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SUMMARY

The clution pattern of acidic and neutral amino acids has been studied using
a number of samples of Aminex A3 resing The degree of cross-linking ol the resins
wits assessed by the tungstate density method and o correlation between elution
pattern and density was found. A range ol resin densities was defined within which
optimal resolution can be expected in the system of ATRIN AND FERDINAND!,

When lithium citrate bulfers are used without preservatives, microbial con-
tamination of columns can occur, resulting in grossly deformed amino acid peaks.
The addition of lithium fluoride, capryvlic acid, and pentachlorophenol protects
against microbial contamination,

INTRODUCTION

In defining the optimal conditions for amino acid analysis with lithium citrate
buffers! we used a single batch of Aminex A5 resin (bateh No, 5028). No preservatives
were added to the bulfers in the belief that microbial growth would not oveur in the
presence of lithium salts at the low pH values employed.

Subsequently severe microbial contamination of the resin columns occurred
and new resin was needed to replace the affected material. The properties of several
new batches of resin were found to be ditferent from that of the original to such an
extent that the clution patterns obtained with them were either unsatisfactory or
sutticiently different to make it inadvisable to mix the batches.

The studies reported here were designed to overcome these problems in the
use of lithium citrate buffers, An effective combination of antimicrobial agents has
been tested, and methods for selecting satisfactory batches of resin are described,

The physical properties of spherical ion-exchange resins that alfect the elution
pattern of amino acids have been defined by Hasinron®# as the bead diameter and
range of diameters, the degree and range of cross-linkage of the resin, and the ion-
exchange capacity. These properties can be measured, Other factors which may affect
resin performance are such hidden variables as the proportions of m- and p-divinyl-
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phonation faster than the p-DVB co-polymer?®. p-DVI produces a tightly cross-linked
nucleus of DV units to which long chains of polystyrene are 'Lttuclu_cl and in which
more pure pui}‘.‘%‘»tyi’ci‘lc is embedded. Since the commercial DVB's used in resin preg>-
aration are likely to contain variable ])I()pl)l tums of the two isomers it is evident that
different resin types will result, These factors cannot be assessed udsn;\f in the resin
and we have ignored them, Of the measurable resin properties bead size and range
and ion-exchange capacity can be measured casily but the degree of cross-linking is
less directly accessible, The wet density?, specific water regain®, and sodium tungstate
density®* have all been pi‘f;pm‘c:u as measures of cross-linkage., We have tested all
three methods and come down in favour of the use of tun;.mtdtu densities. Wet density
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Ton-exchange capacily

Ton-exchange capacity was determined by the titration method of MiLnar?!®.
After air-drying resins at 110° about 2 7 of the original water content still remained
and this was removed over P,0y unclur racuum?, Titration was carried out with
a Radiometer auto-titrator (I"I"T'a) to an end point of pH 7.0.
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PROPERTIES OF ETGHT BATCHES OF AMINEN :\5 TON-ENCIHTANGIE RESIN (IHU‘!\',\I) LABORNTORIIES,
RICHMOND, CALILLE.)

Nesin hateh

Mid-range

Tungstate Range uf lov-exchange Mean cliction time of
N density tungstate tungstate capacity alanine”

oin Jes ity 1Sty e o o . [ .

(gl density density (tequiv. [y) min TN N
determi -
nations

FO2N l.322-1,320 0.00.4 1,324 5.23 3.2 + 1.0 o
30153 1.320~1.330 00 1.328 5.0 1200 - 0.3 ]
740N .32 1.342 .00 1.320 5.12 1183 1
0947 1.332 3} 1.332 5.1 1ty S o 1o
TOLG/r a7 1.3321.330 0.00) 1,334 5.10 1yt 4 3.0 12
QOS| 1,330 0 1.330 5.20 tiz.t 1
) l.j.'“—l.j,.ls 0,002 1 347 5.19 123.0 3. 2.3 30

8 These two bhatehes were indistinguishable by all the tests applivd and swere combined.

lRe times given refer to the time taken for alimine to leave the bottom of o column of
24 cm (running length) s 00 mum, when pumped at a butler fow rate of So milfh as deseribed pre-
viouslyl,

TABLID T

CONCENTRATIONS OF SODIUM TUNGSTATE IN THE FIVE S privary”
THE TUNGSTATE DENSUTTES OF RESINS

SOLUTIONS USED IN MEASURING

Nodium hengstale
conecentration (gf?)

Tungstate
density (glinl)

1.310 3047
PRI 3755
R 3587.5
(IR L) 3090.4
1.330 4115

Tungstate density ‘

The relationship between the density and concentration of sodium tungstate
solutions was first determined. Grade 13 glassware was not accurate enough so all
volumetric glassware was calibrated using distilled water at 25°. Sodium tungstate
dihydrate (British Drug Houses, Analar grade) was converted to the anhydrous form
by drying overnight in an air-oven at 110° and stored in a desiccator. Twelve solutions
(1 1) were made up in the range 370420 g/l using weighed and calibrated glassware,
allowed to stand in a water bath at 25.0 2 0.1 for at least 1 h, and made up to the
mark. The flasks were then weighed and the density of the solution calculated. From
a linear regression analysis of the results the relationship between the concentration,
C g/l, and the density, 2 g/ml in this range was found to be:

C = 1195(D — 1) — 0.81 (1)
with a correlation coefticient of 0.9997. Tuble IT gives the concentrations of anhydrous
sodium tungstate required to make up solutions of densities in the range 1.310 to
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1.330 inintervals of o.or g/ml, as caleulated from eqn. 10 Solutions of density inter-
mediate between the primary steps were prepired by mising the required volumes .
ol these primary’” solutions, In this way solutions in censity steps of o.ooz gl
were prepared. A range of sodium tungstate solutions (5 mlof each) is phliced in o
series of test-tubes and 5 mgz of resin added to cach one. The tubes arve sealed witl)
Paratilm and allowed to stand in o water bath at 25.0° : o.1°. Disturbance of the
tubes must be avoided during the next 48 I while the resin is reaching hydrostatic
cquilibrium with the solution. After this the resin can be classed as denser than, lighter
than, or isopyenic with cach of the solutions in the range.

Cclmine acid analyvsis

Amino acid analysis wis carricd out as described previonsiyt with the exception
that 2 0 o.g ml aliquots of buffer No. 2 were used to wash samples into the columns
for A/N analyses instead of 3« ooz mb This minor change results in improved reso-
lution of aspartic acid, threonine and sevine,

Microbial contamination of colunins

This first became appirent in one analvser over a periad of two or three sweeks
by the gradual broadening of the amino acid peaks emerging after the buffer change
in the hydrolysate A/N analysis, No eifect on amino acids eluting before the buller
change was obscerved, nor was the columm impaired for ase in the basic analysis of
physiological fluids, Finally the top -z emoof resin was seen to be contiuminated by
its dirker colour and by its reddish purple colour during regeneration sith lithinom
hydroxide. At this stage all the peaks after the buffer changes were double, as shown
in Fig. 1. The contamination subsequently spread to a sceond analyser with identical
results. Removal of the contaminated resin and the use of fresh butfers temporarily
solved the problem but contamination recurred within a week, The addition of 5w/
lithivm fluoride to the lithium citrate bulfers and the replacement of aflfected resin
again restorecd the situation to normal, but one month later o sudden deterioration
in the celution pattern after the buffer change oceurred again, Finally the lithium
citrate buffers were miade up to contain lithium fluoride (5 maf), n-octanoic acid
(n-caprylic acid, o.r mi/) and pentachlorophenol (0.5 mg/l). No further problem has
“heen encountered.

Although this problem had all the characteristics of a microbial, probably fungal,
contaminiation we have not been able to elucidate the nature of the contaminant,
The bulfers in use at the time slowly developed small floating clumps of grevish
material resembling cotton wool under the microscope. Attempts to culture a fungus
from these buffers demonstrated the presence of a penicillium, which grew readily
on potato, destrose, Agar (PDA) plates containing the lithiam citrate buffers (pH 2.58
or 3.065). No growth wias observed at other pH values or on normal PDA plates,
Penicillium species are such common laboratory contaminants that we cannot be
sure that this was the cause of column contamination. Attempts to culture small
samples of the contaminated resin on a variety of differently supplemented media
were unsuccessful, probably because the resin had been automatically regenerated
with lithium hydroxide. The aqueous BRI | 35 solution uscd in making up the bulfers.
was seen to contain a white veil-like material. 13y phasc-contrast microscopy this
could be seen to have the typical mycelial structure of a septate fungus. All attempts.
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Fig. . A comparison of chronutograms from normal and contaminated amino acid analyser
columns, {iv) Novmal acidic and nentral aumino acid analyvsis on a 24 1.0 cm column of Aminex
A5 resin (biteh Noo s028)0 Elution Limes have not been corrected for aoreiction coil time ol 13 min,
Elution conditions are as deseribe:l previoasty?, (D) The siune analysis on the same column after
contiunination. Conditions s in (). .

to induce this fungus to sporulate were unsuccessful; it grew only extremely slowly
and only in BRI 35 solutions (30 g/roo ml). Subscequently solid BRI} 35 has been
used in preparving bulfers rather than using a stored aqueous solution,

Buffer line filters

Originally bullers were passed through a r-cm pre-column of Aminex A3 resin
immediately before entering the main column!, In order to avoid contamination the
pre-eolumns have now been replaced by Millipore filters. Two Solvinert filters
(URWPoi300 and UGWPo13zon, Millipore Corporation, Bedford, Mass. 01730) sep-
arated by a dise of 8 gm stainless-steel wire mesh! and supported by another similar
mesh are mounted in a stainless-steel holder,

Rejuvenation of contaminated resin

Attempts to rejuvenate contaminated resin were made because of the heavy
losses of resin caused by the contamination, Soaking in 3 N sodium hypochlorite
solution bleached the contaminating colour but left the resin in a “sticky" form which
gave 'high running pressures in the columns, Refluxing in 6 N HCI for 1 h overcame
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the latter problem, but the resin properties were found to be altered so as to give
a changed amino acid elution pattern. In a similar way suspending the resin in 2 .V
HNO, and raising to the boil, then allowing to cool, removed the contamination but
again altered the resin properties as described below,

Llution patlerns of various batches of Aluinex 15 resin

Eight batches of resin were studied in an attempt to find one that gave an
amino acid elution pattern like that of the original bateh No. 5028, The batch numbers
and properties are listed in Table 1. In all cases the resolution of amino acids that
clute in buffer 2 (pH 3.05) was satisfactory as judged by a valley to peak ratio of
less than 30 °, on a 24-cm column. In all cases the ratio was much less than 30 .
The resolution of amino acids cluting in buffer No. 1 (pH 2.59) was also satisfactory
except in the cases of the threonine/serine and glycine/alanine pairs, Some resins
gave good resolution, others gave sharp peaks too close together, and others gave
peaks that were too broad for satisfactory resolution of these pairs, The performance
of all the resins tested was satisfactory in the analysis of basic amino acids with the
exception of batchh No, gzog which did not resolve lysine and 1-methyl-histidine in
the physiological fluid analysis,

1351 ASP THR SER GLU PRO GLY ALA
E 1.34
A
> .
g ®
5 ®
3 °®
U
§ 1.33
[7a)
o

1.32

30 40 50 80 70 80 90 100
Tirme (min)

g, 2. The correlation between the tungstate density of o resin and the clution pattern obtained
under the conditions of e, 1, The clution times given for-cach amino acid on eich resin are the
times at which the amino acid leaves the bottom of the cotumn, normalised in cach case to an
aliunine time of roo min. The lines are the lines of least squares (it In all cases the slope is negative
except for glyeine (- 14.7). The slopes for threonine and serine iare —- 12,8 and —-19.0, respectively
indicating that they converge as tungstate density decreases, The radius of the points gives an
indication of the standard deviition in the horizontal dimension, - 1 to 2 min for most amino
acids.

The clution times of acidic and neutral amino acids emerging in buffer No, 1
are given in Table I and Fig. 2. Most batches of resin contained a range of tungstate
densities. In Fig, 2 the density at the middle of the range is plotted against the elution
times for different resins. The mid-range tungstate density is not necessarily the
density of the majority of the resin beads as there is no simple way of assessing the
quantitative distribution of resin through the range of densities observed. Never-
theless Fig, 2 shows a clear relationship between tungstate density and clution
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pattern. As the density increases from 1.324 to 1,347 the amino acids emerge carlier
relative to alanine, with the exception of glycine, which emerges later, The resolution
of glyeine and alanine is thus poorer at high densities, The reverse is true of threonine
and serine, though the tendency is not so marked. All the resins of tungstate density
greater than 1.332 were unsatisfactory in their resolution of glycine and alanine.
Resins of density Iving between 1,324 and 1.332, inclusive of both figures, were satis-
factory in all respects provided the range of densities was not greater than 0004
In the case of batch No. 7298, although its mid-range density was 1,329, there was
a spread of 0.000 in the densities of its beads and the peaks were too broad for glyci

and alanine to be resolved properly. The wide spread of densities is indicative ot l
wide spread of cross-linkages in the resin, and this will be a dispersive factor leading
to broad peaks and poor resolution?. An nth order regression analysis of HasziLroN'sY
data relating the degree of crass-linkage, Y7, to the tungstate density, /72, gave a good
fit with # == 3 or 4. The third order equation derived is

Y = — 4581.9 4+ 10783.37/) — 8507.83/0% - 2251.488/)3 (2)

From this equation the values of Y at values of /) in the range of interest are given
in Table 111, We give these correlations for interest’s sake but consider that the use
of per cent cross-linkage is of no practical value in classifying ion-exchange resins
for amino acid analysis and prefer to use tungstate density.

TABLIL T

RELATIONSIHIP BIETWEEN TUNGSTATIE DENSITY AND CROSS-LINKAGE OF SULPHONATED POLYSTYRIENE
RIESTNS

Taken from FHamilton's® data,

Tungstate Cross«linkage
density “0)
1.320 ..
1.322 0.0
1.32.4 6.8
1.320 7.0
1.328 7.2
1.330 74
1.332 7.0
1,334 7.8
1.330 S.0
1.338 N.2
1.340 8.5
1.342 Sz
1.344 8.9
1.340 0.1
1,348 0.4
1.350 9.0

The resins of lower tungstate density gave hlghcr pressures during elution th:m
those of higher density. This is to be expected since low cross-linkage gives rise to
a weaker and more compressible structure for the resin beads.

All the resins tested had ion-exchange capacities in the range 5.14 £ 0.10
mequiv./g. Within this range there seems to be little effect of capacity on elution
pittern,
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TABLID TV
EFFECT OF ONIDATIVE TREATMENTS UPON THE PROUVERTIES OF AMINEN A5 JON-ENCHANGE RESINS
Treantment [ suspension in 2 N FINO, and raising to the hoil, then allowing to cool

STreatmoent 11
suspunsinn in 3 N NaOCL overnight, wiashing, then reflusing for 1 h in 6 N HCL.

Kesin lm{ch / reatiment I IIIIL.'\I{I/( Range of  Meann Anvino acid clution times relative to
No. density deasity clution tine alanine -~ tooiin
(g/nm!) of alanine -
(nein) Asp The  Ser il Pro Gl
5028 None 1.322-1.320 0,00, 3.t 20.0) 43 G480 50..4 N.g.5 03.5
! s 109.5 308 4500 400 575 8530 93
Repeat | 103.9 0.0 4bu 49.7  537.2  SON 9.5
I 1.310-1.320 0010 0. .4 32.0 470 40.0 57.7 S7.8 9Q2.0
FOOL[7 1270 None 1.332-1.330 0.004 14,1 30.7 4400 g8 50.8 83.3 gbo
1 - 1 RN 0.0 445 400 571 NS4 9000
Repeat 1T - e 100.7 310 g0 guh 560 835 95.0
Repeat 11 13101320 0,010 T 1130 ir.o 15.1 400 500600 Nthy gy4.7

AN — Jp———.

asee Table T

Efeet of mild oxidation of resins on their propertics

The conclusions reached above from a study of different batches of resin are
confirmed by the effects of oxidative treatment of two batches of resin which had
become contaminated as described above. Table IV shows the clution times of amino
acids after a scries of oxidative treatments, together with the tungstate densities
before and after treatment. In both cases the density decreased, the range of densitics
became wider, the peaks became broader, glveine and alanine moved apart and
threonine converged upon serine, while the running pressure increased.

CONCLUSIONS

In view of the trouble and expense caused by a serious microbial contamination
of resin columns we recommend the following alterations to our carlier procedures!.
Lithium fluoride (3 maZ), n-octanoic acid (0.1 ml/l) and pentachlorophenol (0.5 mg/l)
should be added to both the lithium citrate butfers. Solid BRI ] 35 should be weighed
out instead of u<ing a stored solution, when making up buffers, and more rigorous
filtration of bufters entering the columns should be employved. The normal Millipore
or Oxoid mcmbmnc filters are unsuitable for use in the amino acid analyser but the
solvent- and alkali-resistant Solvinert filters can be used.

The pml)]em of a reliable source of ion-exchange resins is an ever-present one,
even assuming no catastrophic loss of resin, because of slow wastage and the necessity
of “topping-up’” columns occasionally. The wvariability of batches of commercial
resin has been reported before® 2= and we do not believe that Aminex A5 resin
is any worse in this respect than other available resins, In fact it appears that the
use of lithium citrate buffers may demand a more stringent control of resin density
than is the case with sodium citrate buffers because of a tendency for glycine and
alanine to elute together at high densities.

Provided that a batch of resin contains a range of tungstate densitics of less
than o.004, and the mid-range densxtx' lies between 1, 324 and 1.332 g/ml our evidence
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suggests that it will be suitable for use. Resins of lower density are likely to generate
high running pressures and to fail to resolve threonine and serine, while resins of
higher density are likely to fail to resolve glyeine and alanine.
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