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SUM,MARY 

A rapid, quantitative high-performance liquid chromatographic procedure for 
the determination of methionine and cystine after oxidation to methionine sulfone 
and cysteic acid is described. The Dns derivatives of the amino acids are separated by 
reversed-phase chromatography with a phosphate buffer-acetonitrile gradient and 
detected by HV absorption at 254 nm. The procedure is validated by confirming the 
methionine and cystine content of ribonuclease -4. The average yields of cysteic acid 
and methionine suifone from triplicate analyses of ribonuclease A were 98.1% ( f 3.3) 
and 106.1% (F 2.4) of the theoretical values, respectively. 

INTRODUCTION 

Sulfur amino acids are nutritionally limiting in soy protein and other Iegumes. 
Because of their low levels and the oxidative instability of cystine and methionine, it is 
important to develop accurate procedures for their determination. 

Due to the lability of cysteine and methionine during acid hydrolysis, these 
amino acids are more accurately determined after oxidation to cysteic acid and meth- 
ionine suifone by performic acid treatment as recommended by Moore’. However, 
the standard cation-exchange chromatographic determination of cysteic acid and 
methionine suffone is fess than optimal ‘because cysteic acid elutes in the void 
volumez*3 and is therefore subject to interferences, and methionine suifone is difhcult 
to resolve chromatographically from aspartic acid and threonine. 

Several investigators have reported poor precision for the analysis of suifur 
tio acids using cation exchange chromatographic procedures. Perter er aL4 report- 
ed a mean absolute deviation of 17.6% for the interlaboratory determination of 
methionine in cod muscle, compared to an average deviation of 7.4-TZ for the other 
ammo -acids_ In gelatin, which has a low methionine content, the mean absolute 
deviation for methionine was 83.3 % compared to 7_5./,for the other ammo acids- 
Williams er cJ,* reported relative standard deviations of up to 38 % for the inter- 
kbomtiry det ermination of cyst&_ Sarwar et aE_& in- a recent colEaborativ.zz study 
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reported intralaboratory relative standard deviations of up to 19.4% for the determi- 
nation of methionine and up to 18 o/0 for the determination of cystine. 

Standard procedures for amino acid analysis by ion exchange in addition to 
having hiz& variances for the determination of sulfur amino acids, are time consum- 
ing and require expe=rsive specialized instrumentation_ Bayer et ~1.’ and Hsu and 
Curries have recently described the high-performance Liquid chromatographic 
(HPLC) separation of Dns-amino acids. Quantitative analyses were not reported by 
Bayer ef nl_ Hsu and Currie reported approximately 75 % of the theoreticai yield for 
the analysis of various peptides. 

A rapid, quantitative analytical procedure and validation data are reported 
here for the determination of methionine and cystine in protein hydrolysates. These 
results are much closer to theoretical values and are achieved using standard HPLC 
instrumentation. 

Per-formic acid oxidation 
The procedure used was essentially that of Moorer. Approximately 0.030 g of 

protein was treated with i0 ml performic acid (88 %, w/w, formic acid-30%, w/v, 
hydrogen peroside 9:!, v/v) at O’C for 18 h. To reduce the excess per-formic acid, 1.5 
ml of cool hydrobromic acid (48 “/d, w/w) was added. The solution was then evap- 
orated to dryness under vacuum. 

To the dry oxidized protein sample, 10 ml of 6 &f hydrochloric acid was added. 
The sample was transferred to a vacuum tube (Pierce No. 29564). frozen in a dry ice- 
acetone bath. evacuated below lo-’ MPa and the tube sealed. The sample was then 
h\.drol>zed in an oven at 110X for 22 h. A 5-ml portion of an aqueous solution 
containing 0.50 mg/mI 3-aminobutyric acid was added as internal standard, mixed, 
an-i the sample was transferred to a Z-ml volumetric flask. The pH was adjusted to 7 
+ 1.5 \;.ith 50 y0 (w/w) aqueous sodium hydroxide and brought to volume with 
dictiilefl wz+er. 

tions cf sodium carbonate buffer in water (at 0.2 Al; pH 9-7) and 5 mg/ml 
Dnsch _ 2 :rce No. 21755) in acetonitrile-water (70:30) were prepared. Aliquots 
:oop1 il. &olyzed sample or standard amino acid mixture were reacted with 1 .O ml 
of carbon _ 2 Suffer and 1 .O ml of Dns chloride solution at 55°C in an oven for 10-60 
m’m_ If i u ch:aride crystals were present after this time, the vial was shaken to 
dissolve the crys!ats and reacted in the oven for another 5 min. This step was repeated 
as long as 3 3s ch2:dc crystals were still present. The solution was then evaporated 
under a nitrc --ebb - -. m to a volume of about I .5 ml to Iower the acetonitrile content. 
Then l-0 ml 01 1 i _ 5 o (w; w) phosphoric acid aqueous solution was added and the pH 
adjusted to 6.2 2 0.2 with 1 &f hydrochIoric acid. 

If the saml;.es w- -lot chromatoBapheci within 24 h, it was necessary to 
rcadjust the pH, be- : IYZ c : dissocation of acid&d carbonate butfer to carbon 
dioxide and water xvith a resulting increase in pH due to evaporation of carbon 
d io.xide_ 
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Chromatographic separation 
A Perkin-Elmer Series 3 gradient liquid chromatograph with an IX-65T oven- 

variable wavelength UV detector and a Si_gma 10 Data Station were used. The Dns- 
amino acids were separated by reversed-phase liquid chromatography on a 25 cm x 
4.6 mm I.D. column packed with 5-,can particle size Spherisorb hexyl. A number of 
chromatographic solvent systems were tried. The solvent system finally used was: (A) 
acetonitrile-O.02 M phosphate buffer pH 6.2 (60X)); (B) acetonitrile-O.02 M phos- 
phate buffer, pH 6.2 (5:95). The gradient program consisted of three linear segments: 
from?~Ato45~Ain30min;from45~~Ato60~Ain1min;from60~Ato 
70 y0 A in 7 min. The flow-rate was 1 S ml/min. The column oven temperature was set 
at 34°C Detection was at 254 nm and O-OS a.u.f_s. Injection volume was 60 ~1. 

Micro-Kjeldaltl analysis of ribonuclease A 
Total nitrogen was measured using a mercuric oxide-potassium sulfate cata- 

lyst? 

RESULTS AND DISCUSSION 

Quantitation 
The relative standard deviations of integrated area ratios for methionine sul- 

fone and 3-aminobutyric acid solutions (whether reacted for 10,20, 30,40, 50, or 60 
min) was less than l%_ The Dns derivatization reaction proceeded quickly and the 
Dns-amino acids were stable under the reaction conditions_ Thus, samples were de- 
rivatized by reacting in an oven at 55°C for 30 min as routine procedure. 

Internal standardization with 3-aminobutyric acid was used for quantitative 
calculations. Using this standard, the linearity of the integrated detector response for 
cysteic acid and methionine sulfone was measured over the concentration range of 
0.02 to 0.20 mg/ml for each of the two compounds. The correlation coefficient 
(linearity of response) for each sulfur amino acid was greater than 0.998. 

To obtain quantitative results, shaking of the mixture was done when needed 
to insure that Dns chloride crystals did not remain after the reaction_ If Dns chloride 
crystals which formed had not been redissolved, Dns-amino acids would have pre- 
ferentially adsorbed onto the crystals and changed the solution concentrations of the 
Dns-amino acids. This would have resulted in relative errors of over 30 %_ 

Optimization of separation 
The separation was optimized by characterizing the effect of pH and phosphate 

buffer concentration on the resolution of the 19 amino acids typically found in pro- 
tein hydrolysates. A buffer concentration of 0.02 M with resulting pH of 6.2 was 
found to be best. Fig_ I shows the separation of a Dns derivatized mixture of 20 
common amino acids plus Dns-ammonia, Dns chloride, and Dns-sulfonic acid. The 
chromatographic efficiency required for this separation was approximately 10,000 
theoretical plates. 

The effect of changes in phosphate buffer concentration at pH 6.2 on the 
retention times of the Dns-amino acids relative to proline is graphically illustrated in 
Fig. 2. This graph is usefnl in a practical sense to optimize the resolution of the Dns- 
amino acids. If two Dns-amino acids are not adequately resolved in a trial separation 
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Fii_e I. Separation of Dns-amino 2cids according to conditions described in text. Pea!cs: 1 = cysteic acid; 2 
= qm-tic acid; 3 = glutamic acid; 4 = Dns-sulfonic acid; 5 = serine; 6 = threonine; 7 = glycine; 8 = 
aIanine; 9 = methionine stione; IO = 3-aminobutyric acid; I I = arginine; It = proline; 13 = valine: 
14 = methionine; 15 = isoleucine; I6 = Ieucine; 17 = phenylalanine; 18 = Dns-chloride; 19 = cystine; 
20 = Dns amide: 21 = Iysine: 22 = h&id&e: 23 = tyrosine. 
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Fig- Z Effect of buffer concentration on the relative retention times of Dns-amino acids. Plots: 1 = cysteic 
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Fig. 3. Effect of pH on relative retention times of amino acids. Plots: 1 = cysteic acid; 2 = aspartic acid; 3 
= glutamic acid; 4 = set-kc; 5 = thrconine; 6 = glycine; 7 = alanine; 8 = methionine stione; 9 = 3- 
aminobutyric acid; 10 = unknown; 11 = protine; 12 = vaIine; 13 = methionine; 14 = arginine; IS = 
isoleucine; 16 = Ieucine; 17 = phenylakutine; 18 = Dns chloride. 

run, this graph can he used to determine whether increasing or decreasing the buffer 
concentration is necessary to improve the cbromatographic resolution. Fig. 3 il- 
lustrates the effect of changes in pH in a 0.02 M phosphate buffer on the relative 
retention times of the Dns-amino acids. This graph can be used, similarly to the graph 
in Fig. 2, to optimize separation through pH adjustment. 

Detection 
Either spectrofluorometriclo or UV absorption techniques can be used for 

detection of the eluted Dns-amino acids. In this study, UV detection at 254 run was 
used because these detectors are commonly available and the increased sensitivity of 
spectrofluorometric detection was not needed. The standard amino acid mixture con- 
tained approximately 5 - IO-’ mole/ml of each amino acid, prior to Dns derivatiza- 
tion, and approximately I - 10Wg moie of each amino acid was actually injected qnto 
the cohunn. Ifsampie quantities were limited, detection sensitivity could be improved 
by about a factor of three by usin, 0 220 nm instead of 254 nm as the detection 
waveiength- Alternatively, detection sensitivity could be improved by at least an order 
of magnitude by using spectrofluorometric detection. 

Vali& ion 
To validate the accuracy and precision of the entire analytical procedure, a 

chromatographicaliy pure, sequenced protein confaining a known number of cysteine 
and methionine residues was analyzed_ Three samples of ribonuclease A (Calbiochem 
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No. 55674) were oxidized with performic acid, acid hydrolyzed, and analyzed by 
HPLC. Table I shows the results of these analyses. Ribonuclease A was analyzed in 
duplicate for total nitrogen by the method described_ The protein content of the 
samples was calculated based on the nitrogen analyses and the theoreticaI nitrogen 
content of ribonuclease A (17.5 %, w/w)_ Since the ribonuclease A was chromato- 
graphically pure, it was assumed to be the only source of nitrogen in the samples. The 
percent theoretical calculations in Table I are based on ribonucIease A containing 
eight cysteine residues per mole of protein and four methionine residues per mole of 
protein. The recovery calculated from the cysteine and methionine found is in exceI- 
lent agreement with the expected content based on nitrogen content and the sulfur 
amino acid composition of ribonuclease A. 

Conclusion 
This HPLC procedure to determine total sulfur amino acids in protein hydrol- 

ysates is more rapid, both in terms of chromatographic separation time and in 
sample preparation time, than the standard ion-exchange procedure. Furthermore, 
this procedure offers increased precision, compared to ion-exchange methods. The 
separation difficulties encountered with ion-exchange chromatography for cysteic 
acid and methionine sulfone are also eliminated with this HPLC procedure_ Finaliy, 
this procedure uses standard HPLC instrumentation instead of expensive specialized 
instrumentation. 
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