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An improved buKer system For use in single-column gradient-elution ion- 
exchange chromatography of amino acids 

Amino acid 2rraIysis using ion-exchange chromatography has improved over 
the years with %ster rates of 2nzIysEs, increased sensitivity and greater rcIiabZty of 
ias:rumeatation’-5. The mz.jori~- of anaiysers use the s~epwise technique developed 
by Spa&man e& GA’. but some methods of gradient eluiioa chrom2tography have 
oyercome SGme of the dizdvantages associated with stepwise syStc~~?S. 

The _mdicat e!ution tzchaique of Pier aad !%%orris’, although representing a 
coasiderabie 2dvaace in Zen-e~changc chromato_gqhy, could not re2diiy be auto- 

maLed Fo‘or repstiitbe fast anaiyses. This was due both to an inherent lack of ffesibiricy. 
p2rticuIariy with regard to abrupt ph’ changes. and to the associated inconvenience 
of bu5er preparation. Subsequent work by Thomas et af.s-s produced 2 s_ystem which 
ovxcitme these problems 2nd which did mnke pcssibie f2st, automated amino acid 
2nalysis 0-n 2 routine bzses. 

Thomas et GJ_ achieved separatioa of the amino acids by producing on th2 

ion-exchznge coiuma 2 $3 gtzdieat derived from the accurate mixing of only hv0 

buffers, of high 2nd low pH nith yuimoiar sodium concentration. The technique 2s 
first reported t&etfed on ;t citnte-phosphate buffer sysIem4 and it wouid now appear 
from work doae iz this jabor2tory that the fatter gives somewhat Iimi:ed control of 
the pi3 gr2dieat during eiution elf th? basic amino acids. 

This paper describes 2~ 2Iterae‘ive, citrate-borate buff&r system whiclx +TS 

better control of the pH g~diea~ in tie basic region with 2 resu!tiag improvement 
in ‘he separation of the apprc~~iate amino acids. 

_A Raak Hiiger Chr~mrispek”~ ion-exch2nge chrom2topph 1~2s used to 
produce the p:i _adiears 2nd sub_quest chronatograms. The iastrumeat was fitted 
wirh a 3.50 x 2.6 EXE column Med with iza& Hifger i,u _resia 2nd this, when main- 
tz%ed 2~ 60’) reqtied that the high pmsur2 pump overc2me a back pressure of 
3CKhKJO p.s.i. to maint2in the optimum buEer flow-rzte of 0.16 mI!mia. 

The pLLf w% moaitored st the sampIe reservoir using a Model 26 pH meter. 
micro electrode GZ221C 2ad ,xference electrode K1301 (Radiometer, Copenhagen. 
Eenmark). 
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Reagents 
Buffer sohtkns were Prepa& as foUo~s: acid bu%er @H 2.2, 0.2 _‘lf Naf). 

10.5 g citric acid, Il.7 g sodium chloride. 3.5 ml Brij 35 (10 “/< ~viv), 2.5 d eodiglycol 
dissokd in wafer and dihmxi to one kc: citrate-phosphate basic buffit (PH I 1.5. 
02 A4 Nat), 14.7 30 m’sodium citrate.2 H-0, 6.46 g tnsodium oflhosphosphate. 12 
HzO, 12.5 mi 4% EDT& 3.5 ml Brij 35 [tog< w/v), dissolved in water and diluted to 
one Iitre; borate basic buffer (pH 11.5, 0.2 M Ka-). j&i3 g disodium tecraborate. IO 

ET,0 dissolved in water and diluted to one titre, the pK was adjusted to pH I 1.5 v&X 
0.2 M SO~~LUII hydrotide ad 13.0 ml -I”/6 EDTA and 4.0 ml Brij 35 (loo/;, w/v) wxe 
added to the fina! solution before use. 

The amino acid standard was prepareri as foUows: i ml AAS Standard (CA- 
biochem, Los Angeks, Catif.. U.S.A.), I ml Aeucine (2.5 ynolesjr;ll), I ml trvpto- 
phan (2.5 PmolesjmI) diluted to 50 ml with Cl.025 A1 E-ICI. This gave a soIution COQ- 
tzining 50 nmolq’ml of each amino acid. The sample loading was 160 ,RI_ 

Procedure 
The pH gradients were produced by running Chromzqek wkh a programme 

drum proHe which gave Iineai- stepwisc increments in the voIume ratio of basic to 
acid buffer, The stepwidths were such as to affow stabitisation of pH betweer. each 
ra& change and the resuIting PI-I readings were pIoxed against percentage of basic 
buffer for b0-h rhe &rare-phosphate and citrate-borate systems. Separate chro- 
matograms were then proddced usin, c suitab!e profiles for each bufFer system ro erect 
reso[uGon of the amino acids. 
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Fig. 1 Cbromtogrzm obtakci using the citn.te-phosphafe b&et- system. 

Fig. 3. Cbonztcgram abbined ming the citrate-hmatt buffer system showing &proved szpzra- 
tion oe’ the basic zmino acids. 



WULTS AND DsCUSSIOK 

men Us& LOW K5okXity btiers for fast e!ution of the basic amino acids a 
controliabk PE gradient between pH 7.5 and pH Il.0 is required to gi>e adequate 
separation. Comparison of the graphs of pH vs. percentage OF basic btier for the 
citrate-phosphate and citrate-borate qxtems (Fig. I) shows that tie rate of rise of 
pH through this region is sigti.ikantI~ Ioner for citrate-borate btiering, aithough 
as a consequence the pH gradient is higher between pH 4 and pH 7.5. 

Chromato_wms obtained using the two different btier ccmbinations are 
shown in Figs. 2 and 3. It can be seen that an improved separation ofthe basic amino 
acids has kn achieved using the citrate-borate qstem. AL the same time there has 
been no significanr deterioration in the separarion of the other acids and no increase 
has been iequkd in the overaff cycle time. 
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