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A FLUOROMETRIC ASSAY FOR PROTEINASE A IN BEER AND ITS APPLICATION FOR THE
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A previously developed fluorometric assay using synthetic substrate, Succinyl-Arg-Pro-Phe-His-Leu-

Leu-Val-Tyr-4-methylcoumaryl-7-amide, for yeast proteinase A (PrA) was modified for the accurate and

quick determination for the activity in unpasteurized beer. Employing simple HPLC for the deter

mination of 7-amino-4-methylcoumarine (AMC), a final degradation product on this assay, the activity

of PrA in beer was measured without the interference of the fluorogenic and photosensitive

substance present in beer. The assay for common unpasteurized beers was completed within 5 hours

without any concentration procedure. Its linearity and reproducibility were satisfactory for quanti

tative purposes. Using a purified PrA from brewer's yeast, the effect of the PrA activity on foam

stability during storage was furthermore clarified. The exclusive effect of PrA on foam stability was

also demonstrated by proteinase inhibitor test.
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Introduction

The activity of proteolytic enzymes derived from yeast has

been detected in unpasteurized beer and has been demon

strated to be detrimental to the foam stability of beer in spite

of its weak activity". One of the susceptible enzymes respon
sible for the foam damage is proteinase A (PrA) which is

located in the vacuole of Saccharomyces cerevisiae9. It has been

reported that addition of PrA purified from baker's yeast to

beer reduced its foam stability3. To clarify the relationship
between a faint PrA activity in beer and its influence on foam

stability, a sensitive and accurate assay method is needed.

Recently the fluorometric method for measuring the activity of

PrA in beer has been developed and the activity was detected

in the sample from the brewery10. The fluorogenic peptide

substrate described by Muldbjerg has however not been

commercially available and the concentration of beer samples

has been necessary possibly due to the inadequate of

sensitivity. Outside the Held of brewing science, Yokosawa

et a/.13 also has reported a fluorometric assay for PrA using
a commercial synthetic substrate, Succinyl-Arg-Pro-Phe-His-

Leu-Leu-Val-Tyr-4-methylcoumaryl-7-amide (Suc-R-P-F-H-L-

L-V-Y-MCA). In this paper, the application and the modi

fication of Yokosawa's method for an accurate and a quick

determination for the PrA activity in beer and the evaluation

of enzymatic effects on foam stability is described.

Purification of Proteinase A

PrA was purified from brewer's yeast by autolysis,

ammonium sulfate precipitation, hydrophobic interaction

chromatography, and ion-exchange chromatography. Brewer's

yeast (1.5 kg) was washed twice with distilled water by centri-

fugation, and was suspended in 2000 ml of Mcllvaine buffer

(pH 7.0). The suspension of the yeast was held at the room

temperature for 16 h. After cent rifugation, solid ammonium

sulfate was added to the supernatant to 95% saturation. The

suspension was kept at 4°C for 16 h and then was centrifuged

at 15,000xg for 20 min. The precipitate was dissolved in 300 ml

of 0.2 M (NH4)2SO4, 30 mM Tris HC1 (pH7.2) and was

subjected to the column of BUTYL TOYOPEARL 650C (2.6

x 8 cm) which was pre-equilibrated with the same buffer. After

washing the column with 100 ml of the same buffer, it was

eluted with 50% ethylene glycol, 30 mM Tris HCI (pH 7.2).

The strongly brown fraction (50 ml) was diluted with 300 ml of

30 mM Tris HCI (pH 7.2) and was subjected to the column of

Q-Sepharose Fast Flow (2.6 x 12 cm) which was

pre-equilibrated with the same buffer. The column was washed

with 100 ml of the same buffer and was eluted with 700 ml of

a linear gradient from 0 to 0.8 M NaCl in 30 mM Tris HCI

(pH 7.2) at a flow rate of 2.0 ml/min. The active fraction was

pooled and was dialyzed against 30 mM Tris HCI (pH 7.2).

Then it was subjected to an ion-exchange chromatography

using Mono-Q column. After injection of the sample, the

column was eluted with 30 ml of a linear gradient from 0 to

0.5 M NaCl in 25 mM Tris HCI (pH7.4) at a flow rate

of 1.0 ml/min. This chromatography was repeated, and the

pooled active fraction was stocked at 4°C.

Experimental Methods

Materials

Suc-R-P-F-H-L-L-V-Y-MCA was obtained from Peptide

Institute, Inc., Osaka, Japan. Leucine aminopeptidase, Micro-

somal, from Porcine Kidney Microsomes, proteinase A from

baker's yeast, 7-amino-4-methylcoumarine (AMC), pepstatin

A, chymostatin and antipain were obtained from Sigma

Chemical Co (St. Louis, MO, USA). TSK gel BUTYL

TOYOPEARL 650C was obtained from Tosoh Corporation

(Tokyo, Japan). Q-Sepharose Fast Flow and Mono-Q column

was obtained from Pharmacia Fine Chemicals (Uppsala,

Sweden).

Assay procedurefor PrA

A 100-ul sample was added to a 1.5 ml microcentrifuge tube.

Beer samples and yeast filtrate samples were usually diluted 2

times and 10 to 100 times according to its activity respectively

with Mcllvaine buffer (pH 6.0). Five microliter of 1 mM

chymostatin in dimethyl sulfoxide was added to inactivase

proteinase B (PrB). For a blank, 5 \i\ of 1 mM chymostatin,

100mg/l pepstatin in dimethyl sulfoxide was added to in

activate PrA and PrB. Ten microliter of 0.25 mM substrate in

dimethyl sulfoxide was added and was incubated for one hour.

The reaction was stopped by heating it at 100°C for 10 min.

After cooling, 100 ul of 0.5 M sodium phosphate buffer (pH

7.0) containing inhibitors (50 uM of chymostatin and 5 mg/1

of pepstatin) and 10 ul of leucine aminopeptidase solution

(0.125 U) were added. The mixture was further incubated for
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3 hr at 37°C and the reaction was stopped by heating it at

100°C for 10 min. Ten microlitcr of the mixture was subjected

to an isocratic HPLC for the detection of liberated 7-amino-

4-methyl-coumarine (AMC). The calibration was carried out

by injecting the same volume of standard AMC solution

(200 nM) prior to the injection of unknown samples. The

HPLC system consisted of a SCL-6B system controller, a SIL-

6B auto injector, a LC-9A pump, a RF-55OA spectro-

fluoromctric detector, and a C-R4AX integrator (Shimadzu

Corporation, Kyoto, Japan). The column of Nova-Pak C18,

3.9x150 mm, (Waters, Millipore Corporation, MA, USA)

and the eluant composed of 15 mM sodium phosphate (pH

6.8):acetonitrile (1:1) was used. The flow rate was 0.6ml/min

and the eluate was monitored with excitation at 380 nm and

emission at 460 nm. One unit of PrA was defined as the

amount of enzyme required to hydrolyse 1 pinole of substrate

per minute at 37°C, pH 6.0.

Measurement offoam stability

Sigma-value method was carried out according to the ASBC

method1, except that the temperature of the water bath and the

room was 20°C The NIBEM method was carried out as

described by Klopper7 using NIBEM Foam Stability Tester.

The RUDIN head retention value method12 modified by

Bishop et al.2 was employed.

Electrophoresis

Sodium dodecyl sulfate polyacrylamide gel electrophoresis

(SDS-PAGE) was performed on 14% slab-gel, Tefco-Gel mini

(TEF Corporation, Nagano, Japan), according to Laemmli8.
Molecular weight estimation was carried out by co-

elcctrophoresis of phosphorylase b (94 kDa), bovine serum

albumin (67 kDa), ovalbumin (43 kDa), carbonic annhydrase

(30 kDa), soybean trypsin inhibitor (20.1 kDa) and <x-

lactoalbumin (14.4 kDa), obtained from Pharmacia (Uppsala,

Sweden), and aprotinin (6.5 kDa) obtained from Sigma

Chemical Co. (St. Louis, MO, USA). The gel was stained with

Coomassie Blue R (Sigma Chemical Co., St. Louis, MO,

USA).

Results and Discussion

Determination offree AMC in the PrA assay

In the case of the proteinase assay using peptidyl-MCA

substrates, a fluorescence spectrophotometer is usually used for

the determination of a final degradation product of AMC.

Attempts have been made to determine a free AMC by simple

HPLC. A chromatographic profile of AMC determined by an

isocratic HPLC is shown in Fig. 1. The analysis was finished

within 4 min and a sharp peak of AMC with its retention time

of c.a. 2.7 min was obtained. The linearity of the AMC

determination by HPLC is shown in Fig. 2. The detection limit

was a few nM of AMC, and a good linearity was observed

over a very wide range, from 10 nM to 2 uM. Though a

fluorescence spetrophotometer is convenient for the determin

ation of free AMC using this type of assay, if the sample

contains fluorescent substances other than AMC, a fluores

cence in the blank is high, and this can lead to experimental

errors. Beer contains fluorescent substances, such as amino

acids and mclanoidines, some of these are photosensitive. A

high blank value and a photobleaching were also observed

(data not shown) on fluorescence spectrophotometric analysis

of beer samples; these actually precluded a precise assay. As

shown in Fig. lb, most of the fluorescent substances in beer

eluted from the column prior to the AMC; the interference of

the fluorescent substance were fully eliminated on the assay of

beer samples. The AMC determination by HPLC enabled the

PrA assay to be carried out more accurately, even if its activity

was very weak.
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Fig. I. The HPLC profile of the AMC determination with

fluorometric detection on PrA assay: (a) standard AMC solution

(200 nM), (b) unpasteurized beer sample, (c) yeast filtrate sample.

Linearity, sensitivity, and reproducibility of the assay

A purified PrA from brewer's yeast was used for the evalu

ation of the assay. The result of the SDS-PAGE of the purified

PrA from brewer's yeast and of the commercial PrA isolated

from baker's yeast (SIGMA) is shown in Fig. 3. Their molecu

lar weights were estimated to be 42,000 and 41,000, res

pectively. The molecular weight of PrA from brewer's yeast
was slightly higher than that from baker's yeast, and this result

coincides with the report by Dreyer et al*. The activity of the

isolated enzyme was completely inhibited by pepstatin (data

not shown). These results indicate that purified PrA from

brewer's yeast is sufficient purity for the evaluation of the

assay method. A purified PrA was added to the pasteurized

beer to result its final activity of 3.3, 6.7, 13.3, and 20.0

UPRA/ml. They were subjected to the assay after an incubation

time of 0, 1.5, 3.0, and 4.5 h. As shown in Fig. 4, the amount

of AMC was proportional to the incubation time from 0 to

4.5 h. As shown in Fig. 5, plots of the concentration of AMC

versus the PrA activity were linear over the range of 0 to 20

UPRA/ml. The yeast proteolytic activity in commercial beers

has been reported to be so low that it was determined only

by a very sensitive assay, such as assay using radiolabelled

protein35 or a specially designed fluorogenic peptide accom

panied by a concentration procedure10. By analysing numerous

number of the unpasteurized commercial beer (data not

shown), it has become clear that this assay method is sensitive

enough to detect the PrA activity in commercial unpasteurized

beers without any special reagent and/or concentration

procedure.

Within-day error and between-day error were summarized in

Table I. The within-day precision and the day-to-day precision

were fairly good. The results indicate that this assay is satis

factory for a quantitative purpose.
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Fig. 2. The linearity of the AMC determination by isocratic HPLC: (a) 2-10 nM AMC, (b) 10-100 nM AMC, (c) 100 nM-1 um

AMC, (d)l-IOuM.

The relationship between PrA activity in beer and its decrease

in foam stability after storage

The most important change caused by PrA in unpasteurizcd

beer is the decrease in foam stability after storage. The assay

method for PrA therefore should cover the activity range in

which the foam damage takes place. Beers with the PrA

activity of 0, 5, 10, 25 UPRA/ml were prepared by addition of

isolated PrA to a pasteurized beer. These beers were stored at

20°C for 26 days, and were subjected to the foam measurement

by Sigma-value method, NIBEM method and RUDIN

method. As shown in Fig. 6, the decrease in the foam stability

by PrA was recognized by all of three methods employed here.

The PrA activity of 5UPRA/ml has at least proved to be

effective in having a negative effect on foam stability of the

beer. This assay method is capable of detecting the PrA

activity which actually causes a decrease in the foam stability

after storage.

The effect of the proteinase inhibitor on decrease in foam

stability

The proteinase in the yeast vacuolar proteinase has already

been well characterized. Proteinases A and B, carboxy-

peptidases Y and S, aminopeptidases I and Co, and dipeptidyl

aminopeptidase B were found in yeast vacuole6. Taking into
account the foam positive effect of high molecular-weight

proteins in beer, the negative influence of their degradation by

endoproteinase was suspected. The effect of PrA on foam

stability was elucidated by the experiment using proteinase

inhibitors. Pepstatin A, an inhibitor for PrA, and chymostatin

and antipain, inhibitors for PrB were added to two commercial

unpasteurized beer, beer A and beer B. For the blank test, a

pasteurization was carried out for each sample. The results are

summarized in Table II. Both of the unpasteurized beer with

a certain PrA activity showed significant decrease in foam

stability, and their decrease were completely depressed by






