid cou]d perhaps mobi] i ze the snaLl H, ducreEl pl-asmjd such that

it rrould transfer to a recipient organísm,

Obher straj¡s of lL ducre]'i rr¡ere abl-e to act as recipients of

large plasm:ids from H. infljrenzae and j-n tr¡r'n donate these J-arge pfas- .

¡uids 'r,o recipient strains of L. ducreyi and H" j:ÉIuenzæ 
"
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DISCUSSÏON

A" Introduetion

The purpose of these studies was to charaeterize the B-lactanase

produced by ampicill-in and tetracycline resistant straj¡rs of H- ducreyi

and to determj¡re the genetic basis of the antibiotic resistanee in
these same orgarLi-s!û.s.

B, Characèerization of the B-lactanase from H, ducreyi

Or¡e of the first procedures carried or¡t when examj:ring an

unidentified B-factamase is to evaluate ühe hydro\rhíc activity of,

the enzyme against various pen:icil-Iils and cephaLosporj_ns, Fbom

these data the substrate profile is detersrined and the B*lactamase

can be grouped into one of a number of classes as suggesèed þ
Riclmond and Sykes (1973) 

"

The iodonetric assay of sav¡ai et, ar (rçzg) r¡as r¡sed for or¡r

evaluation of the B-factanase produced by H" dgcrey!. The assay

originarly r¿sed a K.l-ett-sr¡¡¡rerson colori¡reter but was adapÈed by us

for use in a Pye-unican spectrophotometer. the reagents were easiJ¡r

ob|ained and v¡hen made up to the vuorki-ng solutions, Ì{ere stable over

long periods of ti:ne. The ontry drawback r¡as that a precipitate was

for:æd when hydrolyzed cephaloridine v.ras ni.xed with the ídine
reagent so this antibiot'ic was not i¡rcluded in the substrate profiJe,

There was no purification of the B-lactarases used in the

substrate profiles oÈher Èt¡an diseardi-r,g the ceIL nateråal after
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soni.eation and centrifugåti;üîl" Along v¡ith the H" ducreyi E-lacüamase

the Èl-actarnases fro¡n RSr1030 and RPI¡ were j-ncl-uded in the profiJe

as,they have been previousry characterized as TEll-È;pe E-l-aeta¡uses

(¡qatthew and Hedgesu l..9?6)" The B-lactanase from the ampici'ìlin

resistanè B. ån{lue¡øae strain'*'as a}so assayed as pneirious}y des-

cribed strains have been shown to harbour large plasn'rids, sone of

which code for a IEM B-lactarnase (Saunders et aI, l9?8). FinaÐy,

the B-l-actanase from the transformanè E, cqLi C60O (p.¡91) rvas assayed

to l-ook f,or ar¡y diff,erences caused þ host no.ìification of the enzyme "

The B-lactarnase from H* d_ucreyi proved to have a substrate

profile sj:n-i-Lar to that of e lEM-t3'pe B-laetaaase, It would faIL

under class III of Riehnond and Sykese (:-9?3) grouping Bcheme, The

rate of hydrolysis l¡alues fro¡n our substrate profi-le differed from

those of Richnond and Sykes (LY/3) but v¿ere close to those of

ì'fatthew (19?9) " This demonsÈrates the need for inelusion of previous-

ly eharacterized enzJnnes åo eu¡ri:iate argr diserepancies caused by

differenÈ assay methods, The B-]acta¡nase from H, åæ€å:¿eEACg BO3l

appears to be a TElf-'b¡'pe B-lactamase whjf-e the B-laetanase from the

transfornant &. cori có00 (pJB]) shows no najcr diJferences i.n su.b-

strate profile when cwrpared to the origi:ral ås duen€ryi B-lactamase.

IsoelecÈric focusing has been used t,o differentiate plasnid-

mediated B-lactamases fro¡o gram-negaêive baeterÍa (t'fatthew, L979) 
"

It is especially brelpfrrl when ]-ooking at the tv¡o TEÌ'f-B-lactariases

whíeh have j.dentical substrate profiJes but different isoel-eetric

points (i'fatttrew and Hedges, Ig?6)" Ì¡ihen the B-laetamases used in



the substrate profi.l-es were åsoelectrieaJ.ly foeused, two ¡naj:r B-lac-
fa¡rase bands at different isoelectrie points were seeg, The B-l-aeta:n-

ases deri'*-ed froo'r H" dueqgåå, I{- i{ulluenzae and RsF1c3o v¡ere at one

poi-nt' whil-e ihe B-ractamase of Rpl¡ banded, at a sljghtry higher iso_
elecèric poinÈ" AJ-though we co¡r1d not get precise readings opposiÈe

each B-lacta¡nase band, the bands did faLJ_ withi¡¡ the pH 5 - pH 6

range e:çected for TEM B-lactanases.

The isoeleetric foeusing pattern shows the B*]actanases of &-
slucrevi end E infl-r¿en-zêe to be TEl.f*l B-lacta¡nases" This enzy.ue is
the one most frequentþ encountered jn gratn-negative bacteria whose

B-lactamases are plasnid-roediated (ltatÈhew, LgTÐ, Sar¡nders et af
{rçzs) earlier reporbed that arl cliniear i-solates of aropiçLlÌie-
resistar¡t H"- i¡flue¡uaae preiuced a TEM-I- B-Lactanpse so our resi¡lts
fit in v¡-ith Èhe present trend, Hor*rever, no B-lactamase bands at pH

| " 2 r epr es enting chromos o:aally-nediated B-l-actamases as prerriousJ-y

mentioned by these same aubhors tletre seen.

Saèell-ite bands both above and belaw the æain B-laeÈanase bands

were noficed on the iscelectri-calþ focused gers. The TBf-r and rEM_2

saterlite bands were not sinirar to each other. These bands whích

represent ¡d-croheterogeneity of the TEil,l B*laeta¡r¿ses have been repor-
ted before (ttatttrew tg75; kive et al, ]:g7Ð" Tkre latter author

suggested the position of the saterlite bands nåy varye depending on

the hsst organism i:r v¡hich the plasinid eodSng for the B-lactanase

resides.

The B-l_actamase from H. dqereyi l*as

sirnil¡¡ to both of the TEM B-Lactamases end

shc,wn to be irnmunologica].ly

to the B*lactamase of H.
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infl-uenzae BO31¡ using ihe technique of tandem crossed i¡mr¡noelecÈro-

phoresís, This proeedure i.s quite sensitir-e as ühe antigens (e*!-aataan-

ases) are el-ectrophoresed side-bg-side i¡¡ one di-recÈion and then

elecÈrophoresed j:tto a geJ- contalqj-ng the a:rtiserum at r:þht angles

to the original di-reetion" If the B-Iae'bamases ¿¡e similar a li-ne of

identity w'jLJ. be forned mrett i¡ the same mFnner as that of the

Ouchterlony double diffusion nethod"

No i-munologieal ctross-reaction has been shrov¡n between TEM

antiserun and other B-l-actainases (Jack and R:ichmond, 19?O; Þfatthew et

al, 1975)" The tv¡o TElf B-Lacta¡oases have previously b'een reported to

be i¡mrnoJ-ogicalþ s'i¡nilar (Syt<es and Richnond, 1970; l4atthew et aI,

L975), The on^ly difference between the two enøJ&es is the isc.el-ec'Ë;rie

point r'¡hich could be due to a single amino acíd subsåituÈion (Sutel:ffe,

197S), This *¡ould not necessariJ.y change tt¡e i-nsrunological reactåon

bet'øeen the antiseru¡r and the þlactanrase"

Co The Genetic Basis for Antibiotic Resistance in H" ducreyi

ÞJhen antibiotic resistanee suddenly appears in a specific

species of bacteria i¿hich has traditionally been sensítive èo anti-

biotics, plasmid+nediated drug resistance is one erpJ-anation. An

exa4>}e is the energence of arryici]lin resistance in.&, j4fluenøae

(løan et al, l97t+) and N_- Âonorgboeae (fni:lipss L976), ûr èhe v*hole,

for these trvo organi-sus the resistant ísolates possessed plasmids

v¡hieh carried the anpi-cj]]in resistance genes (ElweiJ et al.u Lcfl5;

Elr*eL]. et al, f9V7a)" llcr'devere solne of the seasiti-ve isolates a'ere
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also for:nd to contai-n plasnids iqhich had no identifiable ft¡netion

{cr;ptic) ia i;he celr (El-urelr- et a}, j-9??b; sox et a}, LgTs). Thetre-

fo1e, to deternåne Èhe geneiic basis of antibåotic resistance igr e

given bacterial- species, a number of sensitårne and resi-såant isolates
m¡st be s;çamined for the presence of plasnid DNA.

The graænegativebaeÈeråun -ll" ducreyå r+as originalJ;r sensíÈive

to various antibioÈies (Reyæann, J-91,g) r¡ntiL the more resistant cases

of chancroid arose duri:rg the vietnem i{ar (Ì&rnaru rgv2), As these

organisns are difficuLÈ to grüÂre it has not been wrtiJ" reeentþ
(Hamond et a}, L97s) vrith consistent ísolåtion of Il. <iuqrcEl fron
cLi¡rical cases of chancroid that a number of antibiotic se¡¡siti-ve and

resistant strains v¡ere eol-leeted to screen for their prasmid DNÂ

confent"

rrit'ialþ, 2I strai-ns of E" d_ucreyi from lrtrj::nipeg vúere exarnìeed

for prasnid DNA" A si-ngle plasnåd of molecular r,reight g irÈeJ,

was seen i¡ tfiree isolatee wt¡-ich lqere resj-stant to aqlici'Lf i.n and

tetraeycltne" Tl:e other ]B sensitíve strains did not harbour any

detectable prasnid DNÄ" sinee that ti-ne, a number of ottrer isolaÈes

from variows parts of the worrd heve been screened for plasnid ÐNA

(rael-ìre lå), sj:< isolates of & deçgeyi fron Atlanta, Georgia resis-
tant to anipicil l i r¡ and tet'raeycline each had t+ro plasmids of molecul.ar

weight l+"2 ar'd 6"0 34143", An isol¡te from Sr+eden resistant to
alrpiciliin had a pl,asmid sinil¿¡ j¡r sj_ze to the Þtrjrrn:ipeg pJesneid whj-Le

three multiply resistant strajsrs (arpicjlli¡r, tetraeyclj-ne a¡d chlor*

anphenicoJ-) fron seattle r*ere found to harbour a plasm_i_d, of ? * l0
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Agarose gel ( "7f") of plasniCs sereened from H" drqcfeli

strains originaNfulg in A, !Èj.nrri-peg, B, Atlanta and C.

Seattle" The chromosonal band (CHR) is conrnon üo aIJ.,

rshi-l,e plasnids of ó"0 x lc6 <iaftons a:.s seen in .A. and B,

rrith plasmj.ds of l+"2 x 10ó and l-0 x l-06 daltons seen on\r

in B and c respectiveþ" Bands above the chs"o¡sosomal DNA

represent the open cj-reLe (0C) torm of the plesmids*

F54ure 3å,
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i;'6d'a3= o Three ne*r sensiti-ve isol-ates did ncË possess anJr pLasald Ði,trå.,

This dat'a '*'ould suggest thaê anÈ¿båeuåe rest-sÈance in isolates of H"

ducderi is ljkely to be pJ_asroid-c.ediated.

crypiic prasnids nåy prêy a parb in the emergence of anÈibiotic
resisiance i-n an organ-ism" They have the potenÈi-al Èo aet as recipi-
enÉs of transposable pi-eces of ÐlIA carryi:rg resÍstance genes " rf sr¡.ch

an event oceurs a stable resistance factor would be produced as the

hosi organism r+ouJ.d r€cognìz.s the plasni-d as its otfr¡p even tþor.rgtr it
contained a snal*l piece of foreign DNA"

Very few cryptic plasnids have been deseribed for the Haemopfii-l¡¡s

spp. or {o goåLorrhoeae " A 26 T{da} plasmåd was fou¡:d j:r an

H' influe&zae straj¡r vrhjfe trso snall- ptasm:ids irith motecular weights of
2"7 ard- "75 I,åfalr l"¿ere fo¡x:.d in a s:ngJ-e isoLa-r,e of H" para-

¿æShtenaae (utwe]å et ale 19??b), Reeenåþ cr¡pi;ie plasnids of molecu-

J.ar weight l+"6e Z,O and 1,7 3@a3 ' r¡ere seen i:t strai:rs of H,

-i-nflregzae isolated is I^ii::nipeg (L. slaney, personal co¡mr¡rrication) 
"

The straÍn with Èhe 2.o "çgdaL pJ-asn:id was also feund to contajgr

a large conjugative 30 - 3t+ Ifra1_ plasnid, A plasnid of 2.7
3'å:41 and a tr-arger 25 l'gjeå plasnåd associated hlith trans-

fer ability brrb not antibiotic resistance have been deseribed for
isoraèes of N" &onorr.hoeae (Baron et al, Lg7il" As sùated eâr]-i-er"

no crypti-c plasmids $ere seen j¡r our isol-ates of H" dgcqçIÈ"

Another way in which an organ:i-sm nay acqrrire plasrn-id-nediated

antrbiot,ic resistance is b¡r recej-pt of a plasnid by conjugation ¡,j-ith

the resistant donor orgarrism" In our studi.es, It ducÐeyi cou.Ld act
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as boÈh e donor and reci¡:ient of plåsmirl DNÂ. v¡Iiich had the proper

in-fornation to all-cv¡ conjugal transfer" The smaLl_ H" d\rqrp,./L ptasnid

would notr, appeår to have arril'ed by thjs neühod but it may have been

part of a larger plasnid rdrich was ¡'estricted srith endonucleases to

its present siae, or ii rray have been mobilized from anoiher strai:r"

The plasni-d from g. ducretËL st"rai-rr 54r9s r*as designated pJBl"

rt r¡as purified and used to transforn an E_" co}l strai¡l jn hopes of

deternirrilg which resistance genes resided on the plasmid" The

resu-lting transformant r*as orrly resistani Èo arpicilli¡r, suggesting

the gene coding for the B-l-aetamase resj.des on the plasuid v¡h{Le the

gene coding for tetracycli:re resistance night be irrtegrated with the

ch.vonosome.l DNA. As the &araeterization of the $= dlE:reyi B-laetamase

identijied a ?H,I*l B*lactaæse r'¡hieh is coded by an aryici l]in grans-

poson r¡¡e l-ooked to see iJ a thA Ì¡as on pJBJ. usi:rg restricti-on er¡Co*

nucJeases,

The anaþsis of plasmids lrith restråetion endonucleases has been

used befoFe on plasnids purified fro¡n H" influe¡eêg (Hari<ness and I'firrry,

r97s) and N' gonorrhoeae (sox et alu l97B)" The plasnids were diges-

ted and the f,ragments electrophoresed on agarose gels s¡rch that coinrrôon

fragrnents corrld be i-dentj-fied and aryr relationship between the plasmids

established" This proeed¡¡re is precise as each restriction enz¡me has

its ov¡n sequence of nueleotide bases v¿hieh it reeogn:iaes" "any change

l.¡'iÛLin the recogn'ition site or change of position of the reeognition

site on the plasmid irrilr produce a dj-f,feren-r, fragmentation pattern

(Roberts, LgT6) o
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T*trhen tJle H" d3rcrqyi prasm:id and a nu¡ròer of o'i*rer pJesnrids

contai¡ing the ivÌro1e of ühe traasposons trl, Th2 and Tn3 were cl_eaveci

H1th }ü-rrcrI it l¡as seen that pü81 had tv¡o fragnenis in coroon lqüh

èhe plasmids camying the transposon TnL end Tn2. As RSFJ-OIO by

itself produced three fragments and RSF]OIO::Tr¡-1 gave si-x fragnents

then the transposon TnL s¡.¡st have three Hj-nerr sites" These tlrree

si-tes appear to be on the pJBl and RSF1030 plasuids, RSFIO].0:TnJ had

onLy five fragnenÈs, sr"lggesÈi:rg tr+o i{incll cleavage sites" }ieffron

(L97?) has shCIwn that Tn3 does j:rdeed have two HinetrI sites.

The È¡ro fragments fron withia the ampicjfli-n trans¡:oson on

pJBI amount, Èo about 6O% af 'bhe transposon Tn2. This faet is sieni--

ficant as a nuuber of sinatrl" plasmids isolated fron $ +#}uçqzag

(pvel+{5), H"_ pêt:.a:lnfluenzee (RSFOSS5) and N* åo¡roråþoça-e_ (pl.fROZOO and

p1fi.0360) also eontain pontíons of the anpieil]j.r¡ t:'ansposon ?ne (Iards

et a}, 3979), The sslÂIl plasm:ids of tÈ¡e laåter three organi-sms are

highJ-y homoJ-ogouu () 8OØ honolory) and al] have a si¡rilar guanine

p1us cyÈosine (G + C) content of about 4}$ (feufs eÈ a3., LgVÐ, The

H" ducrevi plasrnid pJBl also has a G + C eontent of l+Ifr (Brunton et

al-u L,oJÇ) which agai:r links this plasxnid with the others" The one

disii-nguishi-ng point is thaÈ pJBl has at ]east 6A% of the T?r2 whi-l-e

the other small plasrnids have on]-y 3A*l+A% of the tn2 (lads et al,

Le79).

AlJ. of this j:¡forr¡ation suggests that the s¡uIL plasm'ids of

H"_ parai¡fluenzaeo H" i¡JþSnã-ae, Ff " ducreyi and N* gononrh_oeae

carr;rung the anpicilliJ¡ transposon Tn2 may be rel-ated" The
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transposon Tn2 nay have integraieci into a yeÈ to be descz.ibed cryptic

plasrrid with this nerrr plasrl1d disse¡ni-nating to the HÊçpophilue spp"

and NggnofrhoqÊ9. The varÍous sizes ranging fron J.2 - 6"O

-tffi.al could be due to resuric'Lion proeesses w:i.thiJ¡ the rndividua]

recipient organisæs, Just hoB¡ much these plasrrids are relaÈed can

be deternined by earryjng out DIJA ho¡nolory and ÐNA. hybni"dj-zation

egeri-nente betî.reen pJBl and Èhe other snâi3. plasm:lds of the

Hae¡nqthil-uB spp. and ll, goqorrhse€ie_,
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1. Three of 21 straj-ns of &. di¿cre,yi isolaied in kiinn-i-peg were

--resistant Èo eapicilLin and teÈrac;icJ.ine"

2" Anpic-illÍ:i resistance was due'r"o the prcdueÈion of a TBM-I üype

B-laetamase,

3, The gene co<iing for the B-]acÈamase resides on a ó"0

i{riæ},. plasn:-id Fresent i.:n t}¡e three antibiotic resistanÈ strains

of &- {uereyj." The plasnld fron one of these straj_r¡s u'as desig-

nated p.IBI"

l+" Although this ptras¡r:td was non-eonjugeåàve, bwo strainß of i{o.

ducreEi vsere able to aet as donors and reeipients of corajr.lgaÈive

plasnåds cor??,Tìon Èo antibiotic-vesåstant strajns of H" influenøae.

5" Tiie plasm:-d pJBI contains at, least 6}'fl af tlae anpicil-lin trans-

5:oson Tn2.

6. This plasnid uey be si¡rilan to ott¡er s!Ðåll- anpiei'llin resistance

plasrrids f,ound in certain sÈrains of H" å¡rfl-ueJneae, H" parai$ffu-

e¡xuêe and gs æ4grrhoeêe.,



U¿+

REFEREI{CES

Abrahan, E"P" and G-lainu E, (19/+o) An Enz¡roe frcn Bacteria Able
to DesÈroy Pen:i-ciflin, Nature Il+62537

Aiyappa, P.S., Traficante, L"J., and lampen, J"O. (fffZ) psnisìLtd.n-
ase ReJ-easi:rg Frotease cf F ciLår¡å ]icheaifqr¡aås: R¡3:ificaÈior¡
and GeneraJ- &"operÈi-es. J" BacÈerio]. L29:]g1-].9?

Albritton, l{"L", Pe:meru S", S}aneya L,., âd kunton, J, (:-gZg)
Biochenical Characteristics of "Fla*esonhiþW_ ;*€}ge4eÊg. jrr
Relationship to Sowee of fsoLetion and "Antibíotic Resistanee"
J, C]-in. Mrerobiol. 7z5lg-523"

anbler, R'P, and scott, G"K. (rçzs) Partial an,iclo acid sequer¡.ee of
perr-lcil]ìr¡ase ccded by Es_eþe{_tc_h}s Cpfå plasnid R6K" hoc"
Nail" Acad" Sei" USA 75t373247tí

Anderson, E'S" (19ó5) Origin of Transferable Ðn:g-Resåstance Facbors
j-n the Ent,erobac'Leriaceaeo BF. l&d" J. Z¿L2B}-LZ?L"

Anderson, E"S. (fçgg) The Etiologr of TbansferabJ-e Dnug Resistanee
i-n the Entesobacteri-a" Ann" Rev, I,b-crobiol, 22:lJ1-l_BC

Atdrer+su P" (lg6f) The Gel--t'i1*,,ra'*ion Eehaviow of Pnetej-ns ReLated
Èo iheir Ì,iolecular ÞIeights over a Wide Range, Rioehem" J. 96t
595-606

Ashford, !J.A.e Golash, R.G,e and Henni-ng, v"G. (1916) penicj]linase-
fuoducing }ieisseria Ãongr¡hoeae" I.aneet ä¡657455

Baron, E.S.u Saz, 4"K", Kopeeko, Ð.,i.p ffid l^trchfhietetr, J.A"
Transfer of Pl-asnuid-Borne Beta-Iactatnase
Antinicrob, Agents Chenother. L2IZ'¡A-275

in Neisseri-e
(re77)

gcqq{rh-oeêe"

Benedåct, R"G., Schm:idt, l{"H"e and Cogþi]-], R,Ð, (Lgl+S) per¡icilljn
VÎI. Penicilli¡¡ase. Areh" Biochem" Biopþs. 8zi??48t+

Eritz, M"L' and inijfkinsone R.G. (19?s) Purüication aad Froperties
of Beta-leetanase from. BacÈeEo:kþo €reÉj]is. Å¡rÈi-microb. Agents
0r¡emother. L32373482

Brive, C., Barthole:rgr, M"u Bonanchand, D.H. and trab5-a, R" (lg??)
I"li-crcheterogeneite En ElectrofocaLj-saÈion Ânal¡.tique De B-
Iactar¡lases Dt0rigine P1asn:idique. An¡r. lfi.crobiol-. (Inst" Pas-
teur) LzSB1,3ag4LT



o)

Bruntonu J,L", Maclean, I.VJ., Roneld, 4.R", and Albrittonu 1I"T,,
(19?9) Plasnid-nediated Anrpici]-li;r ResisÈance iå Ea,enqph:Ll-ur¡-g!çggi' A:rtimis3'6b' AgenÈs Chenother" 15: 29!+-299

CanpbelJ-u .å.u Berg, D", BoÈsteÍ:l, D.u Lederberg, 8", Norricku D",
- StarLinger, P., and Szybalski, l{" (1977) No¡aencLature of

Transposable Elernents j:l Procaryotes isr ÐìiÀ_IgO_egÈ+o¡_El- qg4.èq,
Plas:nfd¡__aÈ_Ep.ieqnEs. (Edo .4..I. Bukhari, J"A. Shapixo, and
@ng llarbour laboratoiry¡ pF" Ij--22'

Citri, N. and Poll-oeku M"R. (fç¿0) The Rioehem-istry and F\:nctj-on
of E*l-actarnase (Penicì-'l l-i nase) " In .tciv",B,BuJncl-.o&' 28" (nd"
F.F" ldord), Interscience Press, Ilew York, pp" 23V*323

Cohen, S"N", Chang, A.C.Y", and Fisu, t" (J972) Nonchromosomal
S,ntibiotic Resistanee i¡r Baeteria: Geneti-c transfor¡natio¡r of
Ee_CþCg¿çþrq -cs]-i by R*FacÈer Dl¡üA. Ptroc. NatJ., Acad. Sci, USÂ

6tZþC*1jJJ-

Curtis, N..Ä."C,, Richmond, l{.H,, and Sykes, R.B" (f97ù rrPeråplas-
ni stt ÏJocation of a B-Iaetemase SI:ecåfi-ed Either by a Plasnid
or a Ckrromosomal Gene in Eseherichía eoli. J" Eacte:"ioX" Ll2:
J433*7t+3t+

Da'bta, N", and KontosÉehaleu, P" (1965) Penicil-Linase Synthesis
Conårolleci by T-nfectious R FacÈors jxr E¡¡terobacteriaceee.
l'tratwe ZA8I239-Z]ù

Datta, N", and Richnond, M"H. (19óó) The Pwification and Proper-
ties of a Penici'i I ùrase whose S¡rnthesis is l{edj-ated by an R-
Factor in Escþçr:Lch¿A cq1:i, Biochern" J" 98:2Ol+-ZAg

Davíes, J, (fçZç) General Mechanisns of Anti¡rricrobial Resistanee,
Rev" Infect" Dis, Lz?3-27

DeGraaff, J"u EtrweJJ, L.P" and Falkow, S, (lgZS) Molecular ltratr¡re
of 1\+o Beta-Ieciarrase-Specif¡ring Plaseids Isolated from
I{aenophj-Lus inf}uenzag $pe b, J, Bacteri-ol" }26: ¡+39-l+l+6

ElwelJ., l.F"u DeGraaff, J., Seíbert, D, and Fa1korø, S" (1975)
Plasrúd-:Linked Ampici J-'l i n Resistanee ia lhegr_oplri.luq }¡u[Lt3ÊEgee.
Tlrpe b, Irrfect. Irrum¡Ìr 12:404-/+l-O

ElweJå, L"Pue Roberts u M"u l,layer, l,.t¡J" and Falkovt, S. (1%?a)
Plasruid*medíated Eeia-tr a cÈa,-nå se Prcductåon j-n lqg.:g.EggAg
åonemhoeee.. Anti¡uj-crob" Agents Chemother" Jf ¡ 528-533



66

B}+*eÐ, L"P", Saunders, .I.R., Rieh:ncnd, M"H.e and FalJ<oløu S" (lçZtU)
Relatianships .årnong Sone R Pl-as&ids Fourrd i-n H_aemqp¡¡i}us
iæilr¡erlq.*ae, J" Bacteriotr. I3L2356-362

Eriquez, L"Ä. and DsAnatos R"F" (I9?9) Purj-fícation by Àffi-n:ity
Ch"ro:natography ard fuopertíes of a B-Iectamase fsolated fron
llelsseria sqnq{rhou?Ae. Antimj crob" Ageni;s Chenother . ]-52229-331+

Fleningu A, (1929) ùr Èhe Antíbasteria] Action of Cultures of a
Penicil'litm u-ith Speciai Referenee to tl¡ei-r use i¡. Èhe IsoLeticn
of ås ¡¡{}pq!EQg" Er. J, &q}. Pathol" XzZZÇ236

Gronkova, R", and Goodga3., S" (19?7) Studàes on the Transfornixg
AcÈivity of, Anpicilfi:¡ and Telnacyc3-ine Resistanee Ma¿.kere in
Ha enophiJus, in Mqd e_rn Tr_end s :Ln-Eqc*Lerig4- T_þ+As f qqaê¿ j.ç¡- eq{
trqe1fectèqe" (ed" A. PorÈoJ.es, R. Lopeø, and lÍ" nsp:noàã"g]"**r:tæF¿h llol]-end Bícu'ædj-eåI Pnesä, .Åmsterdam) 

-pp, 
2gg:i,}5,

HamíJton-l,fÍJåer, J,M"T,, &nithe J"Toå and lfo.ox, R" (1965) T:¡Èer-
as'bion of Cephalo:'idi¡¿e vri*"h Pen:iej 1 l i ?Ìase-Frduci*g Gram-
NegaÈive Baeteria, Natt¡re 2O8rZ35-237

Ha.ruor'"d, G,W.s láan, C.J., Wå}te &"Ç"e and Ronalde A.R" (19?S)
furtimj erobial SusceptibiJity of Ï{åq¡¡pplcil¡¿s-ßuçËgg!. Antj¡úex.ob"
Agents Chemother" 13:608-612

Harlcresso N"K. and l{r:rray, M.L. (}9?S) Restrietion Enz¡me Á,na}ysis
of Flasnrtds fran Haeq@bil¡s i{t{Lu.enzag" Antjmicrob" .A.genÈs
Chemother " W):802-8OB

Hart, G, (ll9?5) Venereal Disease in a l'Iar Envir<¡nment: ï¡rcidence
and Þlanagenen'b" Med. J. Á.ust. 11808

Hayes, !ù" (19ós) In Tþç--Gcngt&E-of EaceçEla atr,d +*heår 
-gin¿EÊs"

John Wj-Ley and Sons Inc", ìIew York" pp" 7l+ó-BO9

Hedges, R"lnJ"e Datta, itl", Kontom:iehatrou, P", and Saith, J.T" (197/+a)
þfoleeuLar Specifieities of R Factor-Determined Eets tr"aeta.nases:
Correlation ru¡"ith FLasnid Coryat,ibiJity, J" BacterÍo1. J-3.7: 56-62

Hedges, R.tl. and Jacob, A"E, (19?&b) Transpositien of Arnpieillin
Resistance from RPIE to Other Replåeons, MoI" Genu Genet, 132:
31*ÀO

Heffron, F., Rubens, G", and Fal-kcw, S" (fçZSa) Transloeation of a
Plasroid DIIIA Sequence wl'¡ich l¿ledj-atee AlpiellXin Resisüanee:
MolecuJ.ar Nature and Specificity of Insertion" Prcc* Natl"
Acad, Sci" USA 7223623-362V



67

Heffron, F", SubJ-eët, R", Hedgesu R";{.e 
"Tacobo 

Â." and FaJJcow, S"(fçZ¡U) Onrgirì of Èhe TElf Eeta-l-actäråse Gene Found on
Fl-asnids. J, Baeter.i cl , f;22""25A*256

Heffronu F", Beli:rgeru P"u Chalporuu õnu arC Falkc*1, S. (1g??)
Deletions Aff,ecting Trenspcsi'bion of an ÁnÈibiotic ResisÈanee
kÎu, in _SA _Inqeft,ion_E1e:¡.ents, Fl_asnids _and _pisomes. (ed"
A.I" Edrhariu J";1. Shapi:'o and S.L. A.<lhya), Cold SprÍng ilarbor¡r
Iaboratory.p pp" i-ó}-l.óz

ftnsande, J' (197s) Genetic Regn:tation of Ferricillinase syathesis
j-n Gram-PosiÈive Eacteria" l,fj.crobiol-" Rev. ¿+Zz 6T-83

Jack, G.i'J. and Richnond, M.H. (19?0) A Coryarative Study of Eight
Distinct B-rectenases s¡rnthesized þ Gran-Ì{egative Bacteria,
J, Gen" Mrcrobiol" 6L;l+3*6L

Kerber, R.E.e Ror*e, C.B, and Gi_lbert, K.R. (f-969) Treatnent of
cheneroid: A. co¡æarison of retracycline and sr¡Lfisoxauole.
Arch, Dermatol" 100;60å

Khanr.l{"S.u Ross, S", RoCricuenu Wn, ConÈroràe G", and Saøu A,K.
t\97Ìù lhepq$j-¡êF- ånfJ-eetløæ. type b Resistant Èo Ârpicilliå,
J" Aau Med, Assoe" 2292298-301

Kj-}ian, Ì'f, (19?6) A Taxonomåc Study of ihe Genus Fhenoph5Juse rd-ith
Èhe hcposal of a hler.¡ Species" J, Gen" Mrcrobiol " 93¿g-62

Kirby, I,I.M"M, (191+4) Extraetion of a Highþ Potent pur¿is.ìlljn
rnactivator from Penici]li'¡ Resistant staphylocosei" seience
99¿l+52-!+53

Ku,+abara, S" (1970) h¡sification and Properries of Two Extreeel-
LuLar B-Iacta¡nases from EacilLue ge$q 569/H" Bioehem. oI.
)aSzh57*t+65

Iebia, R", Guiorrie, Mn, Masson, J,l,f.e Phi*åppon, A" and Barthe3-emy,
M" (L977) Beta-Iectaumses Produced by a Þseudononas açru.giæãsg
Strain Highly Resistant to Carbenicilli:r. Anùi-mi¿E6b, Agents
Ctremother " LLz785-79O

T"au.fs, R", Kaulfers, P"lul., Jahn, G. and Teschner, U" (19?g)
MolecuJ"ar CharaeÈerj-zatåon of a Snal-L Heçqophilug. i+{tqepga_e_
Plasnid specS.fyj-ng B-Iaetamase and itsffi
Factone frcm Ngi.sgeriq Élo_norEhoeae_o J. Gen" Þft-crobiol, l1l:
223*23r

I"epageu G"Â", Morgan, S"F.e and CarpbeD, M"B" (1946) fuoduction
and Rrrification of Penicijlinsss, J, Biol. Chem. ]166z/+65*l+72



ïæèarLe, R"g Ðevand-Felix, M'u Fechereo Juc" and, Roy, B. (rg?s)
si.:n'¡itanecus PrcducÈion of t¡,ro TþFes of &.ba-reóturusu jo '
Escheriehiq _eQl-L and Frqvidencic sLua:-bií" cån. J. i4icrcbio].
Ztç¿JJ53-3J57

r.:i-ndquist, R"c. anci }Jordstrcm, K" (r9?0) ResistaEree of Escherichiacoli to Penj-eillins VII. FurjJication and charaet*rffiî-
a Penicilj-inase l,iedia'bed by the R-Factor &1. J" Bacteri-o]. ]0]:
232*239

I'hrnarn J.L. (ag7z) The l,fanagemen*" of Resista¡rÈ Ghaneroj-d i.:nVietnam. J, Urol. 102:8û?-B0S

Lfatthew, I'I", Flarris' Arl,I., Marshall, M"J. and Ross, G,td. (LgTs)
The use of Anaxyt,ical- rsoer-ectric Foci.asi-ng for Detect:"on'áo
rdentification of B*ractarnases" J" Gen" l,ficrobiol. g6:l-óg-L?g

Sxatthew, I,I" and }Iedges, B"r;t. (rçza) Anal¡rticar Jsoelectric Focusj:rgof R Fector-Ðetes:¿i¡ted B-I"acta¡råses : CorreLation r,¡-itÌr plaseid
Coryatibilit¡r" j" Bactería]-, L25znJ--TLg

Ma|thelr, 3.1, (19?g) Plasmid:r:ediated B*r.ect"auases of Gran-llegativeEaeteria: Propertíes and Ðist¡ibr¿tion" J" Arìtimicrob" õhe¡aother.
5z3l+9*358

Meyers, J"Â.r Sancl:eør_D", F,1r.re11, L,P, aad FaJl¡or"r, S" (:çle)
Si4le Agarose Gel EleetroptroreÈic Methed for the Identåfication
and characteri-zation of plasru-d Deo:q¡ribonucleie .acid, J"
BacierioL " I2T zl52g-1537

l,fortara, F., Fei-ner, R.R.e and ]ævenleon, E" (1944) Á,etevity of
Peaicil'Hn "against Ha-e4onhil-Ì-re ducrçpi- rn våtro" proc. "soe.

E;ç, Biol, I'led " 562L63-I66

Murray, K' and Mwrayu N. (lçrs) phage I"amida Receptor chromosomesfor DNA Fbagments l{ade with Restri.ction Endonucrease rrr of
Iêe!ßophilus i:fLuenzae and Restriction Endonuclease r of
EqchËriehia .Ç-sl-i, J. MoJ-, Biol. s g*55a-55|

lùeu, H.C", and Chou, J" (Ig6Z) Release of Surface Enzy:les in
Ðrterobacteriaceae by osr,otic shock, J" Bacteyiol" g4;]g3!+*rgt+5

OeCalla4an, C.H,, Ftuggleton, P,kr" and Ross, G.!I, (fçAg) Effeetsof B-lect'elnase fronr Gram-l'legative Oi'ganisms on Cephalospori:rs
and Pen-icillìns, Antjlxicrob. Agents Chenother" p". 5T-63

oecalJ-aghafa 
!_"1{"u S9Ift, Â", Ki-rby, s"Pl"., ad sh:i-ngler, A.H.

lL97ù ittovel Method for Detection of- B-ractaræã"" Ëy using a
Chronogenic Cephalosporin Substrate" ¡tnttmi crob. Agän,,s
Chemoiher. I:ZB3-288



Peryet, C"J, (]95à) Idometric Assay o¡ pu¡¡is-illinase. Natwe l_?l¿:
10L2-1013

Phillips, I" (1976) B-Lac'i;¿mase-hcduci::g Penici,llin-Resistanü
- Gonccoccrås o laneet, :il656*657

Pollock, ì"f .R. (t9ó3) Penícillinase-Antipe¿içi Lt inase" Arut" II.T.
Acari" Sei" f03:989-iC0S

PoJ-J-ock, I'I.R. (\967) Or:.gi¡ and F\rnetion of Pen-i-cillinase: A
Probl-em j¡ Bioehemical Evolution. Br, I.led. J, hzTL-?Z

Reyrnannu F" (19å9) Sensit-ivity of Iaemophiåq-q di¿c.re"y¿ to peniejl-ti¡,
Streptotrycin and Sul-fathj-aøole" Acta" Pa&hol" lticrobiol" Scand,
2623o9-3ls

RichmonCu M,H, and Sykesu R.B. (19?3) The B-Iectamases of Gram-
Ilegati're Bacteria and thej-r Possible Physiological Role" In
.â.Slva¡rees jn Ì"laçrobiql Fhysrolory, (H. A,H. Rose and D"ïv.
Te¡æesÈ) Acadenle Fress, Inc*, I'i.Ï" pp, æ:88

Roberis, M"s Elr.¡ell-, L,P., and Falkc'r, S" (1g??) i4oLeeuJ.ar Charae*
teri-aation of lko Eeta*Laetarnese-Specifyurg Plasnrids Isolsted
fron Ng;Legçuæ- æÐggEhggae " J " Eaeteriol, 13]; 557^563

Robertsu R" (19?6) Restriction Endonu.cfeases" Grii" Rev" Bj.ochem"
3¿Lz3*];63

Ross, G"W. and BouJ.tonu M.G" QgfZ) I-nprovenent of the Specifåcity
of an Antiserum to B-l"actamåse by Absorption w'ith a }lutant
i{hi-ch Ðces Not Produee ttre Enz.¡me, J. Bacteriol, 3a2zf!J5*L/.3?

Bubens, C", lbffron, F" ai:d Falko'r,r, S" (1g76) Tbansposüion of a
Hlasnid Ðeoryribonucleie Acid Sequence Th¡at, .Ì,Íedíates Aryicillin
Resistance: Independence fron Host Rec F\:nctions and fuienta-
tion of Insertiono J. Bacteriol, ]-.ã8¿l+25-h3l*

Rush, H,G., C-ordon, C"N"o Novick, R"P. and l'farneru R.C" (1g6g)
Penicillånase Plasmid Di{¡, from ÞSaåhJ¿fceoceu,A Ê$ËgE-" Proe"
I{aÈl-" Acad, Sci. U.S.it. 63zL3Ol+-1310

SargenÈ, I'{.G" (fgóg) Rapid FÌixed-Tjsie Assay for Fenicillìnass"
J" Bacterial. 95 rJ493-1J+91+

Saurrders, J:8", Elr+ell, L"F"e Falkørr, S"u Sykes, R.B" and Richnrondu
H.H, &WA) B-J-actarases and R*Plasnids of Haeroophjl-us
åsflugnzae" scando cI, f¡-feci, Dis" (sirppl,) 13tffi-



7o

sawai, T", Takairashiu r., and ramagishi, s" (19?s) rodonelric Assay
Ì'fethcd fcr Ee'La-Ï¿etaniase l.rith Various Þta-tr-eeta¡a Antibiotics
as Substrates, Á¿:tirì crob" Ageats Chenother" 13 : gf.}-gL3

Saz, A"i{", and Loøer.yu D.L. (L96t) Staphyioeoecaf Pen-Lcillinase II"
Non-Peniei*i-n-tike tycJic Peptides as fnciucers ofu and &¿L;,strates
for, the Bnzy":ae" Biochen" Bioplqrsu Resn Comfiut¡. L5z5Z5-5Zg

Sel""rynu-_9 " (L9?9) Pioneer '¡¡ork on the ePerLici]lin Phenomenone, I8?0*
1W6" J" Antitnicrob" Chemother " 5z2t+9*255

sheruatt, D"J' and col}iusu J.F. (19?3) .4naþsis by Transforuaticn
of the Penicål-linase Systen i:r FacjJJus .¿åeåpnu!ggF,j-F." J, Gen.
Ìticrobj-ol" 76¿ù7-8A

Slocombe, B, and Suthez.land, R, (]-gi3) TransferabLe AntibioÈic
Besistance i¡r Enteropathcgenåe .EeSliçEÀehå+- so&L Between 1948
and 1gó6" aaÈin:icrob, Âgãnts ffi l-¿w+66

Sneath, P"H"Á.. {L962') I-ongelity of I'licro-ù"gan5-em.s" Nature l_95:
w-6t+6

Sox, T,E"u.34ahanmed, W.u Fl-ac]¿nene 8,, Biswasu G,, and Sparli::g, F"
(fçZA) Conju6aÈi"re Fl-aenjlds in NeÅ_sç_e_råá no¡lqrq,hoeEe. ,J;-
Bacteriol " L3l+z ZT 8*286

Sutcliffe, J.G. (fgZS) Nucleotide Sequence of the Aupicjlli-n
Resj-stance Gene of Esche_Eiclig go]-i Flasmid pRR322. hoc"
I¡atl" Aead. s"i, u.ffi

Sykes, R.B" a¡:d Nordstrom, K. {Gr¡fZ) $iícyoicdonetrie Dete¿si:retion
of E-laetamase A.ctivity, .{nti:ni-crob, Agents Chemother . Izglv*g9

Sykes, R"B, and Matthevr, M" (L976) The B*Iactamases of Gram*Negative
Eacteria and thei¡ Ro]-e in Resistanee to B-I¿ctam AnÈibioÈåes.
J, .Anti-sricrob" Chemoi.her, ZIIL5*I57

Thayer, J"D,e Field, F.þi", and Percye M"I. (1955) T¡l Vitro Sensitity
of, Ha.çggphåJuq. duçggyl to Several .Antibiotics" Antibiot" Ctre¡co*
ther. V:132-lJ4

Tornasz, A" (1979) Fbcun Penicillin-Bj:rdi4g Protej-rÌs to ttre Ï"ysis
and DeaÈh of Bacteria: A L979 View, Rev, In-fect, Dis. ItIßh-
l+67

TrafieanÈe, L"J. and larye!1., J.Du (1977) Vesj-ele p6¿!-çi-ll jnase of
Þ_a¿!le=s_ -tr-ehe¡¿Ip¡4iÊ; Existenee of Periplasruic-Peleasi-ng
ilæ)" ffior" 129:t8l¡-t9o



,71

l"a'atanabeu T" (19ó3) T¡,fective Heredüy of Ì"iuJ.Èiple Drug Puesístenee
in Bacteria" Eacteriolu Rer", 27r97-n5

Weber, K" and Osbor':ru l{" {19ó9) The Rel-iabiIïy of l.fo1ec"úar l,leigh+-
De'uersd.::ations of Ðo<iecyl SUJ-fate-Po1yacrylanide GeI EJ.ectro-- ¡:horesis" J, Bio], Chemn 2]y'izhj+Q6-l+Ð2

/q 
^Ê^ 

\lJeelre, B. \L,o73) Crosscd TnmunoeLectrophoresis. Scando J" Im¡mo},
(suppl" ) tnzztT*63



úlô

J\PPEI.,IDLX I

Gror,,.bh iL[edi-a

a. Chocolate Agar

GC agar base

Bovi ne he'noolobin

l: çtill-ed H^O')

CVA en:'ichment

b. L-Broth pH 7.5

Tryptone

ïeast extraci
ÌLl ^ ôì
r! d u-L

].Ì.i ilsSO¡

.11'Í CaCl2

40;i gr us.t.
$1sÈiJ-l"ed i{^0 to

¿

lrl ø¿- Õ

'l^ â¿võ

11000 ml

10 nl.l

lô s*-Ò
Ãô/6

loe
I nl.f

t ml-

30 nf
lr 0C0 inl-

c, Lo',r phosphate broth

Tris
1I^ 

^lI!OUI

T,T^ Q r\r.JA?UU,

KCl

lL'cfll

CaCL2

Fr nt n-nont ano

Gl-ucose

pH 7.4

lô Ì,î
. !/- l'!

" 0B ì,.i

^^ 
ìJ

oW /- !'L

l- ni'Í
-l mÌ"i

trL;
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APP$.JDIX II

TnÀi n¡ l-ta:;oni.

1. Siock lodine Sol-uti on

Iodine 20.3 g

Potassi-r¡.,n iodide 100.0 g

Ðås,ëilJ-ed H-0 500 mt
2

2. Àcetate Buffer

AnJ:rydrous sodiu-¡r acetate 80 g

Adjus',, v¡ith acetic acid to pH {"0
&åm'biJl-ed H^0 make to 2- L

z

?. Tarìine reaoent
J. f vsov

I nl stock iodine soluiion
95 nL acetate buffer

5 ml- of this reagent contaj-ns 40 wtoles I,
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ÀPPEì{DIi| III

Buífe::s for Restriction Indonucleases:

À . Hi nd TTT lìllf f er

l-l.i TB,IS-HCI pH f .f
5 .Oii itlaCl-

.6i"1 I'ECI-2

5.O ng/nl Bovi-ne Serum i\lbu:¡in

-isbilJ-ed H^0 maÌ<e to')

H_ H'rnn l¡ l1ll'rref

]J'' TRIS-HCT pH 7.9
. blL l'rSUI^-¿
" ói"Í B-mecaptoethanol

5 .01:'Í i'la C]-

5.O ng/nl Bovj-ne Sen:-m Afbuajx
Fj "¿.¡rr^,¡ r¡ 0 ¡ralce touJ=Ð\2"!-¿-L!ru LL)'

C. Pst anci Bam III Bu-ffer

.óI"Í TRIS-FICI pi{ /./-¡

ll'Í NaCI

" 
ôr'I i€Ul2

S ne/nú Bo'v5ne Sen:n ^ålbusr{n

lJåutåJåeC HrO mal<e to

l-.0 nl-
l^-'lI. / ¡I[

1.16 n",l-

2,0 rd-

10 tnl

t
r"1
l_.0

)- c z'-

/-ov

IO

- 
rn1

nü-

nl
ml-

ml-

m]-

j-mI
I ml-

]-m].

2m]-

l0 nl-


