
SUMMARY 

A complete separation of the twenty protein amino acids and two internal 
stakikk in 3.5 min has been made possible by analyzing their N-t~uczroac&yyI n- 
bnQ4 (TAB) derivatives sim~meously 3~ BQ ethylene glycol adipate (EGA) column 
and on an OV-17 column using the same temperature programme. Tke d&e&or signal 
from the EGA coturn is recorded up to the point just after tie elution of TAB- 
aspartic acid; thereafter, the signai from the eauent of the OV-17 column is recorded. 
The TAB derivative of norleucine is poorly resolved from TAB-leucice and TAB- 
protine;~ Therefore, a-aminoczprytic acid has been used as the internat standard in- 
stead of norleucine. TAB-a-amino~prylic acid appears as a separate peak between 
TAB-serine and TAB-cysteine. 

Because of iti speed, sensitivity and high precision, gas-liquid cbromadography 
(GLC) could be the technique of choice for routine anaiysis of amino acid composition 
when a Iarge number of samples hsve to be handled as, for instance, in plant breeding 
or clinical studies. 

The experimental conditions for the quantitative prep&ion, and the chroma- 
tographic requirements for the sepa&ion, of N-tiuoroace~i n-bntyI (TAB) de+- 
atives of amino acids have been described in a series of publicafioas by Gebrke and co- 
workertF3. TheTAB derivatives of the amino acids were eluted quantititively from 
two separate coh.ams coQai&ng 0.65% (w/w) ethylene glycol adipate (EGA) on 
Chromosorb W and I .5 % (w/w) OV-17 on Chromosorb G. Use of the OV-I 7 column 
was~necessaq fn order to eIute argFrGne, b&&&e and cyst&e, which were not eiirte6~ 



. Our aim during -the present study was to adapt the-standard ar&tical tech- 
p nique of Githrke and. co-workers - LL to a large number of sampfes &om-single pZants 

and even single seeds, thus enabling a quick screen& of both homozygous and hetcro- 
aygous popuTat.ions of Brassica seeds in order to estimate fiti genetic and environ- 
z?ae&al emsah of pratek cam 

.- 

This paper deals with an improvement in the standa& procedure, which 
enables the time for a single run of all the ammo acids to be reduced to about 35 min. 
Two internal standards (norleucine and butyl stearate) are used. The substitution of 
o-aminocaprylic acid for norleucine as the internal standard is suggested. During the 
time our work was in progess, Gehrke et ai.’ published a modification of their earlier 
procedure ;vith two simultaneous injectio?s on two columns (EGA and OV-f?/OV- 
210) with the same temperature programme. The detector signals we&integrated and 
recorded simultaneously through two electronic integrators and a dual-pen recorder. 
The single-column procedure published later by Gchrke and TakedaS does not seem 
to give satisfactory separations of many of the amino acids. 

EXPERIMEINTAL 

The standard amino acids and the stearic acid were purchased from BDH 
(Poole, Great Britain) and were chromatographicaEIy pure. The standard amino acid 
solution (2.5 pmole/ml) was obtained from Bio-Rad Labs. (Richmond, Cahf., U.S.A.) 
and a-aminocaprylic acid was purchased from Sigma (St. LOUIS; MO., U.S.A.). Tri- 
fluoroacetic anhydride was an Eastman-Kodak (Rochester, NY., U.S.A.) product. 
Butanol and methylene chloride were obtained from BDH and were refhrxed and-m- 
distilled before use as described by Gehrke et al.‘. The dry hydrogen chioride was pur- 
chased from Matheson (Joliet, Ill., U.S.A.) and was passed through a tube loosely 
packecl with phosphorsus pentoxide before it was dissolved in the butane!. 

A Varian Aerograph Model 2100-20 instrument, fitted with two flame ioniza- 
tion detectors, a dual differential electrometer and a linear temperature programming 
unit, was used for iaost of the experiments_ The gas chromatoi&aph was connected 
to a dual-pen recorder \‘Varian Aerograph, Model 20), a digital integrator (Ovarian, 
Mode1 48q-and a Wetype printer (X4, Mode1 3%33XMJ witii a paper-tape punching 
mechanism. Trials witi a-amlnocap-qhc acid were conducted on a Pye U&am-I04 
chrosmtograph come&d to a Hitachi Perkin-Elmer @DE) recorder and a Vidar 
Autolab 6300 digital integrator. .- 
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~&z&W++=~~+& 
The EGA columns (R_NO mm x ‘4 mm i_D.i was pre ared by-gent& &g the 

glass U-tube tith packing mater&& which wasprepared ti& condItioned a$ described 
by Gehrke and co-workersTJ’_ The packing contained O.f$.~~ (w/w) stabiEz.ed ethylene- 



glycol adigiate (EGG) (Anafabs, Noah Haven, Corm., U.S.A.), on 8%100~mesh 
Chromosorb W HP (Johns ManvilIe, Denver, CoEo., U.S.A.) heated at 140” for E2 h 
before.im&egnation. The OV-L7 column (2000 mm x 4 mm f-D.) WSLS prepared ad 
conditioned as desctibd by Gebrke et t&Q_ The packing contained 1.5 % (w/w) CW-17 
(Anakbs) coatid on 80-1tN mesh Chromosorb G. 

AEquots of tie standard amino acid soiution weke “spiked” with known 
amounts of norleucine, a-a&nocaprylic acid and butyl St&ate, the last of which was 
prepared by FClcataiyzed esterification of stearic acid in butanoi. The sample was 
evaporated to dryness in txzctto at room temperature and derivatives were prepared 
according m the method of Roach and Gehrkexz. 

The mode of op:ation of the dual-column system and the signal flow are shown 
in Fig. 1. The EGA column was connected to the detector A and the OV-17 column 
to detector B, both detectors being connected through the dual-channe! electrometer 
to tie digital integrator, potentiometer recorder and teletype printer. By this arrange- 
ment, signals from each of the detectors could be carried to the integrator and the 
recorder, as and when desired, by changing the mode selector position between A and 
B. This is currently done manually, brat a simple timer to control this switch is LO be 
manufactured. 

Fis 1. Schematic dhgram show&g the fiow ofsimnats from the detectors to the recorder and printer. 

First, a standard sample was injected into ihe EGA column and then, after a 
complete run, into the 01 17 column. The OV-17 column was deliberately made longer 
than that used in the &tndard Gehrke procedure in order to leqgthen the elution 
time of the TAB derivatives by an incremek large enough to achieve simukaneous 
ehtion of TAR-rtspartic aJd on both columns_ By comparing the cbromatographk 
charts (Figs. 2 and 3Jz one could determine’ the time at which the mode sekctor should 
preferabiy be operated. Changing the mode selector from A to B after the elution of 
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Fig_ 2. Separation of 19 amino acids on an EGA column as their TAB derivatives. Conditiorrs: OS 
pg of each amine acid, with norleucine and butyl s-ate as the intern& standards; temperature 
programmed for 6@-220” at 4”/&; fzxrier g2s (argon) flow-rate, 50 ml/tin; zttenuation IO-la X 2. 

Fig_ 3. Separation of tyrosine. gh~tamic acid, lysiae, 2&1&e, tryptopban, histidine and cysthe on 
cm OV-13 column as their TAE derivatives. Conditions as for Fig. 2. 

TAB-aspartic acid allowed us to take the greatest advantage of the EGA column. &jr 
injecting first one 5-pl sample into the EGA cohmn and then another into the OV-17 
column after about 2 tin and &itching over after the appearance of the aspartic acid 
pe& from the EGA coltin, a chromatogram with all the amino acid peaks was 
obtained (Fig. 4). We have used norleucine as the internal standard for the peaks 
recorded from the EGA column and butyl stearate for tho&ec&ded from tbe.OV-17 
column so as to allow accurate calibration and further calculation of&e data. A 
programme for analyzing the da& with a Univac 2108 computer is cur+ly b&g 
prepare& that sbouUyi$d quanfitative data for each of the a@no acids pr~ent in 
the biological samples expressed, for example, as mote per mg sample or mole- per 
16 g N. As seen from Fig. 4, a simqltaneous separation of TAB derivatives of all the 
29 protein amino acids could be carried out within a period of about 35 tin using the 
improved method described above. 

In tiy Screening of fargeebiological populations, a reduction in the analysis 
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Fig. 4. Separation of all the protein amino acids C&-n a duakofum~ system; G.5 pg of each amino 
acid, with nor-Ietlcine and butyl stearate as the internal standards; sample injected into the EGA 
coIumn Grst and then into the QV-17 column simuItarreously within a period 2 min before beginnirrg 
the temperature programme 6&2X!” 2E 4”/min. Argon flow-rate, 50 ml/min; attenuation 1WI* x 2 
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Fig. 5. Separation of the TAB derivative of a-aminocap-q%ic acid as the internal star.dard together 
with other protein amiuo acids on e EGA column. 

+he is most uafwble. Compared with the standard technique of Gel& et ~2.9 our 
system v&reduce the total GLC anz&& tine from about 55 to about 35 min, which 
indicates an zpprotiateIy 50% incm In cap&w of the GLC instrument. Com- 
paxed with the latest dual-column technique of Gehrke et Q!.‘, our technique has the 
advantage that we used o&y one integrator and one recorder for continuous runs. 






