
J. Agric. Food Chem. 1987, 35, 649-651 649 

Georges, C.; Guinand, J. S.; Tonnelat, J. Biochim. Biophys. Acta 

Gruber, K. A.; Whitaker, M.; Morris, M. Anal. Biochem. 1979, 

Guy, E. J. In Byproducts from Milk; Webb, B. H., Whittier, E. 

Haque, Z.; Kinsella, J. E. J.  Dairy Res. 1987a, in press. 
Haque, Z.; Kinsella, J. E. Agric. Biol. Chem. 198713, in press. 
Haque, Z.; Kristjansson, M. M.; Kinsella, J. E. Agric. Biol. Chem. 

Heertje, I., Unilever Research Laboratories, Vlaardingen, The 

Heertje, I.; Visser, J.; Smits, P. Food Microstruct. 1985,4, 267. 
Kalab, M.; Man-Wojtas, P.; Phipps-Todd, B. E. Food Microstruct. 

Kinsella, J. E. CRC Crit. Rev. Food Sci. Nutr. 1985, 21, 197. 
Larson, B. L.; Jenness, R. J .  Am. Chem. SOC. 1952, 74, 3090. 
Long, J. E.; Winkle, Q. V.; Gould, I. A. J.  Dairy Sci. 1963,46,1329. 
McDougall, E. I.; Stewart, J. C. Biochem. J .  1977, 167, 45. 
McGugan, W.; Zehren, V. F.; Swanson, A. M. Science (Wash- 

ington, D.C.) 120, 435. 
McKenzie, H. A. In Milk Proteins, Chemistry and Molecular 

Biology; Academic: New York, London, 1971; Vol. 11, Chapter 
14. 

1962, 59, 739. 

97, 176. 

O., Eds.; Avi: Westport, CT, 1970; Chapter 7. 

1987, 51, 1799. 

Netherlands, personal communication, 1986. 

1983, 2, 51. 

Pantaloni, D. Compt. Rend. 1964, 259, 1775. 
Powell, M. E. J.  Dairy Sci. 1936, 19, 305. 
Purkayastha, R.; Tessier, H.; Rose, D. J.  Dairy Sci. 1967,50,764. 
Sawyer, W. H. J .  Dairy Sci. 1968, 51, 323. 
Sawyer, L.; Papiz, M. Z.; North, A. C. I.; Eliopoulos, E. E. Biochem. 

Scheraga, H.; Nemethy, G.; Steinberg, I. Z. J .  Bid. Chem. 1962, 

Slatter, W. L.; van Winkle, Q. J.  Dairy Sci. 1952, 35, 1083. 
Stauff, J.; Uhlein, E. Biochem. J .  1958, 329, 549. 
Tobias, J.; Whitney, R. M.; Tracy, R. H. J .  Dairy Sci. 1952,35, 

Townend, R.; Herkovits, T. T.; Swaisgood, E. H.; Timasheff, S. 

Ui, N. Anal. Biochem. 1979, 97, 65. 
Varunsatian, S.; Watanabe, K.; Hayakawa, S.; Nakamura, R. J .  

Vreeman, H. J: Brinkhuis, J. A.; Van Der Spek, C. A. Biophys. 

Zittle, C. A.; Custer, J. H. J .  Dairy Sci. 1964, 46, 1183. 

SOC. Trans. 1985, 13, 265. 

237, 2506. 

1036. 

N. J .  Biol. Chem. 1964,236, 4196. 

Food Sci. 1983, 48, 42. 

Chem. 1981,14, 185. 

Received for review July 28,1986. Revised manuscript received 
February 4, 1987. Accepted June 29, 1987. 

A Continuous Spectrophotometric Screening Assay for Glucoamylase 

Robert D. Sabin and Bruce P. Wasserman* 

A continuous glucose oxidase-peroxidase based spectrophotometric assay suitable for the rapid screening 
of glucoamylase activity is described. The assay utilizes maltotetrose and the chromogens 3-(di- 
methy1amino)benzoic acid (DMAB) and 3-methyl-2(3H)-benzothiazolinone hydrazone (MBTH). The 
assay was sensitive to  glucoamylase levels of 0.05 pg/mL and was linear with respect to enzyme con- 
centration to approximately 0.5 pg/mL. 

Glucoamylase is a widely utilized exoenzyme that re- 
moves glucose units consecutively from the nonreducing 
ends of starch and oligosaccharides (Pazur and Ando, 1960; 
Reilly, 1979). Glucoamylase activity is defined as the 
quantity of glucose liberated from substrate per unit time. 
Methods commonly used for glucoamylase detection in- 
clude reducing sugar determination (Somogyi, 1952; 
Bernfeld, 1955) and the enzymatic analysis of the glucose 
released by either the glucose oxidase-peroxidase method 
(Hugget and Nixon, 1957; Dahlqvist, 1961; Lloyd and 
Whelan, 1969) or the hexokinase-glucose-6-phosphate 
dehydrogenase (HK/ GDH) coupled assay (Bergmeyer et 
al., 1974). Both analytical approaches have weaknesses. 
Reducing sugar methods are not valid indicators of glu- 
coamylase levels when &-amylases or pullulanases are 
present. The glucose oxidase-peroxidase method is most 
often utilized as a fixed-point assay and frequently employs 
o-dianisidine, a carcinogen, as the chromogen. The 
HK/GDH method, also a fixed-point assay, can only be 
conducted at pH 7.0 or above. Since glucoamylase assays 
are conducted at  pH 4.5, an adjustment of pH is required, 
thus necessitating a multistep assay. A continuous glu- 
coamylase assay utilizing glucose oxidase-peroxidase with 
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amylose as substrate has been reported (Pazur et al., 1971); 
however, this assay also employed o-dianisidine. 

The development of a rapid and continuous spectro- 
photometric screening assay for detection of glucoamylase 
activity utilizing noncarcinogenic color reagents is highly 
desirable. Ngo and Lenhoff (1980) reported the use of 
3-(dimethy1amino)benzoic acid (DMAB) and 3-methyl-2- 
(3H)-benzothiazolinone hydrazone (MBTH) for measure- 
ment of peroxidase and peroxidase-coupled reactions. For 
glucose measurement, glucose oxidase is added to convert 
glucose and O2 to gluconic acid and H202. Then, HzOz, 
MBTH, and DMAB reacted in the presence of peroxidase 
to form an indamine dye with an absorption peak of 590 
nm. By either fixed-point or rate methods, this assay 
provided a sensitive measurement of glucose. The objec- 
tive of this study was to  adapt this reaction for a quick 
screening assay of glucoamylase-catalyzed glucose release 
from an oligosaccharide substrate. Since amylose is a 
substrate for interfering endo- and debranching a-amy- 
lases, its use was avoided and the purified maltooligo- 
saccharide substrate maltotetrose was utilized instead. 
MATERIALS AND METHODS 

Materials. Purified Rhizopus niueus glucoamylases 
were obtained from Seikagaku Biochemicals (US.  Dis- 
tributor; Miles Biochemical co., Elkhart, IN). DMAB and 
MBTH were purchased from Aldrich Chemical Co. 
(Milwaukee, WI). Maltotetrose, maltotriose, and maltose 
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I Table I. Residual a-Glucosidase Activity (Assays 
Conducted in the Presence of 6.8 and 2.0 Units/mL of 
Glucose Oxidase and HRP, Respectively) 

substraten rate. AAlmin substraten rate. AAlmin 
maltose 0.026 maltotetrose 0.014 
maltotriose 0.017 

(I Substrate was added to  a final concentration of 0.1 %. 

Table 11. Effect of Glucose Oxidase and Horseradish 
Peroxidase Levels on Color Development 

glucoamylase 
act.c 

re1 level glu 1% glucoamylase/ 
ox/HRP reagent a-glucosidase period, M /  a-glucosidase 
present in assap act.,* M / m i n  min min ratio 

1 0.007 8.0 0.177 25.3 
1.5 0.021 7.2 0.189 9.0 
2.0 0.031 6.5 0.208 6.7 
6.0 0.083 3.0 0.273 3.3 

a A relative level of 1 corresponds to glucose oxidase and horseradish 
peroxidase concentrations of 3.34 and 0.95 units/mL, respectively. The 
ratio of the two activities was held constant throughout. the pres- 
ence of 0.1% maltotetrose. cAssayed with 0.667 l g  of R. niueus gluco- 
amylase. 

were purchased from Sigma Chemical Co. (St. Louis, MO). 
Horseradish peroxidase (HRP) and glucose oxidase were 
purchased from Boehringer Mannheim Biochemicals (In- 
dianapolis, IN). Maltotetrose, DMAB, MBTH, HRP, and 
glucose oxidase were prepared in 50 mM sodium acetate 
buffer, pH 4.5. 

Glucoamylase Assay. Reaction mixtures in a final 
volume of 1.0 mL were prepared by combining 333 pL of 
4 mM DMAB containing 0.3% maltotetrose, 333 pL of 80 
pM MBTH, and 167 p L  of a solution containing 11.4 un- 
its/mL HRP and 40 units/mL glucose oxidase in a l-cm 
path length cuvette. Reactions were initiated by the ad- 
dition of 167 pL of glucoamylase at levels between 0 and 
10 pg/assay. Absorbance a t  590 nm was continuously 
monitored on a Gilford 2600 recording spectrophotometer. 
The control for each assay consisted of a cuvette containing 
all reagents except glucoamylase, which was replaced with 
167 pL of water. Background absorbance due to the 
presence of traces of a-glucosidase activity invariably 
present in glucose oxidase preparations was automatically 
subtracted a t  each time point. 

RESULTS 
Color Development at pH 4.5. It  was shown by Ngo 

and Lenhoff (1980) that DMAB, MBTH, and H,Oz com- 
bine at pH 6.5 in the presence of peroxidase. To establish 
the feasibility of using this system for glucoamylase, it was 
necessary to establish that the system was operational a t  
pH 4.5. In the presence of 0.003% glucose, color devel- 
opment was maximal between pH 5.5 and 7.0. At pH 4.5, 
color development proceeded a t  80% of the maximal rate. 

Substrate Selection. a-Glucosidase is a known trace 
contaminant of highly purified glucose oxidase solutions, 
and therefore its effect on color development must be 
minimized. Background color development in the presence 
of the three substrates maltose, maltotriose, and malto- 
tetrose was quantified (Table I). The lowest level of 
background was found with maltotetrose. Maltotetrose 
was therefore used for all subsequent assays. 

The effect of varying the amount of the glucose oxi- 
dase/HRP reagent was then investigated (Table 11). With 
a 6-fold increase of enzyme reagent, background activity 
increased by almost 12-fold. However over this same 
range, glucoamylase activity increased by only 1.5-fold. In 

0 2 4 6 8 10 

TIME (mid 
Figure 1. Spectrophotometric time course of color development. 
Assays were conducted as described in Materials and Methods. 
Glucoamylase levels (fig/assay) are indicated by each time course. 

Maltotriose 

.01 .02 .03 .04 .OS 0.2  

SUBSTRATE (% W/V)  
Figure 2. Effect of substrate concentration on color development. 

this experiment, the lowest ratio of background to gluco- 
amylase-catalyzed color development was obtained with 
glucose oxidase and HRP levels of 3.34 and 0.95 units/mL, 
respectively. 

As is typical in many enzyme assays involving multiple 
coupled reactions, color development in the presence of 
glucoamylase was accompanied by a lag period (Figure 1). 
The length of the lag period increases as the level of the 
GOP reagent is decreased. Use of glucose oxidase and 
HRP at levels of 6.68 and 1.9 units/mL represents a com- 
promise between high background color development rates 
and excessively long lag periods. 

Figure 2 diagrams the effect of varying maltotriose and 
maltotetrose concentrations on color development at pH 
4.5 in the presence of 0.67 pg of glucoamylase. Malto- 
tetrose gave considerably faster color development than 
maltotriose. This is consistent with the model proposed 
by Hiromi et al. (1973), who demonstrated that K, values 
for maltooligosaccharides decline and V,, values increase 
with increasing chain length. With maltotetrose, saturation 
was achieved a t  a concentration of 0.01 % . 

Linearity of Glucoamylase Reaction. In the exper- 
iment shown in Figure 3 color development was linear with 
glucoamylase concentration between 0 and 0.5 pg of glu- 
coamylase. The range of linearity over the course of 
months in which these experiments were conducted 
showed some variation. With some trials, linearity as high 
as 1.1 pg was observed. 
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possible reason for the discrepancy between the continuous 
and fixed-point assays is that when aliquots are withdrawn 
for the HK/GDH fixed-point assay, the reaction may 
continue for a brief period before inactivation by heat and 
the TEA buffer. For these reasons, conversions of ab- 
sorbance values to molarities at any given time during the 
reaction always resulted in an underestimation of the true 
quantity of glucose released as measured by the HK/GDH 
fixed-point assay. Thus, quantitative estimates of glucose 
release from absorbance values were not possible. Prob- 
lems remaining to be solved with the development of ef- 
ficient coupled enzyme assay systems have been rigorously 
defined (Brooks et al., 1984a,b). 

In summary, with DMAB, MBTH, and maltotetrose, a 
linear relationship between glucoamylase levels and color 
development was obtained. The continuous assay there- 
fore may be used as a rapid semiquantitative screening 
method for detecting glucoamylase. 
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Figure 3. Effect of glucoamylase levels on color development. 

DISCUSSION 
DMAB and MBTH offer an alternative for o-dianisidine 

in continuous glucoamylase assays. This assay has the 
advantage of taking less time than conventional fixed-point 
assays that require a t  least three steps: digestion of sub- 
strate, termination of the reaction, and detection of glucose. 
By the continuous assay with a four-cell spectrophotom- 
eter, three assays can be conducted in 10 min. 

The large number of samples that can be quickly 
screened makes this assay attractive for applications such 
as monitoring the distribution of activity during fraction- 
ation or thermal inactivation studies. I t  is not recom- 
mended that this assay system be depended upon for pH 
or effector studies, unless the effects of these parameters 
on glucose oxidase and peroxidase are taken into account. 
Another point to be aware of is that the presence of cat- 
alase or other H202-requiring or -producing enzymes could 
result in anomalous results. 

The continuous assay was directly compared to the en- 
zymatic fixed-point HK/GDH assay to determine the 
amount of glucose detected during a reaction time course 
(data not shown). Detectible glucose levels after 5 min of 
reaction time ranged anywhere between 20 to 50% lower 
with the continuous assay than with the HK/GDH me- 
thod. This may be accounted for by the fact that in the 
continuous assay a lag period was invariably observed. 
Although the lag period could be shortened by increasing 
the amount of GOP reagent, unacceptable levels of back- 
ground a-glucosidase activity were introduced. To our 
knowledge, all commercially available purified glucose 
oxidase preparations contain this trace activity. A pro- 
cedure for removing this background activity would enable 
the level of enzyme reagent to be increased. Another 
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