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2-Dimethylarsinothioyl Acetic Acid Identified in
a Biological Sample: The First Occurrence of a
Mammalian Arsinothioyl Metabolite**

Helle Rusz Hansen, Russell Pickford, Jane Thomas-
Oates, Marcel Jaspars, and Jorg Feldmann*

Arsenic is an element with a particularly strong affinity for
sulfur; as biological systems are rich in sulfydryl groups it is
likely that compounds with this combination of elements are
created invivo. In 1886 it was shown that trialkyl arsine
oxides are converted into trialkyl arsine sulfides when treated
with hydrogen sulfide in the laboratory.!! Because of their
potential therapeutic applications, many studies on thio-
arsenicals were performed in the nineteen thirties.’”” Since
then, it has been established that thiol groups play an essential
role in the enzymatic pathway for biotransformation of
arsenic, and that arsenite binds to a variety of sulfur-rich
peptides and proteins, such as glutathione (GSH),"8! metal-
lothionein,”’ actin and tubulin,'" galectin I thioredoxin
peroxidase ILM and other macromolecular constituents of
tissues. Despite the fact that arsenic binds to sulfur-rich
proteins, As—S and As=S compounds have not been identified
in natural samples. Consequently the main focus of arsenic
speciation has been on oxo-arsenicals, as these compounds
appear to be more abundant in nature. To our knowledge
there has only been one report (unpublished) of a thioarsen-
ical (2-dimethylarsinothioyl ethanol) occurring in a natural
sample.’” The response of thio-arsenicals to standard ana-
lytical procedures used in the speciation field is unknown,
which may result in misleading conclusions. The presence and
underestimation of thio-arsenicals in nature has previously
been suggested.'* 14

Herein we report the first characterization of a thio-
organoarsenate (2-dimethylarsinothioyl acetic acid (1)) com-
pound isolated from a biological source (sheep's urine). Urine
samples were obtained from a primitive breed of wild sheep,
which lives on the beaches of North Ronaldsay (Orkney
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Islands, UK) and naturally consumes large
amounts of arsenosugars (30 mg As daily)
0 through their major food source, sea-
weed."! Arsenosugars have to date been
classified as nontoxic.'*'l However, as
long as the metabolic intermediates are
unknown, the real toxicity of a compound
cannot be established. The discovery of a thio-organoarsenate
compound in the urine samples shows that ingestion of
arsenosugars can lead to formation of As—S and As=S
compounds invivo, which may cause interference with
metabolic processes.

During the analytical work performed we found 1 very
prone to degradation, especially at low pH values. Its elution
from chromatographic columns was pH dependent; when
using a mobile phase of pH 5.3, the compound was perma-
nently adsorbed on the anion-exchange column. We empha-
size the importance of combining a range of complementary
analytical methods for the successful structural elucidation of
this novel structure.

Urine from North Ronaldsay sheep was analyzed using
anion-exchange-HPLC coupled simultaneously to inductively
coupled plasma(ICP)-MS and ES-MS. The species giving rise
to the main signal in the ES-mass spectrum (m/z 197), co-
eluted with arsenic (giving a signal at m/z 75) in the ICP-mass
spectrum (Figure 1 A, B). Ions giving less intense signals at
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Figure 1. Anion-exchange chromatograms of a urine sample, detected
by ICP-MS (m/z 75) and by ESI-MS (m/z 199, 198, 137, 197) using
scan mode (A). Peak 1 consists mainly of dimethylarsinoyl ethanol,
dimethylarsinic acid and dimethylarsinoyl acetic acid, peak 2 and 3 are
unknown arsenicals.”” Mass spectrum of peak 3 at fragmenter voltage
B) 100V and C) 240 V.

m/z 199, and 137 were also observed to co-elute (Figure 1 A).
When increasing the cone voltage (to 240 V) to induce in-
source fragmentation of the ES-generated ions the dominant
peak was at m/z 107 (Figure 1C). The ICP-MS and ES-MS
data provide various clues to the identity of the compound;
the relative intensities of the ions at m/z 197 and 199 were
consistent with the isotope pattern of a compound containing
one sulfur atom (relative isotopic contributions of **S and **S
of 95.018 and 4.215%, respectively). Storage and sample
treatment slowly resulted in a reduction in the intensity of the

© 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

www.angewandte.de

ion at m/z 197 and a concomitant increase in the intensity of
an ion at m/z 181. Dimethylarsinoyl acetic acid (2) (which
yields a protonated molecule at m/z 181) has previously been
identified as a natural product in shellfish"®'! and as a
breakdown product of arsenosugars in urine.””’ A 2 standard
was treated with hydrogen sulfide to produce 1, which showed
matching retention time to the unknown on an anion
exchange column, the eluent of which was analyzed by ICP-
MS (Figure 2A), and showed a strong signal at m/z 197
(Figure 2B) in the ES mass spectrum. Except for m/z 166, the
ions generated from in-source fragmentation at m/z 91, 107,
and 137 (Figure 1) are consistent with the proposed structure
of 1.
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Figure 2. A) Anion-exchange chromatograms with ICP-MS (m/z 75)
detection of a urine sample (solid line) and urine sample spiked with 1
standard (dotted line). Peak 1, 2, and 3 as described in Figure 1.

B) Mass spectrum of standard 1 (2+ hydrogen sulfide).

The urine was subjected to HPLC fractionation, and the
fraction containing the unknown arsenical analyzed using ES-
IT-MS”". ES mass spectra obtained from the synthetically
prepared 1 (2+H,S) and the fractionated urine contained
low-intensity signals at both m/z 181 and 197. Since the
postulated structure contains sulfur, an ion at m/z 199
corresponding to the **S isotope is to be expected. However,
this species was not obvious above background in the ES mass
spectra owing to the low abundance of the parent compound.
Collision-induced dissociation (CID) tandem mass spectra of
the ions at m/z 197 in both the synthetically prepared 1 and
the fractionated urine were obtained, which yield structurally
diagnostic fragment ions (Figure 3). Product ions were
observed at m/z 165, 151, and 137 from both samples.
Additionally, the ion at m/z 197 derived from the urine
sample yielded a product ion at m/z 105. These product ions
are consistent with the proposed structure of 1. Both spectra
contain background ions arising from the co-selection and
fragmentation of isobaric matrix ions. The structures of the
product ions assigned in Figure 3 are supported by the results
of further stages of tandem mass spectrometry. The MS?ion at
m/z 151 yielded third generation ions at m/z 123 and 105. The
MS? ion at m/z 137 yielded third generation ions at m/z 121
and 109.
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Figure 3. CID MS? data obtained from the ion at m/z 197 in A) the synthetically prepared 1
and B) the fractionated urine. C) The fragment ions produced from CID MS? of the [M +H]*
ion at m/z 197, D) The fragment ions produced from CID MS® of the MS? product ion at m/
2151, and E) The fragment ions produced from CID MS? of the MS? product ion at m/

z137.

Despite the fact that the **S isotopic ion did not stand out
above background in the ES mass spectra, structurally
diagnostic product ions were obtained from CID tandem
mass spectrometric analysis of the ions at m/z 199 generated
from both samples. The ions are consistent with species
containing the *S isotope of 1in both samples. Comparison of
data obtained from the m/z 197 and 199 species facilitated
interpretation of the product-ion spectra, particularly local-
ization of the sulfur to the arsenic. The product ions generated
from m/z 197 previously observed at m/z 151 and m/z 137
were shifted to m/z 153 and m/z 139, respectively.

"H NMR data were obtained on 2 and the 1 standard using
a standard presaturation pulse sequence. Owing to the low
concentration of the samples, the “C NMR spectra were
obtained indirectly from the HSQC and HMBC spectra
(Table 1). In both cases the 'H methyl singlets correlated in
the HSQC to highfield signals in the *C NMR spectrum. The
methylene group in both cases was identified from the 2H

Table 1: Chemical shift values [ppm] from 'H NMR and "C NMR
spectroscopy for 1 and 2

Group 1 2

oH oC oH oC
=0 - 170.5 - 172.8
-CH,- 3.19 38.1 2.99 40.0
-CH, 1.87 18.0 1.69 14.0
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Separation was performed on a PRP-X100 anion-
exchange column (150 x 4.6 mm) with a Hamilton
PEEK pre-column (11.2 mm, 12-20 um) from
Hamilton Company. The mobile phase used was
30mM ammonium carbonate (1 mLmin™).
Before injection (loop volume 100 uL) onto the
HPLC column all samples were filtered through a
0.45-um nylon filter. For flow injection measure-
ments the sample volume was 20 uL. A HP1100
HPLC system (Agilent Technologies, USA) with cooled autosampler
was used throughout the experiments. The autosampler was cooled to
4°C and the column kept at ambient temperature. Post-column the
flow was split in a ratio of 1:4 (1 part into the ICP-MS, 4 parts into the
ES-MS) using a microsplitter (Upchurch, UK).

An ICP-MS 7500 ((Agilent Technologies, USA)) was used for
element specific detection of arsenic. The instrument was equipped
with either a Babington nebulizer or a micro-concentric nebulizer
(flow rate <100 pLmin ') and a peltier cooled spray chamber. The
instrument was mostly used in the soft extraction mode without
oxygen. The instrument settings were checked daily for arsenic
sensitivity and optimized when necessary. The elements monitored
were arsenic (m/z 75), tellurium (m/z 130), sulfur (m/z 34), and sulfur
oxide (m/z 48).

The HP1100 series LC/MSD (quadrupole mass spectrometric
detector) instrument (Agilent Technologies, USA) was used as a
molecule-specific detector. The MSD was used in the positive-
ionization mode from m/z 70 to m/z 1000 or in the single-ion mode
with the API-electrospray head. The settings chosen were: capillary
voltage of 4000 V, nebulizer pressure of 40 psi, drying gas flow of
12Lmin™"' at 350°C, quadrupole temperature 100°C, and cone
voltage of 100 V or 240 V. The cone voltage set at 100 V allowed
the mass spectrometric analysis of intact protonated species, whereas
an increased cone voltage of 240 V generated fragments of electro-
spray-generated ions by collision-induced dissociation with resident
atmospheric gases in the source of the mass spectrometer. Mass
calibration was controlled regularly and when necessary optimized
using the calibration solution supplied by Agilent.

The unknown arsenical in urine samples was isolated by HPLC
fractionation (sample treatment and conditions of mobile phase and
column as above). The HPLC system consisted of a LKB Bromma
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model 2150 pump with a Rheodyne 6 port sample injector (loop
volume of 100 puL). The standard 1 was synthesized when an aqueous
solution of standard 2 was purged with gaseous H,S. The reaction was
carried out for 2 h.

Arsenic-containing HPLC fractions were analyzed using a
ThermoFinnigan LCQ DECA XP Plus ion-trap mass spectrometer
with an electrospray source. Fractions were infused into the source at
1 uL min~" using the built-in syringe driver. The electrospray capillary
was held at 5800 V. The buffer gas used was nitrogen. Data were
collected over the m/z range 50-200. Collision-induced dissociation
(CID) tandem mass spectrometry was performed with a normalized
collision energy setting of 30 %, activation g setting of 0.250 and an
activation time of 30 ms.

Presaturated 'H, HSQC, and HMBC NMR spectroscopy experi-
ments were recorded on a Varian Unity Inova 400 MHz spectrometer
at 299 K in D,O solution. Chemical shifts are reported in ppm (J)
downfield relative to residual HOD at 4.60 ppm. Samples of
compounds (38-48 ug) were prepared in degassed D,O, capped
immediately and used within 2 h of preparation.
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