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Low molecular mass compounds containing purine or indole groups exhibit adsorption-based retention

characteristics when chromatographed on high performance size exclusion chromatography supports

(Superose 12 and Superdex 76). Exploitation of this phenomenon enabled the development of a method
for the quantitative analysis of purine nucleosides and free bases In wort and beer. Using this technique,
a survey of 18 commercial beers showed the following range of variation of concentrations of these

compounds :guanosine + deoxyguanosine 19-110 mg/L, adenosine + deoxyadenosine 3-43 mg/L, xan-
thine 1-41 mg/L, guanine < 1-11 mg/L and adenine < 1-7 mg/L. Analysis of wort and beer from a com

mercial brewery demonstrated a decline in both adenine and guanine and an increase in xanthine during

the course of a typical fermentation.
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Introduction

Nucleic acid derivatives (nucleotides, nucleosides and free

bases) are important wort constituents for yeast biosynthesis

of nucleic acid polymers. These compounds may also contrib

ute to the organoleptic aspects of beer quality". Thus quanti

tative estimation of the concentration of these compounds

is an important aspect of the analysis of the nitrogenous

constituents of wort and beer.

Early methodologies for the quantitative estimation of

nucleic acid derivatives in wort and beer were limited by the

efficiency of activated carbon adsorption/desorption prior to

analysis3-". The development of direct analysis of wort and

beer by column chromatography alleviated this problem and

also resulted in a substantial improvement in resolution of

individual compounds. The principal column chromato-

graphic methodologies applied to the analysis of nucleic acid

derivatives in wort and beer are based on applications of

anion exchange chromatography4-5 and size exclusion chrom-

atography6-7-8. For example, Dale and Young* described sim

ple column chromatographic methods for the isolation of

purine nucleosides directly from wort and beer using a num

ber of conventional size exclusion chromatography matrices.

The subsequent application of FPLC methodologies to the

analysis of wort and beer7 suggested that the agarose based

matrix Superose 12 offered improved resolution of individual

low molecular mass components as compared with conven

tional size exclusion chromatography matrices. In this publi

cation we extend these investigations by fully characterising

the elution profiles of beer from two high performance size

exclusion chromatography matrices (Superose 12 and Super

dex 75). These studies have led to the development and

validation of a method for the direct quantitative analysis of

purine nucleosides and free bases from wort and beer.

Materials and Methods

Sample preparation

Bottled commercial beers were de-gassed by standing in

open containers for 12 hours at 4°C. Samples of bright beers

were applied directly to the Superose 12 and Superdex 75

columns.

Beers which contained haze or yeast were clarified by

membrane filtration (0.22 urn mean pore size) or centrifug-

ation prior to analysis.

Column chromatography

The Superose 12 and Superdex 75 columns (HR 10/30)

were supplied pre-packed by the manufacturer (Pharmacia

Biotechnology). Each column was operated under identical

conditions in conjunction with a Pharmacia DfB HPLC sys

tem. The volume of wort, beer or chromatography standard

applied to each column was 200 u.L. Columns were eluted

at ambient temperature (20-25°C) and at a constant column

eluent flow rate of 0.25 mL/min with an unbuffered solution

of 100 mM sodium chloride. The ultra-violet absorbance of

the column eluent was continuously monitored at both

260 nm and 280 nm using a VWM 2141 variable wavelength

monitor (Pharmacia Biotechnology). Details of the character

istics of the Superose 12 and Superdex 75 columns are pre

sented in Table 1.

The size exclusion chromatography characteristics of both

columns were investigated by fractionating protein standards

(yeast alcohol dehydrogenase Mr 150 000, bovine serum

albumin Mr 67 000, ovalbumin Mr 44 000 and cytochrome

c Mr 13 300).

Analysis offractions from the Superose 12 and Superdex 75

elution profiles of wort and beer

Samples of beer (1-2 mL) were fractionated on columns

of Sephadex LH20 (2.6 x 34.0 cm) and Sephadex G25

TABLE I. Properties of the high performance size exclusion

chromatography matrices Supcrose 12 and

Superdex 75.

Property

Composition

Matrix particles

Mean Particle

Diameter

Exclusion limit

(globular proteins)

Fraclionation range

(globular proteins)

Column bed

dimensions

Bed volume

Superose 12

Cross-linked

agarose

Spherical beads

10 (tm

2000000

1000-300000

10 x 300 mm

24 ml

Superdex 75

Composite of cross-

linked agarose and

dextran

Spherical beads

13 fan

100000

3000-70000

10 x 300 mm

24 ml

(Data courtesy of Pharmacia Biotechnology)
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(2.6 x 32.0 cm) as described in a previous publication6, and
fractions containing purine nucleosides and free bases were

collected then re-chromatographed on columns of Supcrose

12 and Superdex 75. Similarly, fractions from the Superose

12 and Superdex 75 elution profiles of beer were collected

and re-chromatographed on a column of Sephadex G25

(1.6 x 30.0 cm). The Sephadex G25 column was eluted at

8°C with 100 mM sodium chloride at a constant column

eluent Mow rate of 0.3 mL/min and the ultra-violet

absorbancc of the column eluent continuously monitored at

280 nm.

Ultra-violet absorbance spectra

Ultra-violet absorbance spectra (220-400 nm) of beer frac

tions, amino acid and nucleic acid derivative standards were

obtained using an Ultrospec III spectrophotometer

(Pharmacia Biotechnology) at a scanning rate of 10 nm/sec.

Quantitative analysis of purine nucleosides and free bases in

wort and beer

This was achieved by determining the mean peak height

above the baseline of purine nucleoside or free base fractions

in the Superose 12 and Superdex 75 elution profiles of beers.

The results were compared with calibration plots for the

corresponding purine nucleoside or free base, constructed

by fractionating known amounts of each standard under

identical chromatography conditions. The concentration of

the nucleic acid derivative standards was determined by spec-

trophotometric assay in conjunction with published values

of extinction coefficient9. In the case of adenosine + deoxya-

denosine and guanosine + deoxyguanosine fractions cali

bration plots were determined using adenosine and guanosine

standards respectively since the extinction coefficients of the

deoxyribonucleosides and ribonucleosides are known to be

identical9. The calibration plots were linear; for example for

adenosine at concentrations of 0-35 mg/L, the correlation

coefficient was r = 0.98 n = 5. The correlation coefficients

of calibration plots for the other nucleic acid derivative stan

dards were all greater than 0.95 (results not shown).

Results

Fractionation of a range of commercial beers on Superose

12 and Superdex 75 columns showed that the pattern of the

fractions in the elution profiles of beers was consistent

between beers and that the height of fractions in the elution

profile was characteristic of an individual beer (Figures 1

and 2). The results from six replicate analyses of a commer

cial beer fractionated on a column of Superose 12 (Table 2)

showed that both the peak height and elution volume of

fractions in the elution profile was fully reproducible. The

precision of results for the Superdex 75 column was similarly

high (results not shown). The resolution of fractions in the

Superose 12 and Superdex 75 elution profiles was consistent

under conditions of column eluent flow rate of 0.2-0.5 mL/

min. Preliminary investigations of the Superose 12 and Super

dex 75 elution profiles of beer showed that the majority of

the fractions eluted after the useful fractionation range of

the columns (Superose 12 > 15 mL, Superdex 75 > 15 mL).

This together with the results from the fractionation of beer

and dialysed beer material7 suggested that the fractions in

the Superose 12 and Superdex 75 elution profiles of beer

comprised low molecular mass components (Mr < 5000).

Our results also suggested that low molecular mass fractions

accounted for the majority of the ultra-violet absorbance of

beer consistent with results reported by Somcrs and Zie-

melis12.
Characterisation of fractions in the Superose 12 and Super

dex 75 elution profiles of beer was conducted by:

1. chromatography of well characterised fractions isolated

from beer using conventional size exclusion chromatogra

phy matrices. These fractions were previously character

ised by thin layer chromatography, reverse phase HPLC

and mass spectrometry6-8.
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Fig. 1. Fractionation of samples of commercial beers on a column

of Superose 12.

(The beers listed from top to bottom correspond to beers A, B, E

and I in Table 4).

2. fractionation of amino acid and nucleic acid derivative

standards.

3. determination of ultra-violet absorbance spectra.

(For convenience, corresponding fractions in the Superose

12 and Superdex 75 elution profiles of beer are labelled in

order of increasing elution volume). The results from these

analyses are consistent with the compositional analysis of

Superose 12 and Superdex 75 fractions shown in Table 3.

Fractionation of purine nucleosides and free base standards

on both columns showed that the relationship between peak

height of fractions in the elution profile and concentration

of standard applied to the column was linear. The peak

height of fractions from beer and diluted beer samples also

showed a linear relationship (results not shown). Thus, quan

titative analysis of purine nucleosides and free bases in beer










