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COMPARATIVE DETERMINATION OF PROTEIN AMINO ACIDS IN 

PLANT MATERIALS BY AUTOMATED CATION EXCHANGE AND GAS- 
LIQUID CHROMATOGRAPHY OF THE AMINO ACID N-HEPTAFLUORO- 
BUTYRYL. rr-PROPYL ESTERS 

Analysis ofaniino acids bv zas-liquid chromato~rtlph_ (G LC) is new standard 
laboratory practice_ The best dk&iented technique I”_ * - deveioped bv Gehrke and 
co-workers at the University of ivIissouri_ is bitsrd on dual colun~n analysis of the 
muino acid N-tritluoroacrt~l_ n-butyl ester derivatives. About IO or I2 other 
nwtlmds’~-*5_ makinp use of a range of amino acid derivatives. have also been de- 
scribed. Even so. GLC has yet to ti~ltil t\vo important rsquiremcnts_ 

The tirst is for a sin&column trchniquc utilizin 8 a liighlv stable liquid phase. _* 
Such a dsvelopment lvould permit tlpprosinxttel_v 75 ‘J{, reduction in capital espendi- 
turhon a s;ls chromatograph capable of protein amino acid analysis. bringins the 
cost&nto line \vith tllilt of il ~ t*ood pH meter_ The second reqttircment is for ultra- 
seniitivr anal_vsis of amino acids spccificttlly localized in plant or ttnin~al tissues. or 
in sir& enzyme bands srparatcd lw 4 elcctropliorcsis. In this contt‘.xt_ selective - 2 
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detection by electron cttprurc of a halogen-rich amino acid derivative seems, in 
principle. to offer the best solution 

Both of the above requiremenrs mtty be potentiall_v resolved by analysis of 
the amino acid N-heptaftuorobilt~r~l (N-HFB). rr-propyl ester derivatives_ One pre- 
vious publication IV described the GLC anaivsis of the N-HFB_ mpropyl ester deriva- 
tives on a packed column, hut no data wert ,--L I ~*vven on applications. The technique of 
using the heptat&~orobuty-yl group to promote volatility of amino acids for stts 
chrc~mato~rttphic analysis \v:ts tirst reported bx PolIock’“_ Pollock rrnalyzed rhc amino 
acid N-HFB_ n-butyi esters on ;L 150 ft_ :- 0.02 in. Carbowas 20M column. Eleven 

amino acids \veie antdyzed, but no details were given on quantitative aspects of the 
analysis_ nor on the method of preparin2 *s the col~n~~~. Moss CI ~r/_*~ made ;I 13-min 

separation of all 20 protein amino acids as their N-HFB. fr-propyl esters on a 12 ft. :-: 
0.25 in. 0-D. fiass column packed with 3:;. OV- 1 on SO- I GO mesh zicid-washed 
DXlCS-rreared high-performonce Chrornosorb W. This technique w-as claimed to 
yield precise quantitative nle;tsurenients. :tithough no supportins data were given. 
.liinsson L’L ~1.~~ have nwde the most estrnsive study of the N-HFB. amino acid 
Ir-prop!1 esters to date. Thc~ provided statistically validated data on rhe choice of 
derivatizarion conditions_ stability of the derivatives. response titctors and analysis 
of amko acids in protein hydrol~zates. Their USC of ;I 6 m .- 0.07 nml I.D. glass 
capiIl:kry coittnm, ho\\-ever_ ma_\- be considered to be a disadvantage. as such c~~lun~ns 

are expensive and ditlicult to prepare reproducibly. 
t\n attrrtctive alternative to capillrrry colunln analysis is provided by pxkcd 

column ant~l_vsis using :t highly srable liquid phase. In the study reported here. sin+ 
packed column rmalysis of the N-HFB_ II-propyl amino acid ester derivatives NX~ 

performed_ usins SE-30 as the stationary liquid phase. Both SE-30 and OV-I. 
emp!oyed earlier by Moss et Al.‘:‘. are non-polar dimethyl silicone gums \vith \.irtKallJ 

identical separation characteristics_ They differ in average molecular \vcighr_ and in 
the lo\vcr tcmpernture limits at which they c;tn be used (70 IS. 100 ). although h<>th 
plmses are stable up to 350 _ 

Part ofour work in this laboratory involves the nle;w~renwlt ol‘pr:ltein qu:tlity 

in food plants as it relates to clinxlte :tnd agronomic prxticr. HLXW the CiLC method 
WIS tested in application to the analysis of protein amino acids in 6 i\: hydraciiioric 
acid hydro!yzat+s of sorghum. previously gro\vn under treamlent with difi-ermt 
;mmunts of nitrogen and sulphur 1~ertilizers. Results \vt‘re compared \yith thost‘ 
ohrained by ;tutonlated cation eschangc analysis (CIE). 

_-1 jplI-~trlll_S 

A two-coIunin Bendis 2522-T _ gas chrom:tt~~~r~tp~i_ equipped \vilii ;I dual differ- 
mitia! hydrogen ftun~~ detector_ and ;: dual t‘lectronwter. \v’:is used_ Peak 3rtx~s \vere 
determined with a Vidar 6320 digital electronic integrator. A Leeds and Northrup 
XL 6YO tlat-bed potentiornctric recorder_ 1 nlV fuii-scale_ completed the GLC mm- 

Iyticrtl system. 
Amino acids \vt‘re analyzed by ;tutoi’ii;lfed carion exchange on a Technicon 

TSkl-1 amino acid AutoAnalyzer. 
H_vdrochloric acid was removed from sample h_vdrolyzates usins a Xi&i 
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rotary evaporator, Rotavapor Model EL,‘S, equipped with a specially constructed 

sis-arm spider adapter that could be butt-_iointed to hydrolysis tt:bes or k&s using 
Soviref (Paris, France) scrmv-connectors with PTFE-rubber sealing rings. This 
allowed sirnulraneotts evaporation of up to six samples at a time. 

Amino acid calibration standards, made LIP iI1 0.1 N hydrochloric acid. and 
hydrolyzates that had been evaporated once and taken up in 0.1 N !tydrochloric acid_ 
were frozen and dried on ;I Virtis automatic tieeze-drier_ 

Hydrolysis of plant samples \v:Is conducted in 200 e. 22 mm glass tubes 
(Soviref. No. 61 f-58) or in IOO-ml fat bottonled flrtsks (Soviref- No. 23140). Prop;1 
esterilication of mnino acids was carried out in 100 ‘-: 16 mm glass tubes (Sovircl. 
No_ 61 l-52). and acyfation in 15mf conical I ~*f;iss Mini-Aktors (Applied Science 
Labs__ State College_ Pa., U_S_A_)_ All tubes and tlasks \vere titted \vith PTFE-lined 
or PTFE screiv-caps. 

Dcrivatization solvents and reagents \verr; rcmcnxxi under nitrogen \vith tubes 
plttccd in ;I Twhne (Cambrid~e~ Great Britain) temperature-controlled hcatin~ block. 
converted for use as ;I sand-bath: 

A Dawe 50 W ultrasonic bath_ obtained from Grillin and George_ ~Ve~nbls~. 

Great Britain_ was tIsed to dc-gas hydrochloric acid solutions brforc f~~drof~sis. and 
to etli-ct dissolution o!‘ amino acid hydrochlorides in Ir-propanof-fi~~fri~clil~~ric acid. 

Amino acids used in calibration and tcstin, 11 \verr‘ purchased cliromat~~fraplii- 
c-allv pure as nn amino acid rcfercncc kit lion1 BDH. Poole_ Crcat Britain. 

Reagent-grade wpropanol and acetic anflydridc ivet-e ~~btaincd tiom Koch- 
Light_ Coinbrook. Great Britain. Ncu: bottles ofn-propnnol \vere oprnstl on delivsr>. 

and CU. 50 g of :a&>-drous granulntcd calcium sufphate \vcre added per litrc. Tw 
3.5 .\I hvdrocf~loric acid-Iz-propanol rca~ent \vas mu& by bubbfin~ 0 dry fiydI-‘k+:l~3ric 

acid into dry wpropanof_ tisc from calcium siIlph;itc. 
~feptatitIorclbtIt_\-ric anf~ydridc. sifyfation-grade acstonitrile md Dri-f-?lIn. IISCC~ 

f;lr silunizing the interior of = ‘IltIss coft1IliI~s. mwe of:trIined l‘rani Piercc_ R~~clil~~~rcf. 
111.. U.S.‘I?I. 

Ready-preparecf 3 ‘I;, SE-30 on SO- 100 mesh Gus-Chrom Q \v;15 accf_uiraf ti.c~In 

Applied ScieI?cc Labs. 

Glass columns. 3.5 n1 . . . 1 nlnl f-D__ na-t’ ckmrcf nitI ~llt’tfl;i~~d, acc’tonc and 
rz-hc.sttnc. and then silanized \\-ith Dri-Film xcording to the Ilt~tIt~If;tct~II~eI-‘~ instruc- 
tions_ After sifanization, each column \viIs tilled with nisthanol and ttllo~vrd to stand 
for 30 min. then rinsecf \vith nwth:iIlof to ensure rcniovaf ot‘ fiydrochloric acid pra- 
duced dtu-inz trcntmcnt. The colunln \v;ts iiused f-urther ir I acetotit’. thi dried in ;I 
stream of drt nitroysn. Cofutnn packin, Lx \v;ts currird Ulit ininirdiatclv aftsr clraning 
and sifanization_ using the coated support as received. The colunm CYIS packed with 
the aid of pressure liom ;I nitrogen c~lindcr. and vibralcd interniittcntly during 
packing with a Burgess Vibro-Tool. DtIc care was taken to a\-oid pcking the inter 
m-m of the column in the injector zone. 

Glass colunms were connected to the gas chroniatograph using Mini-grip 
front !&-rules obtained iiom Packard. Do\vners Grove. 111.. U.S.A. Each front krrufr 
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wt’ls backed by a reversed brass back ferrule. and sealed with a brass nut: PTFE 
closures or silicone 0-rinp failed to give a lasting seal at relatively hi& temperatures 
of operation. 

Column conditioning was carried out for 2 h at 250- with a nitrogen flow-rate 
of 20 ml/min, followed by a 2 h no-tlow period at 300’_ and then 24.-h at 300 with 
the nitrogen t‘low-rate readjusted to 20 ml,/niin. Periodic reconditioning at 300 was 
wquiwd during normal operation to reduce base signal from the annlytical column 
at high temperatures_ and ako IO eliminate shadow components appearing in blank 
or control chromatogranx Columns prepared as above lasted for several hundred 
analyses_ Signs of deterioration included decreasing resolution of Ieucinc and iso- 
Icucine, and ;I decline in the relatix response of thr basic amino acids_ particularly 
arginine. Both of these problems could usually be remedied by repacking the inlet 
Zll-m ‘4 the c01lln1n_ 

Normally_ GLC :tnal_vsis based on fame ionization detection requires th:it t\vo 
colun~~s shouId be packed and conditioned simultrrneously to give ;I matched pair_ 
sach of \vhich can be used either as a rckrcnce column or as an analytical column. 
Electronic matching of the signals from the reference and analytical columns is 
employed to eliminate positive baseline drift due to substrate bleed from the ;ma- 
Iyticxl column_ Ho\veuer_ as SE-30 is extremely stable. with an upper-temperature 
limit of 350._ provision of it reference column is not strictly ntcessary. winless 0nc 
wishes to analyc unusually snxlll amounts of amino acids at high instrument sensi- 
tivity. 

Three types of amino acid standard \vcre needed. The iirst, Sl. \vas used to 

czdibrttte the gs chromtltograph and to determine the reproducibility of analysis fcx- 
each amino acid during sequential analysis on different days. Standard S 1 is nornx~ll_v 
rrkrrcd to as an c--sternal standard_ Use of the second standard. S2. \vhich in this 
case K;LS a simulated biological sample (wheat ?-rtiin)_ permitted rccwery and t~curacy 
values to be calculated for the method as it applies to a given sample type_ The third 
srandard5 SS_ \vafs an inrernal standtlrd. By n~eans of the internr~l standard, results on 
the amino acid analysis of an ~dcmxv~~ sample could be calculated, based on the 
response of a know1 amount of the internal standard added to each sample at somr’ 
stt1sl-c before analysis. 

Standard S 1 was made up to contain 50 111~ of each of the amino acids sho~vn 
in Table I, dissolved in 100 mI ofO.1 N hydrochloric acid_ As at least one estcrnal 
standard WIS analyzed on each da>- of routine operation, it was found convenient to 
distribute separate l-ml aliquots to about one hundred 100 :-: 16 mm Souirel tubes. 
\vhich were then dried and held in stortye over phosphorus pentosidc in a VYCLLL~ 

desiccator until required- 
Standard S3 contained the ;I~IOLI~ILS in milligrams of each of the amino skis 

shown in Table il. dissolved in 100 ml of 0.1 N hydrochloric acid_ giving a total 
tiniino acid content of 1000 mg. The pttrcentaer composition of S2 thus corresponds 
to the milli~rttm content divided bv 10. and approsimtttes that of\vheat grain protein. 
Individual S2 samples wrt‘ prep&ed as for Sl_ 

SX the internal standard, was prepared by dissolving 250 mg of norlcucinc in 
500 ml ot‘O_ 1 N hydrochloric acid. The internal standard solution \vas decanted into 
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the reservoir bottle of a repeating dispenser_ and refrigerated \v!;en not in USC. A I-m! 

aliquot ofS3 was added to each sorghum sample directly after hydrolysis. and batch- 
wise to tubes containing S2. which, for the purpose &obtaining the data in Table I!_ 
was treated as ;I synthetic unkno~vn_ 

H_droly.sis_ A IOO-mg anwmt of sorglwn~ mea! (~a. IO:,?,; prntcin) plus IO ml 

of 6 IV hydrocl~loric acid were placed in ;I 200 .:-: 22 11m1 screw-capped glass tube. 
The solution was de-gassed under WCUCIIII \vith accompanying sonication. and the 

tube ftushed with nitrogen before closure. Hydrolysis was condqcted for 21 h at I IO.. 
ilrldiriort qf‘ inttwtd srnttthr-d_ After hydrolysis. I ml of an intrrna! standard 

solution_ containing 0.5 mg;m! of nor!cucinc_ was added and tllc contents of the tube . 
wtxt’ mised !y shaking or sonication. 

Filtrtttion. Each hydrolyzate ~vas tiltered tlwou~!~ a grade 4 (pore diamctcr 
IO-20 itnl) sintcred-g!sss funnel and collected in :I glass tube \vith ;I side-arm con- 
nected to V~CLILIIIL A nxmifold \v;1s constructed to allow sinwltmeous filtration of up 
to six sa~np!es_ Filtrates were transferred to IOO-ml fat-bottomrd flasks. which Lvet-c 

in turn connected to the mns of an evapocmr spider. 
Erctpor~rrio~z cm/ t/r-_riu~_ Filtered hvdrolvztltes \vere evaporated to dryness at . - 

50‘ tmdcr V:LCLLUIII_ An axial hcatin~ l’in \v:‘;~s suspended to one side of the \vater 
bath to spcsd evaporation_ and to prevent condensation in the chamber of the spicier 
adapter. The evaporation step was repeated after addition of a fe\v rnillilitres of 

tlistilled \vater_ :und the dry residues \vere taken LIP in 5 or IO ml ofO_ I X l~ydroclhric 
acid. 

.-lttitJn-t,.~c-lttrttg~ t-ltwt-ttpfiw CIE_ An appropriate xniount nf sample franl tlic 

evaporation am! drying stqe. c0iltaiIliIlg about 5 mg of amino acids. \vas pipetted 
on to 3-5 1111 of Dowes 2-XY (100-200 rnrsh) placed in ;I 20 _ 1.5 cm glass c01u11111. 

The sample W:LS ~vashsd through the resin \\-ith several snxI!l portions of O-1 1V 

hydrochloric acid_ am! rsactly IO ml ofeluatr \vere collcctcd in a stoppsrcd. graduated 
cvlindcr. This procedure srr\-rJ to remove humins_ An aliquot containing 3-5 !tg of 
total amino acids was xdded to each sanip! e CLIP d the Technicon AutoAnalyzer hr 
mxllysis. The instrument \v;ts calibratrd \\-it11 50 rr! of a solution containing O-!E 
niicronioles of each amino acid. 

Crtriott-t._i-t-ittttt~t, c-ltwtt-trp_fbr- GLC. The method of Zum\\a!t ~11 (II_.’ \S:IS tipp!icc!_ 

using 7 :\I ;ininioni:i solution to clute amino acids from approsiniately half the 
sorghum l~~drol~zatc, pipstted on to CU. 3 g (moist \veight) of Do\ves 50-U ! 100-200 
mesh) resin Iirk! in ;I 20 .-- I .5 cm co!iI~ii~i_ Folkxvin, 0 clution xvitli tivc 5-m! volumes 

of7 X amnionia solution plus tivc 5-m! volumss of&stilled axtr_r. the collrcted elurlie 

\vas dried by rotary evaporation_ redissolved in 0.1 N hydrochloric acic! and tinally 

freeze-dried in 100 :-: 16 nlIn $ISS tubes_ 

Drr-iwttixrion trrrd ttmtlvsis h_r GLC. A 2-m! volun~r of n-propanol-3.5 .I1 
llydrochloric acid reagent \v;ts added. The tube wxs sl~akcn or sonicatcd until the 
solution cleared, and then placed in an oven at 110. for 30 min. After cooling. 1 ml 

of the solution wts transferred into a I.5ml conical reaction tube and evaporated 
just to dryness under a stream of dry nitrogen, while maintained at 90-100’ il? a 
sand-bath. To the residue in the tube \vere added 0.2 ml of heptatluorobut~ric 
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anhydride plus 0-I rnI of ncetonitrile. Acylation was conducted at 150” for 5 min, 
with the tube immersed to the inside Iiquid level in an oil-bath at the desired tem- 
perature. 

For analysis_ about 3 dcl of acetic anhydride was drawn into a lo-itI syringe. 
followed by a similar volume of the acylation mixture, and the combined solutions 
were injected-into the gas chromatograph. 

SL~~~~IIICW_~ oj‘c-ltrottrato~~r-~t~)lti~- conditions. The column was 3.5 m :-: 2 mm I_ D. 
borosilicate glz.iss, packed with 3 “/;; (w/w) SE-30 on 80-100 mesh Gas-Chrom Q_ The 
carrier gas was nitrogen. dried and de-oxygenated in-line, and gas flow-rates were: 
nitrogen, 20 ml/min; hvdrogen; 30 ml/min: and air, 1600 mlimin, split two ways. 

Pressures were as follo~vs: inlet. 5 kg/cm2; outlet, atmospheric: hvdropen cylinder, 
2.5 k&cm”; air cylinder_ 5 kg/cm2_ The injection port temperature-\vas 225. and the 
detector temperature 280’_ 

The column conditions tvere as follolvs: initial isothermal (hold) period of 
3 min at 75’, then temperature programmed from 75- to 250’ at 5 or 6-/min. The 
chart speed was 1 cm/min_ A dual difl‘erential tlame ionization detector NXS used. 
operated in the siqle mode, except for high-sensitivit_v analysis. The minimum detec- 
tion limit was LYI_ 1 - lo-’ s injected and the minimum quantilitd~lc limit \VZS 1~. 
1-IO-“5$_ 

From the integrator print-out. in arbitrary units, peuk areas \vere determined 
for each amino acid on a chrornatogram of the external standard. Sl. Euch peak 
area thus obtained was divided by the correspondin, n value for norleucine to obtain 
equal \veight response (EWR) factors for the amino acids. based on norl&xinc. 

The ratio ofthe experimental peak xrw for an amino acid in an unknown to the 
norleucine peak area in the same sample \vas divided by the appropriate E\\fR,_,~i,,,,r 
value, obtained from at least t\vo Sl analyses. run either on the s;unc day or within 
the same series of analyses_ 

The quotient \v;ts then multiplied by the amount of the internal standard 
(norleucine) originally added to the unknown_ Results referred to the absolute con- 

tent of amino acid in rhe sample, but could readily be convcrtsd to eive amino acid 
composition expressed as per cent (wow)_ relative mole per cent. or milligrams per 
gram of sample. 

RESULTS AKD DISCUSSlON 

Al! the amino acids separated completely (Fig. 1) during a 25min tlnxlysis, 
apart from leucine and isoleucine- which were only about 801;:, resolved. Wirh es- 
rended column use. the resolution of these two amino acids gradually declined to 
about 50%. At this point in the histor\* of the column, decreasing separation of the 
amino acid pairs serine-leucine, methIonine-aspartic acid nnd lysine-tyrosine :IlS0 
became evident. Changing the separation characteristics at no time led to impaired 
merisuremerk 

When heIium was tried as a carrier gas, complete separation of the amino 
acids occurred in less than 15 min_ However. owing to the difficult_v of establishing a 
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leak-tight system \vith hcliLm, nitrogen \v;Is used as carrier gas for routine purposes. 

The di-i-1 FB derivntive of Ristidinr gave ;I satist~ictory peak uken injected 

alone. but sepacited poorly from ~ItItamic acid in Ini.stLIr~s. As plant samples usually 

contain proportionntely large anioLInIs of, *rlLItamic acid, the nlrtllod of Moss er N/_~:‘_ 

\i-hereby di-HFB histidine is converted on-COILIIIIII into the corresponding IIIOIIO-H FB 

derivative, NXS adopted for histidine analysis. The mono-HFB derivative produced 

a peak appetiring pcnLIltimatcly in cllrc~mat~~~rams b~t\vrcn nrgininr and cystinc_ 

Data uu-r’ not conipilrd 0n tllc analysis of hydrosyproline. cxsteint and tr!p- 

t~~pllan, because these aniino acids m-t‘ not Ilorniall~ detectable in acid h_vdrolyz:Ites 

of plant materials. Nevertheless. iIlclLIsion nf these amino acids in an S I stnndard 

filVC three weI1 rcsolvsd peaks_ as I-r-parted by iMoss (‘I u/_“’ for analysis on aI1 OV- I 
c011111111_ 

11 may be ilrglled that_ tbr those \vorkers whose interests lie outside nloleciIlar 

bioclleniistr~. analysis quoted on a avight basis imparts a clearer intuitive under- 
standing thin does an expression of molar composition. Accordingly. the term equal 

\vri$lt response (EWR) has been introduced, \vhicfl refers to the ratio of the peak 
m-m for ;i given unit aniount of amino xid dik.idcd bv the peak area for the smiie 

miount of ;L standard. in this c:ist’ norlrucine. injected simLIItan~ousl~_ 
The EWR;,_;,_i,,,,r values used Iatsr in the study to prepare data on per cat 

(\s+j content and milIigranis nfrmiino acids per gram of sorghum nlcal are given in 

T:tbItl I_ For the purpose ofcomparing the rcsponst factors \vith other v:llues appmr- 
ing in the litemture. specilicallv those reported l-or the amino acid N-H FB_ mpropyl 

esters by J(insson L’I CI/_“‘_ relative molar response (RM R) fruxors \vere also calculated, 

and are prcsmted in Table I_ 

On investigating the most etti-ctivr means of converting amino acids in to their 

N-H FB_ wpropyl ester derivatives= JSnsson EI crl.” recommrndrd a method incorpo- 

rating t\vo-step propyhtion in S II hydrochloric acid-Iz-propanol. Table I iI>cludes 

their RMR data obtained by this procedure- Although Jiinsson er ~1.~~ tried esterilica- 
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TABLE 1 

RELATIVE MOLAR RESPONSE AND EQUAL WEIGHT RESPONSE OF THE N-HFH 
AMINO ACID rr-PROPYL ESTERS 

Alnnine 
G Iycine 
Vnline 
Threonine 
Srrinc 
Leucinc 
lsokucinr 
Norlrucine 
Proline 
Merhionine 
Aspartic acid 
Phenylalaninc 
Glutrtmic acid 
Lysine 
Tyrosinc 
Arginint 
Histidinc 
C~stinr 

EWR‘ 

Glrr :vut- 

l-03 0.99 
0.97 0.93 
1.0s 1.05 
1.0-f 1.00 
1.03 099 
l-15 1.09 
1.00 0.96 
1B-I 1.00 
096 091 
0.70 OX-IS 
1.00 096 
1.1-c 1.10 
1.00 0.96 
1.05 1.01 
1.0s l-03 
OS9 OX6 
O-41 0.40 
0.50 0.4s 

- Average of I? drtrrmintttions. 
-- Lirerdrur~ xiIurj=‘_ 

_*_ Monoacyl hid&m derivative. 
5 Diacyl histidine derivrttivc. 

RMR' 

0.62 
0.50 
OS6 
OS1 
0.71 

l-01 
O_SY 
0.93 
O-i3 
0.7 1 
0.90 
I.27 
1.00 
1.03 
1.33 
I -0s 
0.43 
OS2 

A’m- 

0.67 
0.53 
0.97 
0.91 
O-79 
I -09 
0.96 
1.00 
OS1 
O-77 
O-97 
I.39 
1.0s 
l-12 
1 Al 
l-14 
0.47” 
033 

,_ 

0.56 
0.52 
0.76 

0.95 
090 
1.0’ 
0.75 
1.00 
0.79 
o-7; 
1.04 
1.47 
1.20 
O-97 
I _3s 
1.19 
0.715 
0.91 

tion in or-propanal-3.5 :\I hydrochloric acid. they concluded that it gave lo\\- yields 
of the basic amino acid derivatives_ Paradoxically, in the present study, in \vhich 
esterification was conducted in fz-propanol-3.5 U hydrochloric acid. rtrginine save 
the same value as that cited by Jiinsson CI ~1.~~ _ and the RMR for lysinc NXS signifi- 
cantly higher. Glycine and cystine also gave the same RM R values in both cases. 
Data were tested at the 95% significance level_ using the r-distribution to establish 
confidence limits (figures not shown) from the values of standard deviation in Table 
IV_ Most amino acid RMR tktors reported in the txvo investiptions differ signifi- 

cantly, although not by a sutlicient ma-gin to imply gross errors in either deri\atiza- 
tion or chromatography. 

Esperimental RM R values for serine and tgrosine \vere more than 10 % louver 
than those obrained by Jijnsson er &_“_ although Tables IL III and IV rev& that the 
accuracy and precision of analysis for serine and tyrosine were good. Moreover, 
comparable analyses of serine and tyrosine in sorghum were obtained by GLC and 
CIE (Tables V and VI)_ Other amino acid RMR values were approsimately the same 
or higher than those obtained by Jiinsron et ~rf.~~, implying in general that esteritication 
of amino acids occurs at least as effectively in 3.5 111 hydrochioric acid-n-propnnol 
as in 8 ill hydrochloric acid-n-propanol. 

An important question is resolved by the comparison of packed column 
analysis with the capillary column analysis of the amino acid N-HFB. Ir-propyl esters 
of JSnsson et rd.“‘_ namely the potential for derivative-column interaction. Such 
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TABLE I1 

1% 

PRECISION AND ACCURACY IN THE GLC ANALYSIS OF AMINO ACIDS AS THEIR 
N-HFB. n-PROPYL ESTER DERIVATIVES 

R_S_D.‘- Error (I’,;) 

Alanine 
Glycine 
Vdine 
Threoninc 
Srrine 
Lcucinc 
lsolrucinc 
Proline 
Methioninc 
Aspanic acid 
Phrnylalsnine 
Gluktmic acid 
Lysine 
Tyrosinc 
Argininc 
Histidine 
Cyrtinc 

- 
20.3 

S7.6 
35.7 
75.0 
S0.S 
62 -9 
‘53 

107.5 
11.6 
4s.s 
43-5 

199.4 
16.9 
19-7 
542 
1Y.1 
IS.0 

I-17 
1.06 
1.96 
1.41 
7x4 
1.81 
3-67 
2.10 
_<.01 
O.S6 
0.40 
0.91 
0.26 
1.61 
1.54 

16.12 
9.7’ 

--0.5 
- 

-0.3 
-1-a 

.-- 1.9 
-- 9.7 
---0.3 
- I.4 
- 1-Y 
---9-7 

._ 

- Avcr&ge of 3 dctcrn~inations. based on calibrrition with ;I mistwe containing equal weights of 
the anino ncids. 

TABLE 111 

COXlPARISON OF AUTOXIATED CIE AND CLC: PERCENTAGE RECOVERIES O!’ 
XhlINO ACIDS FROM A SlhlULATED WHErIT SAMPLE’ 

CIE’- GLC” 

PC&i Pcrrx 

hPt:!& urcu 

Xlanine 101.1 105.5 95.’ 
Glycinc Y-I.5 91-s 101.1 
Etline YY_6 101-Y 97.1 
Threoninc 9s.3 IO-t.6 96.9 
Serine 90.9 s9.s 102.3 
Lcucinr 95.8 Y-l.6 95.9 
Isokucinc 100.9 Y5.0 91.3 
Proline 96-Y ‘94.9 106.6 
Methionine I oz.3 101.7 s-t.7 
Aspartic acid 99.0 95.1 97.5 
Phen~lahnine 93-7 91.3 96.6 
Glutmllic acid 96.0 91.4 102 
Lysint 103.0 109.3 s9.5 
T~msine 9s.4 97.4 101_4 
Arginittc 1Oi.S 113.1 99. I 
Histidinc 111.1 111.7 73 2 
Cystinc 105.S 11X6 99:2 

* Sample made up to contain proportionately identical amounts oTamino acids tc) those listed 
in TabIr II. 

*I Two determinations. 



interactions. occurring princip:tlly bctwecn polar liquid ph;ises rend derivatives of rhc 
basic amino acids plus cysrine, h;l\-c complicated rhe search for a single packed 

coiumn tiTerhod of analyzing amino :tcids b?; GLC_ because rhc bcsr scpara~i~wt~ 
usually occur on polar colimins. But. as it is estremely unlike1y th:lt deri\-ari~c-column 
interttcrion occurred in the capillary column used by JBnsson cr CI~_*~_ and ~1s Iysinc. 

rtrgininc and cxstine yielded similar RMR v:dues on both types ofcolumn. ir apFc:trs 
that deriv3ti~e-columii interaction did not take place in the SE-20 packed column 
used in this study’. 

- The RA4R for hisridine obtained on repeated calibration \vith ml Sl standard 
IY;LS poorly reproducibir (T&k IV). Because the peak for di-N-HFB histidine 1Xed 
to separate from that for $utsmic acid. histidinc w:‘;is an:tIvztd as the pcn;l~ivP 3- 
or 5-N-acetyl-tr-N-HFB derivative. On-column conv-crsion into the desired compound 
was effected by simukmeous injection of acetic anhydride. \vithout prior removai of 
heptafiuorobutyryl anIl_\-dride (HFBAj and acetonitrile from rhe sample. Ahhough 
Moss er d_l’J recommended the latter step, no evidence of rhe di-N-HFB histidinc 
could be discovered in chrc~mtlto~rtlms kvhen evaporation \vas omitted. 

The molar response of the presumed mono-N-H FB. N-acetyl hisridinc dcriva- 

rive rekttivc to norkucine was determined as O-47, compared \vith 0.71 for the corre- 
sponding di-N-HFB derivative amdvzed by Jiinsson er uI_~~. As carbony carbon 
atoms and tritluoromethyl groups do not contribute to the output of the tllamc 
ionization detector’“. the replacemenr of a heptnfluorobut~r\l proup by an acetyl - . 
3 woup should slighrly augmenr the histidine response_ On the other hand. injecrion 
of the di-N-HFB derivative with acetic anhxdride may have Icd to rhc rrmowl of 
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TABLE V 

AUTOMATED CIE DETERMiNATION OF PROTEIN AMINO ACIDS IN SORGHUtM’ GROWN UNDER 
TREATMENT WITH DIFFERENT AMOUNTS OF NITROGEN AND SULPHUR FERTILIZER - 

OIIL' heptallitorobttt~rvl _ ‘*mttp \i.ithoitt replacenwnt, in :L nxtnner analogous to the 
production of-mono-N-trifiuoroacetyl histidine t-or GLC anttlysisl which uxs described 
by Roach er c~f_‘:~- !n this case, no change in R&l R lvould be expected. The argument 
mny be approached from a more theoretical standpoint by assuming a lveight per 
ionizable carbon for histidine of 25.9 and 16.4 t-or norleucine, based on expected 
detector output for their N-HFB, fr-propyl derivatives_ This _ CGves 3 molar response 
t-or histidine relative to norleucine of 0.74, approsimately equa1 to the experimental 
value obtained by Jiinsson et al_“‘_ Lo\v experimental RMR valu& obtained in this 
study. considered in conjunction with poor reproducibility, make the method at 
present unsatisi-actory for histidine analysis_ 

Analysis of standard 52. a sirnulatsd wheat grain sample, was used to provide 
data on accuracy and precision of analysis (Table II), based on calibration with an 
Sl standard containins e qua1 \seights of a11 the anlino acids. includinp norleucine. 
Standard deviations. relative standard deviations and confidence limits at the 95 T/l, 
significance Ieve were calculated for each xnino acid. An error could be inferred 
when the range of the value t_o~ud did not include the true value_ The percentage 
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TABLE VI 

<;L.C ANALYSIS OF PROTEIN AMINO ACIDS IN SORGHUM’ CiROWN UNDER TREATMENT WlTH 
DIFFERENT AMOUNTS OF NITROGEN AND SULPHUR FERTILIZERS 

It is ckar from Table II that good reproducibility does not predicate freedom 
from error in a result based on several analyses, as esemplified b>- lysine_ Nor does 
good :~ccurac_v necessarily infer high precision (cystinej. Data for histidine analysis 
were dismissed because of both poor accuracy and poor reproducibility_ Escept for 
methionine and Iysine. the accuracy of the remainin, 0 results \vxs regarded as accept- 

able, although most of the amino acids present in lower concentrations than in the 
c;tlibration standard gtlve slightly low recoveries_ :vherras those in higher conccn- 
trations gave sIighti_v higher \;alues than expected. This phenomenon may, although 
improbabl?, have resulted from poor detector linearity. An alternative. more likely, 
-upianation is that complete conversion of amino acids into their correspondin? 
derivatives did not occur when relatively stnali amounts were present in the original 
sample_ The hypothesis is supported by interpretation of data given by Jiinsson 
er crf_“, who found low recoveries for methionine (- 16-S ‘;s) and iysine ( -- 27.2 ::;,I_ 
as we11 as for some other amino acids, on calibration with sn eight-fold concentrated 
standard_ It is possible that reaction inhibitors_ such as moisture in the original sample 
or heptafluorobutyric acid in heptafluorobutgric anhydride. prevented complete 
derivatization at low amino acid concentrtttions- The resultant errors could, in 
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practice. be almost completely avoided by calibration with a standard of about the 
same composition as the sample type. a procedure that would be Farticularly useful 
in application to screeninS analysis conducted on large numbers of samples of a 
@en type_ 

Discrepancies in recoveries for amino acids in low concentrations and erratic 
histidine results emphasize the desirability of continuin, 0 the investigations on the 
chemistry of derivatizing the amino acids to their N-H FB. n-propyl esters. 

Evaluation of tl new procedure for amino acid analysis is not complete without 
swne form of comparison with an established method_ Accordingly_ the Technicon 
AutoAnalyzer and GLC procedures were compared for accurxy (Table 111). repcat- 
ability (Table IV) and application to sorghum antllysis (Tables V and VI and Fig. 2). 
sot-$uru was chosen as ;i test material because analyses were espected to show certain 
specitic v:trirttions in tuninv acid content as the result of varied nitrogen and sulphur 
fwtiliz:~tion_ 

Although peak tu-ett nxxtsurement is ust~ally carried out ~nanually in Cl E 
ttn:tIysis_ electronic integration has brcome the standard ancillary in GLC. In this 
respect. comparison of analytical results from CIE and GLC, XS. carried out in this 
study. \vas not strictly valid. Multi-channel electronic integration of ;I given chro- 
niatographic signal has sliownz-~ that the integrator xcounts for only a small fraction 
of the total variability in results_ On the other hand. estimates of relative standard 
deviation based on nxu~ual methods of peak area measurement are two to tive times 
larger than those derived from electronic integration”. assuming the sanie chroniato- 
vaphic contribution in each case. This leads to much greater vat-iability ia manual Z 
than in electronic techniques_ it seems clear that. to some estent. the results in 
Tables 111 and IV \vill reftect this discrepancy_ 

Comparison of peak height and peak area methods ofquantitking results from 
the Technicon AutoAnalyzer (Tzlble Ill) su,, *wzsted that the peak height method was 
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superior_ With one analysis completed each 76 min. peaks were sharp, and greater 
error derived from measurcmcnt of peak width than peak height. Analyses of amino 
acids in the simulated wheat grain standard (Table III) from peak height detcrmi- 
nations in CIE_ and integrator readings in GLC, produced comparable results. Five 
amino acids yave errors of greater than 5 “/i, in both instances. The suggestion made 
earlier with refcrcnce to GLC. i.e., that calibration with a standard approsimatin~ 
the composition of the unknown would yield improved results, probably applies with 
equal validit! to automated Cl E analysis. 

Dsrermination of the variability implicit in sequential calibration with cqui- 
molar (CIE) or equiponderate (GLC) standards (Table IV) has limited application_ 
Theseemingly slight superiority of G LC over Cl E probably relates to the dilTercncc in 
methods of peak arca measurement. Calibration for prolinc in CIE evidently deserves 
special care_ In GLC_ &nine_ methioninc, argininc and cystine show rather high 
variability but_ during the ttnalysis of unkno\vns, conjunctive calibrarion reduces the 
variability fo an acceptable IevrI (Table II) for all amino acids except cystine and_ of 
course, h&&dine_ In general_ it may be concluded that frequent cttlibmtion is desit-ztblc 
in both CIE and GLCT but is certainly more important for some amino acids than 
others_ 

The most desirabie information stemming from a comp:trison of :tutotn;t~cd 
CIE and GLC concerns the idrntity of conclusions dct\vn from esperinwnM data. 
In :t typical test situation, the results of protein amino acid analysis conducted on 
sorglxtm meal by both zturomated ClE and GLC wet-c used to dcterminc the depcn- 
dcncc of protein quality in sorghum on sulphur and nitrogen fertilization_ In particular. 
conctusions were sought on changes in the relative content of &sine_ nwthioninc and 
cystine. Practical details of the sot-+tm esperiment and its agronomic implittttions 
have been given elsewhere’” together \virh a more rigorous rrcatment of rcsulrs. 

Most ttnalyscs were pcrfot-med bx CIE and GLC on identical satnplcs taken 
from duplicate hydrolyzatcs_ For methioninc and cystine analysis by CIE_ the tra- 
ditionat method for analyzing these amino acids as methionine sulphonc and cyst& 
acid in performic acid-oxidized h?drolyzarcs \vas adopted. Howcvcr, methioninc and 
cystinc \vcre analyzed directly by G LC in hydt-olyzates of samples that had undcrgonc 
preIiminar_v vacuum degassin, 0 \vith accompanying sotlicatiotl”~. 

Tables V and VI compare results f0r the protein amino acid analysis in 
sorghum obtained bg CIE and GLC_ Each value refers to milli~rzm~s of amino acid 
per gram of sorghum meal. Anaiysis of glutttmic acid by CIE gvc vaIucs Iowa- than 
those from GLC_ whereas results for Iysine and ttrgininc \vcrc considerably higher. 
Histidine only occttsionaltv crave ;I tneasurablc peak in GLC ttnalysis. Amino acid - Z 
totlrls from corresponding individual treatments \verc approsimttrcly the s;tmc. 
alrhottgh sotne\vhat iower in Table VI than in Table V for the 50 and 150 mg/pat 
nitrogen treatments. 

Although Tables V and VI show differences in the ~tbsolute amounts of most 
ttrnino acids dcrermined by the t\vo methods of analysis. both sets of data rcvcttled 
a simiiar internal consistency_ Conversion of data in rhc tables to per ccnr (\v/lv) 
content eliminated some irregularities. leaving lateral diKcrences which denoted the 
ctliccts of chnnginS nitrosen and sulphur fertilization on protein quality_ This is made 
more explicit in TabIes Vii and VIII for the amino acids lysine. methionine and 
cystine_ 
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TABLE VII 

Amino acid percentitgcs (Table Vii) l-or all ~t11phur treatments at given il.\4 Ievcls 

ol-nitrogen (colwii~~s 2-1 and 9-I I ) indicated that the relative contents ofniethionine, 
cystinc md lysine dwrcased with increasing nitrogen fertilizer application. Amino acid 
percentages avcragd tiw all nitrogen treatments at given lisai levels of sulpliur 
(columns S-S and I Z-15) indicated that. in general, the pcrcentag_e ofniethionine, Iysinc 

2nd cystine in sorghum protein increased with incrcasin g sulpliur application up to 
I00 mg per pot. The data in Table VII1 spccitk thtse conclusions nmrc cktrly for 
nwtliionine md c_\‘stinc_ At any given nitrogen level, I00 nig of‘ sttlphr per pot pro- 
ciitccd the most Jesirahlt ratio of‘ niethionine -- cystiw in total prott5n. 
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Measurement of methioninc and cystinc in 6 !V hydrochloric acid hydt-o!;zatcs 
yicldcd results consistent with those obtained from performic acid-osidized hydroiy- 
zatcs_ Ahhough mcthionine values in 6 N hydrochloric acid hydroiyzates were appttr- 
entiy low, this may have been the result of incomplete derivatization_ or the reaction 
of tnethionine \vith a specific component of sorghum meal. for example tannin. 
Details of at-t effective technique for vacuum degassin, o and sonication of biological 
samples_ permitting complete recovery of methionine and cystinc, are piven in a 
recent paper by Gehrke’s group2;_ 

As inferred previousi_v_ calibration \vith an amino acid standard similar in 
con&sition to sorghum protein would have led to improved accuracy in the GLC 
analysis of other amino acids. But ihe evidence suggests that_ in the sorghum espcri- 
tnent, impaired accuracy in no way prejudiced the conclusions drawn. The practising 
chromaro~rttpher sometimes errs in assumin, n that high accurxy is an invariable 
ad necessrtry premise of sound inxrcstipation- 

GLC analysis of anko acids as their N-H FB, it-propyl esters constitutes ;I 
single packed column technique which is simple in execution. rapid and precise. 
Improved acc~rzrcy can be artained by calibration \vith a standztrd siniiittt- in compo- 
sition to the unknown. Further \vork is evidently required to specify exactly the 

derivatization conditions capable of giving quantitative results over :t \videt- Iincar 
rttnse of amino acid concentration_ particularly for histidine Because of poor results 
for histidine- this method cannot nt present be recommended as II satisfactory aitcrna- 
tive to that based on the GLC analysis of amino acid N-trifluoroacct~l- tr-butyi esters, 
escep: when dual column instrumentation is not available. 
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