
Fluoraphatametric as’say of amino acids by using automated ligand- 
exchange chromatography and pyridoxal-zinc(ll) reagent 

A method for the clunntitativc scpration of amino acids ancl rclntccl coml~ounds 
in lxotcin l~yclrolyzntcs and iii l~liysiologicnl fluids into incliviclual components by 
ion-cscliange cl~roiiintogri~plly, with colour clevelolxncnt by tlic ninliyclrin reaction 
for crtcli component, wns cstablisliccl by SrwIwAN cl d. I. This mctliocl has been rapicl- 
ly clcvclol~ecl in about the last I0 yews. ‘I’lic limit of sensitivity for amino :hls wllcn 
spccid cxluipmciit is usccl nl~lwonclws IO-” molt of sample. Altl~ougli tlic sensitivity 
of the ninl~yclrin reaction is suffxient for many purposes, situations often occur in 
lhclicmicnl studies iii which more sensitive assays for amino ncicls we necclccl. As 
fluorimctry is known to increase the sensitivity of assays by several orclcrs of magni- 
tuclc, scmic invcstigzdors triecl to clcvclol~ il fluorinietric assay for wiino acids2-t. 
Rcccntly, ~A~II~JIBIR nncl co-worlzers”~7 rclxdxxl ~7. new Iluorcsccnce reaction of pri- 
nw,ry ;tmiiies, nmiiio acicls ~icl lxl~ticlcs wit11 l~lienylacetnlclcl~yclc and ninliyclrin, 
ancl apldiccl it to the clctcrminntion of amino n&Is sclxwatecl by tlx lwoccclurc of 
SPACIiMAN d Cd.‘. 

In previous lxqxrs8+U , a iicw fluorol~l~otomctric mctliocl for tlie clctcrmination of 
amino sugars and amino acids was clcscril~ecl. This lxtper concerns tlic npplication of 
tlic selective fluorescent reaction with pyriclosnl nnd xinc(I1) to an nutornatic :Imino 
acicl annlyizcr. 

Mntevinls. Amino acicls wcrc obtaiiiccl from Ajinomoto Inc., Tokyo. Pyridosal 
l~yclrocl~loricle was the product of Sigma Chemical Co,, U.S.A. Otlicr clicmicnls were 
of reagent grade, 

Rcogcnt sohrtiorr. Pyriclosal-isinc(II) rcngcnt solution was frcslily lwepnrccl 
before use by clissolving 0,100 g of pyridoxnl I.yclrocliloricle ancl x,ooogof zinc EW.?ti~tX! 

in IOOO ml of z.o”k., pyriclinc-methanol. Buffers were prepared in nccorclance with 
l’nble I, 

Procec~~t4ve. Amino acid i1llRlySCS wcrc pcrforniccI by ligniicl-csclinnge cliromtdo- 
graphy as clcscribccl by ARIKAWA’O ancl GANNO ANI) ARIKAWA~~. A Nitaclli Model 
034 liquicl cliromatograpli nncl a I-Iitnclii niloclcl 204 fluorcsccnce sl~cctroI~liotoiiictcr 
ccluiplwcl with a mercury lamp were usccl. 

A conil~letc iUlliIl0 acid il.IKllySiS was pcrformccl in two steps, Tllc ncictic :Lncl ncu- 
trnl Rniino a&Is were elutccl from a 95 x G mm pm-column nncl a 450 x G mm 
column of sulphonntccl polystyrene resin (Hitachi Custom Ion Eschnge Resin 
zG13) ecpilibratccl at 55” with buffer I (11H~.4,10). l’lic basic amino acids were clutecl 
from :t 200 x G mm column. l~nckecl with it sirnilnr resin and equilibmtecl at 55” 
with buffer II (Id-1 5,ro). The flow-rntc through the column was 30 ml/h, l’lic cfflucnt 
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‘CABLE I 

COLII’OSITION 01’ 1,UIVliRS USRD FOR THIt SBPARATIOS 01’ AXlINCl hCIlX3 
_____..,._ _ .._.... .._---.-_ ._.._. - .___ --._-. .---.-.. --.- 

COtWlilUCl/l s‘UZOlLJtt U&d PCV IO 1 Of bltffl%’ 
---_-.- ---- 

I” II” 
_-__-- _...- 

Soclium acctntc ‘iI. g 753.0 6 
Glacial ncctic n&l I r&o ml rSg,o nil 

0.5 M zinc ncctntc 7.0 ml 20.0 ml 
Etllyl alcohol 800~0 ml - 
Bcnzyl alcohol - ’ I IO,0 ml 
agO/0 Brij-3g ‘to,0 ml .lo.o ml 

.-.--- ..____ --..--.- .._ _._ 

n Buffer used for scpnration of nciclic nncl ncutrnl amino acicls (PI-I 4.10). 

11 Buffer wccl for separation of basic amino acids (pl-i 5.10). 

stream was misecl with pyridoxal-zinc(I1) reagent solution l~un~lxxl at tlic rate of 
120 ml/Ii (4 parts of reagent solution pel 1 part of effluent) and allowed to react at 
65-75” for I0 mill (30 m x x,0 mm reaction coil of PTFE capillar tubing). After 
the reaction, the misturc was passed through the flow cell in tlic fluurophotometer, 
which was equipped with a Toshiba Y-42 primary filter and set at 365 nm with exci- 
tation and al: 485 urn with emission. The flow diagram is shown in Fig. I. 
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Big. I. Flow clicrgrnm of amino ncitl awlyxcr using the fluorophotomctric method with pyricloxul- 
%n(I I) rcngent. 

The following l~aranM.crs were examined in order to determine the optimal 
conditions for the separation and determination of amino acids, 

‘I’y#c of elzcmt. l rh fluorescent reaction used in this study is l~nsecl on the for- 
mation of chelates between, N-pyridoxyliclene amino acids and %n(II). The citrate 
buffers used by SPACKMAN et nl.l could not be usecl in the present system because 
citrate is ‘a strong chelating agent and interferes to produce a fluorophor, N-pyri- 
doxylidene amino acid-Zn(I1) chelnte, in this fluorescent reaction. ARIICAWA’” ancl 
G,~NNO AND ARIKAWA~~ described ligand-exchange chromatography based on the 
ability of amino acids to form complexes with Zn(I1) a The buffer used in that system 



did not contain citrate and any other chelating agents, as shown in Table I. Ligancl- 
exchange cliron~atogral~liy was therefore chosen for use in our experiments. 

Ej%ct of renctiorr tem/watzcvc. The experiments were carried out at various tcm- 
peratures of the reaction batll in order to determine the optimal reaction temperature, 
An alicluot of amino acid solution was injcctcd into the mixing zone with a microsy- 
ringe. The results are shown in Fig. 2. The fluorescence intensity increased rapidly 
with increase in temperature and reacllcd a maximum. Neutral and acidic amino 
acids exhibited masimum intensities at 70-So”, while the basic amino acid lysinc e.x- 
Ilibited the maximum at 65”. The temperature of the reaction bath was therefore set 
at @j-75”, and tllc waste wxs subjected to a back-pressure of about I atm so as to 
prevent tlic nictlianol from boiling. 
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Fig. 2. Effect of tlw rcnction bnth tcrnpcraturc on fluorcsccncc intensity. 

Eflcct of ratio of rengerzt to clwnl. The mixing ratio of reagent to cluent was varied 
by changing the flow-rates of botll. As shown in Fig. 3, the fluorcsccnce intensity 
increased rapidly when the mixing ratio of reagent to eluent was varied from 3:1 to 
G :I. However, a decrease in the flow-rate of eluent increased the elution times of 
amino acids, The flow-rate of eluent was therefore set at 30 ml/h, at which rate a 
good resolution of each amino acid was obtained, and the flow-rate of reagent at 
I20 nil/h, 

Typical chromatograms obtained for the separation of a standard mixture of 
amino acids under the above conditions arc presented in Figs. 4 and 5* Eacll peak 
represents 0.005 pmole of basic amino acid, Under the best conditions, 0.001 qnole 
of each amino acid was dcterminccl by the automated fluorophotometric procedure. 
It seems that one twentieth to one fiftieth of the usual amount of sample can. be deter: 
mined with this instrument, The calibration curve was achieved by use of the peak 
heights. The relationship between the concentration of amino acids and tile peak 
height or peak area was linear. The stability of the reagent was tested by checking 
the same amount o,f a standard solution of glycine every day, Reagent solution kept 
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Fig. 3. Effect of the mixing ratio of rcngcnt to clucnt on Fluorcsccncc intensity. 

Fig. .+ Cliromntogram monitorcd by automntccl fluorimctric nssny using the flow ccl1 of n I-litncbi 
Moclel zoj. fluorcsconcc spcctropl~otomctcr. The sensitivity was set nrbitrarily to minimize the noise 
Icvcl. Each pcnlc rcprcscnts r).oog ltmolc of basic amino acid. 
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Ply. 5, Chromntogrnm of ncidic nncl ncutrnl amino ncids. Each ~)calc rcprcscnts 0~01 Idmolc of 
snmplc, 
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in a. refrigerator at -10’ for r week coulcl, be used in the assay just as well as ;I freshly 
prepared reagent solution. 

Amino sugars, such ns glucosamine itnd gnlitctosarninc, c *also yield Iluorcsccncc 
and can be clctermined by tl1is procedure. Altliougli proline and Ilydrosyproline, 
which hnvc no primary amino groups, gave no fluorescence , and tryptophan and nm- 
mania eshibited no fluorescence, this procedure is for most amino acids one to two 
orders of magnitude more sensitive than the usual ninhyclrin metliocl. 
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