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Detection of Taurine in Biological Tissues by 33S NMR Spectroscopy
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The potential of 33S NMR spectroscopy for biochemical investi-
gations on taurine (2-aminoethanesulfonic acid) is explored. It is
demonstrated that 33S NMR spectroscopy allows the selective and
unequivocal identification of taurine in biological samples. 33S NMR
spectra of homogenated and intact tissues are reported for the first
time, together with the spectrum of a living mollusc. Emphasis is
placed on the importance of choosing appropriate signal processing
methods to improve the quality of the 33S NMR spectra of biological
tissues. C© 2001 Elsevier Science
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The aim of this Communication is to demonstrate that33S
NMR spectroscopy could be a reliable and easy-to-use techn
for observing taurine (2-aminoethanesulfonic acid) in biologi
tissues and living organisms. Taurine is a naturally occurringβ-
aminoacid widely distributed in the biosphere (1). Despite the
intensive studies, many mechanisms of the biochemical re
tions involving taurine remain unknown or uncertain, probab
because of the difficulty in detecting taurine in intact tissu
Indeed, routine procedures for the analysis of taurine are ba
upon destructive techniques, and the use of1H and13C NMR
spectroscopy is severely hampered by the overlap between
rine 13C and1H resonances and signals of other metabolit
even at high field strengths (2, 3).

33S is a quadrupolar nucleus (I = 3
2) with a low natural

abundance (0.76%), a low magnetogyric ratio (2.0517× 107

rad T−1 s−1), and a receptivity to NMR detection that i
1.71× 10−5 that of the proton. Since33S has a large quadrupol
moment (Q=−6.4× 10−28 m2), nuclear relaxation is domi-
nated by the quadrupolar mechanism and, in consequence33S
NMR signals are very broad unless the electronic surround
of sulfur is highly symmetric (4). Our previous experience on
33S NMR spectroscopy of sulfones and sulfonates (5) suggested
to us the possibility of detecting the33S NMR signal of taurine
at natural abundance in biological samples.
1 To whom correspondence should be addressed. Fax: 0039-080-5442
E-mail: sciaco@chimica.uniba.it.
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In this paper33S NMR spectra of biological tissues are r
ported for the first time. Homogenates and tissues of lamb
calf hearts, lamb brain, and two species of molluscs,Mytilus
edulisandLithophaga lithophaga, were examined, and the spe
trum of L . lithophagawas obtainedin vivo. In addition, it was
demonstrated that signal processing could play an impor
role in improving the quality of33S NMR spectra with poor
signal-to-noise ratio (S/N), thus expanding the potential of th
technique in the detection of taurine in biological tissues.

The samples examined were selected based on both their
content of taurine and the relevance of the functions in wh
taurine is involved. In mammalian heart, taurine has protec
effects against hypoxia and congestive failure. A high conc
tration of taurine is necessary to ensure the correct developm
of brain before birth. In molluscs taurine is one of the mo
important osmolytes (1).

33S NMR spectra of taurine in aqueous solution.Due to
the lack of literature data, it was necessary to determine the33S
NMR parameters of taurine in aqueous solution.33S NMR spec-
tra were recorded at 11.7 T on a Bruker AM 500 spectrome
operating at a frequency of 38.36 MHz for33S and equipped with
a 10-mm broadband probe head. Typical acquisition parame
were: spectral width= 100 ppm, acquisition time= 0.25 s, 90◦

observing pulse. Chemical shifts were referred to the33S sig-
nal of 1 M Na2SO4 in H2O in a coaxial cell. Taurine aqueou
solutions in H2O/D2O (1 : 1) were used.

In the pH range 5−7.5 and in the concentration range 0.0
0.7 M, both33S chemical shift (−6.7± 0.1 ppm) and linewidth
(LW= 11± 2 Hz) are constant at least within the limits of e
perimental error. On the basis of this LW value, the33S of taurine
was expected to give a quite sharp peak also in the spect
tissues, without any interference from other sulfur metaboli
Signals arising from other sulfur functional groups, commo
occurring in biological compounds, such as−S−,−SO−2 ,−SH,
−SR, –S–S–, are characterized by different chemical shift
ues and should be broad enough to disappear in the backgr
noise (4). These experiments assessed the possibility of de
ing the33S NMR signal of taurine at biological concentration
(10−3–10−2 M) in reasonable times. At 11.7 T, two hours w
9 1090-7807/01 $35.00
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sufficient to obtain the spectrum of a 2× 10−2 M taurine solution
with S/N ≈ 5.

33S NMR spectra in biological samples.33S NMR spec-
tra were recorded at 11.7 T. The following recording para
eters were used for all the samples examined: spectral widt=
220−540 ppm, acquisition time= 0.020−0.125 s, 90◦ observ-
ing pulse. A preacquisition delay between 60 and 100µs was
used in order to reduce the rolling baseline. The number of
cumulated transients ranged between 20,000 (M. edulis) and
1.5× 106 (lamb brain).

In the chemical shift range−240 to+300 ppm the33S spectra
of both homogenates and intact tissues exhibited a single si
that was assigned to the−33SO−3 group of taurine on the basis o
its chemical shift value (−6.8± 0.4 ppm). The attribution was
confirmed by adding pure taurine to the samples.

In the spectral range examined, no33S NMR signals were
detected from other sulfur-containing biological molecules,
instance, cystine, cysteine, methionine, and hypotaurine.

Taurine33S chemical shift did not significantly change in th
examined samples and was in good agreement with the v
measured in aqueous solution. Undoubtedly, the invariability
the chemical shift could facilitate the assignment of the taur
resonance in unknown samples.33S LW (40–80 Hz) was signifi-
cantly larger than that in aqueous solution. Besides microsc
variations in the magnetic susceptibility of the samples, po
ble causes for the broadening of the signal may include inte
tion with metal ions (e.g., Ca+2) or small molecules (e.g., othe
aminoacids), and exchange between free and bound taurin
determine which mechanisms are operant, more experime
data are required.

The S/N values of the33S NMR spectra depend on the co
centration of free taurine. The largest amount of free taurine
found in molluscs, the lowest in lamb brain, in agreement w
the data reported in the literature (1).

SinceL. lithophagahas a cylindrical shape, it was possible
acquire its33S NMR spectrumin vivo, using a standard 10-mm
broadband probe head. A living mollusc within its shell w
put into a 10-mm NMR sample tube filled with sea water th
was previously saturated with oxygen. The33S NMR signal of
taurine (Fig. 1) in liveL. lithophagawas detected in about 8 mi
(40,000 scans) withS/N of about 3.

Data processing (6). Preliminary results are reported th
concern the use in33S NMR spectroscopy of power spectru
representation and linear prediction (7) in the reconstruction of
the FID.

In the processing of33S NMR spectra of biological sample
with poorS/N, no significant improvement can be obtained u
ing different apodization functions (exponential multiplicatio
Hanning, Hamming, etc.) (6) as evident by comparing Figs. 1

and 1b. A remarkable improvement in the visual detection
the taurine signal can be achieved by processing the dat
display the power spectrum (Fig. 1c). It must be pointed out t
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FIG. 1. In vivo 33S NMR spectrum of anL. lithophagaat 11.7 T. Spectral
width= 520 ppm, acquisition time= 0.0125 s, number of data points= 512,
preacquisition delay= 90 µs, number of scans= 40,000. (a) FT of the FID,
(b) FT of the FID multiplied by the Hamming function, (c) power spectru
of (b).

problems associated with power spectrum representation
as unreliability of relative intensities of different peaks and lo
of phase information are not important if a single peak w
constant linewidth is detected.

33S NMR spectra are often affected by baseline distorti
because the first data points of the FID are corrupted by t
sitory signals (8). This problem is not particularly evident a
high magnetic fields (Fig. 1a) but becomes quite dramatic w
the decreasing of the magnetic field strength and can sev
deteriorate the quality of the spectrum beyond an accept
limit in the case of low-concentration samples. In order to v
ify whether33S NMR spectroscopy can be used to detect tau
in biological samples also at magnetic fields lower than 1
T, the spectrum of a taurine 5× 10−3 M solution was acquired
at 7.04 T. The quality of the spectrum obtained is likely to
the minimum acceptable (Fig. 2a). The baseline distortions
be partly reduced by appropriate scaling of the first data po
of the FID (Fig. 2b). This procedure could result in a loss
signal intensity for fast-relaxing nuclei, because the first d
points of the FID contain most of the information about t
signal intensity. It has been found that the problem can be
cumvented by using linear prediction (7) in the reconstruction
of the FID (Fig. 2c). Note the dramatic improvement in t
quality of this spectrum in comparison with those in Figs.
and 2b.

Quantitative analysis: Some preliminary results.A lamb
heart was finely homogenated and divided into two weigh
parts. A known amount of NaSO was added as an intern
a to
hat

2 4

standard to each part (7.3× 10−3 and 3.9× 10−3 g SO2−
4 /g wet

tissue). The33S NMR spectra were acquired at a repetition
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FIG. 2. 33S NMR spectrum of a 5× 10−3 M taurine solution, acquired a
7.04 T on a Bruker AM 300 spectrometer. Spectral width=638 ppm, acquisition
time= 0.035 s, number of data points= 1024, preacquisition delay= 90µs,
number of scans= 1.65× 106, 75◦ observing pulse. (a) FT of the FID, (b) FT o
the FID left-shifted by two data points and multiplied by an exponential func
(10 Hz line broadening), (c) FT of the FID extrapolated by linear predict
(linear prediction was performed using the Win-NMR program by Bruk
(d) power spectrum of (c).

rate that allowed the complete nuclear relaxation. The n
ber of scans was regulated so as to permit accurate mea
ments of the peak areas. The taurine content in each sa
(53 and 58µg/g wet weight) was easily determined by the ra
of the integrals of taurine and sulfate peaks and is consis
with the values reported in the literature for mammalian hea
It follows that 33S NMR spectroscopy might be a suitable to
also in quantitative determination of taurine. Obviously, the r
tine application of this technique requires the standardizatio
the analytical method but this is beyond the aim of the pres
work.

In conclusion, the use of the33S NMR spectroscopy in the
detection of taurine could be very attractive for the follo
ing reasons: (a) spectra can be acquired directly for intact
sues or homogenates; (b) taurine can be observed select
which means that spectra are easy to interpret; and (c)
to short33S T1 values (7–10 ms by saturation recovery),33S
NMR spectra of taurine can be acquired using fast repeti
rates, so that goodS/N can be obtained in total experime

tal times equal or shorter than those needed for13C NMR
spectra.
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