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Detection of Taurine in Biological Tissues by 33S NMR Spectroscopy
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The potential of 3*S NMR spectroscopy for biochemical investi- In this paper’®S NMR spectra of biological tissues are re-
gations on taurine (2-aminoethanesulfonic acid) is explored. It is  ported for the first time. Homogenates and tissues of lamb an
demonstrated that **S NMR spectroscopy allows the selective and  g)f hearts, lamb brain, and two species of mollusdgtilus
unequivocal identification of taurine in biological samples. 3*S NMR edulisandLithophaga lithophagawere examined, and the spec-
spectra of homogenated and intact tissues are reported for the first trum of L. lithophagawas obtainedn vivo. In addition, it was
time, together with the spectrum of a living mollusc. Emphasis is demonstrated that signal processing could play ah importar
placed on the importance of choosing appropriate signal processing o . . 3 -
methods to improve the quality of the 3*S NMR spectra of biological rQIe In 1mproving Fhe quality of**S NMR spectra W',th poor
tisSues. © 2001 Elsevier Science S|gna[—to—np|se ratio%/ N), thus ex.pan.dlng the'pote'ntlal of this

Key Words: S NMR spectroscopy; taurine; signal processing. technique in the detection of taurine in biological tissues.

The samples examined were selected based on both their hi
content of taurine and the relevance of the functions in whick
_ ) o taurine is involved. In mammalian heart, taurine has protective

The aim of this Communication is to demonstrate & effects against hypoxia and congestive failure. A high concen
NMR spectroscopy could be areliable and easy-to-use technigiion of taurine is necessary to ensure the correct developme
for observing taurine (2-aminoethanesulfonic acid) in biologicgk prain before birth. In molluscs taurine is one of the most
tissues and living organisms. Taurine is a naturally occuming important osmolytesly).
aminoacid widely distributed in the biosphefg.(Despite the 335 NMR spectra of taurine in aqueous solutio@ue to

intensive studies, many mechanisms of the biochemical réggs |ack of literature data, it was necessary to determindge
tions involving taurine remain unknown or uncertain, probablyiy\ir parameters of taurine in aqueous solut?36.NMR spec-
because of the difficulty in detecting taurine in intact tissueg, \vere recorded at 11.7 T on a Bruker AM 500 spectromete
Indeed, routine procedures for the analysis of taurine are ba%‘f:)%rating atafrequency of 38.36 MHz f86 and equipped with
upon destructive techniques, and the usérvand**C NMR 514 mm broadband probe head. Typical acquisition paramete
spectroscopy is severely hampered by the overlap between {gire. spectral widtk- 100 ppm, acquisition time: 0.25 s, 90

rine 13C and'H resonances and signals of other metabome&bserving pulse. Chemical shifts were referred to¥t& sig-

evgsn a.t high field strengthg,(3). N nal of 1 M NgSQ, in H,O in a coaxial cell. Taurine agueous
S is a quadrupolar nucleus £ 3) with a low natural ¢, iutions in HO/D,O (1: 1) were used.
abundance (0.76%), a low magnetogyric ratio (2.0510" |, the pH range 57.5 and in the concentration range 0.02—

rad Ts™), and a receptivity to NMR detection that isg 7\ oS chemical shift6.7+ 0.1 ppm) and linewidth
1.71x 10° that of the proton. Sinc&S has a large quadrupole( v — 11+ 2 Hz) are constant at least within the limits of ex-

moment Q=—6.4x 10-2°m?), nuclear relaxation is domi- herimental error. On the basis of this LW value, @ of taurine
nated by the quadrupolar mechanism and, in consequéi®e, a5 expected to give a quite sharp peak also in the spectra :
NMR signals are very broad unless the electronic surroundifigs e, without any interference from other sulfur metabolites
g sulfur is highly symmetric4). Our previous experience ongjgnajs arising from other sulfur functional groups, commonly

S NMR spectroscopy of sulfones and sulfona®s(ggested occurring in biological compounds, such-a$-, —SQ;, —SH,
to us the possibility of detecting tiéS NMR signal of taurine SR, —-S-S—, are characterized by different chemical shift val
at natural abundance in biological samples. ues and should be broad enough to disappear in the backgrou
noise @). These experiments assessed the possibility of detec

1To whom correspondence should be addressed. Fax: 0039-080-5442508). the¥3s NMR signal of taur?ne at biological concentrations
E-mail: sciaco@chimica.uniba.it. (1073-10"? M) in reasonable times. At 11.7 T, two hours was
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sufficient to obtain the spectrum of a210~2 M taurine solution
with S/N ~ 5. ()

33S NMR spectra in biological samples®3S NMR spec-
tra were recorded at 11.7 T. The following recording param-
eters were used for all the samples examined: spectral width
220-540 ppm, acquisition time- 0.020-0.125 s, 90 observ- ()
ing pulse. A preacquisition delay between 60 and L80was
used in order to reduce the rolling baseline. The number of ac-
cumulated transients ranged between 20,000 €dulig and
1.5x 10° (lamb brain). @
In the chemical shift range 240 to+300 ppm theS spectra
of both homogenates and intact tissues exhibited a single signal
that was assigned to the’*SO; group of taurine on the basis of
its chemical shift value{6.84 0.4 ppm). The attribution was T 0 e e e
confirmed by adding pure taurine to the samples. (ppm)
In the spectral range examined, #ts NMR signals were
detected from other sulfur-containing biological molecules, for_gtlr?- 1520'”p‘F/)ir"{10 22 NS'V_'t_F;:F;_e;gUg"OTZaS'lS- 'i;hfi)ngli?g;l;pz-_ i’giga‘
. . . .. . Wi = s uisiti 1 . , hu | )
|ns_|'523;;i(ra],eg%/§t(|:r;]ee, nc]:lycséle;r;ﬁﬁ rgigtzgn;?ger;i;‘ggﬂ?f:g;ﬁgg?h " ai;eacquisition delay= 90 s, number of scans: 40,000. (a) FT of the FID,
b) FT of the FID multiplied by the Hamming function, (c) power spectrum
examined samples and was in good agreement with the vadig).
measured in agueous solution. Undoubtedly, the invariability of
the chemical shift could facilitate the assignment of the taurine
resonance in unknown sampléis LW (40-80 Hz) was signifi- problems associated with power spectrum representation sus
cantly larger than that in aqueous solution. Besides microscogigunreliability of relative intensities of different peaks and loss
variations in the magnetic susceptibility of the samples, possif phase information are not important if a single peak with
ble causes for the broadening of the signal may include interaenstant linewidth is detected.
tion with metal ions (e.g., C&) or small molecules (e.g., other 335 NMR spectra are often affected by baseline distortion:
aminoacids), and exchange between free and bound taurineb&eause the first data points of the FID are corrupted by trar
determine which mechanisms are operant, more experimenfighry signals §). This problem is not particularly evident at
data are required. high magnetic fields (Fig. 1a) but becomes quite dramatic witt
The S/N values of the”®S NMR spectra depend on the conthe decreasing of the magnetic field strength and can severe
centration of free taurine. The largest amount of free taurine w@éteriorate the quality of the spectrum beyond an acceptab
found in molluscs, the lowest in lamb brain, in agreement witkmit in the case of low-concentration samples. In order to ver-
the data reported in the literatur®) ( ify whether33S NMR spectroscopy can be used to detect taurine
SinceL. lithophagahas a cylindrical shape, it was possible tén biological samples also at magnetic fields lower than 11.
acquire its*®*S NMR spectrunin vivo, using a standard 10-mmT, the spectrum of a taurinex610-3 M solution was acquired
broadband probe head. A living mollusc within its shell wagt 7.04 T. The quality of the spectrum obtained is likely to be
put into a 10-mm NMR sample tube filled with sea water thake minimum acceptable (Fig. 2a). The baseline distortions ca
was previously saturated with oxygen. TH& NMR signal of be partly reduced by appropriate scaling of the first data point
taurine (Fig. 1) in liveL. lithophagawas detected in about 8 minof the FID (Fig. 2b). This procedure could result in a loss of
(40,000 scans) witls/N of about 3. signal intensity for fast-relaxing nuclei, because the first dat:

Data processing (6). Preliminary results are reported thaPC!nts of the FID contain most of the information about the
concern the use iFS NMR spectroscopy of power spectrumc"gnal intensity. It_has_ been fourlld_that.the problem can pe cil
representation and linear predictiaf) (n the reconstruction of cumvented by using linear predictior)(in the reconstruction
the FID. of the FID (Fig. 2c). Note the dramatic improvement in the

In the processing o¥S NMR spectra of biological samplesqua"ty of this spectrum in comparison with those in Figs. 2a
with poorS/N, no significant improvement can be obtained ugnd 2b.
ing different apodization functions (exponential multiplication, Quantitative analysis: Some preliminary result# lamb
Hanning, Hamming, etc.p as evident by comparing Figs. 1aheart was finely homogenated and divided into two weighte
and 1b. A remarkable improvement in the visual detection phrts. A known amount of N&O, was added as an internal
the taurine signal can be achieved by processing the datastandard to each part.@x 10~3 and 39 x 10 3g Soﬁ‘lg wet
display the power spectrum (Fig. 1c). It must be pointed out thizgsue). The®3S NMR spectra were acquired at a repetition
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