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The determination of excess N 15 in amino acids presently requires their 

careful separation from other nitrogen-containing substances, most camnonly 

other amino acids, followed by conversion into ammonia and further into 

nitrogen (Rittenberg, 1946). The isotope content of the latter is then 

measured in a mess spectrometer. To obtain results on a complex mixture of 

amino acids is thus rather laborious and requires about 70 ~moles per amino 

acid ta produce about 1 mg. of nitrogen needed for the measurement, The 

method is, however, undoubtedly a highly accurate one, if incomplete degrada- 

tion of the amino acid and contamination of the nitrogen sample with air are 

avoided. 

The availability of amino acids and reagents containing high concentra- 

tions of heavy nitrogen makes it frequently possible to design labeling 

experiments in such a way that only isotope concentrations appreciably above 

natural abundance are of significance. In such cases, a less precise measure- 

ment may suffice and would be of advantage if it could be done considerably 

faster and with less material. 

Based on our studies of the mass spectra of amino acid esters (Biersann, 

Selbl and Gapp, 1959), we have now developed such a method which requires 

neither separation of the mixture of amLno acids Into the individual components 

nor the degradation of the letter into gaseous products. The mass spectra of 

ethyl esters of <-amino acids, particularly if obtained with an electron beam 

of low energy, exhibit an intense peak at the fragment (R-CR-N&)+ due to loss 
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of the carbethtncy grasp from the 'original moleculer The mass of this fragment, 

$f $5-conta%nLng, is 0ne mass unit higher than normally. Oonsequently, the 

excess NL' can be calculated from the intensity of these two peaks. Since all 

R-graups present in the conm~on amino acids (with the exception of leuclne and 

isoleucine) differ for .more than one mass unit, each such pair of peaks rep- 

resents ane specific amino acid and does not interfere with the others. There 

are, however, other fragments formed which would interfere. Leucine ethyl 

ester, for example, besides the strong peak at mass 86 also exhibits one at mass 

30 and & which coincide with the (R-OR-R&j' peaks of glycine (30) and alanine 

(44). Similarly, a peak at mass 70 in the spectrum of aspartlc ester inter- 

feres with proline. Rven ionization with electrons of law energy does not com- 

pletely suppress these fragmentations and, because uf the difficulty in reproduc- 

ing the conditions of lw energy ionization, cannot be corrected algebraically 

with the required precision. Fortunately, almost all the ami,no esters which. 

interfere in such a way differ considerably in their vapor pressure. These 

intorferencea can, therefore, be eliminated to a Large extent,by fractionating 

the sample into the mass spectrometer. 

Table I gives the results on two mixtures of eleven amlnb acids. One (A) 

unlabeled and the other (B) with-scene amino acids containing between 1.9 and 

UfJ excess d5, except aspartic acid of 58.7% excess $5, . to illustrate the 

range of applicability. 

These values were obtained in the following way. The mixture of amino , 

acids (about 3-5 micromoles.of each) is esterified with boiling ethanolic 

hydrochloric acid, converted to the free esters with dry ammonia In dichlaro- 

methane and placed In the sample introduction tube in the manner described 

earlier for the quantitative determinatlcm of amino acids by mass spectrometry 

(Biemann and Vetter, 1960). The sample is then vaporized in four steps into 

the mass spectrameter and scanned each time from mass 25 to 145 using an ion- 

ization energy of 9.5 - 10.0 eV. With the sample tube at O" only glycine and 

alanine ethyl ester vaporize into the instrument. 
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TABUS 

Percent Excess of El5 

Amino Mass of Mixture A Mixture B 
Acid Peaks Found Found Given 

Glycine 30/31 0.22 
44145 

2.13 2.06 2.01 
Alanine 0.17 2.20 1.86 1.89 
Proline 70/n 0.18 0 
Valine 72/73 

0.19 0.27 
0.14 2.82 2.83 2.88 

Leucinc 86187 0.11 2.76 2.75 2.90 
Serine 60/61 0.02 4.44 4.58 4.31 
Threonine 74/75 0.17 0.28 0.12 
Aspartic Acid 116/117 0.08 5g.67 
Phenylalanine l2O/l21 

130/131 
0.9 

5f.Z 5;*'9"0 

Glutamic Acid 0.05 oh 0:oo 
4.03 
0 

Tyrosine UW-7 -0.11 -0.33 0.20 0 

When the mixture is warmed to room temperature, vallne, proline and leucine 

ester are introduced. At 150° the esters of serine, threeuine, aspartic acid, 

glutkmic acid and phenylalanine are introduced. Tyxosine requires a longer 

heating time (5 - 10 min.) at that temperature and appears in the fourth 

step. After scanning the spectrum each fraction is pumped off before the next 

one is introduced. About two hours of instrument tinm are required to obtain 

these four spectra, 

The peaks of interest (Table I, column 2) in each spectrum are then 

measured precisely on the record. The ratio of each pair of peaks (e.g. 30 

and 31 for glycine, 44 and 45 for alanine, etc.) is then corrected for the 

contributions of naturally-occurring H2, Cl3 and N15 and, if necessary, for 

other amino esters contributing to these.peaks. The latter is of significance 

in this example only for threonine, because the esters of serine, aspartic 

acid and phenylalanine also contribute to masses 74 and 75. The correction 

factors are obtained frcm the spectra of the individual unlabeled amino 

esters determined under identical conditions. 

Column 3 of Table I indicates the accuracy of the method. The percent 

excess ti5 can be determined within tO.3, and the discrepancies between 

columns 4, 5 (actual results on the mixture) and column 6 (excess N l5 given) 

are of the same order. Since the main source of error is small extraneous 
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contributions to the peaks for the N15 -containing fragments and generally 

low intensities of the latter, the relative precision increases with increas- 

ing NT5-content and, up to a certain extent, with Increasing sample size; 

the tyrosine values would be of an accuracy comparable to the others with a 

larger sample. 

In practice the amino acids to be measured are often accompanied by 

other canpounds. The latter must be removed prior to eeterificatim, which 

can be done tUO& easily by passing the solution through a small ion exchange 

column (Oarex 50) follaved by eluticn of the acidic and neutral amino acids 

with 0.2 gpyridine. This procedure ah0 permits the removal of the basic 

amino acid8 which would, in certain cases, caqplicate the d5-analysis. 

They may then be eluted with 0.2 g atmmmia and determined separately. At 

present we are extending our method to lysine, ornithine and histidine. ti 

15 these it should be not on3y po88ibk to deteI3@ne the average N -cantent 

of each but aleo to distinguish between the q-amino group and the 

ring-nitrogens. 

The speed and simplicity of the method described should be of 

particularly in thoee studies which require a Large number of such 

& or 

advantage 

determin- 

ations on canplex mixtures of amino acids but ao not need a high accuracy 

near the naturalabundance of $5. Obviously the method is not limited to 

the amino acids diSCU35ed in this paper. The same principle can also be 

applied to the determination of other stable Isotopes in amino acids, unless 

presentinthe carboxylgroup. 

This investigation wae 8UppOJFha by the National Institutes of Health, 

Public Health Service (grant, PC-5472). 

All spectra were .taken with a CEC 21-10X mae8 spectrometer equipped 

with heated inlet system (140° C). 
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