
DETERMINATIOti OF CYSTINE AND &3TkME AS N-ACE-II%, n-PROPYL 
_S~ARB~~Y_~ETHYF,CUSTE~~ATE 

SUMMARY 

A procedure is described for the derivatisation of S-carboxymethylcysteine 
yielding the corresponding N-acetyl, n-propyl S-czrboxymethylcysteinate which is 
separar&d by gz$ chromatography from similar- derivatives of other protein amino 
acids. Its quantitative determination provides a useful extension to a method for 
apalynis of 2xnim1 acids by gas chromatography and oEers potential as 2 mc2ns of 
obviating errors in cystine (and/or cysteke) analysis arising from acid hydrolysis of 
proteins. 
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EN%ROtiU~ON 

A recently described techniqueL for the determination of amino acids by gas 
chromatograpbic analysis of their N-acetyl, n-propyl ester derivatives appears to 
offer some important potential advantages over other similar procedures involving 
different derivatives 3 in particukr, that developed by Kaiser et aL2, which, with modi- 
kati&s3, is &rrently used in this labktory for routine analysis of feeds_@&. The 
main advantage is that ali of the protein amino acids except cystine can be quantita- 
tively determined using a single column, the chromatography b&g completed in 
approximately 20 min. The inability to ekte the cystic derivative is, however, of 
Iit& import&e b-use during acid- hydrol$is considerable degradation of cystine 
may otiur,_and, in consequence, erroneoEzs results for this amino acid are obtained’. 

To obviate SW& losses it is usual to oxidise cystine and cysteke to cysteic acid, 
which is stab& during subsequent nomad acid hy&olysisS; however, the latter amino 
kid may not conveniently ‘be derivatized for use in the above gas chromatographic 
determinations. An ec@ly satisE&oory &emative modi6c&ion technique6 involves 
the redirction of cystine to cysteine follow* by conversion of the Iatter into S-car- 

-boxysnethykysteipe, wbicb is stable to conventional acid hydrolysis conditions, pro- 
~vicie$ that oxygen is effktively exckkd, and which leads to a result being obtained 
foe cySt&e and cystine co&ctiveIy. 

A similar procedure bat in which the reduction step is omitted yields a value 
.- 



for cysteine alone, thus enabbng an analysis for cystine to be a&om$ished. Et-Was 
expected that the S-carboxymethylcysteine would readily he ~derivatized to yield the 
corresponding FLXetyl, n-pro& ester. The suc+ss -of such 8 ~roced~ wduld 
obviate the difhculties With cystine both at-the hydroly& step and in s‘rtbsequent 
chromatography, provided that sufhciently good resolution froriother derivatives-is 
obtained. This report describes the preparation of the S-earboxymethytcysteine and 
its successful quantitative determination as the N-acetyi, n-propyl derivative. 

EXPERIMENTAL 

Mareriais md reagents 
Amino acids were obtained as a kit from Sigma (St. Louis, MO., U.S,4.). The 

internal standard, tr~+aminomethyi)~yclohexanecarboxylie (tranexamic) acid. 
was obtained from A-E Kabi (Stockholm, Sweden) as Cyclokapron. 

n-Propanol (BDH, ?oole, Great Britain), acetic anhydride, triethylamine and 
acetone (E. Merck, Darmstadt, G.F.R.) were all redistilled prior to use. Reagents f-&r 
esterification and acylation were prepared as described by Adams’. 

Esterification and acylation reactions were conducted In Pyrex screw-top 
culture Mbes (75 x 16 mm) the caps of which were fitted with thin PTFE gasket seals. 

Preparation of S-carbox_v~lethyCcysfei~e s?mdmd 
Sodium iodoacetate solution (O-1 M, 500 ml) was adjusted to pH 8 with 3 N 

sodium hydroxide solution, washed twice with hexane (ca. 900 ml) so as to remove 
any free iodine and slowly added, with stirring, to cysteine solution (O-1 M, 500 ml) 
t&t had also been adjusted to pH 8. During the addition, the pH was monitored and 
maintained at 8 by dropwise addition of 3 N sodium hydroxide. The reaction was 
carried out at 50” (in a water-bath), the 8nal mixture being maintained at this tem- 
perature for a further 90 min. This solution was then concentrated in vacua to ca. 
I50 ml and added to an anion-exchange column, Dowex I-X8 (OH-). After washing 
with water until neutlml the required S-carbox-ymethylcysteine was ehtted with 0.5 N 
hydrochloric acid as its hydrochloride salt. Micro-analysis of the free base gave C, 
32.9; H, 5.0; N, 7.7%. Required for C,H,O,SN: C, 33.5; M, 5.1; N, 723%. 

A standard solution of amino acids, including S-carboxymethylcysteine hydro- 
chloride, was prepared by dissolving 9.80 mg of the product in an amino acid solution 
(25 ml) containing 39,U4 mg of inte.rnaS standard per EOO ml of solution. 

Derivcztization 

Standard solution (1 ml], in a reaction tube, was taken to dryness in a current 
of dry nitrogen at 110”. Foltowing addition of about 50 ~1 of dimethoxypropane and 
hydrogen chloride in propanol(8 M, 1 ml), the tube was capped and.he&d at 110” 
for 2@ min. After cooling, the propylating reagent was removed with a current of dry 
nitrogen at 60” until the presence of only &I& of acid-could be detected. About 
50 mg of anhydrous sodium carbonate were then added,~ followed by L ml of freshiy 
prepared acylating reagent, and the tube ~~~re-capped. This addition of sodium 
carbonate Was found necessary in order to ensure complete acylation of histidine 
and arginine. The mixtti was ;onieated for 15 see sb as toTremove the white residue 
&at formed on addition of acyiating reagent ‘and heated at 60” for~3 min. The mixture . . 
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Fig. 1. N-Acetyl, n-pmpyl S-carboxymethykysteinzte chromatogrzphed using0.3 1 %(w/w) Carbowuc 
ZOM, 0.28 % (w/w) Solar SCP and 0.06% (w/w) Lexan on acid-washed Chromosorb W (120440 mesh).‘ 
Carrier _a ffow-rate CQ. 25 ml/min; initial temperature 100“ for I min; programme rate 6”/min to 
170”, then at ZO”/min to 250”. 

Fig. 2. Mixture of amino acid standards, including S-carboxymethylcysteine, derivatkd and aa- 
lysed using 0.31% (w/w) Carbowax 2OM, 0.28% (w/w) S&r 5CP and 0.06% (w/w) Lexan on aci+ 
wzshcd Chromosorb W (12&L40 mesh). Qrrier gas Bow-rate ca. 25 rnI/min; initial temper&me 90” 
for I min; p~ograrnme rate B’/min to 170”, then at 2O”/min to 250”. a = AIanme; b = vaIine; c = 
dycine; d = isoleucine; e = leucine; f = proline; g = threonine: h = serine: i = aspzrtic scid; 
j = methionine; k = cysteine; I = phenykknine; m = hydroxypmline; II = gIutamic .zcid; o = 
trzxexamie acid: p = S-carboxymethyl~~steinene: q = @m&e: r = ornhhine: s = hi&dine: t = 
Lysine; u = arginine; v = 1; w = tryptophan. 
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-Fig. 3. Mix&re of zmino acid standards, exclndin g S-czboxyinettrytcysteine. Chronatographic 
conditions uld key as in Fig. 2. 

wa; Enally taken to dryness in 2 current of dry nitrogen at 60”, OS ml of dry ethyl 
acetate added acd the solution filtered from sodium m&on&e thou& a tie fibre- 
glass plug. Aliquots of this solution were taken for gas chromate-graphy or stored at 
2” until required 

Gas chromatography 
A Hewlett-Packard 761 L gas chromatograph equipped with flame ionization 

detectors was used, and was coupled to a Hewlett-Packard 3352B jaboratory data 
system. 

The column used was 600 x 2.5 mm I.D. glass, U-shaped aEd siJ.anised. The 
column packing was prepared by washing Chromosorb W (120-140 mesh) e&us- 
tiveiy with acid and, after thoroughly drying it, co&&g the support with 0.31% (w/w) 
Carbowax 2084 0.28 % (w/w) S&r 5 CP and 0.06 % (w/w) Lexan, using the filtration 
technique. Conditioning was performed as described by AdamsL. 



An aliquot of S-carboxymethykysteine stock solution was derivatized as 
above. A typical chromatogram is shown in Fig. I. A ICEOWI amount of the S-car- 
boxymethylcysteine was then added to aa aliquot of standard amino acid sofution, 
simikrly derivatized, and found to yield the chromatogram showa in Fig. 2. The 
‘knspiked” amino acid mixture yielded the chromatogram shown in Fig. 3. 

&I order to check the reproducibility and accuracy of the method, a derivative 
solution ~2s analyzed repeatedly, and separate derivative solutions were analyzed, 
yielding the results shown in Tables I and II, respectively_ 

CONc.XUSION 

S-Carboxymetbykysteine derived from either cysteine or reduced cystine can 
be successfully derivatized quantitatively, thus permitting a more accurate determi- 
nation of these amino acids by gas chromatography than has hitherto been possible. 
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