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Abstract

In this swudy the homology among all the cloned Tellurite (TeO32-) resistance (Te")
determinants and their incidence among plasmids within different incompatibility groups
were determined. The IncPa Te! determinant was found only within the Inc Pa plasmids.
The IncHI2 (PMERG610) and IncHI3 (MIP233) Tef determinants were closely related and
were present in IncHI2 and IncHI3 plasmids as well as in IncHII plasmids. This Tef locus
was identified within the Xhol “E" fragment in the IncHII plasmid pHH1508a. A small
degree of homology was present between the R478 Tef determinant and the Tef
determinants of pMER610 and MIP233. None of the Te' determinants was homologous to
the ars determinant in pUM3 (Mobley et al., 1983), which was also found to confer a
moderate level of Tef (Tumer ez al., 1992),

Earlier studies (Walter, 1990, Ph.D thesis) reported that the plasmid pDT1364 had been
created by cloning the Tef region of pHH1308a into the Sa/l site of pUCS. However the
origin of pDT1364 Tef determinant from pHH13508a (Walter, Ph.D. thesis, 1990; Walter et
al., 1991b) were shown 1o be incorrect in this study. The 6.8kb insert of pDT1364,
including the teAAB genes, had originated from the E. coli K-12 e instead of
the IncHII plasmid pHH1508a. Tlie seAAB genes were localized on the E. coli K-12 map
at a position between kb1508 and kb1510 (32.3 min coordinate). They were found to be
widely conserved in E. coli, but were not found in none of the other species tested.

Akhough the ssAAB gones resukt in & high level of Tof with a MIC of K2TeO3 128ug/mi
in pDT1364 using pUCS as a vector, they usually do not specify Tef when present in the




JM10S5 and DHSa were very susceptible 10 K2TeO3 ar ¢ ME a1 04,01
and 0.64j1g/ml.

PK1439 and ECOR 17 were the only two E. coli str=— - “uc b were tound to be devoid
of tehAB operon. The large deletion mutant PK1439  cwmeain-- « &)-kb deletion within
the terminus region, specified an MIC (0.2ug/ml) abos= 't:  «< kwver than most other £
coli strains. However the strain ECOR 17 still specifiest <« MK of 2ug/ml which is very
similar to the MICs of most E. coli strains carrying chronwsomal teAAB genes. Tel was
fully complemented by pDT1364 in ECOR 17 but was not complemented by pDDT] 364 in
PK1439. Itis likely that other genes as yet unidentificd are required for expression of Tef
by the rehAB genes.

The conservation of the tehAB genes in the majority of E. coli sirains may indicate that
the genes have important functions. Other possible functions of the eAAB genes need 10
be investigated.
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1. INTRODUCTION

1.1 Physical and Chemical Properties of Tellurium

Tellurium (Te), discovered by Muller von Reichenstein in 1782, was identified as a
distinct element and was named by Klaproth in 1798 (Steinberg er al., 1942). Derived
from the Latin tellus, or carth, it is an element of Group VIA of the Periodic Table, which
includes oxygen, sulfur, selenium and polonium. The atomic number of Te is 52 and
atomic weight is 127.6. Te has a specific gravity of 6.26, melts at 452.1 °C and boils at
989.8 °C. 1t is chemically similar to sulfur and selenium, but it is more electropositive,
more basic and more metallic (Hampel, 1961). Tellurium resembles a metal in its
physical properties. Elemental tellurium, which is insoluble in water (Cooper, 1971), is
a silver-white metalloid with a metallic lustre. It is a poor conductor of heat and
electricity; its conductivity does not, like that of selenium, vary with the amount of light
falling on it. Like sulfur and selenium, it has a number of oxidation states in cven
numbers -2, +2, +4 and +6. It forms salts of tellurous and telluric acid with many
metals. The principal soluble salts are those of sodium and potassium, with which it also
forms tellurides by direct union.

1.2 Production of Tellurium and Its Presence in the Environment

1.2.1 Production

There are no ore deposits which can be mined for sellurium alone. The recovery of
tellurium is linked with the production of copper, silver, lead and gold. Accumulation in
the anodic sludge during electrolytic refining of copper is the main source of selluriom
production, accousting for 0% of the world’s supply of sellurium. The remainder is
recovered from slimes and slags of lead refining, and from pyrite and pyrrhotite burned
in pulp and paper mills and sulfieric acid planes.

1



1.2.2 Environmental Distribution

Tellurium is one of the rarest elements on earth. It is estimated to rank seventy-fifth
in abundance of the elements on the earth's crust, 0.002ppm (Hampel, 1961; Mason,
1958). However, tellurium is widely distributed. It has been found to be in certain coals
(Goldschmidt, 1958), which suggests that plants may have absorbed the element from
soil in ancient times. It is also present in some seleniferous soils (Beath er al., 1935).
According to Schroeder et al. (1967), who have made an extensive survey of tellurium in
foods, waters, vegetation, animal tissucs and human organs, blood and urine, tellurium
is found in two-thirds of foods, vegetables and humus. Intcrestingly fresh garlic
contains a relatively large amount of tellurium, suggesting (Schroeder ef al., 1967) that
this plant accumulates tellurium from soil. In dried garlic, however tellurium could not
be detected. Tellurium contained in garlic is dimethyl telluride, a volatile compound,
which gives garlic its characteristic odor and taste (Schroeder et al., 1967). Tellurium
concentrations in water are very low as no tellurium could be detected in 20 samples of
tap water from one location in the U.S.A. (Schroeder er al., 1967). No
spectrographically detectable quantities of tellurium were found in the principal U.S.A.
rivers (Durum, 1960). In man there appears 10 be some 600 mg of sellurium, with the
largest amounts in bone. This level exceeds those of all other trace elements but iron,
zinc and rubium (Schroeder ¢t al., 1967). Daily oral human intake is about 100 ug
(Nason and Schroeder, 1967). Urinary excretion approximates the intake. Tellurium is
also found in both serum and red blood cells (Schroeder ef al., 1967). However, there
appears 10 be no autrieat or biological role for tellurium. Tellurium is present in soils in
large enough amounts 10 be absorbed by plants. Because tissues of herbivores also
contain sellurium, a tllurium cycls, from soils 10 plants 10 animals, probably occurs in
nature, accounting for pert of the exposures of human beings. Most human exposure
probably results from induswrial contamination.

4



1.3 Uses of Tellurium

1.3.1 Industrial Applications

Tellurium is used widely in various industrial processes. In the rubber industry, it
acts as a secondary vulcanizing agent to increase physical, thermal and chemical
resistance of rubber and as an anti-aging agent in the final product; In metallurgy, it is
used as an additive to iron, steel and copper to improve machinability and surface
resistance o corrosion and stress; In the chemical industry, it works as a catalyst; In the
microelectronic industry, it is used as a semiconducting compound for thermoelectric
applications. It has been used as a coloring agent in chinaware, porcelains, enamels and
glass as well as as a reagent in producing black finish on silverware. Tellurium is also
used in nuclear reactors 1o produce radioactive iodine (1131).

1.3.2 Therapeutic Uses

Tellurium has been of some medical interest. Ut has been used to treat syphilis
(Foumnier and Levaditi, 1926) and leprosy (Swanziale, 1929), and 10 reduce the sweating
of patients suffering from phthisis (i.e. tuberculosis) (Neusser, 1890). More recendy,
tellurite has been suggested as a potential anti-sickling agent due 1o its ability 10 increase
mean cell volume and decrease mean corpuscular hasmogiobia concenration (Asekura ef
al., 1984). A new and novel application has been proposed for sellurium as an
immunomodulating drug, referred 10 as AS-101 (Sredai et al., 1967, 1988a, 1988D),
which is a low molecular weigin organic tellurate compound, ammonium trichloro
(dionoethylene-O, O'-) tellurats. This compound is found 00 have immenomodulating
properties without any significant toxic side-effects in tats. haﬂbup—ﬂﬁ
for AIDS and cancer pationts.




1.3.3 Uses of Tellurium Compounds In Microbiology

Differential media are used to isolate specific microorganisms from contaminated
material. Certain pathogenic species are naturally resistant to tellurite. This resistance
forms the basis of certain diagnostic techniques in clinical microbiology. Tellurite has
been used in a variety of selective lological media and differential tests.

As carly as 1900, potassium tellurite was introduced into bacteriology by Klet
(Klett, 1900). He observed that many microorganisms, including the diphtheria bacillus
could reduce tellurite. In 1912, Conradi and Troch proposed a medium containing
tellurite as an aid in the diagnosis of Corynebacterium diphtheriae. On this medium the
colonies of the organism have a characteristic black color due 10 the reduced sellurivm and
the medium exerts a selective bacteriostatic effect, allowing the diphtheria bacillus to
grow but inhibiting most other microorganisms found in the throat. Thus for many
years, potassium tellurite has been used as a constituent of selective media for the
isolation of diphtheria bacillus (MacFaddin, 1985; Saragea et al., 1979).

During isolation of Cor; 7 taining media, it
was observed that some Saqphylococci were also capable of reducing sellurite and had the
always bs examined by Gram-stained smear (Hoeprich 1. ol., 1960). In 1949 Ludiam
first suggested that scllurise be used as a selective agent for isolation of pathogeaic
dessrmination of poseatial pathogeaicity of Sapigiecoccus species isolated from clisical
sources (Hoeprich ¢1. al., 1960).

Besides C. diphcherias snd certaia S. swreus, group D Sireptececc
m)h“mmﬁh—ﬁy“hm
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(Skadhauge, 1950; Appleman and Heinmiller, 1961). Potassium tellurite as a selective
agem for the isolation of Listeria monocytogenes was first recommended in 1944 by

organisms. This finding was confirmed (Gray ef al., 1950), in spite of reports that
potassium tellurite inhibited the growth of some strains of L. monocytogenes (Leighton,
1979). Potassium sellurite is still incorporated into different isolation media for Listeria
spp, usually associated with other selective agents (Blanco ez al., 1989; Buchanan, 1990;
Khan er al., 1973). Since potassium telturite is reduced by Listeria spp., it is also used
as a differential agent (Buchanan er al., 1987). Recently, it was found that potassium
et al., 1992), probably by the enhancement of the cytolytic effect of listeriolysin O
(LLO).

property has long been used as a rapid test for the viability of tubercle bacilli (Corper,
1918; Kilburn et al., 1969). In addition, the resistance of Alcaligenes 10 ellurite is used
%o differentiate A. faecalis and A. denisrificans from Bordeselia bronchisepdica (Johnson
and Sneath, 1973). In summary, potassium scllurite has besn used exwnsively as a

14 Texicity of Tollurium in Animnls and Humans

8



of the route of administration. The toxicity of sellurise is ten times the toxicity of selluraie
when given by intraperitoneal injection of rats (Franke, 1937), but only twice as toxic
when fed in chronic studies (Fishbein, 1977). Oral toxicity is somewhat lower than
parenteral, presumably because of reduction to metallic tellurium in the gastrointestinal

tract.

1.4.1 Toxicity in Animals

Early observation on the toxic effects of tellurium in animals emphasized two
phenomena: the garlic odor of the breath and tissues, and a deep bluish-black coloration
(Browning, 1969). Apart from these, digestive disturbance, lack of growth, emaciation,
somnolence and loss of hair are also commonly obeerved. Severe poisoning can result in
death, which is mainly due to respiratory paralysis. Organs most affected in tellurium
poisoning of animals are liver, kidney, nervous system, lungs and the gastrointestinal
tract. The effects of tellurium on the nervous system of rats include paralysis of hind
legs. alteration of conditioned reflexes and reduced leamning ability (Glover and Vouk,
1979).

142 Toxicity in Humens

Although in animals tellurium compounds have proved lethal in high dosage,
scllurium has not been found 10 be a very hazardous clement in the industrial sense.
Reports of acuse occupational tellurium intoxications are rare. The maia symptoms and
sigas of sellurium poisoning ia humens include & strong and lasting garstic odor in the
breath, sweat and wring, & menllic tasts and dryness in the mouth, ancrexia, neuses,
headaches, loss of appetiss, somnolence, and suppression of swest. An unusual feature
is the biuish-black discoloration of the webs of the fingers and streaks on the face and
neck (Fishbein, 1977; Muller o al., 1989).



(International Labour Office, 1983). The only lethal tellurium intoxications reporsed thus
far occurred after accidental injection of sodium tellurite in place of sodium iodide in
retrograde pyelography (Keall er al., 1946).

1.4.3 Carcinogenicity
Schroeder and Mitchener (1971, 1972) exposed mice for their life time to sodium
tellurite and sodium tellurate in drinking water at 2 ppm tellurium. Neither hexavalent nor

incidence of chromosome breakage was observed in human leukocytes treated in vitro
with sodium teliurite (1.2 x 10-8 M) and ammonium sellurite (2.4 x 10°7M) (Pason and
Allison, 1972).

1.5 General Considerations of Tellurite Resistance (Te¥)

Tellurite (Te032-) is soxic 10 most microorganisms, particularly gram-negative
naturally resistant 10 tellurite, including Corynebecterium diphtheriae (Conradi and
(Hoeprich ¢1. al., 1960). Gram-negative bacteria are usually semsitive 10 tellurite, but
tellurite-resistant strains can be isoleted frequendy from hospital and wrben sewage, as
well as film reprocessing sludge (Taylor and Summers, 1979). The resistance in gram-
including resistance 10 bacesriophages, colicing and 0 multiple amibiosics. Thes swiluries
resistance (To") by plasmids may confer 2 sslective advantags cn bacteria.




Bacterial plasmids that share cither replication control or partitioning functions
compete for stable inheritance, are termed incompatible, and are placed in the same
incompatibility (Inc) group. Plasmids of several incompatibitity groups have been shown
to mediate resistance to tellurite. In the Enserobacteriaceae, most of the tellurite-resistant
plasmids belong 1o the IncHI, IncHII and IncP groups (Taylor and Summers, 1979,
Taylor and Levine, 1980; Bradiey et al., 1982; Bradley, 1985). A few of them have not
been classified (Taylor and Summers, 1979; Hughes and Datta, 1983).

1.6 Tellurite Resistance Encoded by Incompatibility H Group Plasmids

An IncH plasmid was first isolated from a strain of chloramphenicol-resistant
Salmonelia typhi, which was responsible for the first Mexican epidemic of
chloramphenicol-resistant typhoid fever in 1972. The plasmid was shown 10 be
responsible for resistance w0 icol and to several other antibiotics. It was
classified into & new incompatibility group designased "H" (Anderson and Smith, 1972).
members of the family Enerobacseriacese (Anderson, 1975; Summers and Jacoby, 1977;

ihermossasitive for conjugntion, Le. raneferring optimally at 26 10 30 °C and negligibly

(< 10°8) & 37 °C (Rodriguss-Lomoins ¢ al., 1975; Tuylor and Lavine, 1900). lackll

plasenids differ Srom IncHl plasmids in that hey are non-d hive for wanafer, e
8




not repressed for pilus synthesis, and transfer at high frequencies (Bradley ¢1 al., 1982).
On the basis of DNA-DNA hybridization studies, the IncHI group of plasmids is further
divided into three subgroups, IncHI1, IncHI2 and IncHI3 (Whiteley and Taylor, 1983).
There are many members in the IncHI1 and IncHI2 subgroups, but there is only one,
MIP233, in the IncHI3 subgroup (Roussel and Chabbart, 1979). All IncH plasmids
specify thick, flexible pili (Bradley, 1980), except for IncHI3 plasmid MIP233, which
specifies rigid pili (Bradley, 1986).

plasmids, including the IncHII prototype plasmid, pHH 135082 (208 kb) (Yan and Taylor,
1987; Figure 1.), the IncHI1 prototype plasmid, R27 (182 kb) (Newnham and Taylor
1990; Taylor and Brose, 1985; Taylor et al., 1985) and the IncHI2 prototype plasmid
R478 (272 kb) (Wheian and Colleran, 1992). They are all valusbie 10 the molecular

Te' is commonly medisted by IncHI2, IacHI3 and IncHII plasmide, but has not yet
been shown 10 be encoded by any plasmids of the IncHI1 subgroup. A 9.3 kb HiadIll
fragment containing the TeT doscrminant of the IncHII plasmid pHH1457b has been
cloned into pUCI3 digested with Hindlll and the clons was named as pDAK2 (D.
and other Te* determinants is yot 10 bs determined. The To* determinent of the lacHNl
plasmid pHEH1508s was reported 2 consist of sshA sad achD genes sad be contalned i
pDT1364 (Wakier, PRLD. thesls, 1990). It has elvendy bosn sequenced. The Tof



FIG. 1. Restriction map of pHH1508a. Restriction endonuclease sites on the
plasmid pHH1508a for Xbal, Xhol and Notl arc shown in the outer circles. Map
positions in the plasmid arc shown in the center in kilobases. Restriction fragments are
labelled alphabetically in order of decreasing size. Regions of the plasmid which are
required for conjugative transfer are indicated by arrows. (modified from Yan and

Taylor, 1987 by Walter, 1990)
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determinant from the IncHI2 plasmid pMER610 (Jobling and Ritchie, 1987) has also

1.6.2 The Te' Determinant of the IncHI2 Plasmid pMER610

The plasmid pMERG610 is a large (>250 kb) conjugative plasmid belonging to the
IncHI2 subgroup. It was originally identified from a gram-negative mercury-resistant
bacterium, Alcaligenes isolated from the River Mersey. Then it was transferred by
conjugation 1o Escherichia coli AB1157. In addition 10 becoming mercury resistant as a
consequence of the acquisition of pMERG!10, this AB1157 derivative also acquired
increased resistance 10 both tellurise and sellurate by more than 100-fold and expressed the
phage inhibition phenotype (Phi).

The Tef determinant of pMERG10 has been cloned on a 3.55-kb DNA fragment.
Both the original Te' plasmid pMERS10 and its subcione pMJG06 (which is sumbered in
our stock as pDT1798) encode inducible Tef by priar exposure 10 tellurits at levels (1pM)
sub-toxic 10 the sensitive AB1157 (Jobling and Rischis, 1987). Nucleotide sequence
and Rischic, 1988; Hill et @l., 1993). The sizcs of their gens products predicted from the
DNA sequence are 37, 14, 38, 20 and 20 kilodakons (kDe), respectively. Fouwr
wmﬁ-ﬁtnﬁﬁcwhiﬁ-ifi:pﬁ.
Nmnphmﬁ-m&lmhhldqh-ﬂﬂm
fusions 0 bs both wranecribed snd srenslated (Hill & ol., 1993).
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Analysis using Tn/000 insertion mutagenesis indicated that terA and terB may be
regulatory genes, whereas serC, D and E are the structural genes determining Tef, The
genes, s%erD and E, appear 10 encode the sams function. The nucleotide and predicted
amino acid sequences of serD and srE show considerable homology, 66.5% and 65.2%
respectively. It suggests that the two genes may have arisers from a gene duplication
event (Jobling and Rischie, 1988). Although partial activity is retained when terE is
deleted, expression of both terD and serE is required for full resistance (Jobling and
Ritchie, 1988).

1.7 Tellurite Resistance Encoded by IncP Plasmids

1.7.1 Plasmids of the P Incompatibility Greup

IncP plasmids are promiscuous, 1. ¢. they are capable of conjugal transfer among.
and stable maintainance in, almost all gram-negative bacterial species ( for reviews of P
plasmids ses Thomes and Smith, 1967; Schmidheuser ¢¢ al., 1967; Thomas, 1961).
Such promiscuity is of interest as it relates 10 the spread of antibiotic resistance and its

application 10 genetic manipulation in diverss bacesrial speciss.

The P plasmids have beer uivided into two subgroups, IncPa and IncPP, based on
DNA homology studies of their trensfer origing (the oriTs) (Yakobson aad Guiney,
1983). By using Southern bioning 10 compare the Masil Sagments carrying homology
the oriT region of RK2, oaly two pasterns of hybridiassion were cbserved. Most of the
plasmids showed a singls bend of the same siss as that from RKK2 and were designased
lncPx, whereas R7S1, R90S, and R772 showsd two bands of smaller siss and lower
homology and wers designated IncPP. Swdies wsing probes derived from the syA and
oriV sagions of RK2 (Chikasnl ot al., 1985) and the pri lovus of RP4 (Lanka of al., 1985)
coafirmed the validity of this subgrouping. and wers suppersad by beth hessveduplen
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analysis (Sakanyan o1 al., 1983; Villarroel #2 al., 1983) and by complemeniation studies
(Yakobson and Guiney, 1983). The IncPa plasmids are generally larger than the IncPp
plasmids and encode uncapressed resistance 0 tellurite which can be selected by growth
on medium containing sellurise. In contrast, IncPf plasmids do not express Tef (Bradley,
1989).

1.7.2 The Te' Determinant of the IncPa Plasmid, RK2

The 60-kb plasmid RK2 was originally isolated in 1969 from an outbreak of R-
factor-mediated carbenicillin resistance in Pseudomonas aeruginosa in bum patients in
Birmingham, England (Hollowsy and Richmond, 1973; Ingram e/ al., 1973). It belongs
carries resistance o ampicillin, kanamycia, and tetracycline as well as several
transpossble clements (Thomas and Smith, 1987). RK2 and plasmids named RP4, RP1,
nlsﬂnﬂnﬂmmmmmnumm»k
b heteroduplex analysis and
thus their names have beea mlutﬁthnleﬂy (Burkardt ¢z al., 1979; Currier and
Morgan, 1981).

By wsing Ta7 inscrtion mutagenssis, the cryptic RK2 deserminant for Te? was
locased at coordinates 56-0-1.3 kb on the RK2 map betwoon the korA and the ki/A genes,
which are involved in plasmid replication control (Taylor and Bradiey, 1967). The AiiA
pene, identified by Pigurski of ol. (1962), was named for the lethal effect that was
kill-override, nagatively saguistes tranecription from the A/A promoter (Young et al.,
1983, 1967), and provenss the lothal offaces of ths Ai/ genss on the host (Figenki er ol.,
1982).

13



The Tef determinant of RK2 has been cloned into pACYCI184 and pUCR
respectively, creating plasmids pDT1355 and pDT1558 (Walter ef al., 1991a).
Transcriptional and translational fusions were constructed within the kilA and Te' genes
carried on pDT1355$ using the transpositional phage mini-mu. These fusions indicated
that the TeT genes were transcribed in the same direction as il and that transcription and
translation of the cloned kilA gene was occurring and may not be lethal to the bacterial
cell even in the absence of korA. The nucleotide sequence of this region was determined.
The operon contains three ORFs, RilA, relA and telB (Walter and Taylor, 1989; Walier ef
al., 1991a), all of which are necessary for expression of high-level-resistance to tellurite
(Walter, 1990; Walter et al., 1991a; Goncharoff er al., 1991). The first ORF, kilA,
codes for KilA, a 28-KDa hydrophilic polypeptide that is probably located in the
cytoplasm. The second ORF, telA, codes for a 42-KDa hydrophilic polypeptide which is
likely to be located in the cytoplasm. The third, telB, codes for a 32-KDa hydrophobic
polypeptide, which appears 10 be locased in the inner membrane of the bacterial cell, since
fusions of TelB to alkaline phosphatase were obtained by using TnphoA (Walter et al.,
1991a). All three polypeptides were desected by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) after overproduction using the T7 RNA
etal., 1991a).

Although no difference could be detected between the restriction maps of RK2Te"
and RK2TeS, a difference betweea DNA sequences of the Te' and Te® derivatives was
observed. There is a singie Ser (Te?) 10 Cys (Tef) missense mutation s amino acid
residue 125 in aeiB, which appears 10 be responsible for the phenotype change from Te$
0 Tef (Waleer o1 ol., 19912).

14



Interestingly, there is another Cys residue found nearby in selB at amino acid residue
132. Since two closely spaced Cys residues are found in a number of proteins involved
in metal binding such as mercuric reductase (MerA), periplasmic mercury-binding protein
(MerP), the cadmium resistance prosein (CadA) (Nucifora et al., 1989) and glutathionine
reductase (Perham, 1987), Walter and Taylor (1992) proposed that the two cysteine
residues (Cys-125 and Cys-132) in Tel B may be located on the cytoplasmic face of the
protein where they could potentially be involved in binding 10 ligands.

1.8 Tellurite Resistance Determinant Encoded by pDT1364

Plasmid pDT1364 consists of pUCS with a 6.8kb insert believed o originase from
was considered to be the source of the clone. In addition, E. colli K-12 J53-1
(pDT1364) consiswently had a much lower MIC of weliurite (128 jg/ml) than E. coli K-12
J53-1 (pHH1508a) (1024 pug/ml). Further studies were thus required 10 verify the origin
of this clone.

A 1.8-kb DNA fragment of pDT1364 was shown w0 be required for tellurite
deserminant and either pMERG10 or RK2 Te' (Waker and Taylor, 1992). No similar
and KeyBankTM, The fragment containg an operon conslsting of two genes which heve
beon named srhA and whB (Walter ¢ al., 1991b). The schB gens encodes & 23-kDe
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tehA gene encodes a 36-kDa polypeptide which migrates with an apparent molecular
mass of 28 kDa in SDS-PAGE due 10 its high hydrophobicity. Five 10 ten membrane-
spanning domains have been identified and the polypeptide is likely to be located in the

resistance by binding to ligands (Walter and Taylor, 1992).

1.9 Tellurite Resistance Mechanism(s)
Although the gene products of the above TeT determinants are known, the
mechanism(s) of Tel is, as yet, not well undersiood. One common feature manifested by

all sellurite-resistant cells is their black appearance when grown in the presence of
tellurite. The true identity and nature of the black precipitate has been determined. As
carly as 1941, Morton and Anderson observed the black precipitase inside cells of
Corynebacteriun diphtheriae afver growth on chocolate seliurie agar. They obeerved that
the black precipitate was soluble in bromine water, an oxidizing agent, and that the
precipitate was of high density in electron micrographs. & appeared highly probable that
the black color was due 10 existence of telluriom metal. About 20 years laster, Tucker ef
al. (1962), using X-ray diffraction analysis of whole cells, showed that the black
Usiag the sechaique of electroa spectroscopic imaging, Taylor et ol. (1968) verified the

16



Teral et al. (1958) reported that tellurite reduction occurs in Mycobacsrium avium.
They demonstrated that a protein fraction could reduce this salt in the presence of reduced
nicotinamide adenine dinucleotide or malate and malic dehydrogenase and referred 10 this
scllurite-reducing enzyme as tellurite reductase. A similar tellurite-reducing activity was
found in cell-free extracts of S. faecalis (Thomas ¢t al., 1963).

Thermus spp., extremely thermophilic gram-negative rods, were found w0 be
resistant to tellurite (Chiong e1 al. 1988a). Cell-fres extracts of Thermus thermophilus
HBS8 and 7. flavus AT-62 also catalysed the in vitsro, NADH-dependent reduction of
identified (Chiong et al., 1988b). Two exhibited high molecular weight and were
composed of at least two different polypeptides. The prowsia in the third fraction was
purified 10 homogeneity and had a singie polypeptide of 53 10 54 kDa. The enzymes
were also abie 10 catalyze the reduction of sodium selenite and sodium sulfise in vigro.
Chiong et al. (19680) suggested that Tef in Thermus spp. is dus 10 the pressace of thess
tellurite reductases. This Tef did not appear 10 bs plasmid-mediated and it has not been
fully characterized yet.

The Tef determinants from the IncHI2 plasmid pMERG10, the IncPa plasmid RK2
homology was seen at sither DNA level or amino acid lsvel among thess thres ToF
determinants (Jobling and Rischie, 1968; Walter o al., 1991¢; Walter and Taylor 1999;
Walter ez al., 19912). Thus it is possible that difforent mechanioms ase involved in ToF
medisted by thess thres determinants.

(1963) proposed that tsliuries and selenits could be reduced and thus desoxified by the
17



sulfate reduction pathway. The supporting evidence was that the sensitivity of E. coli
bacterial cells 10 weliurise was enhanced by the presence of L-methionine. The presence of
this exogenous reduced sulfur source would repress this pathway, thus decreasing the
rate of detoxification of selenite and tellurite, and therefore increasing sensitivity to these
anions. Recently this proposal was tested by expressing cyslJG, the genes encoding
sulfite reductase and the Te' determinant of pDT1364 together in a single host.
However, no increase of tellurite resistance by adding sulfite reductase was found
(Turner et al,, in preparation II). A new hypothesis was formulated that cysicine,
NADH/NADPH and the electron transport system might be utilized as cofactors for the
plasmid-encoded tellurite resistance. The decreased resistance to teliurite by the
exogeneous reduced sulfur i.e. L-methionine might be due 1o inhibition of synthesis of
cysteine which also shares the sulfate reduction pathway. This hypothesis requires

Chromosomal Te' has been found 10 result from reduced uptake of the toxic metal.
Most isolases of £. coli are highly seasitive 10 wellurise, having 8 MIC of 0.25 w0 | pug/ml
(Tomas and Kay, 1986; Taylor e al., 1968). Spontancous wwtents of E. coli resistant
low levels of wilurite (~10 jag/mi) as weil as 10 arsenste were obtained. These mutants
were fouad 10 be defective in phosphate ransport and were unable 10 grow oa media
competitively inhibised by tlluries. Susceptibility 10 tellurits cosld be restored by s
results indicass that £. coli takes up teliurits by a phosphets ransport system and thet
reduced uptake results in & low lovel of sesistance (Tomes and Kay, 1986).

10



containing the plasmid pDT1558 (carrying the IncPa Te' genes) or pDT1364 were
grown in broth containing tellurise, the filter-sterilized supernatant from the baceeria
carrying the Tef determinant of pDT1364 were found 10 reduce the toxicity of tellurite by
128-fold whereas the supematant from cells carrying IncPo Tef descrminant only roduced
the toxicity of the wellurite by S0% (Walser, 1990). Theas observations suggosted that the
pDT1364 and IncPa plasmids perhaps encoded different mechanisms of Te. Recent
results examining the specific uptake of tellurite in E. coli harboring different Te®
determinants from Inc Pa, Hil, HI2 and HI3 show little difference in uptake rases as
compared 10 the control (Tumer ¢t al., In preparation ). The above data make & difficult
10 assign a specific mechanism (0 these resistant determinants at this time,

Another type of transformation of tellurite has also beea observed with P,
aeruginosa and T. thermophiing (Surmers and Jacoby, 1977; Chiong ef al., 1988a).
produce a strong garlic odor. This odor indicates the formation of an alkylated, volatile
form of tellurium, probably meshy] or dimethylhelluriem (Pleming and Alexander, 1972).
odos. Further experiments are nesded 10 determing if tsthylation is one of the

LIG.1 Eocherichis coll K-12 Genomic Map
molscule 4,720 kb in longth. The DNA sequence of ks genome has 80t beon complesd
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yet. By July 1992, a total of 1,875,933 individual base pairs have been sequenced as a
collective, uncoordinated effort (Rudd, 1993; Figure 2.). This corresponds to a total of
40% of the entire E.coli chromosome. It is roughly predicted that a complese E. coll
sequence may be known by 1998, using a noncoordinate effort only (Kroger, ¢! al.,
1992). In spite of incomplete DNA sequence, the entire E. coll genome has been mapped
genetically and physically (Kohars ¢t al., 1987).

A genctic map has been constructed, in which a series of genes are identified by
mutant phenotypes and are ordered using information from genetic crosses (Bachmann,
1983, 1990). Gene positions were first approximated by means of Hfr crosses, which
can in some cascs be accomplished rapidly (Low, 1973) and then localized more
preciscly by cotransduction of genetic markers using phage P1. The units of the map are
minutes as desermined by time of entry of markers in inserrupied conjugation experiments
(Bachmann, 1976). Genetic maps portray linkages that aid in strain construction and are
used 1o catalog information about genes by chromosomal Jocus.

3,400 lambda phage clones containing segments of the £. colf chromosoms. k is actually

EcoRl, EcoRV, Bgll, Kpal, Pstl and Pvull. A swtal of 381 selected clones are found

Recessary 10 cover virtually the whols of the £. coll genoms with minimal overfape. Fowr

hundred and seventy-six clones were sslected from the original collection 0 cover the

(Kohara, 1990). The miniset lbrary is now also availsble in an cedered arsay supplisd

on 3 single sheet of hybridization membrans, the Z. colf Gens Mapping Membrane
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the E. coli genetic map is known. Furthermore, these genes can be quickly located by
hybridization 10 the commercially available Kohara miniset hybridization filters.

Since the genes of E. coli chromosome in the Kohara library are cloned in lytic
phage vectors, the cloned gene(s) cannot be examined directly with respect 1o its (their)
capability of complementing a mutation. To overcome this, it will be necessary to
correlate the individual lambda phage clones with other types of clone sets. Recently the
correlation of the Kohara library 1o the Clarke-Carbon library has been made (Nishimura
etal., 1992). The Clark and Carbon collection (Clarke and Carbon, 1973; 1976) consists
of 2,200 strains that harbor hybrid E. coli K-12-ColEl plasmids (pLC plasmids). Each

omal DNA that was
mechanically sheared 10 an average size of 14 kb and was ligated 10 ColEl DNA by the
AT-uiling method (Nishimura et al., 1992). Thus 318 pL.C plasmids were locaied on the
physical map by plague hy ation 10 the Kohara miniset clones. Further identification
al., 1992).

An integrased E. coli genomic mep (Rudd ¢1. al., 1990, 1992) has been made by
published by Kohara er al. (1987) and DNA sequence databass eatries. Thus one can
genomic mep coordinastes (ia kb). Such a map will be of general wility w0 E. coli
ressarchers.



1.10.2 The Replication Terminus Region

Examination of the genetic map shows that known genes of E. coll are not evenly
distributed (Bachmann, 1990). Several regions contain relatively few identified genes.
which is located between min 31 and min 35 on the genetic map (Moir e1 al., 1992). Itis
direcily oppposite the origin of replication on the circular chromosome. Bidirectional
replication forks that initiate at the replication origin meet in the terminus region at the end
of the replication cycle (Kuempel er al., 1973). One striking property of the serminus is
proceed across it (Kuempel ez al., 1977; Louam et al., 1977; Bouch et al., 1982).

deletions in this part of the chromosome (Henson and Kuempel, 1985). A restriction
facilitases characterization of deletions. Henson et al. (1964) isolased mutants (PK 1434,
PK1430, PK1433 and PK1427) in which various pans of the icrmiaus region have been

that removed the eatire terminus region along with 7-minuses (340 kb) of DNA, had an
abnormal phenotype (Heneon and Kuempel, 1985). The most dramatic property of this
filamentous, and appeared 10 have an induced 508 system (Henson and Kusmpel,
198S).



In order to determine whether the terminus region consists of protein-coding
sequences, Moir ef al. (1992) cloned 44 kb (1 min) of terminus region DNA (that
surrounding irg at 31.4 min) and examined its ability to catalyze protein synthesis ix viero
or in minicells. The 1-min segment within the terminus region was found to code for a
substantial number of polypeptides, indicating that the region as a whole, although
dispensable by deletion and lacking genetic markers, nevertheless encodes a substantial
number of polypeptides and thus cannot be said 10 be gene sparse (Moir ¢ al., 1992).
The functions of these genes remain w0 be disco

red, but the terminus region remains

1.11 Objectives of This Study

In spitc of extensive genetic and some biochemical characterization of seliurise
resistance, additional experiments are required 10 understand the nature of bacterial
pDT1364 Tof descrminant. Secondly, I will determine the incidence of the three difforont
pHH1508a but will be proved 1 be from the E. colf chromosome in this ssudy), pMI606

of differem ility groups. Thirdly, the levels of Te' specified by a variety of
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2. Material and Methods

2.1 Media and Solutions

In most of the experiments, Brain Heart Infusion (BHI) (Oxold) broth and agar
containing appropriate antibiotics. All plates containing sellurite and antibiotics were
made from BHI agar or Mueller Hinton (MH) agar (Oxoid). The final concentrations of
bacteriophage DNA as well as the ssock solution of ge! electrophoresis buffer were made
up as shown in Appendix .




2.2 Bacterial Strains and Plasmids

All ars-containing recombinant plasmids including pUM3 (arsABC) (Mobley et al.,
1983), pAB100 (arsRAB) (B. P. Rosen 1991, Personal communication), pUM11ABC
(arsA) (B. P. Rosen 1991, Personal communication) and pWSU2 (arsC) (Rosen et al.,
1988) were kindly provided by Dr. B. P. Rosen, Department of Biochemistry, Wayne
Stase University. The other parental and the recombinant plasmids used in this study are
listed in Tables 2 and 3, respectively. The ECOR collection, a set of 72 £. coll strains
was generously provided by Dr. W, L. Albritton, Department of Medical Microbiology
and Infectious Disease, University of Alberta. All the other bacierial strains used for
hybridization and PCR amplication arc listed in Tables 4 10 6. The £. coll gene mapping
membrane containing a recom t A phage library originally established by Kokars e/
al. (1987) was purchased from Takara Biochemicals Inc., CA. US.A..




Table 2. Bacterial Plssmids Used in This Study
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Table 8. Bacteria Other Than Escherichia coli
Used for PCR Amplification in This Study

DT37 Salmonella typhimurium LT2 Dave Botsiein®
DTI198$ Shigelia sonnel Maher & Taylor, 1993
DT1957 Kiebsiella pnevmonias Maher & Taylor, 1993
NA hil ’

UASS0
N/A
N/A

® L.E. Bryan, University of Calgary.






2.3 Piasmid DNA Isolation

bacteria by the alkaline lysis method modified from the Birnboim and Doly (1979)
method of plasmid DNA preparation. Plasmid-containing bacteria were lysed by
addition of sodium acetase, which caused the plasmid DNA 10 reanneal rapidly. Most of
the chromosomal DNA and bacterial proseins remained denstured and were precipitaied
plasmid DNA was further purified by cesiem chioride (CaClVethidium bromids donsity

A volume of 5 ml BHI broth contsining an appropriss
with a singls colony of plesmid-containing bacteris and was grown st 379C with sheking
oversight. A 1.5 ml volums of the culeure was pelisted in an eppendorf twbe and was
sesuspended in 100 i of solwion 1 (0.25M Tris, 30mM Glucoss, 10mM EDTA, pH 1.0)
with lysoxyms 2 10 4 mg/mi and then was left at room temperssuss for 10 min. A volume
of 200 ! of solution 11 (0.2N NaOH, 1% SDS) wes added and the coll suspension
solution III (3M NaOuc, pii4.5) was added and the suspension theoughly mined by
vorexing. The mixtere was incubated on ios for 20 min, subjected 10 contrifugation

(10mM Trie HICL, pH 8.0; 1M BDTA, pi 8.0).
34
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2.3 Plasmid DNA Isolstion

Plasmid DNA was isolased from many different cultures of plasmid-containing
bacteria by the alkaline lysis method modified from the Bimboim and Doly (1979)
method of plasmid DNA preparation. Plasmid-containing bacteria were lysed by
treatment with sodium dodecy! sulfase (SDS) and NaOH. Bacterial proseins and DNA
were then denatured by SDS and NaOH, respectively. Neutralization was followed by
addition of sodium acetate, which caused the plasmid DNA 10 reanneal rapidly, Most of
the chromosomal DNA and bacterial proseins remained denatured and were precipitaied
by forming a complex with salt. They were removed by centrifugation. The
MMAmmMmumm !nl.p;nml,dlc

2.3.1 Minipreps of plasmid DNA
A volume of 5 ml BHI broth containing an appropriste antibiotic was innoculated
with & single colony of plasmid-containing bacteris and was grown st 37°C with shaking
with lysozyme 2 10 4 mg/mi and then was loft a2 room tempersture for 10 min. A volume
voriexing. The mixture was incubated on ios for 20 min, subjected 10 contrifugasion at
poliotsd by cenwrifugation. The dried pelist was disscived in 30 00 30 pl of TE bufer
(10mM TrieHIC, pH 8.0; 1mM BDTA, pH 8.0).
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2.3.2 Large-scale Preparation of Plasmid DNA

The method for large-scale preparation of plasmid DNA was originally deacribed by
Bimboim and Doly (1979) and was applied here as a modification (Whelan, 1992). This
method was used 10 generate a large amount of high-quality plasmid DNA. Crude lysates
the plasmid DNA was purified by removal of both RNA and chromosomal DNA. This

procedure is as fellows,

Cells were grown ovemigint in 250 mi of BHI broth at 37°C and were pelieted in a
centrifuge plastic bottle (Sorvall) in a Beckman J2-21 centrifuge with a JA-14 rowor &t

using the end of & micropipetie from the side of the bottle and was resuspended in 20 mi
of Solution [ with lysosyms 2 10 4 mg/mi by geatle swirling for large plasmid and by
vigorously sheking or vorexing for recombinant plasmid clones. The bottle was
incubsted on ice for 30 mia. A volums of 40 mi of solution II was sdded and mixed well
10 achieve as clearly as possible. A 30 mi volume of solution 111 was added and
throughly mixed by inverting the bostls several times (very genly for largs plasmids) 10
The boutle was centrifuged at 9,000 rpm for 30 min &t 4°C. The supernatant was
transferved im0 & new bottle. Any flonting white precipitates were removed using 2
inveried ssveral times and was placed at -209C for two hours or more ©0 precipitass
and was resuspended in 10 wmi of TR with RNAsse at 0.25 pg/ml. 10 g of OO was
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bromide by using a needle. The tube was sealed and centrifuged at 55,000 rpm in
70.1Ti rotor for 18 to 24 hours at 200C. Afver removing the tube from the rotor, a hole
was made using a ncedie at the top of the tube. The plasmid DNA band was recovered
by suction using a 3 ml syringe with another needle attached and collected into s clear
Nalgene tube containing at least an equal volume of CsCl-saturated isopropanol. The
tube was inverted several times. The top layer which was usually pink, was removed
and another equal volume of CsCl-saturated isopropanol was added to the tube. This
step was repeated until the pink color disappeared. The bottom layer was then moved
into an opaque Nalgene tube and was dilused with two to three volumes of solution 1V
(0.1 M sodium acetate, SOmM Tris-HC, pH8.0) and precipitated with two volumes of
absolute alcohol at -200C for an howr. The DNA pelieted was dissolved in an approprise
volume of sserile TE or ddH20 depending upon the amount of the DNA isolated and was
stored in an Eppendorf wbe at 4°C.

2.4 Restriction Endenuciease Digestion

Restriction enzymes used in this study are listed in Appendix 1] along with the
Canada, Lid. (BMC), Momreal, Quobec, or Betheada Rescarch Laborstories (BRL),
Canada, Lad., Mississauga, Ontario. Restriction digestions were casvied out acconding 10
the manufacturer’s recommendations using Boshringsr Mannheim SeRE/Cut buffers.
pesforming ths sscond digest. Reswiceion digession was terminsted by the addition of 1/5
volums of bromopheaol blus (BPB) lcading dys (48% sucrose, 0.25% bromophen
blue, 12 mM EDTA) 10 DNA. mm'nady-lﬁ(mﬁ
elscwrophosesis.




2.5 Agarose Gel Electrophoresis

DNA samples were mixed with BPB loading dye and subjected to electrophoresis in
a horizontal agarose gel apparatus containing a 0.5-1.2% agarose (Gibco BRL) gel in I1x
Tris-Acetate-EDTA (TAE) buffer (see Appendix 1) (Portnoy er al., 1981).
Electrophoresis was carried out st 34-110 V (constant voltage) for up 10 48 hrs with
electrophoresis and destained with distilled water. DNA fragments were visualized under
ultraviolet transillumination (260nm). Sizes of restriction digest fragments were
determined with reference to bacteriophage lambda digesied with Hiadlll or EcoRl.

2.6 Extraction of DNA Fragments from Low Melting Point Agarese
Restriction endonuclease digests were subjected 10 electrophoresis as described
cthidium bromide, the desired DNA band(s) was excised over the ultraviolst (UV)
transilumiastor (300nm). The agarose block was placed in a 1.5 mi Eppeadorf wbe and
immersed in a final volume of 0.5 mi TE buffer. The DNA was extracted from the low-
mn.mnmm 'ﬁsm-g!l-(m)mmm
in a new Eppendorf tube, mizned with an equal volums of cholosoform and subjected 10
centrifugation. The aqueous phass (10p) was collected in a new tubs and precipliased
with 2.3 volumes of 95% ethancl at -20°C. Afer the peliet was complemly dry, it was




2.7 Minimum Inhibitory Concentration (MIC) Determination

Minimum Inhibitory Concentration (MIC) is the minimal concentration of an
antimicrobial agent required 10 inhibit or kill a microorganism. Serial dilutions of the
antimicrobial agent in an agar (agar dilution method) or broth (broth dilution method)
lowest concentration without visible ptmh In our study, the agar dilution method

simultaneously. Bacterial strains 10 be tested were grown mlihl in Brain hean
infusion (BHI) (OXOID) broth at 379C with shaking, then dilused | in 100 in BHI broth,
Volumes of 10 i were spotted onto a series of Mucller Himson (MHXOXOID), BHI agar
(OXOID) or Miller's LB agar (BBL) plates containing twofold dilutions of an
antimicrobial agent (e.g. potassium ellurite, K2TeO3). Plates were thea incubated
ovemight at 379C. The lowest concentration of the antimicrobial agent which inhibited
growth was determined 10 be the MIC.,

DNAhmﬁmMFﬁ'lmwﬁmbw-ﬁlﬁg-whwby
2 extraction weve labeled with [0-32P] dCTP by wsing & commercial
Nick Translation Sysom (Gibco. BRL) kit. Labeling was performed according 10 the
0% ethanol after precipieastion and that if the amount of DNA was very small, $- 10 ug of
yeast {RNA was sometimes added 10 seed the precipitation. The peliet of the labeled




3.9 Prepacation of Dot Blots
IINA was isnlated as previously described. DNA concentrations were determined
by measurement of the absorbance at 260 nm in a spectrophotometer (1 OD = 50 ug/ml

concentration in an agarose gel.

A sheet of nitroceliulose membrane (Trans-BlotR Transfer Medium, Bio-Rad) was
cut 10 an appropriste size. It was completely soaked with ddH20 and was then soaked in
10 x SSC (1.5M NaQl, 0.5M sodium citrate, pH7.0) for 30 min with geatle shaking.
The filker was drained and applied 10 a dot blot apparstus. One g of plasmid DNA of ten
ug of genomic DNA was dilweed in 20 ul ddH20, which was then loaded onto the
IM Tris-HCL, pH 3.5), respectively. The filser was fisally placed onto a sheet of
Whatmena 3MM Chromstography Paper wet with 2x$SSC. Then it was air dried at room

2.10 Seuthern Transher
After DNA was digented with endonucienses and subjected 10 gol elecarophoresis as
Neusalisstion wes continued for 90 min is the sams way with & changs of e solution
every J0min. Largs DNA fragments wess aiched with UV o faciiitats sussfer prier 0
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the steps of denaturation and neutralization. DNA tnen was transferred to Hybridization
Transfer Membrane (Micron Separations Inc., MSI) by the method of Southern (1973).
Afer transfer, the membrane was soaked in 2 x SSC (0.3M NaCl, 0.1M sodium citrate,
pH?7.0) for 10 min to remove excess salt. It was air dried and baked overnight at 65°C.

2.11 DNA Hybridization

Hybridization of 32P-labelled DNA fragment to the DNA on nitrocellulose filters
was performed as described by Portnoy er al (1981). Nitrocellulose filters were
preincubated for at lcast one hour at 42°C with 5 ~ 10 ml of pre-incubation mixture (50%
formamide; 5 x SSC; 0.1% sodium dodecyl sulfate (SDS); | mM EDTA; 0.02% ficoll;
0.02% bovine scrum albumin (BSA); 0.02% polyvinyl pyrrolidone (PVP)] and 750 pig
denatured herring sperm DNA in a heat-scalable plastic bag.

The radioactively-labelled DNA probe was denatured by boiling for 5 min, chilled in
iced-water and added to the plastic bag. Incubation was continued at 42°C ovemight.
Afver hybridization, the filiers were soaked in 0.1 x $SC; 0.1% SDS and | mM EDTA)
for 30 min at room temperature and then washed twice with 2 x SSC; 0.1% SDS and |
mM EDTA at 65°C for 45 min. They were then rinsed quickly with 2 x SSC, drained
and wrapped in plastic wrap. They were exposed 10 X-ray film (Kodak X-OMAT AR)
for various periods of time at -80°C according 10 the amount of radioactivity present.

2.12 lselation of Chromossmal DNA
Fresh cultures of bacseria strains were prepared on agar plases. A full loop of cells
were suspeaded in 130 j} of TES (30 mM Tris, pH 8.0; 10 mM EDTA; 25% sucross)
and 125 pug of lysocyme was added. The suspension was incubased st 37°C for 30 min,
snd then mixed with 100 i of phenol sasurated with 0.) M Tris pH 5.0. Effective
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mixing was obtained by vortexing for 2-3 min. A volume of 100 ul chloroform was
added and the suspension mixed well by vortexing. Centrifugation was carried out at
14,000 rpm for S min at room temperature. The upper phase was carefully removed to
an Eppendorf tube. DNA was precipitated by adding two volumes of 95% cold ethanol
and the pellet redissolved in 200 il TE buffer.

2.13 Titration of Lambda Phage Stock

A 5 ml volume of an ovemight culture of E. coli BB4, a lambda-sensitive strain,
was grown (o saturation at 37°C in LB medium containing 10 mM MgSO4 and 0.2%
maltose. Dilutions of 100-fold of the phage lysate were made in SM (sce Section 2.1)
and 0.1 ml of each dilution was added 10 one tube containing 0.3 ml of the E. coli
saturated culture. The E. coli/phage mixtures were incubated at room semperature for 20
min so that the phage could absorb 10 the E. coli cells. The mixtures were incubated at
37°C for 10 min and 30 that the phages could inject their DNA into the cells. LB-1w0p
agar (see section 2.1) was melt and cooled 10 45 10 S0°C. A volume of 2.5 mi of meked
op agar was added to each tube containing E. coli /phage mixtures. The content of each
tube was mixed by voriexing lightly and poured onto a 10 mM MgSOy4-LB plase (see
Section 2.1). The agar was spread over the entire surface of the plase by tlting the plase
gently. The plates were incubated at 37°C for 12 housrs. Oue of the dilution plases,
which was not 100 crowded with plaques, was chosen. The number of plaques was
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2.14 Preparation of Lambda Phage Lysate

A saturated culture of E. coli BB4 was made as described above. Phage particles
were absorbed 10 the bacteria by combining 0.1 ml of 107 PFU/ml eluted phage with 0.1
ml of saturated culture and 0.1 m! of 10 mM MgCl2/ 10 mM CaCl2 solution and
incubating in a 37°C water bath for 20 min. The mixture was inoculated into 3 ml of 2 x
YTMT medium in a Nalgene tube and was then incubated at 37°C with rotation wntil
lysis occurs (usually 6-8 hours). The culture was harvested immediately lysis was
observed. Any remaining viable cells were lysed by adding 0.5 ml of chloroform.
Chloroform was removed from the bottom of the wbe using a Pasteur pipetie. The lysate
was centrifuged at 6,000 rpm and 4°C for 10 min in a Beckman J2-21 centrifuge with a
JA-20 rotor o pellet the cell debris.

2.1 Isolation and Purification of Lambda Phage DNA

A clarified phage supernatant was prepared as described in the above section.
Lambda phage DNA was extracted and purified by using a SephagiasTM PhagePrepKit
as recommended by the manu

2.16 Polymerase Chala Resction (PFCR)

The oligoaucleotide primers with their sequences are shown in Table 7. The
primers RTUPCR7? and RTUPCRS were used 10 amplify the whole open reading frame
of the teAA gene, which is devoid of the ribosoms binding site (Shine-Daligarmo
sequence, "SD") and is 10180p in leagth. The primers RTUPCRY and RTUPCR10
were used 10 amplify the complets portion of the gene schB, which is 6210p in length,
RTUPCR7 and RTURCRIO were uwsed %0 amplify sehAB, which is 1610bp in longih.
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constitutes a portion of the 23S-rRNA gene (Taylor et al., 1992). Amplification of the
23S-rRNA gene was used as a positive control for PCR reactions using genomic DNA as
atemplate. The amount of each primer used in one PCR reaction was 100 pmoles.

Taq DNA Pol I was obtained either from Dept. of Biochemisary, U. of A. or from
Promega Corporation. The enzyme obtained from the latter source was used as
recommended by the supplier, whereas the enzyme from the former source was used in a
buffer containing 1.2 mM dNTP; S0mM HEPES pH7.9; 1.5 mM MgCi2; S0mM
KCl.

The chromosomal DNA semplates used in this study are shown in Tables 3 and §,
The DNA from plasmid pDT1364 and pUCS were prepared by the large-scale isolation
2.3.2. The plasmid DNA obtained this way still had some degree of chromosomal
contamination. For further purification, plasmid DNA was linearized to give a single
with either of the two restriction endonucleases, BamHI and EcoRl. These eazymes
were chosen because they cut both plasmids once. Thea the digests were subjected o
from a gel and was further purified by the method described in Section 2.6. In this way,
eliminsscd. The DNA from each sample was subjected 0 wiplicats PCR reactions
one DNA sample, the DNA was also subjected 10 the fowrth PCR 0 amplify seidB. A
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of a DNA template, was also performed in paraliel. This was done 10 determine if there
was any contamination during setting up PCR.

For each PCR, 0.5 ug of plasmid DNA or 2.5 jug of chromosomal DNA was used.
PCR reactions were carried out in 100 pl volume using Perkin-Elmer DNA Thermal
Cycler 480, with the following cycling profiles: for teAA and teAR, 94°C for | min,
559C for 2 min and 720C for 2 min for 30 cycles, then 720C for 10 min; for wchAR and
23SrRNA genes, 94°C for 1 min, 35°C for 1 min 40 sec and 72°C for 3 min for 20
cycles, 729C for 20 min. The PCR products were analyzed directly on a 1.1 % agarosc
gel using 10 pl of each sample.
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Table 7. Primers Used in This Study

RTUPCRI0
3!

218-1
238-2

§' ATATGGATCCATOATCAGO
' ATATGTCGACTGAATTCA

8 RTUPCR? and RTUPCRS were used (0 amplify the whole opea readiag frame of the

tAA gene. RTUPCRY and RTUPCRI0 were used 10 amplify the compiets portion of the
pene iehB. RTUPCR? and RTURCRIO were weed 10 smplify wAAB. The primers 238-
1 and 238-2 amplified & portion of the 233-+RNA gens.

® The underiined aucicotides sopresent ssquences homologous 1o

45



3. RESULTS

Part A. Incidence of Tellurite Resistance Determinants among
Plasmids of Different Incompatibility Groups

3.1. MICs of Tellurite, Arsenite snd Arsenste Medisted by s Varlety of

recombinant plasmids pDT1364, pDT1533 and pMJG06 (see Table 3), were sested 10
detormine MICs of potassium teliuriee (K2Te03), sodium arscaite (NaAS0?2) and sodium
arsenate (Na2HA3O4-7H20). Most of these plasmids have been found to encode
resistance 10 potassium tellurite. Strains of £. coll containing these plasmids were tested
10 determine their levels of resistance 10 telluris. MICs of arsenic ony-anions including
arsenits and arsenats were also determined in order 10 define the specificity of the Tef

shown ia Table 8. Al the IncHII plasmid-containing isolates of £. coli K-12 howts
demonsirated a high level of Tof with MICs of selluries at least 512 pg/ml. AN the lncHI2
512up/mi or higher). An enception was the plasmid R476b which had 2 MIC of sllurise
by Inctill plesmid pRG12351 wes 2 pgimi which is the sams as the MIC far both the
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shown o mediate MICs of isllurite at 256 10 512 ug/ml. Plasmids RAS3002, RAS5003,
RASS5005, RASS009 and RASS012 were found 10 be highly resistant to wllurise with
MICs at 1024 ug/ml. However their Inc groups have not yet been determined. The MIC
with pD'T1364, the MIC was lower at sbout 128 jg/ml.

The plasmid-free strain E. coli IM83 and the vector-control plasmid pBR322 as well
as plasmid pRG 1251 (HI1) and all the IncPa plasmids sested were shown 10 be sensitive
10 both tellurite and the two arsenicals. In contrast the Te® control plasmid R476b
pPMG36 (P2), pMO64 (P2), CAM (P2), pHH 1457 (HII), RASS007 (HI2), TP116
(H12), R1022 (HI2) and the five plasmids of undetermined incompatibility did aot
encode resistance 10 cither of the arssnic ony-salons. E. coll harboring any of the three
Te' plasmid clones were also shown 10 be sensitive 10 the arsesic oxy-anions. Howsver,
many Tof plasmids wers found 10 encode resistance 10 both arsenits and arsensss. These
include pMGS3 (P2), pHH15320-1 (HII), pHH1457-b (HII), R826 (HI2), R826-
(H12), RE28 (HI2), pWR2} (HI2), R4TH(HI2), pITI(HI2), pMO223(HI12),
PMG224(H12), pMG22S (HI2) and MIP233 (HI3). They were shown 10 specify high
MICs of arseniss ot 1024 10 2048 j1g/mi and arsenate ot 32 0 128 mg/ml. Plasmid pAS-
231-2 (HI2), which specified a MIC of wslluriss of 1024 jug/ml, was found 10 encods s
MIC of arseniee at 1024 jag/mll but 8 MIC of arsensts at 8 mg/ml.
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Table 8. MICs of Tellurite, Arsenite and Arsenate Encoded by Plasmids
and Cloned Derivatives

DT No. Host? Plasmid Inc® Tellurite Arsenite Arsemate

1364  JM83 pDT1364 N/A 128 312 s
1855 JM83 pDT1558 N/A 1024 512 8
1798 AB11%7 pMJG06 N/A 1024 512 16
431 RR1 pBR322 N/A 2 312 16
1098 ms3 None NA 2 512 8
286 RG192 R26 Pa 2 512 4
287 RG192 RP] Pa 2 312 4
292 RG192 RP638 Pa 2 512 4
293 RG192 RPS2? Pa 2 512 4
294 RG192 R1033 Pa 2 $12 4
295 RG192 Rmié&d Pa 2 512 4
29¢ RG192 R702 Pa 2 512 4
561 RO192 R1033 ra 2 512 4
2 P.oeruginoes 200 Noms NA 4 236 4
3 P.asnginces 200 R931 rn 256 256 4
4 P.acruginosa 200 R13%0 rn 12 256 4
203 rn : 8
2204 rn ]

[ 7 12

[ ¢

rn

[ ]
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Table 8. continued.

DT No. Host® Piasmid Inc® Tollurite Arsenite Arsemate
994  IS3] pHH1457 HI 1024 512 16
997  J62-1 pHH1457-0 HI 512 104 32
1 IMS3 R476b H2 4 2048 128
2 1532 RS26 HI2  >1024 2048 128
3 153-2 R826-1 HI2  >1024 2048 128
4 153-2 R82S H2 1024 2048 64
o4 E.coliC pWR23 HI2 >1024 409 128
6S E.coliC MIP23$ H2 3512 2048 128
71 AB1932-1 RASS007 HI2 1024 512 16
78 RG192 TP116 H2  >1024 s12 s
109 RGIN ReTS HI2  >1024 2048 128
138 RO192 pAS-2S12 HI2 1024 1024 8
416  ROI92 pTI HI2 >1024 04 22
“ )53 R1022 M2 512 12 (]
2206  JS3-2 pMO223 HI2Z  >1024 1024 64
2197 1532 pMG24 HI2  >1024 1024 o4
2198  Js3-2 pMG22S HI2Z  >1024 1024 o4
6 E.col C MIP233 HIS  >1004 s12 7]
106 ROIN pROI2S1 HNI 2 512 (]
'] AB1932-1 RASSO02 ND 1024 s12 16
[ AB1932-1 RASSOOS ND 1024 512 16
7 AB1932-1 RASS0S ND 1024 512 16
7] AB1932-1 RASSO0P ND 1034 512 16
ND 4

® Plasmid lnc group sefors 10 the plasmid el N/A, a0t appliceble; ND, act determined
€ The wait of MIC used for bo tellurite and arssnite is pg/mi; whessas the unk for
assennts is mg/ml.
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3.3. MICs of Arsenite, Arsenate and Tellurite, Encoded by the Arsenical
Resistance (ars) Operon of the Resistance Plasmid R77)
MICs of sellurite, arsenite and arsenats were desermined as described before. The

mg/ml, whereas with pAB100 (arsRAB) (B. P. Rosen 1991, Personal communication),
PUMI11ABC (arsA) (B. P. Rosen 1991, Personal communication) and pWSU2 (arsC)
(Rosen ¢t al., 1988), the MIC was 4, 8 and 16 mg/ml, respectively. The MIC of arsenite
mediated by the plasmids pUM3 (arsABC) and pAB100 (arsRAB) was 4096 jg/mi,
whereas with pUM11ABC (arzA4) and pW3SU2 (arsC), the MIC was much lower at 512
PAB100 (arsRAB), pUM11ABC (arsA) and pWSU2 (arsC) was sbout 4 pg/mi,
1992).



3.3. DNA:DNA Dot Blot Hybrigizstion of a Variety of Plasmids from
Different Inc Groups Using Different TeT determinants as Probes

DNAs from a variety of plasmids of different incompatibility groups (Tables 2 and
3) were isolated using methods described in Section 2.3 and were applied 10 a sheet of
nitrocellulose filter membrane using a dot-blot apparstus. After denaturing and

neutralizing the DNA, the blots were subjected 10 hybridization with DNA probes. The
Tef determinants (IncPa, HI2 and pDT1364) were isolated from purified plasmids

pDT 1353, pMJG606 and pDT 1364, respectively. The ars determinant was isolated from
the plasmid pUM3. Each of these determinants was then 32-P.radiolabelled by nick-
translation and was used 10 hybridize 10 the blots.

The Te¥ determinant from an IncPa plasmid hybridized only with the IncPa
plasmids tested. None of the other probes hybridised to IncPu plasmids. The ars
determinant (pUM3) did not show any cross-hybridization with any of the Tef

jetcrminants or  plasmids of IncHI2, HII or P groups. The IncHI2 To determinant
(PMER610) hybridized with all IncHI2 plasmids except R476b. k also hybdridised with
all the incHII plasmids as well as all the unclassified Te" plasmids (Table 2).

The Te' desorminant (6.8kb) of pDT1364, which was believed 1o originats from the
large incHII plasmid pHH13508a, was shown 10 hybridise 1 a variety of plssmids withia
153-1 (assigned as DTE98). However, & also hybridised with £. celi JS3-1
deverminants and the plasmid ia DT97S might have endergons & soasrangmment 1 lose ons
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originated from the E. coli chromosome due to chromosomal contamination in the
preparation of plasmid DNA. To test these hypotheses, the restriction patterna of
pHH1308a from strains of DT898 and DT973 were compared 10 each other and 10 that
obtained previously (Yan, Ph.D thesis, 1986).

34. Restriction Endonuciease Digestion of pHH1508a DNA with Xbal
and Xhol

To test the first hypothesis proposed 10 explain the results of dot-blot hybridization
by the 32-P-radiolabelled pDT 1364 insert, the restriction digestion of pHH 13082 from
strains DT898 and DT975 as well as one original pHH1508a isolate P78 = J53-1
(pHH1308s) was carried out. The restriction enzymes Xbal and X Aol which cut
of the pHH 15084 restriction map (Yan and Taylor, 1987, Yan, M.Sc. thesis, 1986) were
used to digest pHH1508a. The plasmid DNA was isolated from the three differemt
strains by the large-scale preparstion and was purified by cesium chloride
(CsCl)/fethidium bromide deasity gradients (Sectios 2.3.2.) and was subjected 10
digestions. The digests were then subjected 10 electrophoresis for 17 hours using 0.5%
agaros gels in 1x TAE buffer (Appeadix I) wnder constant voltags of 46V. The
restriction patterns of XAal and XAol are shown ia FIG. 3. Lancs A and K are A phage
DNA cut with NindIll and EcoRl used as sizs merkers. Lancs B, C sad D are the
samples of Xbel digestion: lanes H, I and J are the samples of Xhol digestion; lanes E,
F, and G are Xbal / Xhel double digestion. Comparison of the digestion paterns of the
thros pHH1308a isolaics 10 the ons that was obtained previowsly (Yan, PA.D thesis,

s2



Fi. 1 Agaruse gel electrophoresis of pHH1508s isolated from different cultures and
digested with Xbal, Xbal / XAol and Xhol. Digests wers run on 2 0.5% agaros gel in I1x
TAE buffer for 17 hours under constant voltage at 46V. Lanes A through K show
cthidium bromide-stained gel with Xbal fragments in lanes B, C and D; with Xbsl /
Xhol fragments in lanes E, F, and G and with XAol fragments in lanes H, [ and J.
Lancy A and K arc A phage DNA cut with Mindlll and EcoRl, respectively. The
molecular sizes of the Hindlll fragments are shown on both sides ia kilobases (kb).

(A) A phage DNA digested with Mindil]

(B) pHi{1508s from DTE98 digested wish Xbat

(C') pHH1508s from DT9?S digessed with Xbel

() phi{1508a from P78 digoated with Xbel

(F) phi1308s from DTY7S digested with Xdel / XAsl
(G) pHH1308a from P78 digested with Xbal / Xhel
(H) pHH1308a trom DTS digested with Xhol

() pHH1308a from P78 digested with XAel

(K) A phage DNA digoned with ZcsR]
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3.5. Southern Blot Hybridization of Te* Piasmids from Different Inc
Groups Using Different Te" determinants as Probes

In order to confirm the results obtained by dot-blot hybridization, and also to
determine if plasmids might have more than one Te” determinant, Southern hybridizations
were carriod out. One of the wild-type plasmids from each Inc group., i.e. Pa, HI2 or
HIl was chosen as a representative. They were digested with an appropriate
endonuclease, for RP] with Small; for R478 and pHH1457b with Xbal. Digestions of
pDT1364 with Sall, pMJ606 with Psrl / Bglll and pDT 1553 with BamHI / HindIll were
used as positive controls for hybridizations. The digests were subjected to
clectrophoresis and were transferred as described in Section 2.10 to nitrocellulose
membranc. The blot was then probed with the different 32-P-radiolabelled Tef
detcrminants (IncPa: 3.1-kb fragment from pDTI135S digestod with BamHI / HindIIl;
IncHI2: 3.6-kb fragment from pMJGOG with Psil / Bglll; and 6.8-kb fragment from
pDT1364 with Sall) respectively. The results are shown in FIG. 4. Ouly RP1
hybridized with the probe from the lacPa Tef deserminant, whereas R478 sad
pHH1457b did not (Panel ). With the probe of IncHI2 (pMJG06) Tef determinant
(Panel b), there was a strong hybridization signal in pHH 14570, a very wesk signal in
Tef desrminant has low level homology with thet in R478 and very high homology with

To sent if pHH 15082 contains two Tef determinants and if the change in the
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digests were then subjected to electrophoresis, Southem transfer and hybridization with
probes of pDT1364 and IncHI2 (pMJG06) Tef determinants separately. With the probe
of the pDT1364 Te' determinant (dsta not shown), neither pHH1457b nor R478
hybridized. These results are consistent with the result in FIG. 4. However the
pHH1508a DNA from DT898 and P78 did not hybridize either. Thus the first
hypothesis that pHH1 5082 might have two Te" determinants was climinased.

With the probe of Inc HI2 (pMJ606) Tef determinant (FIG. 5), pHH1508a from all
three isolates hybridized. The hybridization signals were located at the XAol "E"
fragment, the XAol / Xbal "C” fragment and the Xbal "B" fragment with reference to the
restriction map made by Yan (1986, M.Sc. thesis). Plasmid pHH1457b aiso hybridized
which is consistent with the result in FIQ. 4. However, no hybridization signal was
observed in R478, which again suggests little homology between the two IncHI2 Te'
determinants. Interestingly, when the duplicate blot was probed with the MIP233 Tef
determinant (6.3-kb fragment from MB7HS cut with Hiadlll), the exact same
hybridization pattern as that in FIG. S was observed. To confirm the hybridization data,
another blot containing Xhol-digested pHH 13082 from DT89€ and DT97S3 as well as
MIP233 Tef determinant. As shown in FIG. 6, a 9.8-kb fragment in BamHIi-digested
MIP233 and a 17.5-kb fragment in boch pHH1508a isolates hybridizod. Thes, the two
Te® determinants, IncHI2 (pMERG10) and IacHI3 (MIP233) Tef determinants are
homologous 1o one another.
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32-p.radiolabelled by nick-translation and then used 10 hybridize o a blot containing
digested DNA from different Tef plasmids. As shown in FIG. 7, the probe not only
hybridized with R478 but also hybridized with the 9.3 kb Tef fragment from pHH1457b,
pHH1308a, MIP233 and its Te' subclone MB7HS. This indicates that there is homology
between the R478 Te? determinant and the Te determinants of pMERG10 and MIP233,
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FIG.4 Southem blot hybridization of Small-digesied RP1, Xbal-digessed R478 and
pHH1437b using different Tef determinants from pMJ606 (b), pDT1364 (c) and
pDT1555 (d) as probes. Lanes 1 through 6 in (a) show cthidium bromide-stained gel and
lanes A through F in (b), (c) and (d) show the corresponding hybridization patterns.

Lane (1); (A) pDT1364 digosted with Sall
(2); (B) pMJGOG digessed with Psd / B/l
(3% (C) RP} digested with Smal
(4% (D) R478 digessed with Xbal
(5); (B) pHH1457-b digessed with Xbul
(6% (F) pDTI15SS digessad with BawHl / Hindlll
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as R478 and pHH1457b using the Tef determinant from pMJ606 as a probe, Lanes |
through 11 in (s) show ethidium bromide-stained gel and lanes A through K in (b) show
the corresponding hybridization paterns. Lane ( A) is A phage DNA digested with
Hindlll.

Lane (1); (A) pDT1364 digasted with Selt
(2X (B) pMIGO6 digessed with Psdd / Bgltl
(3% () pHH1308a from DTY7S digessed with Xbel
(4% D) pHH1508s from DTITS digessed with Xbel / Xhol
(3)%; (E) pHH1308a from DT97S digosted with X ol
(65 () piEH1308a from DTS digested with Xhel
(@)% (H) pHH1308a from DT98 digested with Xhol
% (@) pHH1508a from P78 digested with XAl
(10% () pHH1457-b digested with Xbel
(1) (K) R4S digested with Xbal
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FIG. 6 Southern blot hybridization of BamHI-digested MIP233 and XAol-digested
pHH1508s using MIP233 Tef determinant (6.3-kb fragment from MB7HS cut with
HindIll) as a probe. Lanes | through 3 in (a) show ethidium bromide-stained gel and

Lane (1) (A) BamHi-digested MIP233
(2), (B) pHH1508a from DT97S digested with XAol
(3): (C) pHHI13508a from DTE98 digested with Xiol






FIG.7 Southern blot hybridization of Tel determinants using the IncHI2 R478 Te?
determinant as a probe. Lanes 1 through 9 in (a) show ethidium bromide-stained gel and
lanes a through i in (b) show the corresponding hybridization patterns. Lane (A) is A
phage DNA digested with HindlIIl.

Lane (1); (a) R478 digested with Xbal
(2); ®) pKFW6b digested with EcoR1 /Sall.
(3% (c) pMJGO6 digested with Psd / Bgill
(4); (d) pDAK2 digestedwith Hindill
(5% (¢) pDT1364 digestod with Xhol / Safl
(6); () pHH1508a from DTE98 digessed with Xhol
(T () pHHI1508a from DT97S digested with Xhol
(8% (h) MIP233 digessed with HindIll
9% () MBTHS digessedwich HindIll
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Part B. ldentification of the Tef Determinant of pDT1364
(tehAB) on the E. coli Chromosome

3.6. PCR Amplification of tehA and tehB genes from a Variety of
Different Escherichia coli Strains
PCR amplification of 238 rRNA gene, teAA, 1ehB and teAAB genes were carried
out as described in Section 2.16 of materials and methods. The PCR amplified products
of 238 rRNA gene, s¢AA, tehB and 1eAAB geaes from DNA of E. coli 153-1, pUCS and
pDT1364 are shown in FIG. 8. PCR reactions which contained no DNA templase (lane
4) or inapproprisse combinations of DNA tempiase (DNA of pDT1364 or pUCS) (lane 2
and 3 in panel A) with primers (the 238 primers) did not amplify any DNA fragments.
This suggests that neither contamination nor nonspecific amplification occurred in the
PCR. As expecied, the PCR containing the DNA templase of £. coli 133-] and 238
primers produced a portion of 23S rRNA geae of 603bp. Amplification reactions from
the purified pDT1364 DNA using different primer-pairs, includiag RTUPCR?7-
RTUPCRS (tehAd), RTUPCRS-RTUPCRI0 (seAB), and RTUPCR7-RTUPCRI0
(seAAB) generated DNA fragments of the expected sizes including 1018bp, 621bp and
1610bp, respectively. No DNA fragments wess gonorsted from the pUCS DNA template
using the sams thres primer-pairs indicating that pUCS did not contain any sequence
homologous 10 Te* genes of pDT1364 and that the Teo* genes did not originate from the
vector pUCS wsed 10 construct pDT1364. Two DNA fragments which have the same
sisss as the amplified products of seAA and schB from pDT1364 DNA wers amplified
from E. colf J33-1 in two difSerent PCR seactions respectively. The combined fragment,
tehAB, which is composed of sshA and schB was aleo amplified from £. cell J$3-1. All
the thres fragments were shows 10 have comparabls intensity 10 thoss amplified from
pDT1364. Thesefose, both genss sshA and shB ass not oaly preseat in £. coll J33-1 but
aleo ass arvanged in the sams way 83 ey ase in pDT1364, that is as neighbouring genes.
1



I 8 PCR amplified products of 213 rRNA gene, iehA, seAB and siehAB genes from

DNA of E. ¢nli 1331, pUCR and pDT 1364 subjected 10 electrophoresis on a 1.1%
agarone gel and visualized by ethidium bromide staining. A volume of 10 ul of each

mixture was koaded. (A), (B), (C) and (D) represent amplification of 238 rRNA gene,
irhl, 1ehA and 1ehAB, respectively.

Lane (A) A phage DNA digesied with Hindill
(1) E coli J33-1
(2) pUIT1 304
(3) pUCHK
(4) PCR reaction without any DNA iemplate
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These results suggest that the insert present in pDT 1364 has originated from the E. coll
K-12 chromosome.

Another ninc E. coll K-12 strains including W3110, JC1569, RG192, IM10S,
HB101, JE2571-4, BB4, DHSa and M3 were iested for the possible presence of wAA
and tehB genes by PCR. DNA fragments corresponding 10 23S rRNA gene, iAA, hB
and sehAB were each amplified from the DNA sempiates of these 9 E. coll K-12 strains.
Thus, all 9 E. coli K-12 strains tested contained the Tef region of pDT1364. Other E.
coli strains including E. coli B/R, C and W were also tested for the possible presence of
Tef genes of pDT1364 by PCR. PCRs$ using DNA templates of £, coli BR, C and W
and using the four different primer-pairs including 23S primers, RTUPCR7-RTUPCRS,
RTUPCR9-RTUPCRI10 and RTUPCR7-RTUPCR10 generated DNA fragments of
603bp, 1018bp, 621bp and 1610bp, respectively. Therefore teAA and teAB genes are
also present in E. coli BR, C and W. The results of PCR amplification of the genes of
seAA and iehB from all the E. coli sirains wested are shown in FIG. 9 and are summaris
in Table 9.




FIG. 9 Agarose gel electrophoresis of PCR amplification of 238 rRNA gene, ieAA and
tehB genes from DNA of different Escherichia coll strains. A volume of 10 pl of each
mixture was loaded onto a 1.1% agarose gel and visualized by ethidium bromide
staining.
(1) DNA amplification of reAA 10 give DNA fragment of 1018bp
(2) DNA amplification of reAB 10 give DNA fragment of 621bp
(3) DNA amplification of &AAB 1o give DNA fragment of 1610bp
(4) DNA amplification of 23§ rRNA gene 10 give DNA fragment of 603bp
Lane (A) A phage DNA digessed with Hiadlll
(A) Escherichia coli W3110
(B) Pasmid pDT1364 DNA
(C) No DNA semplate
(D) J53-1
(E) IC1569
(P RGI192
(@) IMI05
(H) HBI0I
(1) JE2571-4
() BB4
(L) E. coli BR
M) E coliC
(N) E.coi W
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Table 9. PCR Amplification o:‘giAni 1ehB Genes from Different E.

Strains

DNA Template 238 rRNA teh A tehB tehA B
w3110 + + + +
pDT1364 - + + +
153-1 + + + +
IC1569 + + + +
RG192 + + + +
M108 + + + +
HB101 + + + +
JE25714 + + + +
BB4 + + + +
DH3a + + + +
E. coli BR + + + +
E.coliC + + + +
E. coliW + + + +
ms3 + + + +
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3.7. Hybridization of 1ehA and tehB Genes 10 the Kohara Minlset
According to the result obtained above, all of the E. coli sirains examined were
found to contain the Tef genes of pDT1364. To map the genes on the E. coli K-12
chromosome, the DNA fragments of /eAA and teAB genes were amplified from the
plasmid pDT1364 DNA in two PCR reactions using primer-pairs, RTUPCR7-
RTUPCRS and RTUPCR9-RTUPCRI1O0, respectively. They were radiolablled with [a-
32p) dCTP by using a commercial Nick Translation Syseem (Gibco. BRL) kit and were
used as hybridization probes for localization of teAA and teAB genes on the Kohara
miniset library. The Kohara miniset consists of 476 lambda phage clones covering the
entire E. coummwimmqu. lmlvnllablelnimuda'dmynmkd

The order of the tambda clones arranged in the membrane is shown in FIG. 10. The £.
coli genome map positions were then obtained by reference 10 Table 10. When the
membrane was probed with radiolsbelled seAA fragment, two clones, #270 (24D6) and
#271 (1A6) showed strong hybridization signals, with & stronger signal from #271
(shown in FIG. 11A). When the membrane was probed with the radiolablled reAB
fragment, two clones, #271 (1A6) and #272 (10D6) gave equally strong signals (shown
in FIG. 11B). No other weaker signals were cbeerved in the two aut .

hybridized clones #270~272 are three consecutive and overlapping clonss in the Kohara
miniset library with locations of #270 at kb 1499-1508.5, of #271 st kb 1500-1515.5 and
of #272 at kb 1509.5-1525.5. The clones #270 and #272 do not overiap and they are
scparated by a space of about 1kb between their ends. Becauss A and swAB are two
neighbouring genes in the same operon of about 1.6k in length, they were mapped at a
position between kb 1508 and kb 1510 (32.3 min coosdinase) covering the spacing region
between clones #270 and #272.
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Table 10. Correlation between "mini-eet” serial numbers and clone
names of Kohara of al. (1987).

Serial Nao. 10]1-180

) 2 3 4 5 6 1 8 9 10
o ok [ 6H3 [22812] 27 | «A3 | D2 [ sHs [8H11 ] 6C1 | eF3
110 [ 15m8 | 4paz | 4En1 [17c11] 11cs [ 15a7 [ 9H2 | 4E4 | 218 | 1208
120 | E2is | 6F5 | 10P9 | 8G3 | 708 | «al1 | oro | 8Ga | sas | sc7
130 [21€10] k5 | 3E3 | 9G4 | 6E6 | 1FC | 9F1 | 10A6 | 7H10| 8F10
140 | ek2 | 1a10 | 6A12| 9G9 | «F3 | 1976 | 2HS | 386 | 7E2 | 19B7
tr0 | #ca | 12ms | anio | 7c12 | aeq | o8 | 6E7 | 2c4 | oF11[23E10
160 [ 1241 | 26 [21a9s] 2012 | 257 | 4as | 3Gs | 166 [15D7] sa2
170 [ 188 | 36 |11a10] 3Gs |25C108 7E10 [18F11] 10GS | «H1 | 10F3

Senal No. 201.280

' 2 3 4 5 6 1 8 9 10
200 [ aH7 | 304 | 24¥9 | 1B4 | 10A8 | 4C6 | SE5 | 1E2 | 3H12] 6F4
210 { 1416 | 1E5 | 161 | 1F10] EeH3| 13E3 | eD12 | E1D1 | 11F5 | 7Fe
220 | 9B | E2E5| ©B10 | 4H9 | 4H11| 2F1 | 8A12 | 7BS |10E11] 9G7
230 | 1C7 | 1H7 [E4H104E3G11| 14C1 | E9G1| 18A8 | E4C2Z | 7F9 | 20E6
240 [ 3€11 | 4D1 | 243 | 1168] 7C10 | 123 | 4D10 | 13H6 | 12HO| «Da
250 | 305 | 14c4 | 4F1 | 1379 | 18B6 [E14re| 1C2 | 2D3 | 3H8 | B4
260 [ 3G3 | 4A6 | 2C3 | 4E7 | W0E6| 6F1 | 1A7 | 7F12 | 3C9 | 24D6
270 [ 1A6 | 10D6 | 6F11 | 8B7 | 6D4 | 164 | 109 | 9B5 | 10C7| 22E3

Serial No. 301-380

1 2 3 4 8 6 1 & 9 10
200 [ E8 | 2a9 [ P9 | 1¥9 | 2H2 | 282 [22D11] 1253 | 76 | oF¢
310 [ EsFz | 11H12| A3 | A5 | 9A1 | 3088 | eF11 | «He | 1384 | 15010
320 | 8Gs | 20rs | 2008 | sAd | 1986 | «¥7 [sB12| 4B8 | 1317 | sm12
3% [ 9F2 | 7F2 | 6D1 | 12B3] 15D6 | 19H3 | 30H4 | 13C7 | TFa1 | 18A9
340 [16B12] «Bo | 383 [ 25Ds| 906 | 7D¢ [ 982 [ 3m12 | 304 | eDe
350 [21H10] 161 [ 10a9| 7A3 | 221 | 304 | tHe | 1084 | owe | 334
360 | 2B4 | 17a4 | 11 | 2B1 | 7F1 | THI13 | 8H11 | «F3 [13C13] 1F2
370 2076 | 19D1 | 22A8 | 8A1 | 4P12 [E13A8] 07 | 23C | B4 | SH12
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Table 10,

Continued.

Serial No. 401.480

400
410
420
430
40
450

470

Serial No. 601-580

800
510
820
630
540

670

Serial No. 601-676

z

610

S88s¢e8

1 2 3 ‘ 5 6 7 8 9 10
9F11 | 4Cs | E9B9] oC2 | Eoce | sD2 [12F12| 2611 | 209 | 6F7
3A11 | 689 | 709 | 1003 | 12H4 | 4Gio| sk7 | 12cz | s#7 | kaen
4E10 | 7A8 [ 4C11| 8AS | 10Ha | sAl1 | 853 | 26 | 7w | sk
6F10 | 8E12 | 6H2 | 7G4 | 4A12 | 3F10 | 21D7 | EsF2 | 2207 | 241
4C9 | 2D4 |12612] 10H9 | 8G10 | 2387 | 8G10 | 182 [ 12| wane
186 | 6C8 | 9A10]| 1B3 | #B9 | 1085 | 8C5 [ 9A12 | toke | 3011
SA10 | 8H3 | 12H3| 166 10D8| 6A1 | 8B4 | 2uHa | 5E11 | 1ond
1A | 6C5 | 1H10[23G48] 126 | 3A% [ 3D01 | 1G7 | bz | ame
1 2 3 4 5 6 7 R Y 10
[ eAs | 279 | 2B7 [ 8C10 | 6H« [ 17B2 [ 6B12 | 9F9 [ 192 | 1iks
aAr [1sa [2101 ] srs | eBs | 204 [ 164 | 13A9 [Eaciis] 1smy
MF11| 7E3 |3G10 | 8D6 | 7Cs | 1E3 | 3G9 |21Da| eua | 6y
acs_| 989 | 787 JENICIY 4G11 | 8H10 | 6D8 | 12E3 | 4H12 | sRi0 |
486 | 708 [ ens | eH9 | oH1 | 10F1 | 812 |10nn] sBu1 | 161
1c10 | 763 [ 1201 | 1074 | 781 | 2a8 | 286 [15D10] ar4 | 221
A1 | BE3 | 2A2 [3F1[3C10 | b1 | 8Es | 7ca [ 111|120
773 _[ 346 | 4D2 [16B11] 6D2 [ 1702 [2C10 [ 9Ba | 73 |rocs |
1 2 3 4 5 6 7T 8 9 19
er2 | oFe | 1D1 | 9Hs [25B12d 9G3 | 4D9 | 12E4 | 6A4 [10D10
sr2 | 7u7 | 188 | 6B10 | 10Fs | 16A5 | E5B4 | E4E4 |EaCI0] 2F6
109 | «D4 | oro | 15c3| «Cs | ars | oH3 | E1e | 1aca| sFi2]
0610 | «&s | A« | 1re | 1284 | 1E4 | 1201 | 312 [ 20G7] an
1248 | 10Hs | 1282 | 2C12 | o#1 | sH2 [ammH11] 567 [ 981 | 104
sHe | sa1 | ec4 [ 1010] 7E9 | sBs | mins | Ewrs | sce | Eans]
16H78| 7G7 | one [1or0] 371 | 1D | sG8 | sHe | 1205 [10H12
7C1 | aD1 | sc1 | 1509 | 12A4 [ 15as B
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FIG. 11. Hybeidization pattern of 32P-lablled tehA and tehB probes on the E. coll

tehB (B) DNA fragments. Two positive hybridization signals were seen using each
probe. With the teAA probe, positive signals were assigned 10 clones #270 (24D6) and
#271 (1A6). With the teAB probe, positive signals were assigned 10 clones #271 (1A6)
and #272 (10D6).
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To conflrm this location, dot blot hybridization of ieAA and seAB 10 the three positive
phage clones #270-272 was performed. Two other clones #170 and #171 were

of these clones was isolated and purified as described in section 2.15. Two duplicase dot
blots (A and B, dota: 1, #170; 2, #17); 3, #270; 4, #271; 5, #272) were made from
the DNA of these five samples. The PCR amplified fragments of reAA and tehB genes
12, DNA of #270 and #271 hybridized to 2ehA; DNA of #271 and #272 hybridized to
teAB; whereas no hybridization was observed between cither of the probes and the
negative control clones. These results verified that the three positive lambda clones
identified by hybridization 10 the Kohara miniset membrane were the correct clones
containing seAA and scAB genes.
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FIG. 12 Autoradiogram showing hybridization of 32P-labelled tehA and tehB gencs
from pDT1364 with DNA of selected Kohara miniset clones. Blot A was probed with
tehA; blot B was probed with seAB. Dots: 1, #170; 2, #171; 3, #270; 4, #271; §,
#272.






3.8 Alignment of the Restriction Map of the pDT1364 Insert with the
E.coli Physical Map

The E. coli physical map was constructed by Kohara et al (1987) from Sau3Al
partial digests of E. coli W3110 DNA using eight six-base-recognizing endonucleases,
namely BamHI, Hindlll, EcoRl, EcoRV, Bgll, Kpnl, Pstl and Pvull. It has been
intcgrated with a genetic map by Rudd et al. (1992, version 6), which contains more
information and is more accurate. The restriction map of the 6.8-kb insert on pDT1364
was also constructed using the same eight restriction enzymes. As shown in FIG. 13, the
restriction map of the 6.8-kb insert on pDT1364 could be aligned completely with that of
the £. coli chromosome at a iegion from kb 1503 to 1510. This suggests that the 6.8-kb
insert had originated from the E. coli K-12 chromosome due to contamination by

chromosomal DNA in the plasmid preparation of pHH1508a.



FIG. 13. Location of the tehA and tehB genes on the E. coli chromosome. The scales at
the top refer to positions in minutes (upper) and in kilobases (lower). The restriction map
of the 1301- to 1510-kb region of the E. coli chromosome is shown in the format of
Kohara er al (1987), with the restriction map of the insert of pDT 1364 (in shaded box)
also in the same format (at the bottom). The locations of the inserts of the relevant
lambda clones are shown in bold lines. The locations of the genes in this region and the

directions of transcription are indicated by arrows.
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3.9. Searching the E. coli Deletion Mutants for the tehA and tehB Genes
by PCR Amplification and Dot Blot Hybridization

The tehA and rehB genes of pDT1364 had been identified and located within the £,
coli chromosome at kb1508 and 1510 (32.3 min coordinate) by PCR and by comparison
with the restriction maps. To provide further proof, two E. coli mutanis PK 1427
(Henson ez al., 1984) and PK1439 (P. L. Kuempel, personel communication) with
deletions in the terminus region were examined for the presence of the tehA and 1ehB
genes. PK1439 contains a 140-kb deletion across the region where the tehA and tehB
genes are located. PK1427 contained a 70-kb deletion which did not involve the region
of the tehA and tehB genes. The genomic DNA was isolated from the two strains and
was subjected to PCR amplification using primer-pairs, RTUPCR7-RTUPCRS and
RTUPCR9-RTUPCRI10. As shown in FIG. 14, the DNA fragments of the tehA and
tehB genes were amplified from PK1427 but were not generated from PK1439. Thus
PK1427 siill contained the tehA and tehB genes whereas PK 1439 did not. To confirm
these results, DNA dit-blots of these two strains were subjected 10 hybridization with
radiolabelled PCR amplified tehA and teAB fragments derived from pDT1364. Two
wild-type E. coli strains W3110 and J53 were used as positive controls. Lambda phage
was used as a negative control. As shown in FIG. 15, the two positive control samples
W3110 and J53 as well as PK1427 hybridized 10 both probes; whereas the negative
control sample, A phage and PK 1439 did not hybridize 10 either of the two probes.



IF1G. 14 Agarose gel electrophoresis of PCR amplification of 23S rRNA gene, tehA
and rehlt genes from DNA of different Escherichia coli deletion mutants. A volume of 10
ul of cach mixture was loaded onto a 1.1% agarose gel.

(A) DNA amplification of 238 rRNA gene

(B) DNA amplification of ehB

(C) DNA amplification of zehA

(D) DNA amplification of tehAB

Lane (A) A DNA digested with HindIll
(1) W3ilo
(2) PK1427
(3) PK1439
(4) No DNA semplate control
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FIG. 15 Autoradiogram of dot blot hybridization of the E. coll deletion mutants with
32p.1abelied tehA and rehB genes of pDT1364. Two wild-type E. coll strains i.e.
W3110 and J53 were used as positive controls. Lambda phage was used as a negative
control. (A) was probed with tehA; (B) was probed with rehB.

Duots: (1) W30
(2) 153
(3) A phage
(4) PK1439
(5) PK1427
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3.10. Dot Blot Hybridization of tehA and tehB Probes to DNA from
Various E. coli Strains

A set of 72 natural isolates of E. coli (the ECOR Coliection) from a variety of hosts
and geographical locations has been characterized and reflects the genotypic diversity in
the species (Ochman and Selander, 1984). In order to define the prevalence of tehA and
tehB genes in E. coli, the 72 standard reference strains in the ECOR Collection as well as
12 E. coli Iaboratory strains were tested for the possible presence of teAA and . AB gencs
by dot blot hybridization of sAA and tehB probes generated by PCR. Lambda phage and
PK1439 were used as negative controls, whereas the purified plasmid pDT1364 was
used as a positive control. As shown in FIG. 16, the purified pDT1364 hybridized to
both probes; whereas the negative controls A phage and PK1439 did not hybridize to
cither of the probes. With the tehB probe (B), no hybridization signal was observed
from ECOR 9, ECOR 12, ECOR 17 or ECOR 30 whereas the rest hybridized. Another
blot was made containing more DNAs of ECOR 9, ECOR 12, ECOR 17 and ECOR 30
and then was probed with the teA probe. As shown in (A), all the E. coli strains tested

except ECOR 17 hybridized.

To confirm the negative results from these strains, PCR reactions were carried out
using primers for tehA, teAB and 23S TRNA genes. The results (FIG. 17) demonstrated
that Ecor 17 lacked both tehA and seAB whereas Ecor 9, Ecor 12 and Ecor 30 contained



FIG. 16. Autoradiogram of dot blot hybridization of the ECOR collection and 12
labratory strains with *P-labelled tehA and tehB probes generated by PCR.
Lambda phage, H. influenzae (=H. inf.) and PK 1439 were used as negative controls,

whereas the purified pDT1364 was used as a positive control. The DNA samples

are arranged as follows:
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FIG. 17 Agarose gel electrophoresis of PCR amplification of 23S rRNA gene, tehA
and rehB gencs from DNA of Ecor 9, Ecor 12, Ecor 17 and Ecor 30. The strain E. ¢oli
W3110 was used as a positive control.

(A) DNA ampilification of 23S rRNA gene
(B) DNA amplification of tehA
(C) DNA amplification of rehB

Lane (1) E. coli W3110
(2) Ecor 9
(3) Ecor 12
(4) Ecor 17
(5) Ecor 30
(6) No DNA template control



9SsvET LlosSvYETZTLOSPEZ |
e e— r—— \————————

J 8 v



3.11. Searching a Variety of Other Bacteria for the teAA and tehB Cenes
by PCR Ampiification and Dot Blot Hybridization

The DNA from 12 other bacterial strains including Saimonella ryphimurium 1.T2,
Shigella sonnel, Klebsiella pneumoniae, Enterobacter cloacae, Arizona spp., Cltrobacter,
Proteus vulgaris, Haemophilus influenzae, Pseudomonas aeruginosa, Campylobacter
Jejuni, Corynebacterium diphiheriae and Staphylococcus aureus were tested for the
presence of tehA and tehB genes by PCR amplification. The fragment of 23S rRNA
gene was amplified from all these bacteria by PCR using the 238 primers. No DNA
fragments of any length were generated from PCR reactions using the primers for fehA
and tehB genes. The results are shown in FIG. 18. and are summarized in Table 11,
None of the species wetted comained the TeT genes from pDT1364.

To confirm these results, dot-blot hybridization of the DNAs from these bacteria 1o
the 32P-radiolabelled zehA and reAB fragments of pDT1364 was carried out, The two
E.coli swains W3110 and J53 were used as positive controls for hybridization. The Te'
region-deleted E. coll strain PK1439 and lambda were employed as negative controls.
The blot was probed with 32P.radiolabeled PCR amplified teAA and sehB fragments from
PDT1364. As shown in FIG. 19, no hybridization signal was observed from any of
these bacteria (E 1o P) and the two negative control sampies (C and D) whereas the two
E coli strains W3110 (A) and J53 (B) hybridized with both the probes.



FIG. 18 Agarose gel electrophoresis of PCR amplification of 23S rRNA gene, tekA and
tehli genes from DNA of different bacterial strains. A volume of 10 pul of each mixture
was loaded onto a 1.1% agarose gel. (1) DNA amplification of tehA; (2) DNA
amplification of teh8; (3) DNA amplification of 23S rRNA gene. Lane marked (A) is A
DNA digested with Hindlll. DNA templates used for amplication were used as follows:
Lane  (A) Escherichia coli W3110

(B) Plasmid pDT1364 DNA

(C) No DNA template

(D) Salmonella typhimuriun

(E) Shigella sonnei

(G) Emerobaceer cloacae

(H) Ariiona species

() Proteus wigaris

(K) Haemophilus influenzae

(L) Pseudomonas aeruginosa

(M) Campylobacter jejuni

(0) Smphylococcus auress
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Table 11. PCR Amplification of feAA and rehB Genes from
Different Bacteria

DNA Tempiate 23S rRNA tehA tekB

Escherichia coli W3110 + + +
Plasmid pDT1364 DNA - + +
Salmonelia typhimurium LT2 + - -

+‘
L
L1

Shigella sonnei
Klebsiella pa
Arizona spp.
Cirobacrer

+

+ 4+ <+
'

]

+ + 4+ 4+ »
L]
L]




FIG. 19. Autoradiogram showing dot blot hybridization of DNA samples from a variety

of different bacterial strains to 32P-labeled rekA and rehB fragments from pDT1364 by

PCR. Duplicate blots (8 and b) were probed with 32P-labelled tehA and tehB,

respectively.
Dot

(A) E.coliW3110

(B) E.coli )53

(C) Aphage

(D) PK1439

(E) Salmonella typhimurium LT2
(F) Shigella sonnel

(G) Kiebsielia pneumoniae

(H) Enterobacter cloacae

() Arizona species

() Citrobacser species

(K) Proseus vulgaris

(L) Haemophilus influenzae
(N) Campylobacter jejuni







3.12. MICs of Tellurite for Various Plasmid-free E. coli Strains

The MICs of K2TeO3 for various E. coli strains were determined using the agar
dilution method described in Section 2.7. The MICs for a variety of E. coli iaboratory
strains carrying chromosomal teAAB genes are shown in Table 12. They vary from (.1
to over 256ig/ml. Most of these strains had MICs of 2 10 8ug/ml. A few strains
including JC1569, JM105 and DHSx had very low MICs at 0.4, 0.1 and 0.64ug/ml.
However one strain, E. coli BB4 had a MIC greater than 256)1g/ml.

ECOR 17 was the only strain of the ECOR collection which did not contain either
tehA or tehB. Its MIC was also determined. In spite of the absence of the tehAB genes
on its chromosome, this strain specified an MIC of 2ug/ml which is very similar 1o the
MICs of most E. coli 1ab strains carrying chromosomal teAAB genes (Table 12).

Two E. coli deletion mutants PK1427 (Henson ef al., 1984) and PK1439 (P. L.
Kuempel, personel communication) which comtain deletions in the terminus region were
tested for the MIC of K2TeO3, PK1427 has a 70kb-deletion but contains an intact
tehAB operon. It specified an MIC of 4ug/ml. Mutant PK1439, containing a 140-kb
deletion across the region where the /ekAB operon is located, specified an MIC
(0.2uug/ml) 20 times lower than the MICs of most E. coli lab strains carrying
’ mal seAAB genes (Table 13).
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Table 13. MICs of Tellurite for E. coli tehAB Deletion

Strains Habouring Different Plasmids

Strain Plasmid MIC of K2Te0O3?
(ug/mil)

ECOR17 None 2
ECOR17 pUCS 2
ECOR17 pDT1555 >256
ECOR17 pMJ606 >256
ECOR17 pDT1364 128
PK1439 None 0.2

2 Determined in both BHI and L, agar plates.

103



3.13. Compiementation of the two E. coll tehAB deletion strains

During this study, two E. coli strains, PK1439 and ECOR 17, were found to be
devoid of the zeAAB operon by PCR using specific primers for teAA and rehB genes or
by hybridization. In order to complement the chromosomal defect these 2 strains were
transformed with plasmid pDT1364, containing the entire 1eAAB operon together with 5
kb of the upstream region (Cohen, et al., 1972). Plasmids pUCS, pDT1555 and pMJ606
were also introduced into the strains as controls. The MICs of K2TeO3 for the
transformants were then determined in both BHI and L agar as described Section 2.7.

The results are summarized in Table 13, The MICs specified by both ECOR 17
(pUCS) and plasmid-free EOOR 17 were 2 ug/ml. However, the MIC for ECOR 17
(pPDT1364) was much higher at 128 ug/ml which is the same as the MIC specified by
pDT1364 in E. coli sehAB-carrying strains.

The MICs specified by PK1439 (pUCS) and the plasmid-free PK1439 are very low
a 0.2 ug/ml. Unlike ECOR 17, afier pDT1364 was introduced into PK 1439, the MIC.
The MIC retained at 0.2 jig/mi. Therefore, tellurite resistance could not be complemented
by pDT1364 in PK1439,
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4. DISCUSSION

Tellurite (TeO32") is toxic to most microorganisms, particularly gram-negative
bacteria (Fleming, 1932; Scala and William, 1963). The tellurite resistance (Tef) in
gram-negative bacteria is usually plasmid-mediated. Plasmids of several incompatibility
groups have been shown to mediate resistance 1o tellurite. In the Enterobacteriaceae,
most of the tellurite-resistant plasmids belong to the IncHI2, IncHI3, IncHII and IncP
groups (Taylor and Summers, 1979; Taylor and Levine, 1980; Bradley et al., 1982:
Bradley, 1985). The Tef determinants from IncHI2 plasmid pMER610, IncPa plasmid
RK2 and IncHII plasmid pHH1508a have been extensively studied. These deserminants
have been cloned, sequenced and expressed in E. coli. No apparent homology was
observed at cither DNA level or amino acid level among these three Tef determinants
(Jobling and Ritchie, 1987, 1988; Walter et al., 1991a; c; Walter, Ph.D. thesis, 1990).
The Tef determinants from plasmids MIP233 (IncHI3), R478 (IncHI2) and pHH1457b
(IncHIT) have also been cloned (Whelan, Ph.D. thesis. 1992; D. Keane, M.Sc. thesis,
1990), but have not been sequenced. The homualogy among all these Tef determinants
and their prevalence in plasmid populations have not been determined yet. This study
was initially an attempt 10 determine the incidence of these Te' determinants among
plasmids of different incompatbility groups and 10 examine the Te levels specified by a
varioty of plasmids.

To examine how muct. homology was present among the cloned Tef determinants
and 10 determine the incidence of them among plasmids of different incompatibility
groups, both dot-blot and Southern hybridization wers performed uader conditions of
high stringeacy (50% formamide; 42°C). Dot biot hybridization was carried out first in
order 0 scroen many plesmid samples ot ons tims. All the cloned To" detorminants were
32p.cadiclsbelied and used as hybridization probes. From the results in this study, the
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following conclusions were made: (1) All the IncPa plasmids tested contain the IncPa
Tef determinant and do not contain the other TeT determinants. The IncPa Ter
determinant is found only within the IncPa plasmids. (2) The IncHI2 (pMER610) and
IncHI3 (MIP233) Tef determinants hybridize with one another and are therefore closely
related. These Tef determinants are present in all the IncHI2 except R476b, IncHI3 and
IncHII plasmids as well as in all the unclassified Tef plasmids. This Te' locus was
identified within the XAo!l "E" fragment in the IncHII plasmid pHH1508a. (3) A small
degree of homology is present between the R478 Tef determinant and the Tefl
determinants of pMERGIO and MIP233, (4) None of the Te' determinants is
homologous to the ars determinant found in pUM3, which could also confer a low to
moderate level of Tel. (Mobley ¢t al., 1983), which was also found to confer a moderate
level of Tef with a MIC of sellurite at 64j1g/ml (Tumer ez al., 1992).

Earlier studies (Walter, 1990, Ph.D thesis) repored that the plasmid pDT1364 was
created by cloning the Te¥ region of pHH1508a im0 the Sall site of pUCS. However,
hybridize back to pHH1508a plasmid DNA. § appeared w0 hybridize with pHH1508a
DNA isolased from a Iab stock strain DTS98={E. coli J53-1 (pHH1308a)] but not 1o
plasmid DNA from another strain DT975«{E. coli RG2137 (pHH1508a)). Oune likely
descrminants and the plasmid present in the stock DT97S<{E. coli RG2137 (pHH1508s))
including DTU98, DT97S and P78 ={Z. coli 153-1 (piH13082)) which was one of the
Taylor, 1967; Yan, M.Sc. thesls, 1986). The restriction patterns wers then compared 10
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each other and also compared to the one previously obtained by Yan (Ph.D thesis, 1986).
As shown in FIG. 3, some changes were noted in the restriction pattern of pHH1308a
from DT975, whereas the restriction patterns of the plasmid from DT898 and P78 were
still the same as that previously obtained by Yan (Ph.D thesis, 1986). This finding was
strong suppont for the proposal.

However, further proof from Southern hybridization analysis was still needed. I
rearrangements of plasmid from DT97S accounted for the lack of hybridization between
pHH1508s and the pDT1364 Te' determinant, the plasmid from DT898 or P78, which
did not show any changes, was expected to hybridize with the radiolabelled probe of

ndertaken the Te* deserminant of pDT1364 did not hybridize to pHH1508a from ssocks
of either DT898 or P78. It was shown t0 hybridize with the E. coli J53-1 chromosome.
In one experiment the pDT1364 Te¥ determinant appeared 10 hybridize 10 a 9-kb fragmens
of pHH1508a obtained by XAol and Xbal / Xhol digestion. This fragment does not
belong 10 pHH1508a according 0 the pHH1508a restriction map (Yan and Taylor, 1987;

determing 'ﬂ‘wﬂjﬂ mmwmmﬂmﬂﬁm“m
the origia of pDT1364 Te' determinant from pHH13508a (Walter, Ph.D, theais, 1990;
Walker e7 al., 1991b) was shown 10 be incorrect. However rearrangements have occurred
was still mysterious and nesded 10 be investigated.

To' detwrminant 10 £. colf 133-1 chwomosomal DNA. & wes ested by POR amplificetion.
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Four oligonucieotides used for amplification of seAd and reAB genes were designed based
on the published nucleotide sequence (Walter, 1 al., 1991). They had been used to
amplify tehA and tehB genes from E. coli 153-1, pUCS and pDT1364. Amplification of
tehA, tehB and tehAB from pDT1364 generated three DNA fragments of the expected
sizes according to the known DNA sequence of 1eAA and tehB genes. No DNA
fragments were generased from pUCS DNA which had been used as a vector to construct

vector pUCS. The three DNA fragments, iehA, iehB and tehAB were also amplified
from E. coli }53-1which indicates that both genes rehA and teAB are not only present in
E. coli J53-1 but also are arranged in the same way as they are in pDT1364, that is as
neighbouring genes. These results suggest that the insert present in pDT1364 originased
from the £. coli K-12 chromosome.

This result was further verified by localization of t12AA and iehB genes on the
Kohara miniset library which consists of 476 lambda phage clones covering the entire E.
supplied either on six 96-well microtiter plates or on a single sheet of hybridizatic
membrane, the E. coli Gene Mapping Membrane. The position of sehA and ichB genes
were mapped &t a position approximetely betwesa kb1508 and kb13510 (32.3 min
Their DNAs were isolased, purified snd subjected 10 dot-blot hybridizsation with
hybridized 00 tehA; DNA of #271 aad #0272 hybridizsed 0 tehB: whereas no
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map of the 6.8kb insert on pDT1364 with that of the E. coll chromosome at & region from
kb 1503 to 1510. Final proof was provided by the absence of sehd and teAB genes in the
deletion mutant PK1439. This evidence allowed me to conclude that the 6.8kb insert of
pDT1364 had originated from the E. coli K-12 chromosome. It is likely that the E. coli
K-12 chromosomal DNA was present as a contaminant in the preparation of pHH 1 508a
DNA which was used 1o clone the TeT determinant from the plasmid.

All plasmid DNA used in Southern hybridization and cloning procedures was
isolated by a large-scale preparation modified from the method of Bimboim and Doly
(1979), purified by cesium chloride-ethidium broimide density gradient centrifugation.
open circular (OC) plasmid molecules. Whea ethidium bromide binds 10 DNA by
intercalation between the bases, it causes the DNA double helix 10 uawind 50 that the
lengths of the DNA molecules increase and their buoyant densities decrease. When
cthidium bromide binds to CCC plasmids, the uawinding sequentially causes
buoyant deasity than chromosomal DNA sad forms a band below that followed by the
force whea the cells are lysed. They are particulasty difficult 10 keep in the OOC form
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during isolation and purification. So that their DNA can not be separated from
chromosomal DNA and thus contamination occurs. Plasmid pHH1508a has large
molecular weights with an estimated size of 208 kb (Yan, M.Sc. thesis, 1986). Its large
size makes it very difficult to purify and thus the DNA is usually contaminated by
chromosomal DNA. The fact that the pDT1364 Tef determinant hybridized with a
fragment which does not belong o pHH13508a in Southern hybridization confirms the
presence of contaminating DNA in the pHH1508a preparation. Hybridization of E. coli
§53-1 chromosomal DNA 10 pDT1364 Te' determinant provides evidence that the
contaminstion might be from E. coll K-12 chromosome. However, it is not clear why
the chromosomal Tef determinant was cloned in preference to the Te determinant in
plasmid pHH1508a.

As shown in this study, the sAAS genes in pDT1364 have originased from £. coli
K-12 chromosoms instead of the IncHII plasmid pHH1508a. They wers found 10 be
widely conserved in E. coli laboratory strains by PCR. Ten E. coli K-12 strains as well
as E. coli B/R, C and W contain the seAAS genes. In order 10 define the provalence of
1eAAB genes in natural isolases of E, coli, the 72 standard reference strains (the EOOR
Collection) were tested for the possible preseace of smAA and swAS gemes by dot blot
hybridization. The teAA gone was found 10 be preseat in all the BOOR stralas, except for
BOOR 17, whereas the scAB gene was lacking in EOOR 9, BOOR 12, BOOR 17 and
17 contained neither sehA nor schB whereas BOOR 9, BOOR 12 aad BOOR 30 contained
bybridization of the seAB gems 0 BOOR 9, BOOR 12, BOOR 17 aad BOOR 30 is
probebly dus 1 the small amount of DNA loaded cnto the filers weed for dos bloss.
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Twelve other bacterial species including Salmonelia typhimurium LT2, Shigella
sonnei, Kiebsiella pnewmoniae, Emerobacter cloacae, Arizona spp., Citrobacter, Proweus
vulgaris, Haemophilus influenzae, Pseudomonas aeruginosa, Campylobacier jejuni,
Corynebacerium diphtheriae anc Staphkylococcus aureus were also tesied for the presence
of tehA and tehB genes by PCR and dot blot hybridization. None of them contained
these genes. Thus the teAAB genes are highly specific for E. coli.

Although the teAAB genes result in a high level of Tef with a MIC of K2TeO3
128)g/ml in pDT1364 using pUCS as a vector, they usually do not specify To' when
they are expressed in E. coli chromosome. Most of the £. coli strains had MICs of 2 10
8jig/ml. Only one strain, E. coli BB4 had a very high MIC over 256ug/ml. A few
strains including JC1569, IM10S and DHSa were very susceptible 10 K2TeO3 and had
very low MICs at 0.4, 0.1 and 0.64ug/ml. The different levels of Te' are probably
relsted to the level of expression of the operon. When the genes are presest in pDT1364,
they are present in high copy aumber, whereas when they are expressed ia the E. coli
chromosome, they are usually present ocaly in a single copy. The high level of Te'
encoded by BB4 is possibly due 10 the presence of multiple copies of schAl genes in £.
coli BB4 chromosome or of a mutation in the promotor in front of tehA which
upreguiates the expression of the swhAd and siAB gens. The copy sumber of the sAAS
9ones in this straia should be tested or othur possible mutation(s) need 10 bs investigased
in the future. The low MICs encoded by the strains of JC1569, IM10S and DHSx are
probably dus 0 presencs of other mutation(s) in their chromosomes which have besn
found 10 causs reduced MIC of Tef. Thess mutations are involved in soms genes in the
cyssine blosynthesis pathway or in the eleceron wansport pathway (Turmer, ot of.,
wapublished data).
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The 1ehAB genes are found 10 be widely conserved in the species of E. coll. Only
two E. coll strains, PK1439 and ECOR 17 were found 10 be devoid of tehAB operon by
PCR or by hybridization. The large deletion mutant PK1439, containing a 140-kb
deletion within the terminus region, specified an MIC (0.2)1g/ml) about 20 times lower
than most other £. coll strains. However, the introduction of pDT'1364 into the strain did
not restore the Tef and the MIC retained at 0.2ug/ml. Thus it is likely that other
mutations are involved. These mutations need o be investigated in future work. In spite
of the absense of the 2¢AAB genes in ECOR 17, the strain still specified an MIC of
2ug/ml which is very similar 10 the MICs of most E. col strains carrying chromosomal
tehAB genes. However, Te' was fully complemented by pDT1364 in ECOR 17,
Therefore it can bs concluded that: (1) the seAAB genes do not result in Te” unless they
are expressed at high levels; (2) other genes, as yot unideatified are required for
expression of Tef by the whAB genes. The unidentified genes and the scAAB genes were
not found 10 have any effects on To' encoded by the IncHI2 and IncPa Te* determinants,
as the MICs by thess detcrminants in sither PKX1439 or ECOR 17 were shown 10 be the

same as those in the wild-type swains.

Now that the identification of the origin of seAAB has been resolved, it is possible
with grester confidence 10 investigate the mechanism by which thess gencs mediate
resistance 10 potassiem tellurite. Figure 10. shows a cartoon representing possible
methods in which gram-segative bacteria could employ 10 deal with the toxic oxyssioa
wilwrite. The mechanioms of reduced uptaks (offiux) and sequestration have already besn
oliminated (Turner, o al., in proparation I).

The conservation of the A genes in the majority of £. coll strains meay indicate
that the gonss have important funciions. However the genss do aot appear 0 bs essentiel
for the suains. The AP genss which specify To' when preseat in high copy sember
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have been shown to be located in the serminus region. Moir 1 al.(1992) have suggested
that the terminus region encodes spparently non-essential proteins. Nevertheless other
possible functions of the teAAB genes need to be investigated.
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FIG 20. Possible mechanisms of tellurite resistance in gram-negative bacteria.
(This picture was kindly supplied by Dr. R.J. Tumer)
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Appendix 1. Media and Solutions

Mecdia uscd for isolation of bacteriophage DNA were made up as follows:

10 mM MgSQOy4-LB plates, per liter
Tryptone 10g
Yeast extract Sg
NaCl 5g
Agar 15g
IM MgSO4 10mi

LB-top agar, per liter
Tryptone 103
Yeast extract 5g
NaCl 5
Agar 78

Before use, the agar was melt by heating in a microwave ovea and cooled to
459C 10 S0°C,

SM (suspension medium), per liter
NaCl 58g
MgS04: TH20 2g
IM Tris<{pH 7.5) SOmi
2% gelatia solution Sml
This buffer was wsed for storage and dilution of bacteriophage lambda
stocks.
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2xYT/MT medium, per liter

Tryptone 16g
Yeast extract 10g
NaCl 5g
2M Tris-(pH7.5) Sm
IM MgC12 2ml

All the media used were autoclaved at 15 Lb/in2 for 15 min. For preparing
plaies, agar was cooled to S0°C after autoclave, poured into sterile disposable
petri dishes and left to solidify. Then the plates were dried by leaving them at
room temperature for 2 days or by leaving them with the lids off for 30 min to |
hour in a laminar flow hood. Antibiotics, potassium telluritc and some
nutritional supplements were added only after the medium had cooled to 30°C
or below.

The stock solution of gel electrophoresis buffer was prepared as follow:
50x TAE (Tris-acetate / EDTA), per liter
Tris-base U2.24 g

Glacial acetic acid 57.1 ml
0SMEDTA (pH80) 100mi
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Appendix 1l Restriction Endonucieases and Digestion Conditions®

Bghll
EcoRl
EcoRV
Hindlll
Kpnl
Ndel

Ps

Pwill
Xbal

2 The temperatwre of incubation was at 370C

T = > X T T C W WOXNOZT X
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