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SUMhIARY 

The N-heptailuor~~h!!t?-r?‘l isabutyl esters ot‘the protein amino acids have been 
separated hv gas-liquid chromatofraph~ using a sins*lr colunln of 3 “.’ /,, SE-30 on 
Gas-ChromQ. The separation is superior to that of przvious sin&-column methods 
and is particularly suitable for the analgis of plant seed proteins. The method is also 
applicable to _ glvcoproteins. 

lNTRODLXT1ON 

The analysis of amino acids bv gas-liquid cl~romatn~raph~ (G LC) can be 

perl~wmrd only after the conwrsion of;lw :mino acids to suit:tbly volatile and stabk 
derivatives_ The most estensively investigated derivatives have been the esters and 
acyl derivatives of the polar SrouFs_ Due larrrelv to the \vork of Gehrke arxi his - - 
associaties’ ~-I_ a procedure ~1s devclopcd for the sepxstion and quantitt:tian of the 
protein amino acids as the N-trifluoroacetyl but51 esters usin, “ t\vo colu!~z!?s t11;J t\\‘c> 

ditfcrent liquid phases”. Subscqucntly. the s;m~ amino acid derivatives were :;sparawJ 
in ahout 45 niin iisin 2 ;I single colun~n”. An csccllent single-column separurinn of the 
protein :iniino acids has also been achieved by Moss er (I/_:_ using the N-lxpralluoro- 
butyr_\l (HFB) n-pmpyl esters. More recently. Zanetta and Vinccndon demonstrated 
the ssparntion of the N-HFR isoamyl esters using ;t single-column procedure and 
sho\ved that the method could be applied to acid-hydrolyscd prc:tcins or glyco- 
protci&_ 

In our studies of seed proteins we have used both of the above !wrlruds 1x11 

have found that each method presenrs certain disadvnntttges. Seed proteins comnwnl~- 
contain substantial anwL!nw of ztspartic and ~luramic ;!cids but relatively little 
nxthionine~‘. Holvever, the anwunt of methionine in a seed protei!l is tieqasntly 4‘ 

considerable interest_ In the method of Moss et 01.; the mxrate quantitation of :I 
snx~ll methioninc peak close to a hrge aspartic acid peak is ditKcuIt_ Similarly. using 
thr method of Zanetta and Vincendon”_ the quantitstion of Iysine and tyrasine is 
made difficult by the proximity of a larse slutamic acid peak. We !ltt\-e found that 
these problems are avoided by min, = the N-HFB isobutyl esters. the single-column 
GLC separation of which we now report. 
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Reugettts 

Standard amino acid mixtures were obtained from Hamilton (Whittier, Calif., 
U_S_A_) and heptafluorobutyric anhydride was obtained from Eastman-Kodak 
(Rochester_ NY._ U_S_A_)_ 

MethanoI_ isobutyl alcohol and ethyl acetate were retlused for 3-4 h over 
magnesium turnings_ decanted. retlused for 3-4 h over calcium hydride and redistilled 
from an all-glass apparatus. Dry HCI gas was added to methanol and isobutyl alcchol. 
in the appropriate amounts_ after Fassing the _gas through a sulfuric acid to\ver_ The 
normality was verified by titration_ The reagents \vere stored at -20.. 

AIL derivtttization steps \t-ere performed in a l-ml Reactivial (Pierce. Rockford, 
111.. U.S.A.). All evaporations were performed using a stream of dry nitrogen at 
room temperature_ AI1 residues Lvere dispersed into solution by placing in an ultra- 
sonic bath for 30 sec. 

Samples containing 0_05-0.25 IIN of each amino acid \vere dried tither b> 
freeze drying or under a stream ok-dry nitrosen. The last traces ofwater \vere remowd 
azeotropicall_\- using methylene chloride. The residue was dissolved in 200 ,~l cf 
methanol-l_25 A’ HCl and pIaced in an ultrasonic bath for 30 sec. After 30 min at 
room temperature the rea gent was evaporated_ 200 !tl rnethylene chloride \vas added 
and apin evaporated_ The residue \vas dissoked in 2CO !tl of isobutyl &o!~ol- 125 S 
HCI and the \-ial heated at I IO- for 150 min in an oven_ After cooling the reagent NXS 
evaporated_ The residue was dissolved in 50 jcl of ethvl acetate. 20 /tl of heptatluorc- 
butyric anhydride \vas added and the vial \vas heated for 10 min at 150’ in an oil bath_ 
The vial wxs then thoroughly cooled_ the reagent evaporated just to dryness and the 
residue was dissolved in an appropriate volume of ethyl acetate. An appropriate 
voiume of the sample was injected aIon g \vith acetic anhydride in the sample to 
anhydride ratio of 2 I I_ 

Direct esterific-cm-on 

Direct esterification. using the procedure of Roach t’c rl/_“‘_ \viis also prrformrd. 
SampIes containing 0.05-0.25 yJl of each amino acid ivere dried. The residue \vas 
dissolved in 200 it1 of isobutyl alcohol-3 N HCI. After heating at I 10 for I 11 and 
euaporatins the escess reagent, the sample \vas acylated as described above. 

A11 anaIyses were performed using a Hewlett-Packard. Model 7611 gas chro- 
matograph equipped with dual-flame ionisation detectors. The column Fackinz (3 9,; 
SE-30 on Gas-Chrom Q, 100-200 mesh) was obtained from Applied Science Labs__ 
State ColIege, Pa., U.S.A.). Pyres columns (1 I-12 ft. :i 2.5 mm I.D., thin-walled) 
were filled with the stationary phase by gentle tapping under suction and conditioned 
overnight with a carrier gas (nitrogen) flow-rate of 30 ml/min_ The chromatographic 
conditions were as folIo\vs: temperature program. 90’-240’ at 4’/minr injector tem- 
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perature, 250”; detector temperature, 280“: air flow-rate, 300 ml/min : hydrogen 
tlow-rate, 30 ml/min: nitrogen flow-rate, 30 ml/min. Quantitation was performed 
using an lnfotronics Model CRS 205 automatic digital integrator_ 

RESULTS AND DISCUSSION 

The separation of the N-HFB isobutyl esters of the protein amino acids shon~~ 

in Fig. 1 and the retention temperatures ~~Kw~I~ in Table I represent the results ob- 
tained by using a temperature propram of 4’/min_ However_ the separation \v;ts only 

nxtr~inally decreased by progrummin g at 6’/min and a complete analysis could thus 

be obtained in less than 30 min. The order of elution of the amino acids was identical 
to that obserwd for the N-HFB prop’1 esters by Moss et ~r/.~_ However. methionine 

was complerely separated from asparric acid and phenylalanine was con~pletcly sep- 
arated from glutamic acid. The order ofelution of the N-HFB isobutyl esters is some- 

what diKerent from that of the N-H FB isoamyl esters”. The main difference is in the 

separation of lysine. tyrosine and glutamic acid. The removal ofglutamic acid from 
close proximity to lysine and ryrosine is important for rhe accurate quantitation of 
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Fig,:. I. Gas chromrttogan of the N-HFB isobutyt esters of the protein amino acids. IS. y- iqternal 
stlndrtrd, pipwolic acid ustd in an amount of 0.S mole per mole of each of the other amino acids. 
The other peaks each represent 0.0075 i1.11 of amino acid. GLC conditions xc‘ given in the test. 

TABLE I 

KETENTION TEMPERATURES OFTHE N-HEPTAFLUOROBUTYRYL ISOBUTYL ESTERS 
OF AMINO ACIDS 

.-lmit10 acid RT (‘C-1 Amho acid RT /‘Cl Amill acid RT !‘Cl 

Alanine 119-O Histidine 201.5 Pipecolic acid 153.5 
Arginine 2OO_tl Hyirosyprolinc 155.5 Proline l-IS.0 
Aspxtic acid 170.0 Isoleucine 13s.5 Serine 1332 
Cysteine 119.0 Leucine 137.0 Threonine 132.0 
Cystine 236.5 Lysine lS9.5 Tyrosine 191.5 
Glutnmic acid lSj_0 Mrthionine 163.5 Valine 130.5 
G Iycine 1’0.5 Phenylalaninc 175.0 
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these amino acids. This is particularly important when analysing proteins such as 
p!ant proteins which contain substantial amounts of glutamic acid. The flow-rate 
was not critical for the separation of any of the amino acids. These points are illus- 
trated by the chromatoSraphic separation of the amino acids from a typical seed 
source shown in Fig. 2. 
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The relative molar responses of the N-HFB isohm_\-I esters of the pro&n 
amino acids relative to that of the correspondin, ‘x derivative of the internal St~llickld 

pipecolic acid. are sholvn in Table II. The responses obtained by the direct cstsritica- 
tion procedure compared favourably with those obtained by the more tedious prc>- 
cedure of inter-esteritication_ Since. for most of the amino acids masimum or near 
maximum relative responses \vere obtained after I h ofdirsct ssttritication_ this time 
was used for routine amino acid analysis. This procedure apFc;wxi to bc the best 
compromise between the most rapid derivatisation and optimum response_ The 
variabititv of the relative molar responses was less than -.L Z :!,;,_ 

Zanetta and Vincendo:P esperienced loss of the more volatile components 
during evaporation when concentrating the fz-but!1 trifluoroacet_vl and the n-propyl 
heptaftuorobutyryl derivatives_ We have not experienced this problem but \\-e have 
routinely performed all evaporations in the production of these deriv:ktivrs at room 
temperature_ However_ when using the isoamyl-H FB derivatives \ve have esperienccd 
losses of alanine and glycine when evaporations xere performed at 50 acd SO. as 
directed’. We therefore evaporated at room temperature after methylntion and at 
4O’after inter-esterification.. For the N-HFB isobutyl ester method, no loss of the more 
volatile derivatives M’as observed when all evaporations were performed at room 
temperature_ Unlike 
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TABLE II 

RELATIVE MOLAR RESPONSE OF AMINO ACID DERIVATIVES AS A FUNCTION OF 
ESTERIFICATION TIME AND DERlVATlSATlON PROCEDURE’ 
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