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CHAPTER I 

INTRODUCTION 

Streptococcus bovis, a bacterium which hydrolyzes starch by 

means of the exoenzyme alpha-amylase, is present in very large numbers 

in the intestinal tract of cattle and sheep and probably plays a very 

significant role in starch feed digestion (21). Annison and Lewis (2) 
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report that 10 per milliliter is an average number of S_. bovis in the 

bovine rumen with values as high as 10-*-̂  to 10 reported for livestock 

on certain rations. Although amylolytic activity is a property of many 

rumen bacteria, S_. bovis probably is the most important bacterium in 

rumen starch fermentation (2). 

The enzyme, alpha-amylase, has a number of commercial uses 

including baking, brewing, production of dextrin adhesives, textile 

finishing and paper manufacturing (4, 20). 

Starch, the principle reserve carbohydrate in plants, is a 

mixture of two polymers, amylose and amylopectin, with the ratio of the 

two polymers varying with the starch source, but usually in the ratio 

of one part amylose to three parts amylopectin. Amylose is the linear 

poljrmer and consists of several hundred o(-D-(l—f^) linked glucose 

units, Amylopectin, the branched polymer, contains thousands of 

D-glucose units per molecule and contains both c<.-D-(l—*4) and 

<<-D-(l--̂ 6) linkages, the latter at branch points (18). 

The main types of amylase are alpha-amylase and beta-amylase 

which act differently on amylopectin (19). The end product of beta 



or sacchrogenic amylase on amylose is maltose while with amylopectin, 

the branch points, or «C-D-(l->6) linkages, are barriers to hydrolysis 

so that the limit dextrin formed contains the inner chains (portions 

of the chain between branch points and portions between the branch 

point and the reducing end) and branch points. 

Alpha-amylase or dextrinogenic amylase fragments amylose or 

amylopectin into short chain dextrins without producing appreciably 

amounts of maltose. Oligosaccharides appear later as products of 

dextrin hydrolysis (19). The alpha and beta names are given according 

to the type of configuration produced in the hydrolysis products. 

Alpha-amylase yields a reducing hemiacetal group with alpha optical 

configuration (8, 12, 14). 

The action of alpha-amylase appears to be random initially, but 

as the resulting dextrins become smaller, non-random hydrolysis begins 

and each alpha-amylase gives a characteristic group of oligosaccharides 

depending on the stage where non-random hydrolysis begins (12, 25). 

Walker (25) studied and compared amylose action patterns of cell bound 

and cell free alpha-amylases from S_, bovis and found the predominate 

sugar produced by both enzymes was maltotriose with smaller amounts of 

maltose and maltotetratose after incubating to a 13% loss of iodine 

blue staining color. 

Alpha-amylase, one of the earliest enzymes known, occurs in many 

animal and vegetable tissues. Animal digestive amylases are all 

alpha-amylases while beta amylases are found only in plants, Malt 

diastase is a mixture of the two types of amylase. The alpha-amylases 



of Aspergillus oryzae (Taka-amylase), Bacillus subtilis, Bacillus 

coagulans. Pseudomonas sacchrophila, and Aspergillus candidus have 

been crystalized as have those of hog pancreas, rat pancreas, human 

pancreas and human saliva (8). Bacillus raacerans produces a 

different amylase which has both synthetic and hydrolytic ability (13). 

Amylase activity measurement involves measuring either changes 

in the blue complex of starch-iodine or reducing sugars formed (13). 

Aqueous iodine-iodide solutions form triiodide ions which form colored 

complexes with maltodextrins of sufficient length (23). Maltodextrins 

up to 8 glucose units produce no visually detectable color while G 9 

to G 12 form yellow brown to brown coloration and G 12 to G 15 yield 

brown to reddish purple complexes with I^-KI (9). In natural starches, 

amylose stains blue while amylopectin forms reddish complexes (19). 

Mammalian alpha-amylases are reported to require chloride or 

other monovalent anions for activity and possibly some of the bacterial 

alpha-amylases do also (8). It is also reported that alpha-amylases 

contain at least one essential grara-atom of calcium per mole. The 

strength with which the calcium is bound varies with the enzyrae and 

affects the resistance to denaturation and proteolysis. Cystine and 

cysteine occur in most alpha-amylases but the enzyme from B_. subtilis 

contains neither (8, 12) . The B̂ . subtilis enzyme is reported to con-

tain significant amounts of zinc. Ethylenediarainetetracetic acid (EDTA) 

chelation of zinc causes disassociation of the diraeric forra into 

monomers. Reraoval of all calcium is very slow, even in EDTA solutions. 

Hobson and MacPherson (13) studied a streptococcus isolated from 

sheep rumen, believed related to S_. bovis, and have determined the 



enzyme pH optimum as 5.5 - 6.5 and the temperature optimum as 48 C i 1 

for amylase activity. Also studied was the effect of calcium and of 

chloride ions. The alpha-araylase was not activated by either ion with 

the conditions used. With their assay conditions, a unit of activity 

was defined as the amount of amylase giving a reduction of blue value 

of one scale unit on an EEL (Evans Electroselenium Limited) color-

imeter. The organisra was grown in yeast extract - tryptone mediura with 

dissolved starch and calcium carbonate at 40 C with occasional shaking 

for resuspension of carbonate. Maxiraum enzyme production was achieved 

at 40 hours. Material used in the study was freeze dried and 

ammonium sulfate precipitated substance from the cell free filtrate. 

They found that about half of the original activity was recovered and 

no appreciable loss occurred with lyophilization. These workers also 

studied hydrolysis products of enzyme action on amylose. 

In Walker's study (25) of S_. bovis alpha-amylase, a culture of 

^. bovis obtained from Dr. Hobson was grown in the starch raedium of 

Hobson and MacPherson (13). The cell free alpha-amylase was prepared 

by Seitz filter pad filtration, ammoniura sulfate precipitation and 

adsorption on raaize starch. The starch eluate was dialyzed and 

chromatographed on diethylaminoethyl (DEAE) cellulose, the extra-

cellular amylase eluting in a single peak. 

Cellulose (DEAE) chroraatography of the cell bound amylase from 

disrupted cells produced two peaks, thus indicating two cell bound 

alpha-araylases. The raaize starch adsorption step was not used with 

cell bound alpha-amylase purification and Walker suggested that a 

second alpha-amylase might have been removed from the cell filtrate 



during this step. Her studies with lysozyme, both with and without 

osmotic protection of cells, suggested that the cell bound araylase was 

located within or on the cytoplasmic membrane. Some amylase was shown 

to be external to the membrane, possibly being located on the cell 

wall surface. Similarity of the extracellular amylase and one of the 

cell bound amylases was shown but no studies were included to show 

that this amylase was also liberated into the medium. The action 

patterns of Ŝ. bovis alpha-amylase were different frora alpha-amylases 

previously studied. Also Walker found a transglucosylase which is 

cell bound and not found in filtrates which indicated the alpha-

amylase found in the medium was not due to cell lysis. 

Walker's experiments with maltodextrin ^^C showed the 

enzyme attacked maltodextrins at the third <5C-D-(1—̂ 4) glucosidic 

linkage from the non-reducing end and since maltotriose appeared 

early in the hydrolysis of amylose, the theory of random attack with 

equal ease on all oC-D-(l—^4) linkages did not fit the action pattern 

of ̂ . bovis alpha-amylases unless, after random attachment to the 

dextrin chain, the enzyrae continued to react several raore tiraes (25). 

The amylase was also shown to attack maltotriose extreraely slowly, the 

reducing end linkages being non-susceptible. The reaction was too 

slow to be a likely raethod for use of maltotriose by the cell. 

Boyer (3) also studied S_. bovis alpha-amylases and, of seven 

strains which were excellent amylase producers, one apparently produced 

an extracellular transglucosylase along with the alpha-amylase. Boyer 

also reported an amylase which liberated branch points of amylopectin 

as iso-maltose, In his study, the action patterns of various 



strains showed a relationship with the relative quantities of 

hydrolysis products varying with the strain. Glucose, maltose, 

maltotriose and maltotetratose were the final starch hydrolysis 

products. 

Kinetics of alpha-amylase attack are very difficult to follow 

since methods used for determination of reducing sugars are not 

stoichiometric. lodine staining methods do not measure rates of 

bond scission and the most sensitive method for initial attack on 
r 

amylose, viscometric study, is time consuming and valid only for 

completely random attack (12). 

Alpha-amylases from several plant, animal and microbial sources 

have been highly purified and characterized as to molecular weight, 

metal ion content, pH optima, subunit content, temperature effects 

on activity and stability, etc, The alpha-amylase of S_. bovis has 

not been so well studied, The molecular weight has not been reported 

in the literature and reports on metal requirements, pH optima and 

temperature effects are not well documented. 

The objectives of this study were the isolation and 

identification of wild strains of ̂ . bovis from a bovine rumen, 

production of alpha-amylase by the organism in liquid medium, 

purification of the enzyme, molecular weight determination, 

determination of subunit constitution, and the study of the effects of 

various ions and of temperature on activity of the enzyme. 



CHAPTER II 

MATERIALS AND METHODS 

Several strains of Ŝ. bovis were isolated from material obtained 

from a bovine rumen at a Lubbock slaughterhouse. These strains were 

identified as ̂ , bovis using various characteristics given in 

Bergey's Manual (5) and were studied as to enzyme production in 

several types of liquid medium. The most active amylase producer 

was chosen for enzyme production. 

Rumen fluid inoculum was serially diluted in physiological 

saline and pour plates were made in Difco Nutrient Agar medium 

containing 0.4% soluble starch, 30% clarified rumen fluid and 0.1% 

calcium carbonate. These plates were incubated at 37 C in a Torbal 

container which had been flushed for at least 5 minutes with methane 

gas 

and a container of calcium chloride in the Torbal container helped 

reduce excess moisture. 

The following media were used in identification: Rogosa SL, 

40% bile blood agar, lactose fermentation broth, Litmus milk, Tryptose 

Phosphate Broth, and Tryptose Phosphate Broth containing 2% NaCl and 

6.5% NaCl. 

Cultures were raaintained on starch-nutrient agar-rumen fluid 

medium or in Stock Culture Medium. 

Enzjnne production was studied in the following media: Enzyme 

medium (Difco Tryptose 2%, NaCl 0,5%, Na^HPO^ 0.25%, soluble starch 

7 

^amer which had been flushed for at least 5 minutes with meth« 

and then sealed. Use of absorbent paper disc Petri dish lids 
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0.3%, pH 6.8; subsequently used for enzyme production), enzyme medium 

with 3% starch, enzyme medium with starch increased to 0.5% and 0,5% 

yeast extract added, enzyrae medium containing 0.1% maltose, enzyrae 

medium containing CaCO^, and Hobson and MacPherson (13) mediura. 

Initial enz)mie production studies included changes in optical 

density (OD) due to growth of the culture and enzyrae assays of the 

growth medium at intervals of tirae. These cultures were grown in 

Bellco side arm cuvette flasks and the OD was determined at 630 nm 

with a Bausch and Lomb Spectronic 20. 

A modified Smith and Roe (22) procedure was used for the assays 

with volumes adjusted so that the total volurae at the end of the test 

was 25 ml in calibrated receiving tubes. Optical density of starch-

iodine color was determined in 1 inch cuvettes at 620 nm in the 

Spectronic 20. After prelirainary studies with various concentrations 

of NaCl and CaCl^, a final concentration of 0.01 M NaCl was used for 

enzyme assays rather than the NaCl concentration suggested by Smith 

and Roe. Tests were incubated for 30 min at 40 C. 

A straight line graph can be obtained from plotting OD of 

starch-iodine solutions vs milligrams of starch per ml in solution, 

thus a unit of activity was defined in terms of milligrams of starch 

hydrolyzed per minute per milliliter of enzjnne preparation. This 

method still depends on changes in blue coloration which is dependent 

on amylose and amylopectin concentrations in the starch as well as on 

concentrations of intermediates and end products in the reaction. 

Rather than using calculations proposed by Smith and Roe, 

calculations were based on milligrams of starch remaining in the test 



after incubation with enzyme as compared with a control to which the 

enzyme had been added after addition of 1 N HCl which stops the 

reaction. Calculations were adjusted for tirae and dilution according 

to the following formula: 

dilution 10 (dilution /mg starch mg starchj 
factor for factor for per ral in - per ral in) 
enzyme prior X reaction X lcontrol test / 
to test mixture) j 

30 min 
(test incubation time) 

Calculations give mg starch hydrolyzed per ml enzyme preparation 

per minute. 

Studies showed that at 40 C and with up to 60 minutes incubation, 

a linear decrease in starch content with time occurred as long as the 

reaction was not substrate limited. 

Cultures were placed in an ice bath when enzyme concentration 

in the growth medium was assumed to be maximum to prevent further 

action by proteolytic enzymes on the amylase. Cells were removed from 

the culture by centrifugation and the pH of the culture supernatant was 

raised to 6.0. All subsequent procedures through hydroxylapatite 

treatment were performed at 0 to 4 C. The enzyme was salted out with 

ammonium sulfate by increasing the concentration to 65% as calculated 

by the Kunitz equation (15) recalculated to apply at 0 C. 

The precipitate was collected by centrifugation and resuspended 

in buffer (0,02M phosphate, pH 6.0) and dialyzed against the same 

buffer, Dialyzed material was put through a Sephadex G-50 column for 

initial separation from lighter proteins and polypeptides, through 

hydroxylapatite, and then lyophilized to concentrate the protein for 
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final separation on a Sephadex G-100 column. Column eluates were 

monitored for protein at 280 nra on a Beckman DB Spectrophotometer. The 

enzyme was followed by assaying fractions. 

Proteln was determined quantitatively by the Biuret method 

using the citrate stabilized Biuret reagent of Gornell et al (11) or 

by the Folin phenol method (16), 

For chromatographic separation with Sephadex G-50 and Sephadex 

G-100, fine bead Sephadex was obtained from Pharmacia. Columns were 

equilibrated and eluted with 0,02 M phosphate buffer at pH 6.0. Short 

15 X 2.25 cm columns were used with Sephadex G-50 and large volumes of 

redissolved dialyzed precipitates were run rapidly through the column 

as thiá step was strictly preparative. Sephadex G-100 columns were 

30 X 2.25 or 40 X 1,5 cm in length. 

Hydroxylapatite was used in the purification procedure as 

reported by Moseley and Keay (17) for the purification of B̂ , subtilis 

alpha-amylase. The hydroxylapatite was prepared by the method of 

Tiselius et al (24). Phosphate buffer, 0.02 M, 0.04 M, 0.08 M and 

0,12 M at pH 6,0 were used to elute a 1 cm layer of hydroxylapatite 

in a Buchner funnel. Amylase was eluted with 0.12 M buffer, 

Effects of temperature on activity were determined by standard 

assays at 5 C intervals from 15 C through 70 C, Denaturation was 

studied at 50 and 55 C. In the denaturation studies, the enzyme 

samples were heated to the specified temperature and samples were 

wlthdrawn every 10 minuteÆ^ and used for regular 40 C assays, Enzyme 

samples which had been heated for 50 minutes at 50 C and at 55 C were 

then subjected to electrophoresis. 
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For pH and salt studies, all solutions were made with distilled 

and deionized water. Acetate buffer, 0.2 M, was used for pH studies 

3,0 through 6.0. Phosphate buffer, 0.067 M, was used for pH studies 

6.0 through 8.5. The effects of NaCl and CaCl^ on amylase activity 

were studied on enzyme of various purities with optimum conditions of 

temperature and pH. Activity was measured with salt concentrations 

from 0.0001 M to 0.25 M, without added salt, and with 0.002 M EDTA. 

Molecular weight studies were perforraed on Sephadex G-100 

columns. Protein standards used were obtained from Sigma and included: 

Bovine Albumin Fraction IV C96.98% albumin), Conalburain Type I 

(electrophoretic purity approximately 99%), Cytochrome C (horse heart), 

Lysozyme Grade I, and Ovalbumin (electrophoretic purity approximately 

99%). For determination of molecular weight under non-reducing 

conditions, 0.02 M phosphate buffer at pH 6.0 containing 0.1 M NaCl 

was used to equilibrate and elute enzyme and protein standards from 

a 30 X 2.25 cra column and a 40 X 1.5 cm column. Results were plotted 

by the Rf value method of Andrews (1). 

For subunit molecular weight determination, a 40 X 1,5 cm 

column was equilibrated and eluted with 0.02 M phosphate buffer at 

pH 7,4 which contained 0,1% sodium dodecyl sulfate (SDS) and 0,1% 

beta-mercaptoethanol (BME) according to the procedure reported by 

Cozonne et al (6), Protein standards and enzyme samples were 

dissolved in the SDS-BME-buffer and then applied to the column. 

Results were plotted using the R^ value method of Andrews (1) . Column 

eluate was monitored at 280 nm for protein (except for Cytochrome C 

which was followed at 405 nm) using a Beckman DB Spectrophotometer, 
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Amylase was followed by assaying fractions of eluate, The SDS-BME-

buffer caused a reduction in color of the starch-triiodine reaction, 

but sufficient color remained to follow enzyme activity. 

Electrophoresis was performed on a Beckman Microzone apparatus 

using a Beckman Duostat power source. Migration was studied in 

Veronal buffer (pH 8.6,y6<= 0.075) and in citrate-phosphate buffer 

(pH 6.0, /x= 0.1). Migration was effected at 250 volts for 40 minutes. 

Although 20 superimposed spots of each material tested {5 u.1 total) 

was applied to the membrane, there was insufficient protein present 

at the site of enzyme activity to stain with Ponceau S stain, but 

amylase activity could be detected on a duplicate membrane by laying 

it on a microscope slide coated with buffered 0.6% starch in 0.8% 

agar, incubating for 30 minutes at 37 C and then developing with 

I^-KI solution. 

An attempt to titrate sulfhydryl groups of the amylase by the 

technique of Ellman (7) was made using enzyrae of 171 fold purification. 

The reagent used was 5,5' dithiobis-2-nitrobenzoic acid (Sigma), and 

the color was determined at 420 nm. 

A determination of zinc content of enzyme of 171 fold purification 

and of 214 fold purification was attempted using a Perkin Elraer 303 

Atomic Adsorption Spectrophotometer. 



CHAPTER III 

RESULTS 

Three strains were isolated and identified as ̂ . bovis by 

characteristics listed in Table 1. The strain showing the most 

consistent amylase production and highest yield of amylase was used 

to produce enzyme for purification and further studies. 

Enzyme production and cell growth as indicated by optical 

density (OD) increase of the culture at 630 nm are shown in figure 1, 

By the time the OD of the culture reached 0.25, material which 

forms a blue complex with iodine solution had disappeared from the 

growth medium, but little free enzyme was present in the cell free 

supernatant. Maximum enzyme production in 1000 ml cultures was 

consistently reached at 20 to 22 hours in stationary cultures incubated 

at 37 C. At this time, the pH of the medium was 5.0. The culture was 

chilled when peak enzyme production was reached and the cells were 

removed by centrifugation. 

Addition of yeast extract to the medium had little effect on 

growth or enzjmie production. Cultures with maltose added to the mediura 

reached a maximum OD at about 8 hours with negligible enzjnne production. 

Maximum enzyme production in Hobson-MacPherson mediura occurred at 40 to 

44 hours with maximum or near maximum enzyme activity lasting for 

several hours. Undissolved CaCO^ in Hobson-MacPherson medium inter-

ferred with OD readings so growth curves were not studied for this 

medium, 

13 
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TABLE 1 

CHARACTERISTICS OF STRAINS IDENTIFIED 
AS STREPTOCOCCUS BOVIS 

Cellular Morphology Results 

Form 
Arrangement 

Gram Reaction 
Spore Formation 

Cultural Morphology 

Litmus Milk Medium 

Starch Agar 
Nutrient Agar 
Blood 40% Bile Medium 
NaCl (2.0%) Medium 
NaCl C6.5%) Medium 
Rogosa SL Medium 
Catalase 
Lactose 

Lanceolate cocci 
Variable chains 

(very long chains 
in broth) 

Positive 
None 

Acid curd, no 
peptonization 

Starch hydrolysis 
No growth 
Growth, non-hemolytic 
Growth 
No growth 
Growth 
Negative 
Utilized 

Cultural Conditions 

Aerobiosis 
Incubation Temperature 

25 C 
45 C 

Thermal Death Time 

Microaerophilic 

No growth 
Growth 
Greater than 60 C for 

30 minutes 



•ai 

Figure 1. Growth of culture and amylase 
production in enzyme medium;o—O, optical 
density of the culture at 630 nm; ^ -A, 
amylase units per ml. 
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Results of a purification procedure yielding the highest degree 

of purity obtained are shown in Table 2, The maximum purity obtained 

was a 214 fold increase in specific activity. Maximura yield frora 

ammonium sulfate precipitation was 97% with an average yield in four 

isolations of 80%. A typical recovery from ammonium sulfate 

precipitation is shown graphically in figure 2. After 65% saturation 

with amraonium sulfate, no detectable enzyme remains in the cell-free 

supernatant. Enzyme yields from dialyzed ammonium sulfate precipitates 

which were chromatographed on Sephadex G-50 columns were consistently 

greater than 100% of the calculated activity applied to the column 

C90% theoretical yield in dialysate; 93% theoretical yield in G-50 

eluate). This sort of result on G-50 columns was noted on nearly 

every batch of enzyme so treated and is probably due to removal 

of inhibitor(s). Short G-50 columns were used in the purification 

scheme to remove lighter proteins and polypeptides prior to hydroxyl-

apatite treatment. 

Average yield of eight different enzyme preparations at the 

hydroxylapatite purification step was 61%. For the enzyme purification 

reported in Table 2, 30 ml portions of enzymatically active hydroxyl-

apatite eluate were lyophilized in large lyophilizing ampoules. The 

lyophilized contents could be redissolved in about 3 ml of distilled 

water. The material was not dialyzed before lyophilizing, and the 

redissolved material represented a 10 fold concentration so that 

the redissolved material was 1,2 M with respect to phosphate buffer. 

No proteolytic enzjnne assays were performed, but apparent increase in 

stability of enzyme preparations after hydroxylapatite treatment 
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Figure 2. Amylase yield from ammonium 
sulfate precipitation. 
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suggests that they were reraoved here. As shown in Table 2, hydroxyl-

apatite treatment of that enzyme material gave a better than 40-fold 

increase in purity. 

Approximately 100% of the enzyme applied to a Sephadex G-100 

column can be recovered, but the specific activity of the fractions 

varies greatly and only a few milliliters of very high purity was 

obtained from G-100 columns used, Tor the Sephadex G-100 separation 

which gave 214-fold increase in purity, 2,5 ml of redissolved 

lyophilized material was applied to the column. 

Purification of enzyme preparations on Sephadex G-50, hydroxyl-

apatite, and Sephadex G-100 is shown graphically in figure 3. For 

Sephadex G-50, the enzyme has a molecular weight slightly higher than 

the exclusion weight and elutes rapidly with considerable tailing 

Cfigure 3 A). Large amounts of protein elute at a much lower buffer 

concentration than the buffer concentration at which amylase elutes 

from hydroxylapatite as indicated in figure 3 B. A higher peak of 

enzyme activity appears in figure 3 C for G-100 eluate because the 

enzyme had been concentrated prior to application to that coluran. 

The original precipitated and dialyzed material was brownish yellow, 

G-50 eluates were yellow, and hydroxylapatite eluate was colorless. 

Starch coated slides exposed to cellulose acetate membranes 

spotted with enzyme preparations of various purity and then subjected 

to electrophoresis gave results illustrated in figure 4, Electro-

phoresis was at pH 8,6 and each origin spot represented 5 M 1 of 

material, The two activity zones were found following electrophoresis 

at either pH 6.0 or at pH 8.6. Variations between samples in 
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Figure 3. Enzyme purification by chromatography. 
A, dialyzed ammonium sulfate precipitation on 
Sephadex G-50 column; B, G-50 eluate on 
hydroxylapatite; C, lyophilized and redissolved 
hydroxylapatite eluate on Sephadex G-100 
column. Symbols: O O, optical density due 
to 280 nm absorbing material; A — A » enzyme 
activity in units per ml. 
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intensity of hydrolysis zones was due to dilution, Crude enzyme 

preparations not treated with hydroxylapatite which were subjected to 

electrophoresis, fixed, and then stained with Ponceau S showed protein 

at the origin and elsewhere on the membrane, but no discrete protein 

spots were seen at the site of enzyme activity. After treatment with 

hydroxylapatite followed by electrophoresis, insufficient protein was 

on the membrane to show any protein after staining although enzyme 

activity could be detected on duplicate membranes by exposing them to 

buffered starch slides. 

After most experiments had been completed, another batch of 

enzyme was chromatographed on Sephadex G-100 in phosphate-salt buffer 

and fractions were used for electrophoresis to see if separation 

occurred to some extent with the enzyme activity peaks overlapping. 

Results are presented in figure 5 and show that the two enzymes do 

overlap although two different activity peaks could not be distin-

guished in the eluate on the basis of enzyme activity of the 

fractions. Specific activities of the pooled fractions are shown in 

Table 3. Subsequently another enzyme sample was chromatographed and 

smaller fractions (1.5 ml) were assayed but still no separation into 

two activity peaks occurred, 

Results of assaying enzyme samples at different teraperatures 

are shown in figure 6. Maximum activity occurred at 55 C and at 

higher temperatures decreased activity was noted. The thermal 

denaturation studies (figure 7) show the amount of denaturation 

with time at 50 C and at 55 C. After 30 minutes exposure to 50 C 

about 80% of the original activity was retained (figure 7 A), but 
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Figure 5. Electrophoresis of Sephadex 
G-100 column fractions. Arrow indicates 
origin. Figures refer to column fractions. 
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TABLE 3 

SPECIFIC ACTIVITIES OF SEPHADEX G-100 COLUMN FRACTIONS 

Fraction Number Specific Activity 

16-18 1.2 

18-19 1.61 

20-21 2.25 

22-23 1.26 

24-25 0.60 

26-27 0.29 

28-30 Out of range 
for Folin phenol 
protein assay 



Figure 6. Effects of assay temperature on 
enzyme activity. Assay was for 30 minutes 
at pH 6.0 at the specified temperature. 
Specific activity of the material was 
0.058 to 0.62. 
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Figure 7. Temperature denaturation of amylase. 
A, average percent activity retained after 
exposure to 50 C; B, average percent activity 
retained after exposure to 55 C. Specific 
activity of raaterial was from 0.019 to 0.62. 
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after 30 minutes exposure to 55 C (figure 7 B) only about 50% of the 

original activity remained. Material heated to 50 C and to 55 C for 

50 minutes was used for eiectrophoresis and exposure of the resulting 

membrane to starch slides gave results shown in figure 8. Two amylases 

differing in electrophoretic mobility are again seen in unheated 

material and in material heated to 50 C for 50 rainutes, but only one 

activity zone appeared for material heated to 55 C, Heating to 50 C 

caused activity of the slower migrating enzyrae (figure 8, Ba) to be 

somewhat diminished while heating to 55 C caused greater activity 

reduction (figure 8, Ca). No activity zone appeared for the faster 

migrating enzyme after 55 C treatment for 50 minutes and 50 C treatment 

caused considerable activity reduction (figure 8, Bb), The electro-

phoretic studies indicate that the faster migrating enzyme is much raore 

heat labile. The percent temperature denaturation with time and 

electrophoretic studies both show that although maximum activity occurs 

at 55 C and near maximura activity at 50 C, teraperature denaturation is 

occurring at both temperatures and the high activity exhibited is 

probably due to very rapid starch hydrolysis early in the assay before 

much denaturation occurs. Since incubation of the enzyme reaction 

mixture at 40 C for 60 minutes with sampling every 10 minutes indicated 

a linear decrease in starch with time as long as the reaction was not 

substrate limited, temperature denaturation did not occur at 40 C. 

Material of specific activities of 0.058 and 0.62 was used in the 

temperature denaturation studies and results were averaged to obtain 

results given in figure 7. Variations between slopes obtained in 

individual tests were probably due to differences in proportion of the 



Figure 8. Electrophoresis of enzyme before and 
after heat denaturation. Arrow indicates 
origin. Aa and Ab, enzyme not heat denatured; 
Ba and Bb, enzyme heated to 50 C for 50 min; 
Ca, enzyme heated to 55 C for 50 min. 
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two enzymes. Material of very high purity was available in such small 

quantities that it was used only in salt studies, sulfhydryl tests, 

zinc determination and molecular weight studies. 

Results of pH studies are shown in figure 9 which discloses a 

maximum activity at pH 6.0, no activity at pH 3.5 or below, and about 

50% of maximum activity or less at pH 8.0. The inflection of the pH 

curve at pH 5.5 raay be due to overlapping activity peaks for the two 

different enzymes. 

Studies with enzyme of specific activity 0.09 to 1.35 showed 

higher activity occurred with 0,0001 to 0.1 M NaCl than with the same 

concentrations of CaCl^ which inhibited the enzyme by 50% or more. 

Assays incubated without CaCl^ or NaCl or incubated with 0.002 M EDTA 

showed about the same activity as observed with NaCl containing assays. 

Results of molecular weight studies by chromatography on 

Sephadex G-100 columns with and without dissociating buffer are shown 

in figure 10. Molecular weights of the protein standards were: 

Conalbumin 87,000; Bovine Serum Albumin 68,000; Ovalbumin 45,000; 

Lysozyme 14,800; horse heart Cytochrome C 12,400. In 0.02 M phosphate 

buffer, pH 6.0, containing 0.1 M NaCl, the molecular weight of amylase 

appears to be approximately 55,500 (figure 10 A). In SDS-BME-buffer at 

pH 7.4, the apparent molecular weight is approximately 15,500. Enzyme 

peaks were obtained from activity measurements, and the 15,500 weight 

entity is active. 

Insufficient protein was present in enzyrae of 171-̂ fold 

purification to determine sulfhydryl group content of the enzyme. 

Readings for enzyme material on the spectrophotometer were slightly 



Figure 9. Effects of pH on enẑ nne activity. 
Assays were at 40 C, pH 6.0, 0.01 M NaCl. 
Specific activity of material tested varied from 
0.056 to 0.38; O o, 0.2 M acetate buffer; 
A A,0.067 M phosphate buffer. 
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Figure 10. Molecular weight studies on Sephadex 
G-100 columns. Ordinate figures are log scale. 
9 A, results from columns developed with 0.02 M 
phosphate buffer at pH 6.0 containing 0.1 M NaCl 
(O—o, results from a 30 X 2.5 cra column;A—A» 
results frora a 40 X 1.5 cm column); 9 B, results 
from a 40 X 1.5 cm column developed with 
SDS-BME-buffer (O—O andz:^—A, two different 
sets of results from the same column). 
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higher than enzyme-free buffer but were too low for calculations. 

Determination of zinc content of enzyme of specific activity 

2.25 (173-fold purification) and of 2,78 (214-fold purification) was 

made. Readings for zinc in material of 2.25 specific activity was 

0.32 parts per million and no zinc was detectable in the buffer used 

to develop the column. Assuming 100% purity of the enzyme preparation, 

zinc content per 55,500 molecular weight enzyme was 3.33 moles as 

calculated by the following forraula: 

/3.2 X IQ-^ mg/ml of Zn̂ *̂ ^ 
\64.5 mg/mraole of 2̂ -̂ + ^ 

3.33 mmoles Zn /mmole 
of enzyme 

^8.25 X 10-2 mg/ml of protein\ 
\5.55 X lO^ mg/mmole of enzymg 

Since the purity of the enzyme preparation is not known, the quantity 

of zinc reported here may not be accurate. Material of 214-fold 

purification indicated a much higher zinc content but the material 

had been kept for some time and may have leached zinc frora 

glassware, or zinc raay have been picked up on the coluran as colurans 

were reused. The enzyme does appear to contain zinc. 

Under conditions used, the two alpha-amylases were not separated 

on the column indicating similar raolecular weights. In all of the 

studies reported, the predominate enẑ rme with respect to activity was 

the one which eluted first from the Sephadex G-100 column, and it 

is assumed that properties reported reflect effects on activity of 

that enzyme. 

file:///64.5
file:///5.55


CHAPTER IV 

DISCUSSION 

Several strains of amylase producing streptococci were readily 

isolated and identified as Ŝ. bovis. Good enzyme production was 

achieved in enzyme medium composed of tryptose, NaCl, soluble starch 

and phosphate buffer. About the sarae amount of activity was produced 

in Hobson and MacPherson (13) medium but more time was required to 

achieve peak production, so enzyme mediura was used in this study for 

convenience. Peak or near peak enzyme activity exists for a much 

longer period of time in Hobson and MacPherson medium and this may 

be due to a stabilizing effect on the enzyme by the large amounts of 

calcium present. In some preliminary studies on enzyme production, it 

was noted that with increased amounts of phosphate buffer, enẑ nne 

production was delayed. The cultures are microaerophilic and enzyme 

production was achieved in 1000 ml Ehrlenmeyer flasks without shaking. 

Once good growth is initiated, conditions within the flask are 

probably essentially anaerobic. No enhancement of growth or of 

enzyme production was achieved with the addition of yeast extract. 

Hobson and MacPherson (13) studied their streptococcus strain 

on medium with glucose as the sole carbohydrate source and found 

amylase present in that medium. They reported that the amylase 

produced appeared to be a constitutive enzyme. This was not the case 

with the S.bovis strain used in this study as the enzjrrae appeared to 

be inducible. 

The bulk of the alpha-araylase is precipitated with 40 to 60% 

saturation of ammoniura sulfate (figure 2). An 80% yield with 
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ammonium sulfate precipitation is considerably better than the 50% 

yield reported by Hobson and MacPherson. 

Sephadex G-50 column activity yields were routinely higher than 

the calculated amount of activity applied to the column. This is 

probably due to removal of one or more inhibitors during this 

purification step. Little increase in specific activity occurred with 

Sephadex G-5Q chromatography. 

Hydroxylapatite chromatography gave a very good increase in 

purity and enzyme in the eluates appeared to be much more stable. It 

was assumed that the rapid decrease in enzyme activity as the culture 

reached maximura stationary phase Cfigure 1) was due to action of 

proteolytic enzymes on the amylase and these raay have been removed by 

hydroxylapatite. 

Two exoamylases were produced by the strain used. This was 

shown by electrophoresis of cell supernatant, dialysate, Sephadex G-50 

eluate and Sephadex G-100 eluates (figures 4 and 5). Molecular weights 

of the two amylases were very similar as shown by activity elution 

profiles for Sephadex G-100 columns (figure 3 C) with electrophoresis 

of column fractions (figure 5). 

Hobson and MacPherson (13) report the temperature optimum for 

the streptococcal alpha-amylase they studied to be 48 C * 1. They 

studied enzyrae activity at various temperatures and results based on 

30 minute assays at pH 7.0 showed peak activity at about 48 C, decreased 

activity above 50 C with approximately a 39% decrease frora maximum 

activity at about 57 C. Walker (26) reported an optimum temperature of 
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39 C for the enzyme. In this study, maximum activity was obtained at 

55 C but studies showed denaturation occurred above 50 C. 

The optimura pH for the enzyrae is 6 and activity occurs over 

a broad pH range. The inflecLion at pH 5.5 (Figure 9) raay be due to 

activity peaks of the two enzymes overlapping. Nearly 80% of raaximura 

activity was observed over a pH range of 5 to 7, Hobson and MacPherson 

reported the pH optiraura as 5.5 to 6.5. Their graph of activity as a 

function of pH also indicates 80% or more of raaxiraura activity over a 

pH range of 5 to 7. Walker (26) reported a pH optiraura of 6 for 

enzyme activity. 

Salt studies indicated CaCl^ inhibited activity of purified 

enzyme by 50% or more as compared with NaCl containing assays. 

Assaying in 0.02 M EDTA had little effect on activity, but exposure 

to EDTA was only for the duration of the assay. Salt solutions were 

made with reagent grade chemicals and perhaps impurities in the reagent 

other than CaCl^ caused the inhibition noted. These results differ 

from the findings of Hobson and MacPherson (13) who reported 

streptococcal alpha-amylase to be unaffected by either chloride or 

calcium under the conditions used, 

Neither Hobson and MacPherson nor Walker reported the extent of 

purification achieved. Walker used DEAE cellulose chromatography 

following ammonium sulfate precipitation and raaize starch adsorption 

but no protein raeasurements were reported. Hobson and MacPherson 

used freeze dried ammonium sulfate enzyme precipitates in all their 

studies. Walker obtained the culture she used from Dr. Hobson but 
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it is not known if this is the same culture used in Hobson and 

MacPherson's work. 

Studies presented graphically in figure 10 A indicate a 

molecular weight for the alpha-amylase of 55,500 as determined on 

Sephadex G-100 columns developed with 0.02 M phosphate buffer 

containing 0.1 M NaCl at pH 6.0. Gelotte (10) has reported that 

amylase is retained slightly on Sephadex columns, possibly because 

of an enzyme-gel complex formation. This was also discussed by 

Cozonne et al (6). Sephadex is a cross-iinked dextran and thus 

bears similarity to the enzyme substrate. If the enzyme is retained 

on the column, it would exhibit a molecular weight lighter than the 

true molecular weight. Kolecular weight studies on Sephadex G-100 

columns equilibrated and chromatographed with SDS-BME-buffer indicate 

an active subunit of 15,500 molecular weight. Measurements of 

molecular weight of the enzyme were based on activity as too little 

protein was in the sample to follow it by 280 nm adsorption. Only 

one activity zone was seen with either type of column. Assuming 

the major enzyme, when in 0.02 M phosphate at pH 6.0, is composed of 

four identical subunits of molecular weight 15,500, the true molecular 

weight of the tetramer could be 62,000. 

Results of chromatography and electrophoresis of chromato-

graphed material (figure 5) indicate that the heavier enzyme which 

comes off the column first is probably the one which migrates slower 

on electrophoresis. Provided the charges on the enzymes at the time 

of electrophoresis are not too dissimilar, this could be explained on 
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the basis of molecular weight. Judging from elution patterns on 

Sophadex G-100 eluted with pH 6.0 phosphate buffer, the lighter 

enzyme has a molecular weight between the heavier enzyme and ovalbumin 

(molccular weight 45,000). It is also possible that the two amylases 

raay be explained by accessory subunit components which are inert or the 

difference may be that active subunits are not equivalent. Definitive 

evidence for any of these possibilities was not obtained in this 

study. 

Sulfhydryl group titration studies were inconclusive. 

Insufficient protein was present in the highest purity enzyme samples 

for accurate determinations. 

Zinc studies suggest this enzyme contains approximately three 

moles of zinc per mole of enzyme of 55,500 molecular weight. If the 

true molecular weight is higher, a slight decrease in the calculated 

zinc content will result. 

Production of two exoamylases by S_. bovis has not been reported 

in the literature and may be a characteristic unique to the strain 

studied. 

In summary, the Ŝ. bovis strain studied produces two extra-

cellular alpha-araylases which could not be separated under the 

conditions used. The heavier amylase appears to predominate, is more 

stable to thermal denaturation and exhibits a molecular weight of 

about 55,500 on Sephadex G-100 in 0.02 M phosphate buffer at pH 6.0. 

Chromatography on Sephadex G-100 in SDS-BME-buffer reveals an active 

enzyme subunit of 15,500 molecular weight. It is suggested that the 

predominate enzyme is a tetramer containing several moles of zinc. 
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Enzyme preparations obtained were quite active over a broad pH range 

with maximum activity occurring at pH 6.0. At 50 C and above, thermal 

denaturation of both enzymes occurs, Purified enzyme preparations 

appear to be inhibited by CaCl^. 
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