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Wife pleads guilty in arsenic-poisoning

By AARON BEARD
ASSOCIATED PRESS WRITER

RALEIGH, N.C. -- A woman who was a scientist for a drug company admitted in court Monday that
she conspired with her lover five years ago to fatally poison her husband, a pediatric AIDS researcher.

Ann Miller Kontz, 35, was sentenced to 25 to 31 1/2 years in prison after her lawyer read a statement
saying she felt "a deep sense of remorse and regret" for Eric Miller's death.

"I will struggle for the rest of my life with how this could have happened," the statement said.
Authorities said Kontz, who worked at GlaxoSmithKline, was having an affair with a co-worker when
her husband was poisoned by arsenic, a colorless and usually tasteless poison once common in ant and
rat killers.

Under a plea deal, Kontz admitted conspiring with the co-worker, Derril Willard, and pleaded guilty to
second-degree murder and conspiracy to commit first-degree murder. The two had access to arsenic at
their laboratory, police have said.

Miller, a researcher at the University of North Carolina at Chapel Hill, died Dec. 2, 2000. He was 30.

Less than a month before he died, he went bowling with Willard and two others and fell ill about an
hour after drinking a beer he complained was bitter, according to authorities.

He was hospitalized for a week but doctors failed to diagnose the poisoning, investigators said. Two
weeks later, he again became violently ill after eating a meal prepared by his wife, investigators said.
This time, doctors detected high levels of arsenic in his system, but they were unable to save him.

Willard committed suicide about a month after Miller died.

Lawyers discussed a possible plea agreement for several weeks, said District Attorney Colon
Willoughby, who declined to give details about the negotiations.

"We thought that this was in the family's and the community's best interest to resolve the case this way,"
he said.

The plea provided an abrupt end to a complicated case that included a fight over attorney-client privilege
that reached the state Supreme Court.

That dispute ended with Willard's attorney revealing information implicating Kontz, which led to her
indictment a few months later. In the statement, the lawyer revealed that Willard learned from Kontz that
she had injected a syringe filled with an unnamed substance into Miller while he was hospitalized.

Kontz - who remarried after Miller's death - acknowledged in court Monday that she poisoned her
husband at least twice before his death.

She and he had a daughter, Clare, who is now 5 years old.

11/7/05 3:58 PM

=



a
b 8,000 ;
’ --#-Frond ' i
— - 00t I 5
£ B,000 o 22 .
. E
& ,
L 4000 o
fons
@ .
< 2,000 A
e * g -
8 12 16 20
Growth fime (wesks)
C
3,000-
1 -mFrond =
s 2,500 » 5
& ] ¥
o 2,000 e
=4 r o
s 15004 f"
g k
$ 1,000 ,
< 500-
S NN N g N N
£ 9 9 9 9 2 § 2 &
5§ < < G < & % 2 B
o & ¥ X I = T L
NN & &L
& ¥ &
< Q
Arsenic species

a, Brake fern growing on an
abandoned wood-preservation
site contaminated with
chromated copper arsenate
(CCA); b, arsenic
concentrations in brake fern
after 20 weeks' growth in a
CCA soil containing 97 p.p.m.
As; and ¢, arsenic
concentrations in brake fern
after 18 weeks' growth in soil
spiked with 50 p.p.m. As of
various species. Brake fern
plants grown in the laboratory
were transferred to 2.5-litre
pots (one plant per pot, with
four replicates) containing 1.5
kg soil to determine arsenic-
uptake changes with time and
the arsenic species. NaMMA,
monosodium methylarsonate;
CaMMA, calcium acid
methanearsonate.

Nature 409:579 (1 February
2001) A fern that
hyperaccumulates arsenic

Lena Q. Mal, Kenneth M.
Komar, Cong Tu, Weihua
Zhang, Yong Cai and
Elizabeth D. Kennelley

Abstract: A hardy, versatile, fast-growing plant helps to remove arsenic from
contaminated soils.
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Em Genome News Network
Ferns Remove Arsenic from Soil and Water

By Kate Ruder
Posted: August 6, 2004

Six years ago researchers in Florida discovered ferns growing in soil contaminated with arsenic at an
abandoned lumber yard. The ferns had been soaking up arsenic from the soil through their roots and
storing it in their fronds.

Arsenic, which is poisonous to humans, is used to pressure treat lumber and to make semi-conductor
chips. It was once also used to manufacture insecticides and chemical weapons, and it ranks number one
on a list of substances to be removed from contaminated sites by the U.S. Department of Health and
Human Services” Agency for Toxic Substances and Disease Registry.

The Florida discovery marked the first time a plant had been found to naturally take up arsenic in high
concentrations. The fronds of Preris vittata, or brake fern, can be clipped or the entire plant can be dug
up and disposed of safely, a process that was patented by the Florida group in 2001.

“It was odd to identify a plant that has such useful characteristics that hadn’t yet been discovered,” says
Bruce Ferguson, CEO of Edenspace, a Virginia-based company that now licenses the patent for the
ferns and sells them commercially under the name “edenfern.”

Today, the ferns are being used throughout the United States to remove arsenic from soil and drinking
water. Edenspace, which specializes in a variety of plants to cleanup toxic substances, has twelve
employees and reported $1.2 million in revenues last year.

Ferns in Washington, D.C.

This summer 2,800 edenferns are being planted in the nation’s capital as part of a pilot project to remove
arsenic from 600 acres near American University in the Northwest part of Washington, D.C. The area,
called Spring Valley, includes residential and university propetty.

Spring Valley was once used by the US government for research and testing of chemical weapons
during World War I, and remnants of these chemicals, including arsenic, are still thought to be
underground. The US Army Corps of Engineers began to clean up the area in the 1990s, yet today there
are more than 100 private properties that have contaminated soil waiting to be removed and replaced.

Residents, meanwhile, have voiced concern over the Corps removing or damaging big, old trees on their
property in the process of digging up contaminated soil. In hopes of removing arsenic in a less
destructive manner, the Corps of Engineers has planted the ferns at three locations in Spring Valley.
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“We’ve had positive reactions from residents [about using the ferns] so far, especially from people who
have had concerns about their trees,” says Ed Hughes of the Army Corps of Engineers in Baltimore,
who is spearheading the cleanup effort.

The Corps plans to test the ferns for arsenic and then dispose of the ferns and fronds in airtight
containers. If the arsenic levels are extremely high in the leaves, the plants are disposed of at a hazardous
waste facility.

The plants pose an overall low risk and could be dangerous to children or animals only if consumed in
large quantities, says Michael Blaylock, director of technology at Edenspace. In comparison to the ferns,
household plants such as poinsettias and potato vines are more toxic to pets and people.

New Mexico Drinking Water

The ferns are also being used to remove arsenic from drinking water. In a recent pilot study in
Albuquerque, New Mexico, the ferns significantly decreased the level of arsenic in samples of the city’s
drinking water.

Some varieties of the plant live hydroponically, or without soil, in the water. City workers set up a
staircase of trays holding about 100 ferns with water filtering down from the top through the trays of
ferns. About 450 gallons of water were pumped through the system daily.

The city of Albuquerque will probably never use the ferns on a large-scale because it uses chemicals to
treat water supplies, as do most large cities.

But the study demonstrated that the low-cost technology could be feasible for the drinking water of rural
communities in New Mexico and other parts of the western United States. Parts of the West have high
levels of arsenic in drinking water because of naturally occurring volcanic rocks underground.

New strategies are needed to remove arsenic from drinking water cheaply and effectively for big and
small cities in the United States. Under the Safe Water Drinking Act, the Environmental Protection
Agency recently revised the standards for allowable limits of arsenic in drinking water. The new
standards, which take effect in 2006, change the allowable level to ten parts per billion from 50 parts per
billion.

In addition to the United States, the ferns could be used in small communities in developing countries
such as Bangladesh, which has problems with arsenic in drinking water. The company recently made
the ferns available royalty free to parts of the developing world, according to Ferguson.

Growing a Better Fern

The ferns have not been genetically modified, but they have been bred at Edenspace to have desirable
traits. The brake fern, which is native to the Southeastern United States, tolerates sun surprisingly well
for a fern.

Scientists at the company bred the ferns to be more adapted to cold weather, and they also bred larger
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ferns that take up more arsenic. The ferns are now grown year round in Florida, and can be purchase
online for $4.95 a piece, not including shipping.

“Most people don’t know we’re around,” says Ferguson. Most of his customers are well-versed in
environmental issues. He suggests that homeowners might plant them under a deck with
pressure-treated wood or in a yard where an old pile of lumber might have been.

“The ferns are easy to grow and inexpensive,” he says. “And they look nice t0o.”

See Related GNN Article: Scientists modify plants to remove environmental toxins

Ma, L.Q. etal. A fern that hyperaccumulates arsenic. Nature 409, 579 (February 1. 2001).

Genome News Network is an editorially independent online publication of the J. Craig Venter Institute.
© 2000 - 2004 J. Craig Venter Institute.
All rights reserved. This material may not be published, broadcast, rewritten or redistributed.
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Trypanosomes and red blood cells

Regions of trypanosomiasis
= S e

incidence in Africa
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Drugs used to treat human African trypanosomiasis

Stage | (generalised infection)
First line: pentamidine
Second line: eflornithine or melarsoprol (arsenical)

Stage 2 (trypanosomes cross the blood-brain barrier)

Malarsoprol N ‘ First line:
: melarsoprol
(arsenical)

eflornithine

Second line:
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pH and redox potential (pe) are the most
important factors controlling arsenic speciation.

Phosphate (A) and arsenate (B) speciation are shown as a function of pH for the

A
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(V) oxidation states. H;PO, or

"~ H;AsO, (dashed and dotted line),

H,PO,” or H,AsO,” (dashed line),
HPO,* or HAsO,*” (dotted line) and
PO, or AsO,’” (solid line) are all
indicated as a percentage of total P; or
As;. The distribution curves in (A)
and (B) show that As; and P; have
similar charge and speciation under
biologically relevant pH (Westall et
al. 1976; Allison et al. 1991; Serkiz et
al. 1996). Redox speciation is shown
on a pe-pH diagram for aqueous
arsenic species (C) in the systems P—
0,-H,0 and As-O,-H,0 at 25°C and
1 bar total pressure. Arsenic (solid
lines) and phosphorus (dashed line)
species have been overlaid within the
bounds of the O,—H,0 redox couple
(dotted lines). On such a diagram,
phase boundaries represent the
conditions at which the activities of
the species on each side of the
boundary are equal (Morel & Hering
1993; Smedley & Kinniburgh 2002).
Under dysoxic conditions (pe=0) and
at neutral to mildly alkaline pH, the
dominant As species is HAsO,
suggesting that it would be present
under conditions possibly relevant to
the early evolution of life on Earth.

Source: Felisa Wolfe-Simon, Paul
C.W. Davies and Ariel D. Anbar
(2009) Did nature also choose
arsenic? International Journal of
Astrobiology 8:69-74
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Valinomycin, Streptomyces fulvissimus

White solid. A cyclododecadepsi-peptide ionophore antibiotic. Potassium ionophore of the mobile ion-carrier type
that transports alkali metal ions across artificial or biological lipid membranes. Induces K* conductivity

in cell membranes at concentrations as low as 108 M. Often used in membrane electrode systems for

determining K* concentration. Uncouples oxidative phosphorylation by binding to sites on membranes

rich in sulfhydryl groups. Induces apoptosis in murine thymocytes. Also reported to inhibit NGF-

induced neuronal differentiation. Purity: 293% by HPLC. lon specificity: Rb* > K* > Cs* > Ag* >

NH4* > Na* > Li*. Soluble in acetic acid, CHCls, DMSO, or ether. RTECS YV9468000,

CAS 2001-95-8, C54HgoNgO1g, M.W. 1111.83, -

Ref.: Merck Index 12, 10047; Harada, H., et al. 1994. Biochim. Biophys. Acta 1220, 310; Luvisetto, S., et al. 1994. Biochim.
Biophys. Acta 1186, 12; Orlov, V.N., et al. 1994, FEBS Lett. 345, 104; Deckers, C.L., et al. 1993. Exp. Cell Res. 208, 362.

Risk and Safety Statements: R: 26/27/28; S: 22-36/37/39-45
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Proc Nat/ Acad SciUS A 79: 6114-6118 (1982) [83065128]

Energy-dependent arsenate efflux: the mechanism of plasmid-mediated
resistance.

S. Silver & D. Keach

Plasmid-mediated resistance to arsenate, arsenite, and antimony(lli) is coordinately induced by arsenate,
arsenite, antimony(lll), and bismuth(lll). Resistance to arsenate was recently shown [Silver, S., Budd, K.,
Leahy, K.M., Shaw, W.V., Hammond, D., Novick, R.P., Willsky, G.R., Malamy, M.H. & Rosenberg, H. (1981)
J. Bacteriol. 146, 983-996] to be due to decreased accumulation of arsenate by the induced resistant cells.
We report here that decreased net uptake results from accelerated efflux of arsenate by induced plasmid-
containing cells of Staphylococcus aureus and Escherichia coli. The efflux system in S. aureus was inhibited
by nigericin, monensin, and proton-mobilizing uncouplers; efflux was unaffected by valinomycin. The
mechanism of arsenate efflux in S. aureus was apparently not by chemiosmotic coupling to the membrane
electrical potential or pH gradient. The intraceilular efflux system was inhibited by low pH and mercurials
(reversible by mercaptoethanol). The efflux rate was relatively independent of external pH or phosphate
level and showed a sigmoidal pattern of concentration dependence.
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Proc Natl Acad SciUS A 79: 6119-6122 (1982) [83065129]

Energetics of plasmid-mediated arsenate resistance in Escherichia coli.

H. L. Mobley & B. P. Rosen

Plasmid R773, which codes for resistances to arsenate, arsenite, and antimony, was introduced into
Escherichia coli strain AN120, a mutant deficient in the H+-translocating ATPase of oxidative
phosphorylation. Cultures depleted of endogenous energy reserves were loaded with 74As03-4, and arsenate
efflux was measured after dilution into medium containing various energy sources and inhibitors. Rapid
extrusion of arsenate occurred when glucose was added. Arsenate was extruded both against and down a
concentration gradient. In this strain glucose allows formation of both ATP via substrate-level
phosphorylation and an electrochemical proton gradient (or protonmotive force) via oxidation of the
products of glycolysis. When oxidation was inhibited by cyanide, glucose metabolism still produced arsenate
efflux. Energy sources such as succinate, which supplies a protonmotive force but not ATP, did not result in
efflux. Measurement of intracellular ATP concentration under each set of conditions demonstrated a direct
correlation between the rate of efflux and ATP levels. Osmotically shocked cells lost the ability to extrude
arsenate; however, no arsenate-binding activity was detected in osmotic shock fluid from induced cells.
These results suggest that the arsenate efflux system is coupled to cellular ATP rather than an
electrochemical proton gradient, possibly by an arsenate-translocating ATPase.



W \3 a@.____

) u‘vx(\% E Q:;\\ 3@) Q%&MW\L%\L QJ\QA‘%QJE\LS b@

,uaﬁ*%w,«\o\‘]& Q@Q\U\l\ R UJ:JLQUA \De,u/kbozL “}Q’\Lxﬁ ASe

U:E\L,Mw\ckm¥sw\n@ VNN th . F& AP
A Berer bt bebween A /A;(‘H i&pﬂxckewk cx__\d
lPx (e C,Q?—QDACQJ\JV ashenall . e,@e—hw

i ,,.,,w,,,‘_m._‘,_,_A,E‘_a..,_ig_e_\us*,,_,,,,, S

5 Q\D":ylt'T&ﬁ oo §

e <;B\u\¢,c>‘>e__, = 2 AT?- voixxdc\bu\ 2 , All-‘,/UL\u+
Dv\\b‘vk'mjte L&M\
X CSXU\L@"QL + . CN -t &'9(‘“3 ?"\ocb,u,%\bu& a’\\ux\‘

- CtDth\CLLX
,*_,,,b,ug;;\,mh_,_ 2 YTLANE Y- AT‘«? ?racki.xﬂ,k’\m\

T\R&‘a&&)’:‘?—“«?\ml{S PASIE. LQ\'\DL&»L&ﬁkkﬁCL&\DQ\L:_L:Q_\S_\D X .
e\ wdiestr Bok AR Ve_cﬁu.tmc&_@sr B

: G»»‘\be.\r\csis«,,,gg@lcuyﬁv \fa & m\@ben&L&t,&T?@bez e

. 3'\’Qx\ m \b\bM\céx L@meﬁwx 3 '*“zew\aita
o \\e«ov—;}cmu N \Mu\(_x ok \w\ s NAS . ?L‘:%\\»LSL -
B \A&A\-\ M nets \«\UbLMA owxc.\ R

@("\OE&%HL,%ERQDSQ‘;& \ag2. ,.EMS‘%&TLL‘? cﬁ@b»mx&»wuc&m"ﬁcﬁ -

GesenaiL veowlan e we Eocdnemdmial e\l oo Nt

hesd b A G-z L



___Ouacsaw of Madabaliom_ . .

B ‘D\Ltw o
mm;;ﬁ >
LU P VA S
— of clulolinsiy
o S
- A
R SRISTI T IN ; R
o 4’.«; — - ?bﬂxd&Lﬂ. o
\c\dz&e_ l



,&u.\ﬂ.!‘;tx\ . eu\&f m\aum,tﬂ S

Plasma
TTWamsrane

Ao BEVE
(B AW 4 A L/ Lg

A Ad i § \./ w \V‘ YV

(C\( \‘\ emr\( ’\’J/)V\&.\

ATP & uw‘t‘\r\dﬁau

\r\ \XV\L \ A—"P

‘-AB\UQ...-a is  coan i RO

O-CEARAT v —470\ LSast_n .........................

(o ﬁ\\.&w sulos bt \

\—>v~¥ avx\\& o dsu oo Jt’ﬂ‘(}v'b -~
Lowe ) n\..nﬁ'a\m«,wu \mu\——\b\c\

\,g?-;\rream o@ subuwa\*& .




W (1SR S

o —rlales (e — & B
L —IRQ_ &Yﬁzgew{, ?w&wﬁ.s oo V3.2 K ?’{{‘O\VQW\,ﬁQ\NQ,&- .
o agne confess  orsent® nduckion S R
S & YN &1:»5?4%\ {smneer L?\'LO‘\/\.L xg%&o}ev| poitn R
oA -;v,\-aé:lihm,_.}_,, %‘QMBQS‘LQ\M ...... 3 e
cm%,_w\(\\c\,\w_\‘a&bb‘bmc) cur\\'w\bwz,sb S\ ( 0 \, R

. Soma oS .&p«m&_,&&fgg,,&&%&mw&vb ©

B S o T S e *r@asc X \?XCWQL\A‘VQC-:\)&[L%F

me@m\h,sﬁ Avonacriledd

D5 T W N i 0 7 V) s e 2 W

e ond ounds ke Do s Xepyess &:ﬁi&ﬂb@&i\_%g\s;a\!&) . R
e -‘L}x}aﬁvx‘\bwﬂ.u@s !:a _ac‘lyu\a,h» ‘\W,\b;@txf\ggpvx . \S

A

R \'\M‘\r\g_c& v Pes AvIN D\/\ﬁw\/\,_’FNN"J,QJJ\AV, a&@@/m'&v\m\ e

e e e “.Qxdvs _\v ‘,,‘:@w»&m*-_‘a;we;&?ref:;eixov\_h.,o.g L_Qm&/ﬁ_, e

,ic\v\ Crancoce “(yxﬁ‘;b,‘.v.cuw%(u?e AR Owelobsy L LS Tisa
o owd B Resen 1880 Ldent@iwton o Yoo MQ&A\QMAAQ&@%%
- elomend of e ?\Q\‘:Mxéx: encedad arsepcal rveswlome.
Copesen. Nuc, Aads Reo . 1820\A - 624 . .

oyl




PR NS €

khkkhhhkhhhhhkhhhkkhhkhhhdhhkkhhkhkhhohhhdhhhhrhdkkhhkdhhkhhhhk

* Bacterial regulatory proteins, arsR family signature *
T T Ty Y Y Y Y L Il Lt T

The many bacterial transcription regulation proteins which bind
DNA through a ‘helix-turn-helix’ motif can be classified into
subfamilies on the basis of sequence similarities. One of these
subfamilies, which we call arsR, groups together proteins that
seem to dissociate from DNA in presence of metal ions. These
proteins are listed below.

- arsR from various plasmids (such as R773, pSX267, pI258).
ArsR acts as a transcriptional repressor of an arsenic
resistance operon (ars).

—- smtB from Synechococcus PCC 7942. SntB is a transcriptional
repressor of the smtA gene that codes for a metallothionein.

- cadC from plasmid pI258 and from Bacillus firmus OF4. CadC is
a protein required for full cadmium-resistance.

It has been shown [1] that there could be an helix~-turn-helix
(H-T-H) region in the central part of these protelns An
interesting feature of this putative H-T-H region is that it
contains, at its N-terminal extremlty,,one perfectly conserved
cysteine residue and another one which is found in arsR and cadC
but not in smtA and at its C-terminal extremity at least one and
generally two histidine residues. We believe [2] that these
residues could be involved in metal-binding (zinc in sntB,
metal-oxyanions such as arsenite, antimonite and arsenate for
arsR, and cadmium for cadC). Binding of a metal ion could induce
a conformatlonal change that would prohibit the protein from
binding to DNA. Such a mechanism is highly suitable for
regulatory systems that act to regulate the transcription of
proteins involved in metal-ions efflux and/or detoxification.

The signature pattern for these proteins span the entire
helix-turn-helix region.

- Consensus pattern: C-x(2)-D-[LIVM]-x(6)-[ST]-x(4)-S-[HR]-[HQ]

- Sequences known to belong to this class detected by the pattern:
ALL.

- Last update: October 1993 / First entry.

[ 1] Morby A.P., Turner J.S., Huckle J.W., Robinson N.J.
Nucleic Acids Res. 21:921-925(1993).

[ 2] Bairoch A.
Nucleic Acids Res. 21:2515-2515(1993).

A o



Nucleic Acids Research, Vol. 18, No. 3

© 1990 Oxford University Press 619

|dentification of the metalloregulatory element of the
plasmid-encoded arsenical resistance operon

Michael J.D.San Francisco*, Constance L.Hope, Joshua B.Owolabi, Louis S.Tisa® and Barry

P.Rosen*

Received September 13, 1989; Revised and Accepted December 18, 1989

EMBL accession no. X16045

ABSTRACT

The regulatory region of the plasmid-encoded arsenical
resistance (ars) operon was cloned as a 727-bp EcoRI-
Hindlll fragment. When cloned into a promoter probe
vector this fragment conferred arsenite inducible
tetracycline resistance in Escherichia coli, indicating
that the fragment carried a regulatory gene, the arsR
gene. A single region corresponding to — 35 and - 10
promoter recognition sites was identified. The
transcriptional start site of the mRNA was determined
by primer extension. The sequence has an open
reading frame for a potential 13,179 Da polypeptide,
termed the ArsR protein. The fragment was cloned into
a temperature regulated expression vector. A protein
with an apparent molecular mass of about 12 kDa was
induced by either temperature or arsenite. This protein
was purified and used to produce antibodies specific
for the ArsR protein.

INTRODUCTION

The salts of arsenic and antimony are toxic to bacteria. The
arsenical resistance (ars) operon of resistance plasmid R773
encodes an oxyanion pump, the first member of a new family
of ion-translocating ATPases (1—3). In Escherichia coli this
system catalyzes extrusion of arsenite, antimonite, and arsenate.
Resistance results from lowering of the intracellular concentration
of these toxic oxyanions (4 —6). The nucleotide sequence of the
structural genes of the operon has been reported (1). There are
three structural genes, and the product of each has each been
identified (1,2,7). The arsA and arsB gene products are sufficient
to form a pump for arsenite and antimonite, the (+III) oxidation
states of the metals (8), while the ArsC protein is postulated to
be a modifier subunit which increases the substrate specificity
to include arsenate, the (+V) oxidation state of arsenic (2,8,9).

Oxyanion resistance is inducible in the conjugative R-factor
R773 but constitutive in the recombinant plasmid pUM3 (10).
In pUM3 expression of the structural genes of the operon is
dependent on the tetracycline P1 promoter of pBR322. In this
report we describe the cloning of the ars operon with an intact
regulatory region. Features of the regulatory region were

identified, including the transcriptional start site and the product
of the fourth gene, arsR. The arsR gene product, the ArsR
protein, was subcloned, overexpressed and purified.

MATERIALS AND METHODS
Bacterial strains, plasmids, and bacteriophage

The E. coli strains and plasmids used in this study are described
in Table 1. Cells were grown in LB medium (11). Where required
ampicillin (40 pg/ml), kanamycin (40 pmg/ml), tetracycline
(35 pg/ml) and arsenite (1 mM) were added to the growth
medium. When used as a noninhibitory inducer, arsenite was
added to 50 uM. Procedures for manipulating DNA were as
described by Maniatis er al. (11). Plasmid pWSU1l was
constructed from plasmid pUM1, which is inducible for arsenical
resistance (10). The 33-kb plasmid pUMI1 was digested
completely with EcoRI and partially with HirdIIl. The fragments
were ligated into pBR322 which had been digested with both
EcoRlI and HindIll. Transformed cells were screened for inducible
arsenite resistance, resulting in the isolation of the 9.4-kb plasmid
pWSUI1 (Fig. 1). The restriction map differs from that of pUM3
only by the presence of the 0.73-kb EcoRI-HindII fragment. For
expression studies this fragment was excised from pWSUI and
inserted into the multiple cloning site of plasmid pKK175-6 (12)
to create plasmid pWSU2, into pCP40 (13) to create pWSU3,
and into plasmid pT7-5 (14) to create plasmid pWSU4. The
fragment was also cloned into plasmids pUC18 and pUC19 and
phages M13mp8 and M13mp9 (15) for sequencing with E. coli
strain JM103 used as host. A Hincll-HindIll digest of the 0.73-kb
fragment cloned into M13mp9 was also used for sequencing.

DNA sequencing

The nucleotide sequence was determined by the dideoxy chain
termination method of Sanger et al. (16) in both M13 and pUC
plasmid derivatives using the enzyme Sequenase (United States
Biochemicals). The primer for M13 derivatives was the M13
universal primer. In addition the M13 reverse primer was used
with pUC18 and pUC19 derivatives. Analysis of the nucleotide
sequence was performed using GENEPRO 4.20 (Riverside
Scientific, Seattle, WA).

* To whom correspondence should be addressed at Department of Bicchemistry, Wayne State University, School of Medicine, Scott Hall of Basic Medical

Sciences, 540 East Canfield, Detroit, MI 48201, USA

Present addresses: *Biotechnology Center, Rightmire Hall, Ohio State University, Columbus, OH 43210 and $Department of Biochemistry, College of
Agriculture and Life Sciences, 420 Henry Mall, University of Wisconsin, Madison, W1 53706, USA
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A pArsA + pBC101 with glucose

B: pArsA + pBC101 with succinate
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FIG. 3. Energetics of ArsB-mediated arsenite transport. Cultures were grown in TEA medium supplemented with sodium succinate. Accumulation of AsO,” was
measured in deenergized cells bearing both plasmids pBC101 (arsBC) and PArsA (arsd) (A and B) or only plasmid pBC101 (C and D). Either 20 mM glucose (A and
C) or 20 mM sodium succinate (B and D) was added as an energy source. For each panel, no inhibitor (@), 20 mM KCN (&), or 16 mM NaF (A) was added.
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TABLE 1. ATP content and O, consumption in
E. coli LE392AuncIC

a O, consumption ATP content
Energy source (amol/mg/min) (nmol/mg)
Endogenous 20 031
10 mM glucose 583 3.16
10 mM glucose + 10 mM KCN 17 3.61
10 mM glucose + 10 mM NaF ND? 0.58
10 mM glucose + 10 uM CCCP ND 2.75
10 mM succinate 107 0.27
10 mM succinate + 10 mM KCN 50 0.22
10 mM succinate + 10 mM NaF ND 0.18
10 mM succinate + 10 uM CCCP ND 0.47

¢ Cells were grown in TEA medium supplemented with 0.15% sodium succi-

nate to induce succinoxidase activity.

4 ND, not determined.
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Fic. 1. Uptake of AsO; or ™As0?" into everted membrane
vesicles. Everted membrane vesicles prepared from cells of E. coli
strain HB101 bearing either plasmids pJUN4 (arsdAB2, arsC) and
PArsA (arsA) (A, @) or vector plasmids pBR322 and pACYC184 (m, ¢)
wero assayed for uplake of AsO; (A, W) or ®As03~ (@, ¢), as described
under “Material and Methods.” Each assay contained 5 mm ATP and an
ATP regenerating system, and the reaction was started by addition of 6
mum MgCl,.
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Fic. 3. Effect of ATPase inhibitors. ®AsO; uptake in everted
membrane vesicles prepared from cells of E. coli HB101 bearing both
plasmids pJUN4 (arsAB2) and PArsA (arsA) was assayed in absence of
inhibitors (M) or in the presence of 0.1 m of sodium orthovanadate (O),
sodium azide (4 ), or N-ethylmaleimide (A). The vesicles were preincu-
: ::tecli with inhibitors and ATP for 2 min prior to addition of ®As0; and

gCl,. .
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[Protein] | [ArsR] [ArsD]

[arsa] |ArsB] [ArsC]

Total residues 117 120 583 429 141
Molecutar
weight 13,198 13,218 | 63,188 45598 15830
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ok e e (10 Residge Number v
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FIG. 5.. Dual mode of energy coupling of ion transport systems. The compo-
ne:ns of ion transport systems such as the arsenite pump (A and B) or the
H -traqslocatmg FoF,; (C and D) can function as either (A and C) primary
ATP@n}vcn pumps or secondary Ay-coupled porters (B and D), depending on
association of the catalytic subunits with the intrinsic membrane subunits.

.

J J

peCtor |

+ CCCP

&

ccee

Arsenite uptake (pmol/mg protein)

200
pBC101 + PArsA
pBC1Q1 + pArsA -coep
e P
pBC101
“ccop
o
o 25 5 75

Time (min)

FIG. 4. Effect of uncoupler on ArsB-mediated arsenite transport. Cultures
were grown in TEA medium supplemented with sodium succinate. The cells
were depleted of endogenous energy reserves, and accumulation of AsQ,~ was
measured following addition of 20 mM glucose to cells bearing both plasmids
pArsA (ars4) and pBC101 (arsBC) or 20 mM sodium succinate to cells bearing
only plasmid pBC101. At 2.5 min, 10 pM CCCP was added to cells bearing both
plasmids or just plasmid pBC10L.
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1
Rg. 2. Evolution of ars operons. (a) The origi- {

nai resistance required only a constitutively
expressed arsB gene. (b} Acquisition of arsR
produced a twogene metalioregulated operon.
(c) Three-gene operons arose by fusion with
elther of two types of arsC genes. Fusion with
an arsDA operon produced a five-gene operon
that conwverted the ArsB arsenite carrler into an
ATP-ooupledlpump.

(a)

Prokaryotes .

( As(V)+2e6~
\

ArsC
ADP
<75
ArsA
ArsB As(Ill)
As(llh)
As(ill
\ ()
As(lit) Trends kn Microblology

Flg. 1. Arsenical detoxification mechanisms in prokaryotes and eukaryotes. In bacteria or Saccharomyces cerevisiae, ane of

. e arsenate reductases (ArsC,,, ArsC,, or Acr2p) transforms As(V) to As(ilf}, which is then remaved from the cytosol. (a)
- eria have two types of arsenite transporters, ArsB or Yqcl. (or, as in Bacillus subtilis, both). ArsB has a dual mode of energy
coupling. functioning as & secondary carrier or, In a8 complex with ArsA, as an ATP-coupled arsenite pump. (b) S. cerevisiae also
has two types of arseaite transporters: Acr3p, a YgcL homolog, or Yofip, a member of the ABC superfamily. Acr3p Is a sec
ondary carrier located in the plasma membrane that extrudes arsenite from the cells. Ycfip pumps As{GS), into the vacuole. In
both cases, removal of arsanite from the cytosol confers resistance.
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a) No Protein Expression

ArsR
Bound to O/P

b) Protein Expression

(e arsR /7R Torase |

I.D antimonite (or arsenite)

! /R 1ucTforass | + =3

ArsR
Bound to antimonite

Protein Expression (or arsenite)

S «

ArsR Luciferase

Figure 2. Schematic representation of the interactions between the
operator/promoter (O/P) of the ars operon in plasmid pRLUX anc
ArsR. (a) In the absence of antimonite (or arsenite), no luciferase is
being produced. (b) The presence of antimonite (or arsenite) results
in the subsequent expression of luciferase.
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Figure 3. Bioluminescence emission of bacteria with pRLUX
plasmid. A volume of 100 uL of 63 uM decanal was injected into a
solution containing 50 uL of bacteria in 250 uL of Tris—EDTA buffer.
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Figure 4. Dose—response curve for antimonite performed after the
bacteria with the pRLUX plasmid were incubated with potassium
antimonyltartrate standard solutions for 30 min. A volume of 100 uL
of 63 uM decanal was injected into 50 uL of bacteria in 250 ul of
Tris—EDTA buffer. The bioluminescence signal was integrated over
a period of 3 s and has been corrected with respect to the blank.
Data are the average + 1 standard deviation (n = 3).
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Structure ot the ArsA AlPase

WBB o

Nearmatete

. His453

A1 signal
transduction
path

A2 signal
transduction
path

A2 P-loo

A1 P-loop

Fig. 5. The signal transduction pathway. Two streiches of seven residues with the identical sequence D} 42/447TAPTGH, 45,555 connect the Al and A2
NBS to the metal-binding site. Strands (dark orange). helices (ivory) and P-loops (chartreuse) are drawn as ribbons. The nucleotides bound in the two
NBSs are shown as ball-and-stick models colored according to atom type (phosphorus, yellow; oxygen, red; nitrogen, blue). The DTAPTGH
sequences are shown as stick models with cyan bonds. Sb(III) (blue) and Mg?* (hot pink) are shown as space-filling models. Generated with
MOLSCRIPT (Kraulis, 1991) and RASTER3D (Merritt and Murphy, 1994).
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