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SUMMARY 

The quantitative gas-liquid chromatographic determination of the protein amino 
acid content of biological substances has been clearly demonstrated with analyses of 
corn grain, soybean oil meal, blood plasma, and human urine. The precision and ac- 
curacy of the gas-liquid chromatographic technique was found to be equal to that of 
classical ion-exchange chromatography, and superior in some instances. 

Further, an instrumental-chromatographic system has been invented which 
allows the injection of IOO ,ul or more on a standard analytical column. This device 
eliminates the TFA peak during analysis of amino acids on the EGA column; results 
in a more stable baseline due to the decreased amount of solvent and reagents 
traversing the column; greatly simplifies analysis for nanogram amounts of amino 
acids; and should find a wide range of applications in many gas-liquid chrom- 
atographic and gas chromatography-mass spectrometry investigations. A superior 
mixed phase chromatographic column is reported for the separation of His, Lys, Arg, 
Trp and Cys. 

INTRODUCTION 

A recent manuscript published in this journal1 described in detail a gas-liquid 
chromatographic (GLC) method for quantitative analysis of amino acids in complex 
biological substances. The complete sample preparation procedures were described, 
including removal of protein, cation- and anion-exchange cleanup, derivatization 
to the amino acid N-trifluorsacetyl It-butyl esters, GLC analysis, and comments on 

critical points in the method; Also, initial studies on semimicro and micro methods 
-- 
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for the ,derivatization and GLC analysis of amino acids were reported. A general 
review.of this subject has also been presented recently by GEHRKE et aZ.2. 

This paper presents results obtained in two areas: (a) the application of the 
total analytical procedure described previously 1, demonstrating the analytical po- 
tential of the complete method, and (b) the development of a GLC instrumental 
system ,that greatly simplifies’ the analysis for nanogram amounts of amino acids. 

To demonstrate the, quantitative GLC determination of the amino acid. qontent 
of corn grain and soybean oil meal, hydrolysates of each were analyzed by both 
GLC and classical ion-exchange chromatography. The chromatograms of the corn 
grain and soybean meal, obtained with simultaneous operation of the EGA and OV-17 
columns, are presented in Figs. I, and 2. The data resulting from these analyses are 
presented in Tables I and II, and the GLC and ion-exchange methods are seen to be 
in close agreement. 

Fig. 3 presents the chromatogram obtained from the analysis of free amino 
acids in blood plasma. Again, good agreement of the GLC and ion-exchange tech- 
niques was achieved, as seen in Table III. 

The ‘corn grain, soybean meal, and blood plasma samples were amenable to 
GLC analysis after cation-exchange cleanup, however, both cation and anion-ex- 
change cleanup were necessary prior to the analysis of human urine. An extensive 

TABLE I 

AMINO ACID ANALYSIS OF COHN GRAIN 

Hydrolyzed for i2 h at IIOO in a closed tube with 6 N IX1 under N,, cation-exchange cleaned. 
All percentages are given in w/w%. 

Amino acid Gas-liquid 
chromatograpily” 

A verage Ion-exchange 
clcromalogvaplzyn 

A vevage 

-- 

Alanine 
Valinc 
Glycine 
Isolcucine 
Leucinc 
Proline 
Threonine 
Scrine 
Methionine 
Hydroxyproline 
Phenylalanine 
Aspartic acid 
Glutamic acid 
Tyrosineo 
Ornithinc 
Lysine 
Arginine 
Cystine 
Histidine 
Tryptophana 

0.650 
0.415 
0.328 
0.284 
0.967 
0. ago 
o-330 
0.476 
0.190 
0.041 
0.391 
0.516 
I.409 
o-235 
trace 
0.278 
0.355 
o-044 
o-357 
- 

0.656 0.653 0.628 0.602 
0.437 0.426 o-467 0.431 
0.333 0.331 o-329 0.322 
0.300 0.292 0.277 0.279 
0.965 0.966 0.969 o-937 
0.916 0.903 0.952 0.824 
0.338 0.334 0.328 0.314 
0.482 o-479 0.468 0.431 
0.186 0.188 0.178 0.189 
0.027 0.034 trace trace 
0.399 o-395 o-384 o-394 
0.522 0.519 0.540 o-513 
1.389 1.399 I.549 I.413 
0.137 0.186 0.229 o-153 
trace trace 0.004 0.006 
0.236 0.257 o-245 0.225 
a.376 0.363 o-377 0.346 
0.044 o-04 4 0.061 0.057 
0.339 0.348 0.305 0.296 
- - - - 

0.615 
o-449 
0.326 
0.278 
o-953 
0.888 
0.321 
o-449 
0.184 
trace 
o-389 
o-527 
1.481 
0.191 
0.005 
0.235 
0.362 
0.059 
0.301 
- 

Total 8.070 7.980 8.025 8.279 7.748 8.014 

a Two independent analyses, n-butyl stearate as internal standard. 
b Two independent analyses, norleucine as internal standard. 
0 *Partially destroybd during 6 N HCl hydrolysis. 
* Destroyed during 6 N HCI hydrolysis. 
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COLUMN: 
0.65 w/w% EGA on EO/lDD mash AW 

omaaerb W, 1 ,S m x 4 mm I.D. Dlasa 

CiS 

COLUMN: 
1.0 w/w% 0%17 en 8O/lDD mash H.P. 
Chromeserb 0, 1 m x 4 mm I.D. Glass 
fbEulyl Stoaral. As I.S. 

IS. 

Fig. I. GLC analysis of corn grain hydrolysatc. 50 mg hydrolyzed with 6 N I-ICI, I roe, 22 h, 
cation-exchange cleaned. Final acylation volume, 2 ml; injected, 5 1~1; ~4.5 clg total amino acids 
injected; attenuation. 8 x 10-10 A.F.S.; initial temperature, 70”; program rate, G”/min; final 
temperature, 230~. 

PIN 
ASP 

HIS .D 

COLUMN: 
0.65 w/w% BOA on EO/lDO mesh AW 
Chromeaarb W, 1.5 m I 4 mm I.D. ~lasr 

COLUMN: 
I .O w/w% OV-17 en 80/ 100 mesh 
W.P. Chremorerb 0, 1.0 m x 4 mm 
I.D. Olarr 

Fig. 2. GLC analysis of soybean meal hydrolysate. 25 mg hydrolyzed with 6 N HCI, 1x0’~ 22 11, 
cation-exchange clcancd. Final acylation volume, 2 ml; injcctcd, 5 ccl ; ca, 5 pg total amino acids 
injcctcd; attenuation, 5 x 10-10 A.F.S.; initial tcmpcraturc, 7o”, program rate, @/min; final 
tcmpcraturc, 230~. * 
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study of the GLC analysis of urine was presented earlierl, but since that study, 
improved chromatography now resu.lts in typical GLC analyses as seen in Fig. 4. 
The data obtained from the GLC and ion-exchange chromatography may vary some- 
what, mainly due to the presence of small amounts of extraneous substances, with 
the level of these substances being dependent on the composition of the original 
urine sample. These interfering substances are eluted at different relative positicns 
by GLC and ion-exchange chromatography, and thus are responsible for data 
variation as these substances interfere with different amino acids by GLC and ion- 
exchange chromatography. The differences in the data obtained by these techniques 
are generally smallf, but can be significant depending on the particular sample. 

TABLE II 

AMINO ACID ANALYSIS 0FSOYBEAN;MEAL 

Hydrolyzed for 22 h at IIO' in a closed tube with 6 N HCI under N,, cation-exchange cleaned. All 
percentages are given in w/w%. 

--_- .._ 

Amino acid Gas-liquid A verage Ion-exchange A veragc 
cltromatografilty~ chro*natographyb 

-_-_-.- - ~_ - 

Alanine 2.181 
Valine 2.348 
Glycine 2.002 
Isoleucine 2.x27 
Leucine 3.453 
l?roline 2.816 
Threonine 1.850 
Serine 2.739 
Methionine 0.438 
Hydroxyproline 0.093 
Phenylalanine 2.338 
Aspartic acid 5.323 
Glutamic acid 8.180 
Tyrosine 1.384 
Ornithine trace 
Lysine 3.080 
Arginine 3.476 
Tryptophano - 

Cystinc 0.264 
Histidine I.639 

2.159 
2.304 
2.047 
2.092 
3,442 
2.903 
1.885 
2.829 
0.512 
0.099 
2.331 
5.141 
7.815 
1.288 

trace 
2.384 
2.883 

- 
0.264 
1.515 

2.170 
2.327 
2.025 
2.110 

;:%: 
1.868 

2.785 
0,475 
0.096 

2.335 
5.232 
8.050 

1.336 
trace 

2.957 
3.180 

- 

0.264 

I-577 

a.096 
2.368 
* *944 
2.088 

1.856 
2.752 
0.352 

trace 
2.320 
5.312 
8.220 
1.312 
0.040 
2.816 

3.192 
- 

0.232 

I+440 

2.111 
2.497 
1.963 
2.196 
3.618 
2.554 
1.822 
2.616 
0.386 

trace 
2.504 
5.160 
7.879 
1.426 
0.027 
2.788 
3.438 

- 

0.295 
1.536 

2.104 
2.433 
1.954 
2.142 
3*557 
2.641 
1.839 
2.684 
0.369 

trace 
2.412 
5.236 
8.050 
1.369 
0.034 
2.802 
3.315 

- 
0.264 
1.443 

Total 45.730 44.343 45.037 44.564 44.816 44.690 
- 

* Two independent hydrolysates, n-butyl stearate as internal standard. 
b Two independent analyses, norleucine as internal standard. 
0 Destroyed during 6 N HCl hydrolysis. 

Table IV presents the data obtained on the analysis of a urine sample containing 
a relatively large amount of interfering material. The ion-exchange data were ob- 
tained from a single column, IO h analyses, with the GLC analyses requiring cu. 45 
min to complete. As noted in Table IV, the GLC and ion-exchange results for iso- 
leucine, threonine, serine, methionine, omithine, lysine, and histidine were somewhat 
divergent. Therefore, a careful study was made of the chromatograms to determine 
if one technique was generally more susceptible to interferences than the other. By 
the classical ion-exchange technique, definite interferences were noted for isoleucine, 
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we 

ASP COLUMN: 
0.65 w/w% 6QA sn (IO/l00 AW 
Chfemeserb W, 1.5 m x 4 mm I.D. blasn 

MN: 
1.0 w/w% ov.17 en 80/100 
mark W.P. Chreme8erb 6, 
1 ,O m x 4 mm I.D. Gloss 
n -6utyl Sww~to As I.S. 

Fig. 3. GLC analysis of bovine blood plasma. 10.0 ml of plasma cleproteinized with 40 ml of I y0 
picric acid, cation-exchange cleaned. Final acylation volume, z ml; injected, 5 ~1; ca. 5 pg total 
amino acid injected ; attenuation, 8 x 10-1~ A.F.S.; initial temperature, 70”; program rate, 
6”/min; final temperature 230~. 

TABLE III 

AMINO ACID ANALYSIS OF BOVINE BLOOD PLASMA 

Blood plasma was cleaned by cation-exchange, 

Amino acid mg/Ioo ml of plasma 

Gas-lipid 
ciwomatografihya 

A veragc Average 

Alanine 1.51 I.45 
Valinc 2.a 2.72 
Glycinc 1.38 I,44 
Isoleucine I.29 1.31 
Leucine 1.81 1.83 
Proline 0.91 0.94 
Threonine 0.71 o-73 
Serine 0.80 0.51 
Methionine 0.22 0.22 
Hydroxyproline 0.22 0.23 
Phenylalanine 0.71 o*74 
Aspartic acid” 0.32 0.32 
Glutamic aciclb 4.07 4.21 
Tyrosine 0.63 0.61 
Ornithine 1.04 1.10 

Lysinc I.43 I-45 
Argininc 1.38 1.40 
Tryptophan 0.29 I 0.27 
Cystine trace trace 
Histidinc o-74 0.76 

Total 22.13 22.53 

a N-TFA n-butyl esters. 
b GLC values include AspNH, and 

1.48 
2.69 
1.42 
I,27 
I.82 
0.93 
0.72 
0.80 
0,22 
0.23 
0.73 
0~32 

::;2 
I *07 
I.44 
1.39 
0.28 

trace 
o-75 

22.33 
_...-_ -- ._._. . .._._ 

GluNH,. 

I.49 I.53 1.52 
2.67 2.79 2.73 
1.41 x.53 =a47 
1.21 1.20 1.21 

I.79 I.SI I.SO 
0.91 0.95 0.93 
o-75 0.73 0.72 
0.80 0.81 0.80 
0.24 0.22 0.23 
0.2G 0.27 0.27 
0.70 0.71 0.70 
0.10 0.10 0.10 

2.37 2.42 2.40 
0.59 0.00 0.59 
I.08 I.09 I.09 

1.23 1.30 1.27 
I.44 I.47 1.46 
0.23 0.24 0.23 

trace trace trace 
0.78 0.79 0.79 

20.01 20.5Q 20.29 

J. Citrornalog., 55 (rg7x) 267-280 



R. W. ZUMWALT, K. KUO, C. W. GEHRKE 
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I PH! 

10 MeT 

J d 2. 

ASP 
IS. 

COLUMN: 
0.65 w/w% ROA on RO/lOO mesh 
A W Chromesorb W 
1.S m x 4 mm I.D. Glass. 

COLUMN: 
1.0 w/w% OV-17 on 80/ 
H-P. Chramosarb 0, 
1 m SI 4 mm LD. Olosr. 

n .8utyl Stoarato As I.S. 

100 

Fig* 4. GLC analysis of human urine. 4.5 ml of human urine hydrolyzcd.‘with I N HCl IIOO, 
2 h, final acylstion volume, 2 ml ; injected, 5 ~1; ca. 2 pg of total amino acids injected ; initial 
temperature, 70”; program rate, 4”/min; final tcmperatnrc, 220~; attenuation, 8 x IO-lo A.P.S. 
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V 
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i 
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PRO 
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70 100 130 16D 
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Fig. 5. GLC analysis of itandard amino acid mixture. Standtird mixture, 200 pg each amino acid ; 
final acylation volume, 3 ml; injected, 15 ~1; ca. 1.0~6 of each amino acid injected; initial tem- 
perature, 70”; injection port temperature, 180’; program rate, 6’/min ; final temperakurc, 230” ; 
attenuation, 32 x IO-*O A.F.S. Column, 0.65 w/w% EGA on 801100 mesh AW Chromosorb W, 
1.5 m x 4 mm I.D. glass. Ike-column, 1.0 w/w~/~ OV-17 on 80/1oo mesh H.P. Chromosorb G, 
4 in. x 4 mm I.D. n-butyl stearate as I.S. 
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TABLE IV 

AMINO ACID ANALYSIS OB HUMAN URINE 

Cleaned by cation- and anion-cxchangc, and hydrolyzed with I N I-ICl, for 2 h at I 10~. 

Amino acid wag/r00 ml of wine 

Gas-&quid 
clwomatografiltya 

A vevage Iosr-exchange 
clwomatogvaplty 

-- 

A vcragc 

Alaninc 
Valinc 
Glycinc 
Isoleucine 
Leucinc 
Proline 
Threonine 
Scrine 
Methioninc 
Phenylalanine 
Aspartic acid 
Glutamic acid 
Tyrosine 
Ornithine 
Lysine 
Arginineb 
Tryptophanc 
Cystine 
Histidine 

1.512 1.458 
0*3I3 0,300 

5.968 5.900 
0.121 0.115 

0.297 0.278 

0.390 0.439 
1.484 I.473 
3.641 3.538 
0.895 0.911 
0.824 0.865 
3.025f 2.948' 
I .841f 1.568r 
1.880 I.763 
0.28gd 0.2g1d 
2.2840 2.308@ 
- - 
- - 

1.015 0.903 
3.252 2.736 

1.485 
o-307 

::Zi 
0.288 

0.415 
I-479 
3.590 
0.903 
0.846 
2.987’ 
I. 705r 
1.822 
o.zgod 
2.296C 

0.959 1.280 
2.994 4.340 

1.480 
0.360 
- 

o. I 80~ 
0.360 
- 
o.gzo* 
3.360~ 
-0 

o.goo 

2.740 
1.180 
1.860 
0.240 
1.080 
- 
- 

1.4Go I-47“ 
0.280 0.320 
5.1Go 5.1Go 
O.IGO" 0.17oc 
0.240 0.300 
0.540K 0.540K 
I .340” 1.13oa 
3.240” 3.3ooc 
-0 0 

0.800 0.850 
2,140 2.440 
1.080 1.130 
1.700 1.780 
0.240 0.240 
0.920 1.000 
- 
- 
0.880 
5.000 

1.080 

4.670 

m N-TFA wbutyl esters. 
b Not recovered from anion-cxchangc cleanup. 
c Dcstroyecl during hydrolysis. 
* Not completely resolved. 
C Intcfcring peak(s). 
r Includes AspNI-I, and GluNH,. 
R Manual calculation, 440 nm. 

threonine, serine, and methionine, with methionine being incalculable due to the 
presence of two unidentified interfering peaks. The GLC analyses gave interferences 
at the elution positions of ornithine and lysine, with a minor interference of isoleucine. 
Also, a minor interference of leucine was noted with both GLC and classical ion- 
exchange chromatography; however, the disparity of the histidine values could not 
be explained. Under these analytical conditions, it was observed that GLC resulted 
in a better resolution of the amino acids from interfering substances than did ion- 
exchange chromatography. 

The amount of interference observed with the two analytical methods is de- 
pendent on the level and nature of the extraneous substances., with GLC and ion- 
exchange chromatography exhibiting comparable levels of interferences, although a 
pre-analysis cation and anion-exchange cleanup of the urine sample was made. 

EXPERIMENTAL 

A solve~zt-chroltaatogya~~~~c venting system-na?zogram analysis 
In 1968, GEHRKE et al.3 published a monograph describing in detail a derivati- 

zation method for submicrogram amounts of amino acids which included a discussion 
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VENTED 
SOLVENT 

. 

PHI 

PUO 

HyPRO 

I 
T 

b 

70 loo 130 1&a 190 230 WC 

Fig. 6. GLC analysis of standard amino acid mixture. Standard mixture, zoo ,~g each amino 
acid, final acylation volume, 3 ml; injected, 15 141; ca. 1.0 pg of each amino acid injected; initial 
temperature, 70” ; injection port temperature, 180~; 
min; final temperature, 230°; 

sokent vent time, 15 set; program rate, 6O/ 
attenuation, 32 x 10-1~ A.F.S. Column, 0.65 w/w% EGA on 

80/100 mesh AW Chromosorb W, 2.5 m x 4 mm I.D, glass. Prc-column, 1.0 w/wok OV-17 on 
80/1oo mesh H.P. Chromosorb G, 4 in. x 4 mm LD. n-butyl stearate as IS. 

ALA 
iu 

IPIt 

WYPRC 
MET 

Al 
8 13 

loo 130 160 

7RP 

26 MIN 

190 230 l C 

Fig. 7. GLC analysis of bovine blood plasma. IO ml of plasma deproteinized with 40 ml of I % 
picric acid; cation-exchange cleaned; final acylation volume, 2 ml; injected, 5 @I; cu. 5 pg total 
amino acid injected: initial temperature, 70~; injection port temperature, I 80~ ; program rate, 
6O/min.; final temperature, 230~; attenuation, 8 x IO- 10 A.F.S. Column, 0.65 w/w% EGA on 
80/100 mesh AW Chtomosorb W, 1.5 m x 4 mm I.D. glass. Pre-column, x.0 w/wok OV-17 on 
8o/roo mesh H.P. Chromosorb G, 4 in. x 4 mm I.D. n-butyl stoarato as IS. 
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PRO 

PHE 

&PRO 

CLI 

ZP 

233 MIN 

190 030 ec 

Fig, 8. GLC analysis of bovine blood plasma. IO ml of plasma deprotcinized with 40 ml of I % 
picric acid; cation-exchange cleaned; final acylation volume, 2 ml; injected, 5 ,ul ; ca. 5 pg total 
amino acid injected; initial t0mperaturc, 70°; injection port temperature, r80Q; solvent vent time, 
25 see: program rate, 6”lmin; final temperature, 230’; attenuation, 8 x 10-1~ A,F.S. Column, 
0.65 w/w~/~ EGA on 80/200 mesh AW Chromosorb W, x.5 m x 4 mm I.D. glass. Prc-column, 
1.0 w/wO/-, OV-17 on 8oj100 mesh I-U?, Chromosorb G, 5 in. x 4 mm I.D. n-butyl stcarate as 
1,s. 

All 

p 
100 130 

2.4 MIN 

Fig. g. GLC analysis of soybean meal hydrolysate. 25 mg of soybean meal, hydrolyzed 22 h, 
I foe, cation-oxchange cleaned, final acylation volume,, 3 ml; injected, 6 111; ca, 18 fig total amino 
acid injected : initial temperature, 7a”; injection port temperature, I 80’; program rate, b’/min ; 
final temperature, 230°; attenuation, 32 x 10’ 10 A.F.S. Column, 0.65 W/IV% EGA on 8o/roo mesh 
AW Chromosorb W, s.5m ,x 4 mm I.D. glass. Pre-column, 1.0 w/wok OV-17 on 8o/roo mesh H.P. 
Chromosorb G, 4 in, x 4 mm I.D. n-butyl stewate as I.S. 



VENTED 
SOLVENT 

All 

L- 
l! 26 MIN 

160 190 130 ec 
r 

70 100 

Fig. IO. GLC analysis of soybean meal hydrorysate. 25 mg of soybean mcal. hydrolyzed 22 h, 
I roe, cation-exchange cleaned ; final acylation volume, 3 ml ; injected, G ~1; GCZ. 18 ,~g total amino 
acid injected: initial temperature, 70~; injection port temperature, 180~ ; solvent vent time, 30 sec. ; 
program rate, 6°/min.; final temperature, 230“; attenuation, 32 x ro-lD A.F.S. Column, e.65 
w/w% EGA on 80/1oo mesh AW. Chromosorb W, 1.5 m x 4 mm I.D. glass. Be-column, r,ow/w9/9 
OV-17 on So/r00 mesh W.P. Chromosorb G, 4 in. x 4 mm I.D. n-butyl stearate as 1,s. 

1 VA1 

I INJIICTION PORT 

PHE 

WyPRC 

MT 

SP 

* 
OlU 

I 
A 

94 130 160 190 016 l i 
Fig. IX. Derivatization and GLC analysis of IOO ng of each amino acid, Dcrivatization; esterifica- 
cation, rsofll of n-butanol with 3 iV HCl, rooO, 30 min; acylation, IOO 111 CH,CI,-TFAA (z: I), 
100°, IO min; GLC analysis, sample injected, 50 ~1; solvent vent time, 25 set; injection port tem- 
perature, r go”; initial temperature, 70°; program rate, G”/min; final temperature, 230~; attenua- 
tion, 8 x 10-11 A.F.S. Column, 0.65 w/we/9 EGA on 80/100 mesh AW Chromosorb W, r.3 m x 
4 mm I.D. glass. Pm-oolumn, 1.0 w/w ,9 *’ OV-17 on SO/IOO mesh H.P. Chromosorb G, 4 in. x 4 mm. 
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INJECTION PORT 
SOLVENT VMNT 

I 
PI 

LEU WyPRO 
I 

ID0 13D 160 190 1OD ‘C 

Fig. 12. Derivatieation and GLC analysis of 50 ng of each amino acid. Dcrivatization : cstcrifica- 
tion, IOO ,~l of w-butanol with 3 N HCI, IOOO, 30 min; acylation, IOO ,ul CH,Cl,-TFAA (2 : I) IOOO, 
IO min; GLC analysis, sample injected, 25 1~1; solvent vent time, 15 set; injection port tempera- 
ture, 180~; program rate G”/min; final temperature. 230~; attenuation, 4 x 10-1~ A.F.S. Column, 
0.65 w/w~/~ EGA on So/100 mesh AW Chromosorb W, 1.5 m x 4. mm I.D. glass. Pre-column, 
1.0 w/w~/~ OV-17 on 801100 mesh H.P. Chromosorb G, 4 in. x 4 mm. 

INJPCTION PORT 
SOLVENT VENT 

Fig. 13, Derivatization and GLC analysis of IO ng of each amino acid. Derivatization : estcrifica- 
tion, 50 ~1 n-butanol with 3 N HCl, IOOO, 30 rnin; acylation, 50 t&l CH,Cl,-TFAA (2 : I), IOOO, 
IO min: GLC analysis, sample injected, 50 111; solvent vent time, 15 sec. ; injection port tcmpera- 
ture, 180°, program rate, 6’/min; final temperature, 230~; attenuation, 32 x IO-~* A.l?.S. Column, 
0.65 w/w~/~ EGA on So/roe mesh AW Chromosorb W, 1.5 m x 4 tntn I.D. glass. Pre-column, 
I,O w/w?/0 OV-17 on 80/100 mesh Xl?. Chromosorb G, 4 in. x 4 mm, 
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of some critical points in the derivatization and GLC analysis. A major obstacle 
associated with the GLC analysis of extremely small quantities of biological samples 
or samples containing very low concentrations of amino acids, has been the limited 
sample volume that could be injected. A solvent venting system has now been de- 
veloped (patent applied for) which allows injection of the total derivatized sample 
(50 to IOO ,ul) on a standard packed analytical column. The device prevents the large 
volume of solvent and acylating reagent injected from traversing the EGA column, 
while allowing the essentially quantitative transport of amino acids present in the 
sample to the detector. Of particular importance in the analysis of nanogram amounts 
of amino acids is that this instrumental system eliminates the interfering TFA peak 
from the chromatogram. Fig. 5 presents a typical chromatogram obtained of a 
standard amino acid mixture at the macro level without the instrumental adaptation. 

.Fig. 6 shows the effect of the venting device with the corresponding reduction of the 
solvent peak, and the absence of TFA throughout the chromatogram. Figs. 7 and 8 
are similar comparisons with analysis of bovine blood plasma and soybean oil meal 
analyses are presented in Figs. g and IO. 

Initial investigations of the system have shown great promise in the GLC 
analysis of nanogram amounts of amino acids. Fig. II presents the chromatogram 
obtained on derivatization and analysis of IOO ng of each amino acid. These initial 
studies were designed to evaluate the derivatization and chromatographic proce- 
dures, thus stringent precautions to exclude contaminants were not taken. 

The derivatization and chromatography of samples containing 50 to IO ng 
of each amino acid were also successfully conducted, with the chromatograms ob- 
tained presented in Figs. 12 and 13. Studies are currently underway to refine this 
technique further for the analysis of I ng of each amino acid taken through the 
complete chemistry and chromatographic methods. 

CHROMATOGRAPHIC COLUMNS FOR ANALYSIS OF AMINO ACIDS AS N-TRIFLUOROACETYL 
92-BUTYL ESTER DERIVATIVES 

Column I. Ethylene glycol adifiate (EGA) on Ckromosorb W, 0.65 w/w% 

Materials 
Column packing I l can be procured from Analytical Biochemistry Laboratories, 

P.O. Box 1097, Columbia, MO., 65201 and Regis Chemical Company, IIOI N. Franklin 
Street, Chicago, Ill. 60610. Code No. 201033. 

Ethylene glycol adipate, stabilized grade, (Analabs Inc., Hamden, Corm.). 
Chromosorb W, So/100 mesh, acid washed (Johns-Manville product, obtained 

from Applied Science, State College, Pa. or Fisher Scientific, St. Louis, MO.). 
Acetonitrile (anhydrous, “Nanograde”) Mallinckrodt Chemical Works, St. 

Louis, MO. 
Adsorbent traps containing charcoal and molecular sieve 5A, Guild Corpo- 

ration, P.O. Box 217, Bethel Park, Pa. 15102, Regis Cher&cal Company, and 
Supelco, Inc. 

The chromatographic packings described for columns I and II following, are the 
subject of a separate manuscript. Their use and application will be discussed in cl&ail. 
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Procedure for column I 
For preparation of 25 g of column packing I, 24.84 g of Chromosorb W are 

weighed into a 500 ml ridged round bottom flask, then anhydrous “Nanograde” 
acetonitrile is added until the liquid level is ca. * in. above the Chromosorb W. 

Ten milliliters of a solution containing 16.25 mg/ml of EGA in anhydrous 
“Nanograde” acetonitrile are then added to the flask containing the Chromosorb W. 
The flask is then rotated on a rotary evaporator, slowly removing the solvent at 
room temperature under partial vacuum for cu. 45 min. When the Chromosorh is 
still slightly damp, the vacuum is increased and the flask is immersed in a 60” water 
bath with continued rotation until the solvent is completely removed. At this point, 
no Chromosorb W packing should adhere to the inner wall of the flask during rotation. 

At the end of this period, the dry, freely-flowing column packing is poured 
into clean, dry 1.5 m x 4 mm I.D. glass columns with gentle tapping. Dry silanized 
glass wool plugs are then placed in each end of the column to hold the packing in 
place. Prior to analytical use, the column is placed in the gas chromatograph and 
conditioned at 220~ with a carrier flow of ca. 50 ml/min of pure N,. Analyses can be 
made after conditioning for I h when 0.5 to I ,ug of each amino acid are injected. 
Longer conditioning times (8-24 h at 220~) are required for analyses at lower concen- 
trations. 

When not in use, the columns should be kept at 200’ in the chromatograph 
with a carrier flow of 20-50 ml/min. If the columns must be removed from the instru- 
ment, the ends should be tightly closed during storage to exclude atmospheric 
moisture. The EGA columns must not be subjected at any one time to temperatures 
in excess of 225’ for longer than I to 2 h. 

Coltimn II. Se+aration of His, Arg, TY$, and Cys (2.0 wJw% OV-17 + 1.0 w/w% OV-2ro 
on Su$eZcofiort) 

Materials 
Column packing II can be procured from Analytical Biochemistry Laboratories, 

P.O. Box xog7, Columbia, MO. 65201. 
OV-17 (Supelco, Inc., Bellefonte, Pa,) and OV-210 (Applied Science, State 

College, Pa.), 
Supelcoport, 100/120 mesh (Supelco, Inc., Bellefonte, Pa.). 
Prepare solutions containing: OV-17 in anhydrous “Nanograde”’ methylene 

chloride (20 mg/ml). OV-210 in “Nanograde” acetone (10 mg/ml). These solvents 
were obtained from Mallinckrodt Chemical Works, St. Louis, MO. 

Procedure for Column II 
For preparation of 30 g of column packing II, 29.1 g of Supelcoport are weighed 

into a 500 ml ridged round bottom flask, then “Nanograde” acetone is .added until 
the liquid level is ca. ja in. above the support material. Pipet 30.0 ml OV-17 solution 
(600 mg) and 30.0 ml of OV-210 solution (300 mg) into the flask. The solvent is 
removed in the manner described ,above for preparation of column I, and the dried 
column packing is placed in 1.5 m x 4 mm I.D. glass columns. The columns arc 
then placed in the gas chroxnatograph, and conditioned overnight at 250~ with a 
carrier flow of ca. 50 ml/min of pure N,. 
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comments 

Cohnn I, EGA on Chromosorb W, A W. Filters containing a high grade charcoal 
(an efficient adsorbent for hydrocarbons), and CaSO, and Linde gA indicating 
molecular sieve for water should be placed in the N,, H,, and air lines to the gas 
chromatograph. The charcoal end of the filters is connected to the gas inlet side. 
The purity of the carrier gas is very important, especially when analyses are made at 
the submicrogram level. 

Properly prepared columns should last cu. two months and give the desired 
separation for 17 amino acid derivatives, depending on the individual column and 
the types of samples injected. Signs of column degradation are: loss of the glycine- 
valine separation ; loss of resolution in the methionine-hydroxyproline-phenylalanine 
region .and loss of separation for the ornithine+z-butyl stearate pair. Also, the TFA 
peak. will be eluted later in the chromatogram as the column deteriorates. 

Colzcnan 11, separation of basics and cystine. The OV-17, OV-210 mixed phase 
columns should last three to six months, depending on the types of samples analyzed. 
The first sign of column deterioration is usually a loss of quantitative elution of 
arginine and cystine indicated by a reduced RWR,,,,/r,s, 

Note on chromatography and colzcmns 
In our previous publications4ss, reference is made to the chromatographic 

separation of the amino acid derivatives. The packing composed of stabilized grade 
EGA and acid washed Chromosorb W (heated at 140~ for 12 h) is an excellent one 
and gives effective separation of 17 amino acids. Column packing I I, consisting of 
the mixed phase of OV-17 and OV-210 is a superior packing and shows highly 
efficient and effective separation of the basic amino acids plus cystine over that 
reported by us earlier. No longer is it necessary to make a computation for histidine 
as reported in ref. 6. 

With these packings (columns I and II), as described above, one can now 
simultaneously analyze and separate all 20 of the protein amino acids on these two 
columns in 30 min with automatic electronic integration of all peaks. 

In our recent studies on chromatographic separations of the amino acids, it 
was found that heating the Chromsorb W at 140~ for 12 h was unnecessary. However, 
certain lots of Chromosorb W may still require a heat treatment for the removal of 
surface adsorbed water as described in ref. 5. 
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