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A sensitive assay for acid proteinases, based on tritium labelled hemoglobin, has been used to demonstrate 
nanogram quantities of acid proteinase in unpasteurized commercial beers. The proteinase was released from 
brewers' yeast into beer, and the level varied both with 1he yeast strain used and with other process parameters. 
Acid proteinase was isolated from brewers' yeast and added to beer in amounts similar to the highest activities 
found in beer samples. This caused a significant reduction in beer foam stability. 

1. INTRODUCTION 

Proteolytic enzymes from malt have an im- 
portant role in beer production since they de- 
grade proteins during the mashing step. When 
the wort is boiled these enzymes are destroyed, 
and it is normally assumed that no further pro- 
teolysis occurs in the subsequent fermentation 
and maturation steps (5). However, this assump- 
tion may not be totally correct since proteolytic 
enzymes could escape from damaged yeast cells. 
Several proteolytic enzymes have been found in 

brewers' yeast and one of these has an acid pH 
opt imum suggesting that it would be active in 
fermenting beers (10, 17, 18). In the present re- 
port a sensitive proteinase assay has been applied 
to commercial beers and widely different levels 
of  acid proteinase activity were found. The acid 
proteinase was isolated from brewers' yeast and 
added to samples of  beer. In amounts which cor- 
responded to the highest levels observed in com- 
mercial beer, this proteinase significantly de- 
creased the half-life of  beer foams. 
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2. MATERIALS AND METHODS 
2.1. Materials 

Brewers' yeast was obtained from The United 
Breweries Ltd. (Copenhagen, Denmark). Bovine 
hemoglobin and ethylene glycol were from 
Merck (Darmstadt, W. Germany) and (3H)-so- 
dium borohydride, 8.4 Ci. mol-1, from New 
England Nuclear (Boston, USA). Pepsin, 2710 
U �9 mg-I, lot No. 45C-8231 from hog pancreas, 
was from Sigma (St. Louis, USA). 

DEAE-Sephacel and Phenyl Sepharose CL-4B 
were from Pharmacia (Uppsala, Sweden). An af- 
finity resin for carboxypeptidase Y, ((N-e- 
aminocaproyl)-p-aminobenzyl)succinyl-Sepha- 
rose (CABS-Sepharose) was kindly donated by 
K. BREDDAM (2, 6). All other chemicals were ana- 
lytical grade. 

2.2. Methods 
2.2.1. Activity measurements 

Hemoglobin was radioactively labelled by re- 
ductive methylation (11, 13, 14) with form- 
aldehyde plus (3H)-sodium borohydride accord- 
ing to TACK et al. (16). The labelled hemoglobin 
was denatured by exhaustive dialysis against 0.1 
M-KCI adjusted with HCI to pH 2.5. From liquid 
scintillation counting and the protein content, 
determined by amino acid analysis, a specific 
activity of 31 Ci �9 mmol-I was found. Approx- 
imately 40% of the lysine e-amino groups were 
dimethylated. 

Acid proteinase activity was determined by 
the LANOE and DUNNIGAN modification of the 
ANSON method (1, 8). Aliquots of 125 lal 2% he- 
moglobin, pH 2.5, containing 5x105 cpm (3H)- 
hemoglobin, were mixed with 125 p.1 beer sam- 
pies, and trichloroacetic acid soluble peptides 
were determined by liquid scintillation counting. 
Blank values were determined using boiled beer 
samples. Acid proteinase activity was arbitrarily 
expressed as the number of pepsin units which 
digested hemoglobin to the same extent. All beer 
samples were clarified by centrifugation, in order 
to remove yeast and hop particles. Incubation 
with substrate lasted 48 hours, and microbial 
growth was prevented by addition of 100 ppm 
penicillin G and 1 ppm streptomycin sulphate. 

2.2.2. Isolation of acid proteinase 
5 kg brewers' yeast, which had been sieved free 

of hop particles and washed with ice-cold dis- 
tilled water, was plasmolysed for one hour with 
500 ml of ether. Then 5 1 water was added, pH 
adjusted to 7.5 and the autolysate left standing at 
25 *C for 21 hours. After centrifugation at 
7,500xg for 30 min, pH was adjusted to 5.0 with 
20% acetic acid, and the supernatant was acti- 
vated by standing for 20 hours at 25 ~ After 
another centrifugation 0.5 mM-mercuric chlor- 
ide was added to suppress proteinase B activity 
(7). This had no inhibitory effect on the acid 
proteinase. The proteinases were precipitated at 
94% saturation with ammonium sulphate. After 
centrifugation distilled water was added to the 
precipitate until it was 20% saturated with am- 
monium sulphate. The solution was clarified by 
centrifugation and applied to a 500 ml Phenyl- 
Sepharose 4B column (10x6.5 cm), washed at 
500 ml.  h-l with 1000 ml 10% saturated am- 
monium sulphate in 0.1 M-potassium phosphate, 
pH 6.0, and at 100 ml �9 h-l with 500 ml of the 
same buffer containing 50% ethylene glycol (v/ 
v). The proteinase was eluted at 100 ml - h-1 with 
1000 ml buffer containing 85% ethylene glycol 
(v/v), as described by MEUSSDOERFFER et al. (12). 
The eluate was concentrated to 250 ml by di- 
afiltration against 0.1 M-potassium phosphate, 
pH 7.0, and applied to a 500 ml DEAE-Sephacel 
column (5x8 cm), equilibrated with the same 
buffer. After washing with 600 ml buffer, the en- 
zyme was eluted at 100 ml �9 h-I with a 1.61 linear 
gradient from 0 - 0.5 M-NaCI in 0.1 M-potassium 
phosphate, pH 7.0, 0.5 mM-mercuric chloride. 
Fractions containing acid proteinase activity 
were pooled, diafiltered against 0.05 M-am- 
monium acetate, pH 5.0, and concentrated to 50 
ml. 1 mM-cysteine was added in order to prevent 
Hg++ from forming complexes with carboxypep- 
tidase Y, and the solution was quickly passed 
through a 4 ml CABS-Sepharose affinity col- 
umn, to remove this contaminating enzyme. 
The eluate was concentrated by ultrafiltration to 
25 ml, and stored in 1 ml aliquots at -23 ~ 
The acid proteinase had a specific activity 
against acid denatured hemoglobin which was 
approximately 10% of the specific activity of 
pepsin. 
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Table I. 
Acid proteinase activity in beer measured during fer- 
mentation and maturation. Proteinase activity was 
measured in clarified beer samples using tritium la- 
belled hemoglobin, as described in section 2.2.L The 
activity is expressed in pepsin equivalents units per 
liter. 

Beer  Fermentation Maturation 

No. of No. of 
samples U/1 samples U/1 

A 3 <10 2 <10 
B 6 <10 6 <10-80 
C 2 60-90 3 130-150 
D 5 180-300 5 150-300 

ferent cell wall permeability characteristics in the 
yeast strains, since MADDOX and HOUGH (9) pre- 
viously have demonstrated leaking of intracellu- 
lar proteinases through the cell wall of living 
brewers' yeast grown in a synthetic medium con- 
taining protein, glucose and mannose. The pres- 
ent results indicate, that a leaking of proteolytic 
enzymes also occur during normal beer fermen- 
tation procedures. However, since significant dif- 
ferences also were observed between proteinase 
levels of beers brewed with the same yeast strain, 
it is likely that other beer processing variables 
than the strain of yeast influence the leaking of 
proteinase. 

3. RESULTS AND DISCUSSION 
3.1. Acid proteinase activity in beers 

The use of tritium labelled acid denatured he- 
moglobin to measure acid proteinase activity in 
beer, as described in section 2.2.1, allows a limit 
of detection of 10 U pepsin activity per liter. This 
high sensitivity can be obtained because the 
method is independent of the numerous UV-ab- 
sorbing compounds in beer. Using either pepsin 
or purified acid proteinase from brewers' yeast, 
linear standard curves were obtained up to ap- 
proximately 300 units per liter, and acid pro- 
teinase added to beer was recovered in 100 _ 10% 
yield. 

Four different commercial beers were selected 
for measurements of acid proteinase activity in 
unpasteurized samples. The results presented in 
Table I indicated very low acid proteinase ac- 
tivity in Beer A, below 10 U/I. In Beer B the level 
was similarly below 10 U/1 after the main fer- 
mentation, but during maturation the proteinase 
level increased, and the highest value observed 
was 80 U/I. The same tendency was observed in 
Beer C, but the levels were higher with a pro- 
teinase content which averaged 80 U/I after fer- 
mentation, and 140 U/I after maturation. In 
Beer D the acid proteinase activity was equally 
high after fermentation and after maturation, 
with an average of approximately 200 U/I. Since 
Beers A and B were pitched with the same yeast 
strain, while another yeast strain had been used 
for Beers C and D, these results suggest that the 
nature of the yeast strain influence the pro- 
teinase levels in the beer. This might reflect dif- 

3.2. Addition of yeast acid proteinase to beer 

Acid proteinase, isolated from brewers' yeast 
as described in section 2. 2. 2, was homogenous in 
polyacrylamide gel electrophoresis in Tris- 
glycine buffer, pH 8.3 (4). It was inhibited by 
pepstatin like proteinase A from Saccharomyces 
cerevisiae (15). The enzyme had a molecular 
weight of approximately 40,000 dalton, as deter- 
mined by SDS-polyacrylamide gel slab elec- 
trophoresis. The same value was found after re- 
duction with 5% dithiothreitol, indicating that 
the enzyme consists of a single peptide chain. 
Analytical isoelectric focusing showed three 
bands within a narrow range from pI 3.5-4.0. 
The purified acid proteinase was added to a sam- 
ple of Beer C, in which the original proteinase 
activity had been destroyed by pasteurization. 
The acid proteinase was added in amounts vary- 
ing from 0 to 500 U/I (0 - 1,600 ~tg/1) and as seen 
in Figure 1, the foam half-lives were reduced with 
increasing levels of enzyme activity. The effect of 
addition of pepsin was examined at similar ac- 
tivity levels, and it is seen that the acid yeast pro- 
teinase was equally efficient as pepsin in destroy- 
ing foam active proteins. These results indicate, 
that the acid proteinase, at the activity levels 
found in Beer D, may have a detrimental effect 
on foam stability. This is consistent with foam 
stability problems observed in Beer D, and it sug- 
gests that proteolytic enzymes from the brewers' 
yeast may digest wort proteins responsible for 
beer foam stability, leaving peptides with re- 
duced or no foaming properties. 

Further experiments are however required to 
elucidate the mechanism behind the release of 
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Figure 1. Foam half-lives of beers after incubation 
with acid proteinase from brewers' yeast (filled circles) 
and pepsin (open circles). 

After addition of 800 /al enzyme solution to each 
330 ml bottle of Beer C, bottle headspaces were flush- 
ed with CO2, and the bottles were crowned. After 72 
hours of incubation at 10 ~ beer foam half-lives were 
measured according to BLOM (3). 

proteinases, as well as the effect of  variations in 
the physical and chemical environment of the 
yeast on the proteinase efflux. 
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