
20 “JOURNAL OF CHROMATOGRAPHY 

RADIOAUTOGRAPHIC 

DETECTION OF METABOLITES OF 36S-~~-CYSTINE 

D. CAVALLINI, C. DE MARCO, B. MONDOV1: 

1utslitutes of Biotogical Cltcmislry of.llte Universities of Modena am.d Rowac 

AND 

L. TENTORI 

Laboratory of Biology of the Islilulo Superior*e di Sat&& Rome (Italy) 

(Received March ~zth, 1959) 

As part of a general program of investigation of the metabolism of cystine in mammals, 
this paper presents the results of experiments made using labeled cystine in the rat. 
ARNSTEIN AND CRAWI-IALL~ and’ ,AWAPARA~~ 3 were the first to use 1abele.d cystine 
for this type of investigation. In the present paper we describe the occurrence of a 
number of unsuspected cystine metabolites.as detected by paper radioautography of 
the kidney extract and the urine, of the rat injected with labeled cystine. A prelim- 
inary identification of some of the detected compounds has been possible by using 
the criterion of identity based on the fingerprint-like comparison between the radio- 
active spot of the unknbwn and the ninhydrin spot of the authentic sample of the 
suspected product added on the same chromatogram. 

3%DL-cystine was 

MtiTWODS AND MATERIALS *. 

obtained from Amersham, England. It had an activity of r mC/6.g 
mg. z mC were dissolved in 0.3 ml I N HCl, diluted to z ml with water, divided into two 
portions and injected intravenously into two male rats weighing zoo g. One rat was 
killed after z h, the kidneys were removed and an extract suitable for chromatography 
was obtained as described by AWAPARA~. The final aqueous extract (2 ml) was stored 
in the ,deep freeze. The other rat was kept in a metabolic cage and the urine of 24 h 
was collected under toluene. The sample was diluted to 30 ml with the washings of 
the funnel and was stored in the deep freeze. 

Chromatograms were made on Whatman No. 4 paper using water-saturated 
phenol in,the first direction arid a mixture of collidine and lutidine saturated with one 
volume of water, in the second direction. Radioautograms were made by lightly 
press$g the dried chromatograms on a 30 x 40 cm X-ray film in the dark fo,r a 
suitable length of time (IO-20 days). After radioautography, the same chromatograms 
were, developed with ninhydrin in order to locate amino acids and other niuhydrin- 
reacting compounds. 
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.,’ RESULTS 
,‘. I’ 

The radioautogram of 0.1 ml of.kidney extract from the rat injected with labeled cystine 
is reproducdd in Fig. I. A very large number of compounds appears on this autogram, 
at ,least’ ,12 different radioactive spots have been enumerated. Among, these only ,., 
taurine and hypotaurine may be easily identified by their.,unequivocal chromato- 
graphic location. A few other spots have been identified after careful control with an 
authentic sample pf the suspected compound, All the remaining’products are’unknown~ 

I$. ‘2 ‘shows the same chromatogram used for ‘the .radio,autography of Fig. I, ,. 
after th,e reaction with ninhydrin. It can be seen that, with the exceptipn of taurine, 
all the radioactive compounds are present in such low amount that they cannot be 

Fig. I ; Radioautogram (&days) of.o.1 ml of 
kidney extra& from a rat injected with I mC 
of sQ-DL-cystino. Spots: 2 = hypotaurine; 
4 = taurine., For the identification of the 
remaining, spots see text. Sample applied at 

the right lower corner. 

Fig. 2. The same ‘chromatogram used for,the 
radioautography of Fig. I, after development 
with ninhydrin. The outlines of the more im- 
portant radioactive spots seen in Fig. I have 
been marked in, this chromatogram. Some of 
the ninhydrin-reacting spots .have been iden- 
tified as follows : A = leucines; B = valine ; 
C = alanine ; D = glycine ; E = glutamic acid. 

.’ 

detected with ninhydrin, although a number of them certainly have a ninhydrin- 
reactive Nl&group. In order to emphasize this point more ‘strongly, the position ‘of 
some of the radioactive spots seen in Fig. I have been marked by pen on the- chroma- 
togram of Fig. 2. ,“’ ‘, 

Very recently thiota,urine has been detected in the urine of rats fed with unlabeled 
,cystineGl,We deemed it of interest to confirm this’ finding using’the labeled’compound. 
The radioactive spot marked, as No. 3 in, Fig. I shows, ‘a chromatographic behavior 
like that, ex$ecte,d for thiotaurine. In order to establish~the~identity of this spot with 
thiotaurine, a. chromatogram was made with 0.2 ml of the, kidney extract to which 
50 ,ug of a,‘pure sample of synthetic thiotaurines had been added. After, co&act ‘with 
the +iray’ +n for IO ‘days, the chromatogram was removed and, dev,eloped tyith 

Hi ninhydrin Fig.‘, 3 represents the radioautography, of the same ,,chromatogram devel- L* 
aped with’ninhydrin which is shown in Fig. 4, It can’ be seen that in the chromatogram 

; .the.new,:spo,t’ of’the.added’ thiotaurine is now present; located in the same area as the 
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Fig. 3. Radioautograrn (IO days) of 0.2 ml 
kidney extract from a rat injected with I mC 
W-DL-cystine, to which 50 pg of unlabeled 
synthetic thiotaurine had been added. 

Fig. 4, The same chromatogram used for the 
radioautogram of Fig. 3, developed with nin- 
hydrin. The spot marked No. 3. which is not 
seen in the’chromatogram of Fig. 2, is due to 
the added thiotaurine: The identity in the 
position, in the shape and in every detail of 
this spot with the radioactive spot seen in the 

same area in Fig. 3, is emphasized. 

radioactive spot No. 3. It may be further seen that not only the chromatographic 
coordinates of the two spots are identical but that the outlines of .both the spots match 
perfectly well in every detail, like two, identical fingerprints. 

The same procedure ‘was applied to spot No. I which, by. its location, was pre- 
sumed to be due to thiazolidine carbn ,xylic acid. Comparison of Figs. 5 and 6 shows 
also in’ this case that the radioactive spot is perfectly superimposable in every detail 
on the ninhydrin spot of the same chromatogram made with added pure thiazolidine 
carboxylid. acid. 

The identification of spots No. 3 and No. I respectively as thiotaurine and 
thiazolidine carboxylic acid was fu*+hc-e rr..u~ confirmed by their oxidation to taurine and 

:, .& ,51 k,gic;aut;tia&’ (I:,.;;~j,gof 0;; ml ., 

kidney extract from.‘a rat injected with I mC 
Rig. 6. The same chromatogram used‘ for’&& 
radioautogram of .Fig. 3, developed with nin-. 

35S-~~-~ystine, to which 50 pg of. unlabeled 
synthetic thiazolidine carboxylic acid had 

.hydrin. The spot marked .No. ,I wh$h.is not 
seen in the qhromatogram of Figs. 2 and 4 is due 

, bee-added; to the added thiaiolidine carboxylic acid. The 
,. identity in, the position, in the shape and in all, 

det&ls of this spot &th the radioactive spot “- 
‘, seen in the same area in’ Fig.93, is emphasized.’ 
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to cysteic acid. Using a radioautogram as a guide, the ai-eas of the two spots were cut 
out of the respective chromatograms. The fragments were eluted with water; the 
solution was treated with I ml 30% hydrogen peroxide in the presence of a trace of 
niolybdate7, and t&o new chromatograms and- radioautograms were made with the 
final’liquids. Among minor products, a spot of taurine and one, of cysteic acid were 
detected as required for thiotaurine and thiazolidine carboxylic acid respectively. 

Radioautography and chromatography of a 0.2 ml sample of’ the urine of ,the 
second rat are shown in Figs. 7 ,and 8. The chromatographed sample has been added 
with 50 kig of a pure sample of cysteinsulfonate* in order to show; by the same criterion 
of identification used above, the identity of spot .No. 6 with cysteinesulfonate.:.The 

‘.,... . 

. ‘, ,,....‘I ,., 
Fig. 8. The sa&e chr&nak&a,& used for the 
radioautography of Fig. 7, developed with nin- 
hydrin. The outline of some radio&&iv6 spots 
seen in Fig. 7 have been marked in this chro- 
matogram. Some of the ninhydrin-reacting 
spots have been identified as follows: C = 
alanine ; D = glycinc ; E = glutamic acid. 

chromatogram of the urine without the addition of cysteinesulfonate obviously lacks 
spot No. 6. 

“. The radioautogram of the urine is, different from that of the kidney. extract. 
Three very strong unidentified new ,spots appear which are not seen in the kidney 
extract. Moreover the spots identified in the kidney extract, namely, taurine, hypo- 
taurine, thiotaurine, and thiazolidine carboxylic acid, are much Weaker in the urine, 
probably owing to their higher dilution. Cysteinesulfonate has been detected in. the 
urine; it is likely that the small spot falling in the same area in the autograms of 
kidney extracts (spots No. 6 of Figs. I and 2) is cysteinesulfonate itself, 

DISCUSSION 

Some of the metabolites of DL-cystine detected on the radioautograms have been 
identified. Among them are those present in larger amount. It is possible’ that some 

’ of the spots may be due to an artifact or may have originated from, the .unnatural 
” portion of the racemic cysteine injected. Investigation tis being continued i,n order to 
elucidate these points. Apart from this limitation,.the large number of the metabolites 
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detected indicates the occurrence in the animal body of a number of metabolic 
pathways .of. DL-cystine yet to be discovered. ~ 

The identification of thiotaurine among the detected metabolites is of particular 
interest., It provides a confirmation of a previous finding and’ at the same .time’ it 
serves to exclude the possibility that the thiotaurine first identified in the urine of 
cystine-fed rats5 had a bacterial origin. Indeed, in the above experiments, cystine 
had been, injected in’the veins and thiotaurine was detected in the kidney extract, 
thus making any interference of the intestinal bacteria very unlikely. 

The occurrence of thiazolidine carboxylic acid is another *point which deserves 
attention. This product arises spontaneously by the interaction of cysteine with 
formaldehydeQ. Enzymic systems have recently been described which oxidize thiazo- 
lidine carboxylic acid very rapidly, to diformylcystine and other productsXog 11. The 
disappearance of this compound from the urine gives experimental support to the 
postulated role of thiazolidine carboxylic acid, in the metabolism of cysteinelo. 

It is the first time that cysteinesulfonate is reported as a cystine metaholite. 
Although it has’been unequivocally identified’only in the urine, all the radioautograms 
made with the .kidney, extract show the occurrence of a radioactive spot right in ‘the 
position of this compound (spot No. 6 of Fig. I). Previous experiments made with 
synthetic cysteinesulfonate have shown that this product is easily converted into 
thiosulfate by the ratl’J; accordingly it is likely that this cystine metabolite must ‘be 
regarded as one of the natural precursors of inorganic thiosulfate in the animal body. 

This work forms part of a research program on the biochemistry of sulfur, sponsored 
by the Comitato Nazionale Ricerche Nucleari. 

‘. SUMMARY 

Metabolites of 3%DL-cystine have been detected ‘in the kidney extract and in the 
urine of rats by means of radioautography. Comparison of the chromatograms con- 
taining added pure samples of the suspected radioactive spots with ,their radioauto- 
grams permitted the identification of some of the detected compoundsThe following 
cystine metabolites have been identified : taurine, hypotaurine, thiotaurine, thiazo- 
lidine carboxylic acid, cysteinesulfonate. 
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