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The use of gas-!iquid chromatography (GLC) for the analysis of amino acids 
is attractive because of the speed, sensitivity and resolving power of the me&hod. 
However, the low volatility of the amino acids has prevented their direct analysis by 
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Fig. 1. Clxomatogram of the N-i.soBOC methyl e&es of selected non-protein amino acids Cofumn: 
0.5% iTAP on si!aked Gas-Chrom P (UXJ--120 mesh), 2 m x 3 mm f.D., g&s. Conditions: iso- 
therm& zt 80” for 3 min, then programmed at a rate 0f4~/min to at%& temperatxre of 27.Y; attenua- 
tion, 32 X 1oZ; N2 Row-r&z, 4JmJjmti Eztch peak represents 2pg of amino acid. Peaks: L = 
sarmshe; 2 = a-amino-sbutyric acid; 3 = alloisokxcine; 4 =+%orvake; 5 = #&amiao~kobutyric 
acid; 6 = &&nine; 7 = norteu+e; 8 = y-aminobutyric acid; 9 = S-meffiykysteine; 01 = E- 
arnimxaprob acid; 11 = ethionioe; 12 = homoserke; 13 = a-zmkoadipic zcid; 14 = &amino- 
levukic zcid; 15 = kzinic acid <internA stzmdard); 16 = S-carbo.xymethylcyste~; 17 = homo- 
cysteke; 18 = 2,4dizmkobu~k acid; 19 = methiocine sulphone; 20 = k&ion&e; 2I-= 6- 
h~dro&siile. 
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GLC; therefore, suitable v&tile derivatives of the amino acids mnst be prepared_ 
GLC investigations of non-protein amino acids so far described have generally 

mad& use of the N-triflnoroacety1 (N-TFA) methyt esters’, N-TFA n-butyl ester~‘~~ or 
the trimethylsilyl derivatives4*5. Recently, Makita et alPr’ demonstrated that the twenty 
protein amino acids can be quantitativeiy analyzed as their N-isobutoxycarbonyl (N- 
isoBOC) methyl esters, which are conveniently prepared by a simple procedure 
invoting isobutyloxyearbtinylation with isobutyl chloroformate in aqueous media, 
followed by esterification with diazomethane”. We now report the logical extention 
of this work to the analysis of 2 variety of non-proteirz amino acids. 

Sarcosine, a-amino-n-butyric acid, norvaline, fl-aminoisobutyric acid, p- 
alanine, norleucine, y-aminobutyric acid, ethionine, S-aminolevulinic acid - HC1, a- 
aminoadipic acid, homocysteine, c%hydroxylysine - HCI, taurine, cysteic acid, anthraniIic 
acid, m-aminobenzoic acid, p-aminobenzoic acid, 3-hydroxyanthraniIic acid, S- 
hydroxytryptophan and kainic acid were obtained from Nakarai Chemicals (Kyoto, 
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Fig. 2. Chromatogrzm of the N-isoBOC methyl esters of selected non-protein amino acids. Colwnn: 
1% OV-I on silanized Gas-Chrom P (10%120 mesh), 1 m x 3 - I.D., glass. Conditions: iso- 
themial at 130” for 2 min, theri programmed at a rate of 4”iniin to a &al temperature of 260’; at- 
tenuation, 32 x I@; Nr flow-rate, 40 ml/m& Each pak represe~~ts 2 pg of amino acid. Peaks: 1 = 
anthranilic acid; 2 = m-aminobenzoic acid; 3 = p-aminobenzoic acid; 4 = kainic acid (internal 
standard); 5 = 3-hydroxyanthraniiic acid; 6 = 5-hydroxytryptophan. 

l For a&nine, an additional reaction step (arginase treatment) is required. 
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TABLE I 

RELATIYE WEfGHT RESPONSE (RWR) OF N-issBC?C METHYL ES-fERS OF SELECTED 
NON-PROTElN AMlNO AClDS 
RwR = (peak height/weight) for the amino acid 

(peak he&I&weight) for kainic acid 
; 1,2 and 3 are independent determinations_ 
. 

AminD acid 

Sarcosine 0.966 
a-Amino-n-butyric acid i -093 
Alloisoleucine 0.983 
NorvaIine 1.137 
@-Aminoisobut3rk acid 1.009 
p-A!anine 1.102 
NorIeucine 1.288 
y-Aminobrtyric acid 1.226 
$Methytcys:eine 0.963 
s-_Amkocaproic acid 1.192 
Ethionine 0.963 
E305lOBh2 0.770 
a-Aminoadipic acid 0.897 
&AmfnoIevuiinic acid 0.712 
S-Carboxymethylcysteine 0.737 
Homocysteine 0.705 
2,4_Diaminobutyric acid I.259 
Methionine s&phone 0.615 
Lanthiorke 0.264 
&Hydroxylyske 0.215 
An*&aniIic acid 1.446 
m-Amiilobenzoic acid 1.152 
p_Aminobenzoic acid 1.250 
3-Hydroxyanthranilic acid l-i49 
EHydroxytryptophan 0.736 
Kainic acid 1 .cao 

0.979 0.949 0.965 
l.OSS 1.1!9 1.100 
0.951 0.963 0.966 
1.138 1.109 1.128 
1.012 1.022 1.014 
1.100 1.091 1.098 
1.303 1.294 1.295 
1.198 I.222 1.215 
0.934 0.945 0.947 
1.182 1.139 1.187 
0.992 0.973 0.978 
0.761 0.757 0.763 
0.871 O.S?O 0.879 
0.688 0.701 0.700 
0.742 0.731 0.737 
0.659 0.713 0.702 
1.231 1.204 1.231 
0.607 0.603 0.605 
0.257 0.253 0.260 
3.210 0.199 0.208 
1.422 1.430 1.433 
1.t42 1.124 1.139 
1.236 1.264 1.250 
1.126 1.15s 1.144 
0.756 0.766 0.753 
I .cco l.ooO l.aaO 

1.56 
1.51 
1.67 
1.46 
0.67 
0.53 
0.58 
1.25 
1.54 
0.43 
I.45 
0.87 
1.74 
1.72 
0.74 
I.74 
2.23 
I.01 
1.46 
3.93 
0.85 
1.25 
l.f2 
1.44 
2.03 

Japan); &-aminocaproic acid, homoserine and citrulline from Kyowa Hakko Ko,~o 
(Tokyo, Japan); S-methylcysteine, S-car’boxymethylcysteine, 2,4-diaminobutyric 
acid-(HCI),, methionine suiphone and lanthionine from Sigma (St. Louis, MO., 
U.S.A.); alioisoleucine from Tokyo Chemical Industry (Tokyo, Japan). Isobutyl 
chloroformate stabilized with C&O, was obtained from Tokyo Chemical Industry 
and used without further purification. N-Methyl-N-nitroso-p-toluenesulphonamide 
for use in the,generation of diazomethane was obtained from Wako (Osaka, Japan). 
Diethy! ether was purified as described previously’, and stored over FeSO,, 

The derivatization procedure described by Niakita et a!.’ was used for the con- 
version of non-protein amino acids into their N-isoBOC rnethyi esters. 

Gas chromatography 
A Shimadzu 5A gas chromato,gaph, equipped with a dual-column oven bath 



CALLBRATION LfNEARLlY OF SELECTED NON-PROTEIN AMINO ACJDS AS N-koBOC METHYL 
ESTERS . 

<RWR> (%) = 
RWR value at each level 

RWR value at the highest level <at IOOpg) 
x 100; RWR values were determined wing kainic 

acid (SO pg) as intenal standard_ Each (RWR) vahe represents an avera= of three independent determinations. 
RSD = Relative standard deviation. 

Arnixo acid 

50 IO0 

<RWR) RSD (RWR) RSD 

(%I (%) (%) (%I 

Sat-cosine 9.2 
a-Amino-n-butyric acid 9.4 
Moisoleucine 9.6 
Nowaiine 10.1 
&Aminoisobutyric acid 9.8 
$-Ala&e 10.0 
Norkucine 9.5 
pAmir;obutyric acid 9.8 
S-Mefhykysteine 10.0 
E-Aminocaproic acid 9.7 
Ethiooine 10.2 
Homoserize 9-S 
a-Aminoadipic acid 10.1 
&AminoIevulinic acid 10.0 
S-Carboxymethykysteine 10.0 
Homocysteine 10.0 
2,4-Diaminobutyric acid 100 
Met&n&e sidphone 10.2 
Lanthionine 9.2 
d-Hydroxylysine 9.4 
Antkanific acid 9.8 
m-Aminobertzoic acid 9.2 
pAtiobenzoic acid 9.6 
3-Hydroxyanthmnilic acid 9.5 
5-Hyroxyrryptophan 9.4 
Theory 10.0 

2.74 
1.06 
2.17 
1.51 
3.58 
1.54 
2.19 
1.02 
1.53 
1.5s 
0.98 
3.23 
1.71 
2.52 
2.08 
2.00 
3.06 
1.70 
4.52 
9.2s 
3.12 
I.25 
3.19 
2.79 
2.21 

20.3 
19.8 
20.2 
20.8 
20.9 
19.7 
19.7 
19.3 
19.s 
20.3 
19.8 
19.8 
19.5 
19.7 
19.9 
19.9 
20.2 
20.2 
20.0 
20.6 
19.8 
18.7 
19.9 
19.5 
19.5 
20.0 

2.74 
1.62 
1.03 
0.55 
1.99 
0.78 
0.78 
1.08 
1.01 
0.99 
1.55 
1.g2 
1.65 
1.55 
2.30 
1.54 
1.25 
0.76 
2.93 
4.23 
0.7s 
1.2d 
1.76 
1.07 
1.85 

51.7 
50.9 
51.2 
52.4 
51.9 
48.9 
48.6 
49.8 
4x.2 
51.1 
50.3 
48-9 
48.6 
48.5 
49.8 
49.5 
48.8 
50.0 
49.4 
48.1 
49.4 
48.6 
49.7 
SO. 1 
45.8 
50.0 

1.55 
1.56 
1.67 
1.49 
0.70 
0.54 
0.63 
1.18 
1.57 
0.41 
i -49 
0.X.5 
1.78 
1.65 
0.8G 
1.74 
2.25 
1.03 
0.84 
3.93 
0.84 
1.26 
1.11 
1.44 
2.05 

100 2.25 
100 0.99 
100 1.39 
100 0.49 
100 0.27 
100 0.92 
100 0.38 
1KI 1.17 
100 0.67 
100 1.14 
100 1.12 
LOO 0.66 
100 1.01 
100 0.69 
100 1.25 
100 1.15 

:g 
1.25 
0.95 

loo 2.71 
100 3.21 
100 0.76 
100 0.66 
100 0.44 
100 0.70 
100 0.60 
100 

with dual differential hydrogen flame detectors, on-column injection ports and a linear 

temperature programmer (Shimadzu TP-5), was employed for the analyses. Column 
packings were prepared from commercial liquid phases and shanked Gas-Chrom P 
by the “solution-coating” technique s_ Columns (1 ok QV-I and 0.5 % FFAP) were 
conditioned with a nitrogen flow-rate of CCL 20 ml/mm at 275” for 22 h. 

RESULTS AND DiSCUSSION 

In order to evaluate the gas chrotnato_gaphic properties of N-isoBQC methyl 
esters of non-protem ammo acids, each non-protein ammo acid was derivatized and 
chromatographed. Three ammo acids, taurine, citrulline and cysteic acid, gave no 
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detectable peaks, but ai: of the re;naining 26 amino acids which were tested gave 

sin& &an peaks. Figs. 1 and 2 diustrate the chromatograms~of mixtures of the deriv- 
atives of these non-protein amino acids. 

The N-isoBOC methyl esters of these non-protein amino acids were very stable 
under normal laboratory conditions. Recovery, as determined by peak height, was 
essentially quantitative for ah of the derivatives which had been ahowed to stand in 
solution in ethyi acetate for a week at room temperature. The relative weight responses 
(RWR) were measured and are given in Table 1. The precision of the data is good as 
evidenced by the relative standard deviations, which in most cases are CLI. <2 %. 

In experiments to test calibration linearity, three replicate samples at each 
level in the range of 10-1oOpg were derivatized and analyzed. As shown in Table II, 
the calibration linearity of each amino acid in the range studied and its reproducibility 
were found to be satisfactory. 

These experiments have conclusive!y demonstrated that a wide range of non- 
protein amino acids, as well as protein amino acids, can be successfuhy anaiyzed by 
GLC as their N-isoBOC methyl esters. It is anticipated that this simple and convenient 
method will find extensive applications in biochemical and medical researches. 
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