
Note 

Improved separation of basic amino acid5 rood am?zonia resulted from re- 
@acing sodicm phosphate v&h sodium borate in the gradient efution system of ion- 
exchange cbromatograplry described by _Murren et &.I. This observation prompted 
studies into the use of borate-coritaining beers in an apparatus which uses stepwise 
changes of coiumzr, elrrting buffers’ with equally rewarding results. 

The modrrlar apparatus used was constructed io the autbr's laboratory and 
is described in detail elsewhere’. All experiments were performed on a 300 x 6 mm 
I.D. cohunn of c&on-exchange resin (12 & I pm beads, 8 % DVB) at a temperature 
of 55” and an efutisn flow-rate of 0.6 ml/m& (ref. 2). BuRer compositions are given 
in Table 5. Nitrogen-segmented, ninhydri;n/hydrazine reagent was used for detecti&. 

Whilst ma&aini~g the first two sodium citrate btiers commonly used for 

the e&don of acidic and neutral amino acids, various borate-containing buffers were 
used to resolve the more basic substances. SoEutiocs of sodium borate used for thy 
+131&d and forrrth b&&-s produced irreg&arly shapd peaks which regained a gamsiaz. 
form if both citrate and borate ions were present irr the buffer. If the pH of the thin 
buffer ‘was greater than 5.20, ryrosine and phenyltianine were not separated; and i _ 
the btier change was made akr the emergence of p&eay!afanine, a pK greater tha: 
9.00 was required to e!ute (in an acceptaXe period of time) the amino acids whlc~ 
foflow histidiine. A third brr%r of pH fO.SO, introduced after the elutiorr of phenyi 
alanlrre, resolved hinidine. iysine, ammonia and arginine in 12 min {Fig. 1) TX 
tryptophan emerged KS &sine. Acid-hydrolgrsed samples co&j bz analysed at 
rate of one every 110 inin with tkis syste,m. 

A system using fovt bnfiers is shown irz Fig. 2 and described in Table 1, an 
was preferred since tyrosine and phenyIalanine emerged as sharp peaks, tryptop_Ea. 
was separated from iysfne, and there was Iess likelihood of gross amounts cfammoti 
overlap&g &sine or arginx&e ‘_ Either norleucine or anlsyfaI&i& could be used a 1 



internal standards. A complete analyticA cycle took I32 mix (Table I) 2nd this cod& 

be shortened to 128 min if anisyIaIanine was used as a internal standard, where the 
second btier change (Step 4, Table f) could be adwnced by 4 min. 

The observations of Thomas’ and Mwren et aLf that there was little shit in 
recorder baseline if buffers of increasing pH, rather than _g-eater mokity, were used 
to elute basic amino acids, were confirmed (Figs. I and 2) provided the nZnhyd& 
had suflicient buE&g capacity. Sight increases in the basetine of the 44U-nm 
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S g sodium hygroxide, 2I g citric 
acid mol%ohydrate and 60 ml 
2-metEroTq-ethanof; pH 3.25 

8 g sod&m_ Joydroxidez X g citric 
acid monohykafe and 60 ml 
&methC!pe&aIlof ; FH 3.25 

COfOFimeteF channel weFe observed (Fi g. 1) nd these were thought to be due to the 
alkzEZne column einting btier siigktfy increasing the PK of the rezgext. The closer 
the xezgznt pEE approached neutmlity the greater was-the increase in ye&iv coEour 
which absorbed more at 440 rim ttzan at 570 nm. 

BuEei-s of *high ply eluted the basic amino acids more rapidly &an Wxe of 
iwr~cd sodium moiztiw and cbrom&ograms produced by high m&w btiers took 
20-30 tin longer EO complete compared v&h those ikstrzted in Figs. 5 and 2, wi*Ch 
a correspond&g decrease in sensitivity as substances emerged as bmader peaks. 

SoIuhxx of citrate and borate do not btier welf between pK 6.50 and 8.50 
(ref. I). This is of Iittk conseqwnce with protein hydrolysates bxzt may prove 2 

Litihg f&%x in the anzlysis of the more cdmpfex amino acid mixtures of physio- 
logical &ids If stepwise b@er cfianges are employed. Gradient elution is superior 
for this purpose (E-riser er a!.?. 




