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ABSTRACT

“C-Labelled milk proteins and peptides were required for
studies on the nitrogen nutrition and proteolytic enzymes of
starter bacteria. Therefore, a cow was injected with a mix-
ture of MC-labelled amino acids (2mCi) and milked at inter-
vals over 28 h. The first milking (3.75 h) contained the
most active components with the caseins, B-lactoglobulin

and a-lactalbumin having a specific activity of 2.3 x 10°
disintegrations per min (dpm) /g while lactose and tri-
glycerides had specific activities of 2.3 x 10" dpm /g and
3.4 x 10" dpm /g, respectively. Thirteen amino acids iso-
lated from acid hydrolyzed milk protein contained radio-
activity. Only 6% of the label injected was recovered in
milk protein in the first 28 h.

The nitrogen nutrition of Streptococcus cremoris AM2 and E8

was studied by adding "“C-labelled milk proteins, peptides

and single amino acids separately to unlabelled milk and
then determining the incorporation of radioactivity into
bacterial protein during growth. A specially prepared low
heat skim milk powder having a content of potential nitrogen
sources similar to that of fresh milk, was reconstituted for
use as the growth medium. At low cell densities, free amino
acids and peptides were used as nitrogen sources. As the
cell density increased, milk protein became an increasingly
important nitrogen source and the cells became dependent on
their cell wall-bound proteinase. All caseins tested,
B-lactoglobulin and a-lactalbumin were used as nitrogen

sources by both strains.

A proteinase assay was evaluated in which "™C-labelled casein
(2.3 x 10° dpm / g) was used as the substrate. This assay
was used to study the spontaneous release of cell wall-
associated proteinases from milk-grown cells of lactic
streptococci. Eight strains of S. cremoris and two strains
of S. lactis released proteinase when cells were held in
buffer. An exception was S. cremoris MLl which did not
release significant activity. The rate of proteinase release

increased with rise in temperature (0 to 34OC) and pH (5.5
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to 8.7) although inactivation was apparent at 34°C and pH 8.7.
With all strains, release of proteinase was suppressed by

the addition of CaCl2
ature to OOC, or by lowering the pH to 5.5. The rate of

to the buffer, by lowering the temper-

proteinase release varied markedly with different strains.
A possible mechanism for the release of proteinase from the

cell wall is discussed.

Cheddar cheese was made with cultures containing different
proportions of proteinase-positive (Prt+) and piroteinase-
negative (Prt ) cells. This allowed the level of starter
proteinase to be varied while the total concentration of
starter cells in the curd at salting was kept constant.
Cheeses with 45 to 75% Prt cells developed significantly
less bitterness than cheeses containing only Prt+ cells,
thus providing direct evidence that the level of starter
proteinase has a role in bitterness development in Cheddar
cheese. The involvement of starter peptidases in the re-

moval of bitter peptides is discussed.
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PREFACE

The manufacture of Cheddar cheese and lactic casein involve
the fermentation of milk by lactic streptococci. Since

these fermentation industries arc of major importance to

New Zealand an understanding of the growth and metabolism of
lactic streptococci in milk is desirable. This thesis des-
cribes research carried out on a number of topics related to
the nitrogen metabolism of lactic streptococci. A novel
approach adopted in these investigations was the use of
radioactive milk, or milk fractions, prepared biosynthetically
in the mammary gland of a cow after C-labelled amino acids
were injected into the bloodstream. ‘''he preparation and
analysis of this material is described in Section I. Radio-
active components were isolated from this milk and used to
evaluate the potential nitrogen sources for growth of lactic
streptococci in milk (Section II). Radioactive casein was
used as substrate in the assay of cell wall-asscciated pro-
teinases, enzymes which catalyze the first step in the break-
down of milk protecin to the frece amino acids reguired for
synthesis of bacterial protein. An evaluation of the pro-
teinase assay and studies on the release of proteinase from
the cell wall of intact cells, are contained in Section III.
Proteolytic enzyme systems of lactic streptococci are not
only involved in supplying essential nutrients for cell
growth during cheese manufacture but are also active during
subsequent cheese ripening. Section IV deals with the effect
of the level of cell wall-associated proteinase on bitterness

development in Cheddar cheese.

Parts of this thesis have been published in the following

papers:
Mills, O E (1976). The preparation of "C-labelled milk
proteins. N Z Jl Dairy Sci. Technol. 11, 164 -168.
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associated proteinase(s) from lactic streptococci.
N Z J1 Dairy Sci. Technol. 13, 209 - 215.

Mills, O E & Thomas, T D (1980). Bitterness development in



Cheddar cheese: Effect of the level of starter protein-
ase. N Z Jl Dairy Sci. Technol. 15, 131 -141.

Mills, O E & Thomas, T D {(1981). Nitrogen sources for growth
of lactic streptococci in milk. N Z J1 Dairy Sci.

Technol. 16 (in press).
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SECTION I

PREPARATION OF "C-LABELLED MILK



CHAPT?TETR 1

INTRODUCTION

The preparation of radioactive bovine milk was undertaken so
that the individual proteins could be isolated in ™C-labelled
form. It was anticipated that if the proteins had suffici-
ently high specific activities then they could be used (1)

to assess their role in the nitrogen nutrition of lactic
streptococci growing in milk, and (ii) as substrates for the

assay of proteinases from lactic s*reptococci.

Milk proteins are synthesized in the mammary gland from amino
acids which are absorbed from the bhlood either as free amino
acids or as amino acid precursors (Linzell, 1974). Suffici-
ent amino acids essential for the synthesis of milk prctein
are absorbed from the hlcod to account for all the essential
amino acids in milk. Some non-essential amino acids are
absorbed from the blood with the remainder being synthesized
in the mammary gland (Bickerstaffe et al, 1974). Although
Barry (1952, 1956, 1958) found that the separate injection

of “C-lysine, ™C-tyrosine, "C-glutamic acid and "C-prol ine
into the jugular vein of a goat each resulted in radioactive
casein, no data was available to allow estimation of (i) the
recovery of injected isotope in bovine milk and (ii) the
specific activity of milk protein. 1In an effort to obtain
uniform labelling of the maximum number of amino acids during
bovine milk protein biosynthesis, a mixture of *C-labelled
amino acids was injected into the jugular vein of a Friesian
cow. The cow, which was in mid-lactation, was then milked

at intervals and the milk analyzed to determine the effect-

iveness of this method in radiolabelling milk protein.



CHAPTER 2

EXPERIMENTAL

2.1 “c-Labelled Amino Acids

Algal protein hydrolysate containing amino acids evenly
labelled with *C (specific activity 55 mCi/mg atom of carbon)
was obtained from The Radiochemical Centre (Amersham,
England) . The racdioactivity c¢f each amine acid as a per-
centage of the total is given in Table 1. The hydrolysate,
containing a total of 2mCi'*C, was dissolved in NaCl solution
(20 m1, 0.9% (w/v)) and adjusted to pH 7.4. The quantity of

isotope used was limited by its cost.

2.2 Composition of Scintillation Solutions

The polar scintillation cocktail for aguecus samples contained
naphthalene (100 g) and 2, 5 -diphenvloxazole (5 g) made up

to 1 1 with 1, 4 —dioxan. The non-polar scintiilation fliuid
for organic samples contained 2,5 - diphenyloxazole (5 g/1)

in toluene. All chemicals were of scintillation grade.

2.3 Radioactivity Determination

Radioactivity was measured in a Beckman LS-100C Liquid
Scintillation System (Beckman Instruments Inc., Irvine, USA)
to an error of *+ 5%. The quenching effect of water on the
count rate was determined by measuring the count rate and
external standard ratio after addition of successive ali-
quots of water to a known quantity of C-glycine in the
polar cocktail. This data was then used to convert counts/

min of any sample to disintegrations /min (dpm).

2.4 Infusion of !C-Labelled Amino Acid Mixture and Milk

Sampling

A Friesian cow in mid-lactation was milked out prior to in-

fusion of the amino acid mixture. The amino acid mixture



TABLE 1:

4.

Distribution of Radicactivity in the Algal Protein

Hydrolysate used to Inject into a Cow and the

Relative Activities

(see text) of Total amino Acids

in Milk from the First Milking

Relative Activity in Milk

% of To;gl ( dpg_d
Amino Acid Rigiiﬁ?i;i;igj?f A570nm
Hydrolysate Standard
Mean Deviation
aspartic acid 9.0 1.4 0.1
threonine 5.8 50.5 12.0
serine 4.8 20.6 2.1
glutamic acid 1i.8 11.0 1.8
proline 5.6 46.5°2 4.8
glycine 4.6 0
alanine 9). 8 0
cystelne 0 0
valine 6.8 2. 3 0.5
methionine 0 0
iseleucine 4.8 21.0 1.6
leucine 11.8 .7 . 2 3.0
tyrosine 3.6 69.2 9.0
phenylalanine 6.7 105.2 18.5
lysine 51. il 53.0 1.4
histidine 4.0 82.5 5510
arginine 6.3 62.7 12.1
tryptophan 0 b
a dpm
e
440nm
b

Destroyed during hydrolysis
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(20 ml) was administered in a single dose through a cannula
into the jugular vein. The cow was then machine-milked 3.75,

7, 11, 22.5 and 28 h after the injection.

2.5 Treatment of Milk Samples

The milk was centrifuged (2500 x g, 15 min, ZOOC) and the

fat then removed. The skim milk was frozen in a few seconds
by pouring thin layers into trays which were placed in a bath
of liguid nitrogen. fter freeze-drying the powder was

stored at —EOOC.

2.6 Composition of Milk

Protein:

Total nitrogen (TN, % (w/v)) and non-protein nitrogen (NPN,

¢ (w/v)) taken as the fraction soluble in 12% (w/v) trichlor-
acetic acid (TCA) were determined by the Kjel - Foss Automatic
16210 (Foss Llectric, Hiller¢gd, Denmark) instrument using

the Kjeldahl method. Whey protein (WP, % (w/v)) was deter-
mined by the amido black method (Roeper & Dolby, 1971). The
casein concentration (C, % (w/v)) of recconstituted skim milk

was calculated from the formula
C = (TN - NPN) x 6.38 - WP

where the factor 6.38 converts nitrogen concentration to

protein concentration.

Lactosg;

Lactose concentration was determined by the Lane and Eynon
method preceded by clarification of the milk with lead ace-
tate and sodium fluoride (McDowall & Dolby, 1935).

Minrerals:

The total mineral content of the milk was obtained by
charring the powders over a bunsen burner then ashing in a
muffle furnace at 550°C for 16 h.



2.7 Determination of Radioactivity in Milk Components

Total casein, total whey protein and a crude lactose fraction
were isolated by the procedure outlined in Fig. 1. Total
casein (0.05 g) was dissolved in 1 M NaOH (0.5 ml), water

(4 ml) was added and the pH adjusted to 7.0 with 1 ¥ HC1,

the final volume being made up to 5 ml. Whey protein (90.05 g)
was dissolved in 0.001 M NaCl (5 ml). These solutions were
counted by mixing aligquots (6.1 ml) of each solution with
polar scintillation cocktail (8 ml) and the specific activ-
ity (dpm/g) was calculated. The specific activity of the
crude lactose fraction was determined by weighing dried
material (3 mg) into a counting vial and dissolving in 0.1 M
HCl (0.2 ml). This solution was then mixed with polar
scintillation cocktail (5 ml). The specific activity of the
triglyceride fraction, which comprises 95 to 96% of the total
milk fat (Kurtz, 1974), was determined after isolation of

this fraction. Separated fat was shaken with hexane and the
solvent layer washed several times with distilled water before
evaporation. Triglyceride (30 mg) was weighed into a counting

vial and dissolved in non-polar scintiilation solution (8 ml).

2.8 Sephadex G-75 Chromatography of Whey Protein from the

First Milking

A sample of skim milk powder (2 g) from the first milking

was dissolved in distilled water (10 ml). The casein was
acid-precipitated and removed by centrifugation. The super-
natant was adjusted to pH 6 with NaOH and concentrated to

3 ml by immersing a dialysis sack containing the whey in a
bed of polyethylene glycol flakes. The sample was then
eluted from a 2.5 cm x 46 cm column of Sephadex G-75 with a
0.04 M phosphate buffer (pH 6.0). The absorbance at 280nm
(A280nm value) was determined for each fraction and an ali-
quot (0.1 ml) was mixed with polar cocktail (5 ml) and

counted to an error of + 10%.

2.9 DE52 Cellulose Chromatography of Total Casein from the

First Milking

Casein (1 g) was dissolved in 0.01 M imidazole - HC1l buffer
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(15 ml, pH 7.0) containing 4.5 M urea. The sample was
eluted from a 2.5 cm x 45 cm column of Whatman DE52 cellu-
lose with the urea - imidazole - HCl1 buffer and a 0 to C.30 M
NaCl gradient. The A280nm value was determined for each
fraction and an aliquot (0.1 ml) was added to polar cocktail

(5 ml) and counted to an error of + 10%.

2:10  -Radioactivity .of Indiwvidnal Amino . Acids .in Milk Protein

Skim milk powder (0.01 g) from the first milking was digested
with 6 M HC1 for 24 h at 110°C while under vacuum. The
hydrolysate was dried down to remove HCl and redissolved in
0.2 M sodium citrate buffer (1 ml, pH 2.2). This solution
was loaded onto the 23 cm column cf a Locarte Amino Acid and
Peptide Analyzer (The Locarte Company, London, England).
After reaction with ninhydrin, the effluent was collected
(0.57 ml fractions) after passing through the colorimeter.
Three fractions from the top of each peak were selected and

Z N T 1¢ ] = 5 1.1 N 1
the Agvq,,; Vaiues (A for proline) were deternined in a

2 mm pathlength cell?4ogﬂese values were corrected by divid-
ing by the appropriate colour constant. Aliquots from these
fractions were added to pclar cocktail (5 ml} and counted tc
an error of + 7%. Due to high quenching by the ninhydrin -
amino acid complex, it was not possible to count more than
0.1 ml at a time. Relative activity values were determined
by dividing the dpm value by the corresponding corrected
As70nm (©F A440nm) value. A mean relative activity for each

amino acid was then calculated.
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RESULTS

3.1 Composition of Skim Milk Powders

The concentrations of casein, whey protein, lactose and NPN
were determined in reconstituted skim milk then converted to
the corresponding concentrations in the skim milk powder
(Table 2). There was a decrease in casein and total protein
content over the first four milkings while, at the same time,
the lactose content increased. The total solids content cf
the skimmilk remained constant at 9.5% (w/v) over the first
three milkings (not determined for the fourth or fifth

milkings).

The NPN level decreased slightly while a peak in ash content

occurred at the fourth milking.

3.2 Specific Activities of Milk Components

The specific activities of the casein, whey protein and
crude lactose fraction were highest in milk ftrom the first
milking (Table 3). In contrast, the specific activity of
the triglyceride fraction peaked at the second milking.
Casein had the highest specific activity even taking into
account that the average content of carbon by weight in pro-
tein, lactose and triglyceride is 50, 40 and 75%, respect-
ively. The specific activity of the crude lactose fraction
may be influenced by the presence of small amounts of NPN

compounds such as urea and creatinine.

3.3 Sephadex G-75 Chromatography of Whey Proteins from
the First Milking

The separation of radioactive whey proteins on a Sephadex
G-75 column is shown in Fig. 2. The A,g,. . peak at fraction
15 contained immunoglobulins, identified by gel electro-

phoresis, but the high turbidity of the samples indicated
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TABLE 2: Composition of Skim Milk Powder (%, w/w)
Milking Casein &Whey BB oL e Lactose Ash
FProtein Nitrogen

1 28.54 6.94 .34 52.34 7.38
2 26.20 7.40 .34 54.76 7.63
3 23.87 6.60 .29 58.40 7.73
4 22.95 6.12 .29 59.23 3.15
5 23.78 5.54 .30 58.32 7.68

Footnote:

The relative standard deviations for determination of these

oL OF,

milk components by the methods used are 1.0,
and 2.0% for casein,

lactose and ash,

respcctively.

whey protein,

1.0

non-protein nitroyen,
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TABLE 3: Specific Activities of Milk Components (dpm/g)

. . . Whey Crude = .
Milking Caseln Protein Lactose? Triglycerides
1 2,349,000 1,478,000 225,600 33,800
2 979,900 791,100 139,700 35,400
3 313,900 256,100 46,200 25,400
4 126,300 101,800 18, 200 11,500
5 44,800 85,300 20,400 6,820

a

Prepared from protein-free deionized milk serum (Fig. 1)
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that fat and lipoprotein were probably also present. The
first *C activity peak may be due to one of these components

which was eluted at the leading edge of the A reak.

There was no obvious “'C activity peak for seriiozﬁbumin.
Samples from the centre of the last !C activity peak
(fraction 46) and the last A280nm peak (fraction 49) were
analyzed for amino acids (after acid hydrolysis) and for
lactose. Both samples contained amino acids in trace amocunts
while the ¥ C activity peak sample contained seven times as
much lactose as the A280nm peak sample. This "C activity
peak appeared to consist mainly of lactose while the Ajyggpn

peak material was comprised of NPN.

)

The specific activities of u-lactalbumin and g-lactoglobulin
were similar to the caseins at about 2.3 x 10° dpm/g but that
of serum albumin appeared to be only about 20% of this value.
The specific activity of the immunoglobulin fraction could
not be determined but isg likely to be low since, like serum
albumin, immunoglobulins are not synthesized in the mammary

gland.

3.4 DE52 Chromatography of Total Casein from the First Milking

The separation of radionactive caseins on a DES52 ion exchange
cellulose column is shown in Fig. 3. The individual caseins
were identified by electrophoresis. Although the urea in the
eluting buffer caused some precipitation of naphthalene in
the scintillation cocktail, the efficiency of counting was
only slightly impaired. The specific activities were
approximately the same for all caseins at about 2.3 x 10°

dpm/g.

3.5 Radioactivity in Individual Amino Acids in Milk Protein

dpm
Relative activity values 'Agj7gpm were determined for all

amino acids that contained C (Table 1). There was no radio-
active cysteine, methionine and tryptophan in the algal
protein hydrolysate nor in themilk powder. The glycine and
alanine present in the skim milk powder did not contain

any cC.
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DISCUSSION

Milk composition changed during the 28 h after the injection
of the MC-labelled amino acid mixture (Table 2). These
changes could result from any one or a combination cf the
following factors; (i) the cow's reaction to confinement,
(ii) the insertion of the cannula, and (iii) the change in
diet. Despite these changes, compositonal data were still
within the limits of normel milk. The A28Onm curves (Figs

2 and 3) were alsc typical of normal casein {(Creamer, 1974)

and whey protein (Davies, 1974).

The injection of a mixture of ™C-labelled amino acids into
the jugular vein of a cow was evaluated as a method for pro-
ducing uniformly labelled milk protein. Of the total ™C-
label injected, only 9% was recovered in the first five
milkings (18 1 milk) and 70% of this recovered 1sotope was
present in milk protein. The specific activity of those milk
proteins which are synthesized in the mammary gland was about
2.3 x 10° dpm/g which was considerably less than that ob-
tained by “C-methylation of casein (40 to 50 x 10° dpm/g;
Exterkate (1975) see Section III, page 48). The present
method, however, resulted in the labelling of at least
thirteen of the eighteen amino acids without chemical modi-
fication of the molecules. An increase in specific activity
cf milk protein may have been obtained by milking earlier

(at the expense of protein yield) or by infusion of the ™C-
labelled amino acids into the mammary artery. The latter
procedure may also improve total recovery of “C but would

require extensive surgery.

All milk proteins synthesized in the mammary gland (caseins,
f-lactoglobulin and a-lactalbumin) had approximately the
same specific activity. The specific activity of total whey
protein from the first milking (Table 3) was lower than ex-
pected since 80% of whey protein normally consists of B-

lactoglobulin and a-lactalbumin (Jenness, 1970). This
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suggests that there was a lower proportion of RB-lactoglobulin
and a-lactalbumin in this milk compared with the subsequent
milk. Serum albumin, and the immunoglobulins, have much
lower spccific activities presumably because they are syn-
thesized in the liver, spleen, lymph nodes and bone marrow

(Butler, 1974) and have a much slower rate of turnover.



SECTION 1I

NITROGEN SOURCES FOR GROWTH OF

LACTIC STREPTOCOCCI IN MILK
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CHAPTER 5

INTRODUCTION

The requirement for a proteolytic enzyme system, capable of
degrading milk protein to the amino acids essential for
growth of lactic streptococci, is demonstrated by the limited
growth of proteinase-negative (Prt ) variants in skim milk.
These Prt organisms, which lack cell wall-associated pro-
teinase (Pearce et al,,1974; Exterkate, 1976a), grow at low
cell densities in milk at the same rate as the parent strain
(Citti et al., 1965) but growth stops at 10 to 25% of the maxi-
mum cell density reached by the parent culture. This growth
limitation is, presumably, due to depletion of an essential
amino acid initially present either as a free amino acid or
in low molecular weight veptides. This explanation is con-
sistent with the observation that addition of casein digest
to milk abolishes the growth limitatiocn of Prt organisms

(Garvie & Mabbitt, 1956; Pearce et al., 1974).

There is a substantial amount of published data on the pro-
teolytic enzyme system of lactic streptococci but much of
the earlier work is of limited value in establishing the
physiological role of this system for growth of these organ-
isms in milk. Cells were usually grown in media containing
high concentrations, relative to milk, of free amino acids
and / or peptides which suppress the level of cell wall-
associated proteinase (Exterkate, 1979; see also Appendix I).
In addition, the rigid criteria required for the cellular
localization of enzymes (Pollock, 1962) were not met (Van
der Zant & Nelson, 1953, 1954; Williamson [, §i3r1964;
Cowman & Speck, 1967; Cowman et gi.,l967; Cowman et al,,
1968). These investigations, however, did indicate that
lactic streptococci have proteolytic activity with casein as
the substrate and the long assay times with large quantities

of cells or cell extracts implied that the activity was low.

A more rigorous approach has been adopted in recent investi-
gations and a mechanism for the assimilation of nitrogen by

cells has been proposed (see Lawrence & Thomas, 1979). Pro-



teinases capable of hydrclyzing proteins to low molecular
weight peptides appear to be located in the cell wall
(Thomas et al.,1974; Exterkate, 1975). Large peptides
may be further hydrolyzed by peptidases located in the
plasma membrane (Exterkate, 1975). Peptides with up to
five or six residues can be transported through the cell
membrane (Law et al. 1976b; Rice et al., 1978) and hydro-
lyzed to amino acids by cytoplasmic peptidases (Mcu et al
1975; Law, 1977; Schmidt et al,,1977). Serhaug & Solberg
(1973) first showed that sonic extracts of cells ccntained
peptidases with a wide range of specificities but, more
importantly, Mou et al.(1975) showed the presence of pepti-
dases having the specificities necessary for the release
from casein of all the amino acids essential for growth of
lactic streptococci. 1In addition to these membrane-bound
and cvtoplasmic peptidases, Law ‘1977) has reported the
release of a dipeptidase into the medium during growth.
Recent studies have investigated the transport of amino
acids and low molecular weight peptides through the mem-

brane (Law, 1973; Rice et al,,1978).

The potential sources of nitrogen for the growth of lactic
streptococci in skim milk are casein, whey protein, pep-
tides and free amino acids. The present study was under-
taken to determine the individual contributions of these
sources to bacterial protein. Such an assessment requires
that the potential nitrogen sources be individually labelled
and that their concentrations are known. Therefore, C-
labelled proteins, peptides and single amino acids were
added separately to unlabelled milk and the incorporation

of radioactivity into bacterial protein determined during
growth. The amount of material added was such that there
was only a small change in milk composition. Labelled pro-
teins and peptides were isolated from radiocactive milk (see
Section I) while single radioactive amino acids were obtained
from a commercial source. The choice of radioactive amino
acids was limited to those found in milk in free form. As-
partic acid, glutémic acid, alanine and lysine were excluded
because they are components of the cell wall peptidoglycan
of lactic streptococci (Schleifer & Kandler, 1967) as well

as being components of bacterial protein. Threonine was ex-
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cluded because it is metabolized to acetaldehyde and glycine
by lactic streptococci (Lees & Jago, 1976). Two essential
amino acids (isoleucine and valine, Reiter & Oram, 1962) and
one non-essential amino acid (glycine) were finally chcsen.
Because of seasonal variation in the composition of milk and
the length of time required for the present investigation,

it was not practicable to use fresh milk as the growth
medium. The alternative was to recoastitute skim milk from
spray dried powder. However, heat treatment during drying
causes protein interactions which result in poor chromato-
graphic separation of the individual milk proteins and con-
sequently error in determination of the milk prctein com-
position. Heat treatment can also release low molecular
weight nitrogen compounds from protein (Reiter & Mgller-
Madsen, 1963; Bracquart et al.,1974) thus charging the
nutritional characteristics for jrowth of lactic streptococci.
Therefore, a spray dried skim milk powder was specially
prepared for this investigation by omitting the usual evapor-

ation stage and thus minimizing heat treatment.
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CHAPTER 6

EXPERIMENTAL

6.1 Bacteria and Stock Cultures

Streptococcus cremoris 266,AM2 and ES were obtained from the

New Zealand Dairy Research Institute collection. Stock cul-

tures were prepared from single colonies isolated from milk-
based agar (MAG) plates (Limsowtin & Terzaghi, 1976). Cul-
tures derived from large colonies which coagulated autoclaved
(lZlOC, 15 min ) reconstituted skim milk (RSM) within 24 h

at 22°% (0.1% inoculum) were designated proteinase-positive
(Prt+). Cultures derived from small colonies which required
more than two days incubation at 229 to coagulate autoclaved
skim milk, but which coagulated within 24 h upon addition of
casein hydrolysate (5 mg/mi Trypticase, BBL), were designated
Prt”. The Prt’ cultures were maintained in autoclaved RSM
while this medium was supplemented with 5 mg/ml Trypticase
for maintenance of Prt  cultures. For each experiment, a
frozen stock culture was incubated at 30°C for 16 h and then
inoculated (0.2 to 8.0%) into a series of tubes containing
RSM which had been autoclaved (ll6OC, 20 min ), centrifuged
(10,000 x g, 5 min ) and buffered with B8-glycerophosphate
(final concentration 0.073 M and pH 7.1). After 16 h at

22°C the culture nearest pH 5.1 was used to inoculate (1%)

the experimental medium.

6.2 Low Heat Skim Milk Powder

Skim milk from a Friesian herd was pasteurized (720C, 15 s)
and dried without prior evaporation in a spray drier (Anhydro
A/S, Copenhagen, Denmark). The inlet and exhaust tempera-
tures were 204°C and 93OC, respectively. This powder was
used to prepare low heat reconstituted skim milk (LHRSM)
medium which was used as the experimental medium for investi-
gations described in this section. The proportions of the
individual qaseins in total casein were determined by ion-

exchange chromatography on Whatman DE52 cellulose (page 6)
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while the proportions of the individual whey proteins in the
total whey protein were determined by gel filtration chroma-

tography on Sephadex G-75 (page 6).

6.3 LHRSM Medium, Monitoring of Growth and Harvesting of
Cells

The LHRSM medium was prepared by reconstituting the skxim

milk powder in autoclaved distilled water (10 g/ 100 ml) at
4Otx>450C. The milk was centrifuged (10,000 x g, 5min) to
reduce the level of contaminant bacteria and to remove par-
ticulate material which would otherwise sediment with starter

bacteria during harvesting (Thomas & Turner, 1977).

The turbidity at 480 nm (T Kanasaki et al., 1975) of

480nm’
LHRSM cultures or cell suspensions was used to determine

2 g -~ m )
cell density (Thomas & Turner, 1977). The l480nm values
o E8 and 266 at a cell
density ¢f 1.0 mg (dry weight) bacteria/ml, were 5.59, 5.6¢

(1 cm lightpath) of suspensions of AM

and 5.27, respectively. The experimental cultures were in-
cubated at 30°C until the T480nm value of a ten-fold dilution
of the growing culture, reached a maximum of 0.3 (pH ~ 5.0).
At the harvest time the culture was adjusted to pH 7.0 with

2 M NaOH and 25% (w/v) sodium citrate solution was added

(6 ml /100 ml culture). After 5 min stirring, the culture
was centrifuged (10,000 x g, & min ) and the cells washed
free of milk constituents by twice resuspending in an equal

volume of distilled water.

6.4 The Separation of Low Molecular Weight Peptides and

Free Amino Acids in the NPN Fraction

The TCA in an aliquot of NPN fraction was extracted by
shaking twice with an equal volume of diethyl ether. The
resulting solution was evaporated to dryness in a rotary
evaporator, redissolved in acecic acid (5 ml, 10% (v/v)) and
applied to a 2 cm x 86 cm column containing Sephadex G-15
(fractionation range up to 1500 daltons). Material was
eluted from the column with 10% (v/v) acetic acid at a flow
rate of 14.3 ml/h. Effluent fractions (2.9 ml) were assayed

for amino groups using the fluorescamine reaction (Pearce,
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1979). The assay solution consisted of borax butfer (2.3
ml, 4% (w/v), pH 8.0) and sample (0.2 ml) mixed with 4-
phenylspiro (furan-2(3H),l-phthalan)-3,3'-dione (fluoresca-
mine) solution (0.5 ml, 0.4 mg/ml acetone). Fluorescence
measurements were made at 20°C with an Hitachi MPF-2A
flvorescence spectrophotometer (Hitachi Ltd, Tokyo, Japan)
set at excitation and emission wavelengths of 395 nm and
480 nm, respectively, and excitation and emission slits of

5 nm and 20 nm, respectively.

6.5 Preparation of MC-Labelled Peptides

The protein from “C-labelled milk (100 ml) was precipitated
by the addition of TCA (12 g) and separated, after 15 min,
by centrifugation (10,000 x g, 5 min). The TCA was extrac-
ted from the supernatant and the resulting solution passed
down a 1 cm x 7 cm cation exchange column ({(Bio-Rad AG 50W-X%4).
Non-cationic radioactive materiel (mostly lactose) was washecd
from the column with distilled water before elution of amino
acids and peptides with 2M NHAOH. The effluent was evapora-
ted to dryness, redissolved in acetic acid (10 ml, 10% (v/v))
and the amino acids and peptides cseparated by Sephadex G-15
chromatography. Samples from column fractions were subjected
without prior hydrolysis to amino acid analysis. Using this
procedure free amino acids were found to be eluted from
fraction 66 onwards (Fig. 4). Fracticns 40 to 65 were com-
bined, evaporated to dryness with a rotary evaporator and

redissolved in 10 ml water.

6.6 Preparation of "“C-Labelled Total Milk Protein and Iso-
lation of Individual Proteins

Total milk protein free of lactose, amino acids and low mole-
cular weight peptides was prepared from “C-labelled milk
powder (2.35 x 10°%dpm/g casein). Milk powder was dissolved
(10%, w/v) in sodium citrate (1.5%, w/v) and the pH was ad-
justed to8.0. The solution (100 ml) was dialyzed for 24 h
against distilled water (2 1) with one change of water.
Because the solution gained water during dialysis, it then
had to be concentrated to 3.5% (w/v) protein by immersing

the dialysis bag in a bed of polyethylene glycol flakes.

The preparation of pure individual "C-labelled milk proteins
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has been described elsewliere (page 6).

6.7 Plate Counts

Culture samples (1 ml) were added to sterile 0.01 M B-glycero-
phosphate buffer (100 ml, pH 7.0) at 4°C and blended for 1 min
at full speed in an Ato Mix Blender (Measuring and Scientific
Equipment Ltd, London, England) to reduce the streptococcal
chains to uniferm size (Martley, 1972). Suitable diluticas
were made with the same buffer. Aliguots were plated in

Ml7-agar medium (Terzaghi & Sandine, 1975).

6.8 Free Amino Acids in Milk as a Nitrogen Source for Growth

Uniformly **C-labelled glycine, valine and isoleucine (The
Radiochemical Centre, Amersham, England)} were added individu-
ally to different aliquots of LHRSM so that the total concen-
tration of each free amino acid (Table 4) was increased by only
0.5%, 2.0% and e.4%, respectively. The specific activities
of the amino acids in LHRSM were 0.05, 0.20 and 0.67 mCi/
mmole for glycine, valine and isoleucine, respectively. The
LHRSM aliquots were inoculated (1%) with AM2 or E8 and in-
cubated at 3OOC. Samples were removed at intervals, the
cells harvested and washed before protein extraction and
measurement of radioactive specific activity. Radioactivity
in the culture supernatants was also determined. Cell den-
sities, which were initially too low for turbidimetric

measurement, were determined as blended plate counts.

6.9 Milk Protein as a Nitrogen Source for Growth

i

A solution of “"C-labelled total milk protein was added to
LHRSM medium (4% (v/v); final specific activity 89 x 10°
dpm/g milk protein). The addition of ™C-labelled protein
increased the total protein concentration by about 4%.

After inoculation (1%) with AM2 or E the cultures were

8 14
incubated at 3OOC and cells were harvested at intervals.
The cell density was determined after washing, cell protein

was extracted and the radioactivity counted.

The possibility that milk proteins adsorbed to the cell sur-



face, thereby causing erroneous results in the above ex-
periments, was examined. A culture (100 ml) of strain 266
was grown in RSM at 30°c. Just prior to conagulation (pH
5.0}, chloramphunicol (10.8 mg) was added to stop protein
synthesis (Harvey, 1965). After 30 min , a solution (3.7
ml) of “C-labelled casein was added (specific activity in
RSM of 280 x 10" dpm/g, 34 mg casein/ml). After 0, 1€, 20 and
40 min a sample (25 ml) was removed and the cells harvested
by centrifugation after pH adjustment to 7.0 and dispersion
of micelles by addition of sodium citrate (1.5%, w/v).
Washed cells wer2 suspended in 1 ml distilled water and the

radioactivity counted.

6.10 Individual Milk Proteins as Nitrogen Sources for Growth

Solutions (5 ml) of "C-labelled pure milk proteins (k-casein,
f-casein, o-lactalbumin and R-lactogleobulin) or as—casein

fractions were added to the LHRSM cultures (100 ml) of AM.

2
and b .. In the solutions of a .- and a -caseins (fractions
8 sl SO
5) T3 o 1 == = - i -1
107 to 115, Fiyg. 3) and us2 I and as4 caseins (fractions

92 to 103, Fig. 3}, the inaividual caseins were in the same
proportinons as found in the original milk. The addition of
“C-labelled milk protein increased the total concentration

of that milk protein in LHRSM medium by 5%. The specific
activity of each protein in the medium was 118 x 10° dpm/g
while the concentration of each protein in LHRSM before the
addition of radioactive protein is given in Table 5. The
cultures were grown for 5 5 generationsand the cells harvested
just prior to coagulation. The cell mass was determined
after washing, cell protein was extracted and the radio-

activity counted.

6.11 Protein Content of Bacterial Cells

Washed cells were resuspended in distilled water (0.2 mg (dry
weight) bacteria/ml), mixed with an equal volume of 2M NaOH
and heated for 10 min in a boiling water bath (Herbert et al,,
1971). The protein content was then determined by the Folin-
Ciocalteu method (Lowry et al., 1951) using bovine serum

albumin as the reference standard. This value was determined
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for each strain and was subsequently used to calculate the
amount of bacterial protein in suspensions of known cell

density.

6.12 Extraction of Bacterial Protein for Specific Activity

Determinations

An equal volume of 10% (w/v) TCA was added to washed cells
in distilled water and the suspension heated for 30 min at
90°C (Marchesi & ¥ennell, 1967). The precipitate was centi-
fuged (4300 x o, 1 min ) and washed twice with 5% (w/v) TCA
(2 ml) and once with 1% (v/v) acetic acid (Thomas & Batt,
(1369b). The precipitate was finally suspended in distilled
water (1 ml), mixed with polar scintillation cocktail (8 ml)

{page 3) containing Cab-0-Sil (0.3 g) and counted (page 3).

6.13 Nitrogen Determinations

The nitrogen content of the milk fraction soluble in 0.1 M
acetate buffer (pH 4.7) was defined as non-casein nitrogen
(NCN) . The nitrogen contents of the TN, NCN and NPN frac-

tions were determined as previously described (page 5).

6.14 Amino Acid Analyses

To determine the free amino acid content of LHRSM, a known
amount of norleucine was added as an internal standard and
the NPN fraction prepared. After TCA extraction, the solution
was evaporated to dryness and redissolved in 0.2 M sodium
citrate buffer (pH 2.2) bkefore application to the amino
acid analyzer (page 8). To determine the total amino acid
content of the NPN fraction and bacterial protein, samples
were hydrolyzed by dissolving the dry material in 6 i HC1,
and heating for 24 h at 110°C under vacuum. The hydrolysate
was dried in the rotary evaporator and redissolved in the
sodium citrate buffer before application to the amino acid

analyzer.
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CHAPTEHR il

RESULTS

7.1 Free Amino Acid and Peptide Content of LHRSM

A typical amino acid analyzer trace for the NPN fracticn of
LHRSM is shown in Fig. 5. Cysteine and methionine were not
detectable and tryptophan could not be determined as it 1is
eluted with ammonia. The two small peaks that eluted bet-
ween the buffer change and norleucine are in the region
where tyrosine and phenylalanine ncrmally elute but the
peaks are unlikely to be duc to amino acids because of their
irregular shape. Concentrations of amino acids ranged from
v 0.8 upg/ml for proline and isoleucine to 35.9 ng /ml for

glutamic acid (Table 4).

An indication of the concentration of low molecular weight
peptides was obtained by acid hydrolvzing the NPN fraction.
This led to a three-fold increase in total amino acids and

the appearance of methionine (Table 4). A typical analyzer
trace is shown in Fig. 6. Other differences with the unhydro-
lyzed fraction are the change in pattern of the peaks eluted
before aspartic acid and the appearance of the large unknown
peak between the buffer change and norleucine. This peak

would obscure any tyrosine and phenylalanine present.

7.2 Protein Compositon of LHRSM

The percentage compositon of the individual caseins and whey
proteins in the total protein fraction of LHRSM was calculated
from DE52 and G-75 column elution profiles and the measured
values for TN, NCN and NPN. The 280 nm extinction coeffici-
ents (Elé%) used and the resulting compositonal data are
given in Table 5. Immunoglobulins and serum albumin were

not determined separately as turbid material eluted at the

same time, excluding the use of extinction coefficients.
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TABLE 4: Free Amino Acids in NPN Fraction of LHRSM Medium

and Amino Acid Composition after Acid Hydrolysis

of this Fraction

Free Amino After

Amino Acids Acids Hydrolysis
(hg,/ml) (ug/ml)

Aspartic Acid 5.1 25.7
Threonine 1.3 10.8
Serine 3.7 18.8
Glutamic Acid 35.9 78.1
Proline 0.8 5.6
Glycine Eryd 19.7
Alanine 2.5 9.6
Cysteine a a
Valine 2.6 11. O
Mathionine a 3.7
Isoleucine 0.8 6.4
Leucine 1.2 7.3
Tyrosine b b
Phenylalanine b b
Histidine 2.8 4.0
Lysine 4.1 18.4
Tryptophan b b
Arginine 1.6 3.5
Total 68.7 222.6
a

Not detectable

b Not determined (See Results)

Footnote:
Relative standard deviations of the individual amino acids

are < 3.0% using the Locarte Analyzer.
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TABLE 5: Protein Composition of LHRSM

1%

Percentage E IS
5 1 cm . o i%
Protein of Total . Reference for El .
Protein® .,3“ i~
280nm
Caseinsb

K= 11.0 10.0 Waugh et al.(1970)

E_ 28-5 4.7 it 1] " "

— = ’) ’) " " " "

aSl ’ abo 28.2 10.0

Ogp=s G 3™r Q= 7.2 10.3 Richardson & Creamer

- (1975)
“"1— 3.5 5.5 c
Y o
5 i 2 9.4 [

Y - 1.0 9.6 c
8-lactoglobulin 10.8 9.6 Bell & McKenzie (1967)
a-lactalbumin 2.8 20.9 Wetlaufer (1962)
Imnmunoglobulins + 3

serum albumin 5.8

Mean of two determinations

= Caseins defined by Whitney et al. (1976)

€ calculated from the primary structure of B-casein
(Mercier et 33.,1972)

d

Determined by subtracting B-lactoglobulin and a-lactal-

bumin from total whey protein
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7.3 Protein Content of Cells and Amino Acid Composition

Protein accounted for 52% and 57% of the dry matter in

LHRSM-grown cells of AM., and E respectively.

2 8’

The amino acid content of bacterial protein from AM2 and E8
was determined and used to calculate the concentraticn of

each amino acid contained in bacterial protein in a coagulated
milk culture where the cell density is approximately 500 uc
(dry weight) bacterial/ml. There was close similarity in

the proportion of amino acids with the two strains but the

concentrations in the Eg culture were slightly higher (Table

6) due to the higher pexrcentage cf protein in E8 cells.

7.4 Free Amino Acids in Milk as a Nitrogen Source for Growth

In all cultures the level of radioactive amino acid remaining
free in the medium decreased as the culture grew (Fig. 7).
The rate of uptake cf free isoleucine and valine decreased
after one to two generations with both strains while the
uptake of glycine occurred at an almost constant rate. In
LHRSM containing “C-labelled amino acids, the specific
activity of bacterial protein increased to a maximum during
the first few generations (Fig. 8) and then fell sharply

except with E, grown in the presence of “C-glycine.

8

7.5 Low Molecular Weight Peptides in Milk as a Nitrogen

Source for Growth

Similar specific activity values for bacterial protein were
obtained when the cells had undergone between one and five
generations (Table 7) suggesting that the peptides originally
present in the milk supplied a constant proportion of the

nitrogen used for culture growth.

The Sephadex G-15 elution profiles of the peptides and free

amino acids in LHRSM after growth of E_, were compared to

8
the original milk (Fig. 9). The amount of material eluted
in fractions 40 to 50 (> 1500 daltons) and in fractions 55
to 70 (medium to low molecular weight peptides and amino

acids) approximately doubled during growth of bacteria.
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TABLE 6: Concentration of Amino Acids Contained in Bacterial

o

Protein in Coagulated Milk Cultures of §. cremoris

AM_ and E{ Containing 500 pg (dry weight) bacteria/

2 —§
ml
Concentration in
Bacterial Protein

Amino Acids (pg/ml)

AM2 E8
Aspartic Acid 29.4 32.0
Threonine 14.9 15.8
Serine 12.. 0 13.1
Glutamic Acid 40.1 44.8
Proline 8.8 9.8
Glycine 11.9 12.8
Alanine IL Gy 20 N7
Cysteine a a
Valine 14.7 185..%
Methionine 6.5 6318
Isoleucine 12{.5 B, 2
Leucine 21,5 22.8
Tyrosine 10.4 1l.e
Phenylalanine 15.8 1"95,,1
Histidine 5.9 (5 8
Lysine 23, 1L 24.9
Tryptophan b b
Arginine 13.3 14.8
Total 260.0 285.1

2 Not detectable
Destroyed during hydrolysis
Footnote:

Relative standard deviations of the individual amino acids
are < 3.0% using the Locarte Analyzer.
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TABLE 7: Specific Activity of Bacterial Protein from S.

cremoris AM2 and E8 Cells Growing in LHRSM Con-

taining Added "C-labelled Peptides

Specific Activity
Strain Generations of Bacterial Protein
(x 10° dpm/g)

S. cremcris AM2 IL L 23
3.2 18
4.0 18
S. cremoris Eg 1.2 30 f
2.4 32
4.2 28
5.8 25




Fluorescence intensity (arbitrary units)
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30

FIGURE 9:

40 50 60 70 80 90

Fraction number

Sephadex G-15 chromatographic separation of the
amino acids and peptides in the NPN fraction from
LHRSM (---) and after growth of S. cremoris Eg
(==—). The culture was incubated at 30°C for ~ 6
generations until pH 5.0 was reached. Samples
applied to the column were from the eguivalent of

2 ml of medium.
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7.6 Milk Protein as a Nitrogen Source for Growth

In the first five generations, the cell protein increased in
specific activity with both strains (Fig. 10). Values for

repeat experiments were t 10% of those given in Fig. 10.

Adsorption of milk protein to the cell surface was investi-
gated as a possible source of error in the above experiments.
Although there was some adsorption of “C-labelled casein,
this would account for less than 10% of the value obtained
for the incorporation of C into bacterial protein when cells
were grown in the presence of the same amount of "C-labelled

milk protein.

7.7 Individual Milk Proteins as Nitrogen Sources for Growth

The specific activities of bacterial protein from cells of

AM, and E, grown in the presence of individual “C-labelled
4 (o)

milk proteins are given in Table 8. Values for AM, in the

2

presence oi the asz—, as3—, ag4—casein fraction were greater

than the corresponding values for E All other values for

g-
AM2 were less than or similar to the corresponding values

for E8.

7.8 Growth of S. Cremoris 266 Prt+ and Prt

S. cremoris 266 pret grew at an exponential rate (generation

time 63 min ) until a terminal T480nm value of 3.3 was reached
(Fig. 11). The Prt wvariant (proteinase activity negligible
against casein) grew initially at a rate similar to the

parent strain but growth virtually stopped after about 6 h

at a T480nm value which was 12.0% of that attained by the

Prt+ strain (Fig. 11).
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TABLE 8: Specific Activity of Bacterial Protein from S.

cremoris AM., and E, Cells Grown for 5.5 Genera-

2 8

tions in LHRSM Containing Pure “C-Labelled Milk

Proteins

Specific Activity of Bacterial
Protein (x 10% dpm/ g)

Milk Protein

AMZ E8

Expt I II Expt I II
K-casein 14.4 156 .4k 21.0 18.4
R-casein 6,9 13.8 15,52 11.5
o .-, O_.—Caseins a 8.0 9.3 10.4
sl sO

-— -— - S 1 (

A p~s A 37s @ ,-Caselins 13.9 8.1 4.3 6.9
o-lactalbumin 8.0 6.9 8.8 9.2
R-lactoglobulim 13.0 6.9 13-9 16.1

2 Not determined
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CHAPTER 8

Analysis c¢f the low heat skim milk powder using DE52 and

G-75 chromatography did not show any evidence of heat-
induced protein interaction. The levels of individual

free amino acids in the reconstituted milk were similar

to those reported by Aston (1975) and Deutsch & Samuelsson
(1959) for freshly drawn normal milk. The total free amino
acid concentration (68.5 pg /ml) was of the same crder as
those reported by these workers (30.7 pyg /ml and 67.9 pg /ml,
respectively). Tne composition of potential nitrogen scurces
in the LHRSM medium was, therefore, considered to be similar

to that in fresh milk.

With the exception of methionine (and possibly phenylalanine,
which could not be determined), all the amino acids essential
for growth of lactic streptococci (Reiter & Oram, 1962) were
present as free amino acids in LHRSM medium {Table 4). How-
ever, acid hydrolysis of the NPN fraction showed that
methionine was present in peptides (Table 4). Comparison of
data in Tables 4 and 6 shows that most of the essential

amino acids were not present in sufficient amounts, either
free or in peptides, to account for the synthesis of the
bacterial protein required for growth to the cell densities
found in coagulated cultures. The limited growth of Prt
cultures in milk is presumably due to the depletion of an
essential amino acid in the low molecular weight nitrogen

fraction.

The most accessible potential source of nitrogen for cell
growth in milk is the free amino acids. The removal of

" Cc-labelled amino acids from the medium (Fig. 7) showed
that these compounds were taken up by cells growing in milk.
In the first few generations the specific activity of cell

protein increased but then decreased at higher cell densi-
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ties (Fig. 8). This indicates that the free amino acid pool
is an important source of nitrogen for growth but only at

low cell densities.

The low molecular weight peptide fraction of milk appeared to
be a significant potential source of nitrogen as acid hydro-
lysis of the NPN fraction resulted in a three-fold increase
in the total concentration of amino acids (Table 4). The
isolation of the NPN fraction containing low molecular weight
peptides was based on solubility in 12% (w/v) TCA which is
somewhat arbitrary. However, Sephadex G-15 chrcmatography
showed that the bulk of the NPN fraction had a mclecular
weight of less than 1500 daltons Figs. 4 and 9). The upper
size limit for peptide transport through lactic streptococcal
membranes is considered to be of five or six residues (J.aw
=] 3;),1976; Rice el al.,1978) so that some of the peptides
in the NPN fraction would require hydrolysis before uptake.
The peptide fraction prepared from NPN material in "“C-labelled
milk would not ccntain all the low molecular weight pertides
present since large amino acids and small peptides having
similar hydrodynamic wolumes will tend to overlap during
elution and fractions containing detectable free amino acids
were excluded from the peptide fraction. The origin of pep-
tides in the NPN fraction 1is unknown but they can only

partly arise from hydrolysis of caseins or whey protein

as the specific activity of this fraction was approximately
0.7 x 10° dpm/g compared to 2.3 x 10° dpm/g for milk protein.
This low specific activity limited the usefulness of the
labelled milk peptides but incorporation of this material
into cell protein was observed during the growth of AM_ and

2
E8 in LHRSM (Table 7). It was concluded that, in contrast
to free amino acids, a constant proportion of bacterial
protein was derived from the original pool of peptides in

the milk.

The use of some of the milk proteins as nitrogen sources for
cell growth may be influenced by the way in which the added
milk protein equilibrated with the native milk proteins. 1In
milk the particulate micelles are composed of caseins,
immersed in a serum containing the soluble whey proteins,

peptides and free amino acids. When ¥C-labelled B-casein
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was added to milk which was then held at 4°C for 16 h, the
added protein largely equilibrated with B-casein in the
micelle (Creamer et al,,1977). There is no information con-
cerning the equilibration of other caseins when added to
milk.

When "C-labelled total milk protein was added to LHRSM the
specific activity of bacterial protein increased as the
culture grew. This indicates that milk protein becomes an
increasingly important source of nitrogen for growth as the
cell density increases. The specific activity of protein
from cells grown in a medium containing “C-labelled milk
protein will depend on the amino acid composition of the milk
protein since specific activities of individual amino acids
are different (Table 1). Therefore no guantitative com-
parisons between values in Table 8 for each strain can be
made. The only conclusion to be drawn from this data 1is
that all the individual milk proteins tested were used as
nitrogen sources for growth. There are a number of factors
which may influence the total amount of each milk protein
assimilated into cell protein. These include the concentra-
tion of each protein in the milk, inherent resistance to
proteolysis due to the structure of the protein and the
accessibility of each protein to the surface of the bacterial
cell where the proteinase system is located. Whey proteins
and that fraction of k-casein that residues on the surface
of the micelle are likely to be more accessible than micelle

core proteins.

In summary, the source of nitrogen for cell growth in milk
appears to depend on the cell density of the culture. At
low cell densities, free amino acids and peptides are used
by Prt+ cells and Prt cells alike. As the cell density in-
creases an essential amino acid in these low molecular
weight materials becomes limiting, and growth of Prt cells
stops. At cell densities above v 10% of those found in
coagulated milk cultures, Prt+ cells appear to be dependent
for growth on their proteinase to supply peptides from milk
proteins. This proteinase system is located in the cell wall,
possibly near the outside surface (Thomas et al.,1974) so

that the proteolysis products are likely to diffuse into the

medium. Cell density increase is accompanied by elevation
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of the level of cell wall-associated proteinase in the cul-
ture and hence by an acceleration in the supply of peptides.
Peptides derived from milk protein will thus form an in-
creased proportion of the soluble nitrogen compounds which
diffuse through the wall and are transported through the
membrane into the cell. The fact that growth of Prt+ cells
of S. cremoris 266 in milk was exponential (Fig. 11) means
that proteinase activity must begin to function effectively
in supplying proteolysis products before the concentratiocn
of the low molecular weight nitrogen initially present be-

comes rate limiting.



SECTION III

ASPECTS OF CELL WALL-ASSOCIATED PROTEINASES

Part 1

Evaluation of Proteinase Assay with

Wc-Labelled Casein Substrate
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INTRODUCTION

The activity of proteolytic enzymes is usually determined
with casein or haemoglobin as the substrate, especially
when the number of proteinases present or their specifici-
ties is unknown. Hydrolysis is normally stopped by the
addition of TCA and the concentration of soluble products

then determined either by measuring A values, or by

colorimetry using the Folin-ciocalteu2§222tion (Lowry et al.,
1951), the biuret reaction (Robinson & Hodgen, 1940) or the
ninhydrin reaction (Moore & Stein, 1954). These methods
lack sensitivity when used to assay intact cells or cell-
free extracts of lactic streptococci, as indicated by incu-
bation times of up to 24 h at 37OC (Westhoff & Cowman, 1970),
the use of cells derived from more than 200 ml culture in a
single assay (Cowman & Speck, 1967) and sonic extract from
250 mg (wet weight) of cells in a single assay (Van der Zant
& Nelson, 1953) to obtain measurable proteolysis. In
addition, the traditional methods pose some problems when
the proteolytic activity of intact bacterial cells or crude
cell extracts are assayed (Lawrence et al,,1976). Extracts
from concentrated cell suspensions contain potential sub-
strate for the proteinase system and also usually contain
TCA-soluble material which reacts positively in the above
assays. In addition, intact cells of §. lactis release free
amino acids from endogenous sources when held at 30°C in

buf fer (Thomas & Batt, 1969a). A method of partially over-
coming these problems is to use a protein substrate which is
labelled with a radioactive isotope. Although potentially
competing substrates and low molecular weight TCA-soluble
materials are not eliminated, only products derived from the
radioactive protein will be detected. Thomas et gl.(l974)
covalently bonded I to tyrosine residues of casein whereas
Exterkate (1975) reductively methylated lysine residues with
“Cc-formaldehyde. The latter method produces more frequent

labelling within the protein molecule, since the various
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caseins contain between nine and fourteen lysine residues
per casein molecule compared to four to nine tyrosine resi-
dues per casein molecule and gives a substrate which has a
much longer half-life. Despite these advantages, the sub-
strate 1s chemically modified and labelling 1is not random
since in all the caseins the frequency of lysine residues

is greater towards the amino terminal end of the molecules
(Mercier et al,, 1972). Preliminary experiments were under-
taken to see if chemical modification of casein substrates
resulted in different products or rates of proteolysis. The
results (see Appendix 1I) showed that the action of chymosin
and trypsin was, in some cases, altered by methylation of

a .- and PR-caseins.
sl

In order to clarify the physiological role of proteinase
during starter growth in milk, the substrate for proteinase
assays should be an effective amino acid source for growth

in milk. Potential amino acid sources in milk are free

amino acids, peptides and proteins including casein (see
Section II). An ideal substrate for assay of the proteinases
from lactic streptococci would, therefore, be uniformly
labelled casein of high specific activity prepared without

chemical modification (see Section I).

This section describes the evaluation of a method using "“C-
labelled casein substrate for the assay of proteinases
either in solution or bound to intact cells of lactic

streptococci.
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CHAPTER N 0

EXPERIMENTAL

10.1 Bacteria

Preparation of stock cultures and inoculum cultures have been
described previously (page 21). The detailed composition of
the milk medium was not required as in Section II and since
the high bulk density powder for LHRSM was difficult to re-

constitute, RSM (page 21 ) was used instead.

10.2 Experimental RSM Medium, Growth and Harvesting of Cells

The experimental RSM medium was prepared in the same way as
LHRSM medium (page 22 ) except that p-glycerophosphate was
added to allow growth to a higher cell density (approx. 10°
cells/ml) without coagulation (Thomas & Turner, 1977). Con-
centrated (3 M) disodium f-glycerophosphate (Sigma Chemical
Co.) solution was adjusted to pH 7.4 with concentrated HC1,
autoclaved, and added to the centrifuged milk (2.5 ml/100 ml
experimental RSM), giving a final pH of 7.1.

Experimental RSM was inoculated (3%) with a 16 h,/ZZOC
culture and incubated at 30°C. Growth was monitored turbid-
imetrically and cells harvested as described previously

(page 22).

10.3 Release of Cell Wall-Associated Proteinase

Cell wall-associated proteinase was released from lactic
streptococci by holding washed cells (20 mg (dry weight)
bacteria/ml) in 0.05 M tris-(hydroxy methyl) amino methane
(Tris) buffer (pH 7.8) at 25°C for 2 h. The phenomenon of
proteinase release is discussed elsewhere (Section III, Part
2, page 69). Cells were then removed by centrifugation
(10,000 x g, 1 min) so that the supernatant contained cell-

free proteinase.
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10.4 Proteinase Assay With "C-Labelled Casein

A sample (0.1 ml) of cell-free proteinase solution or cell
suspension was added to “c-labelled casein (0.4 ml, 2.35 x

10® dpm/g) solution in buffer. The choice of buffer, casein
substrate concentration and incubation temperature depended
on the experiment. When intact cells were assayed, CaCl2 was
added to a final concentration of 0.02 Mto minimize the re-
lease of proteinase from the cell wall (page 79). The re-
action was stopped by the addition of TCA (0.5 ml, 12% (w/Vv)).
After 15 min the mixture was centrifuged (25,000 x g, 1 min)

and the radioactivity in the supernatant (0.5 ml) determined.

A quenching curve for 6% (w/v) TCA was obtained as described
for water (page 3). Proteolysis was measured as the radio-
active material, soluble in 6% (w/v) TCA, produced during

the assay and has units of dpm/ml. Proteinase activity is
defined as proteolysis per unit concentration of enzyme and
for intact cells has units of dpm/mg (dry weight) bacteria.
The proteinase activity of cell-free proteinase was calculated
on the basis of the initial bacterial dry weight from which
the preparation was derived and has units of dpm/mg (dry

weight equivalent) bacteria.

10.5 Proteinase Assays with Non-radioactive Casein

Cell-free proteinase solution (0.1 ml) from S. cremoris 266
was added to casein (0.4 ml) in 0.05 M cacodylate buffer
(pH 6.5) giving a final casein concentration of 0.5% (w/v)
The mixture was maintained at 20°C for 4 h before addition
of TCA as in the assay involving *C-labelled casein. Pro-
teolysis over a range of proteinase concentrations was
determined using the Folin-Ciocalteu reaction (Lowry et al,,
1951) and also the reaction with fluorescamine at pH 6.0
(Beeby, 1980). In the latter assays, supernatant (0.5 ml)
containing 6% (w/v) TCA-soluble material was mixed with 0.2
M phosphate buffer (2.5 ml, pH 7.1) giving a final pH of
6.0. An aliquot (0.5 ml) of fluorescamine in acetone (0.4
mg/ml) was rapidly mixed in, the solution equilibrated to

200C, and fluorescence intensity determined (page 22).
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10.6 Effect of pH on Activity

The activity of cell-free proteinase from 266, E8' AM2 and

ML3 was assayed over the pH range 5.1 to 7.8 using ™C-
labelled casein (0.5%, w/v) and incubation for 4 h at 20°C.
The pH of each assay was determined after the stock casein
solution (in 0.05 M cacodylate buffer, pH 6.5) proteinase
solution (in 0.05 M Tris buffer, pH 7.8) and assay buffer
(0.05 M) were mixed. Buffer salts used in the assay systems
were, phthalate, acetate, cacodylate, triethanolamine, Tris,
imidazole and 2(N-morpholino)ethane sulfonic acid (Mes).

g AM2 and
was determined over the range pH 4.5 to 8.0. Cells were

The Proteinase activity of intact cells of 266, E
ML3
incubated with 0.5% (w/v) ™C-labelled casein solution for 2 h
at 30°C in buffers containing CaCl2 (0.02 M). Except for
cacodylate, which induced cell lysis, the same buffer salts
were used as for cell-free proteinase. Stock casein solu-
tions for the assay of intact cells contained 0.05 M Mes
buffer (pH 6.5).

10.7 Effect of Proteinase Concentration on Proteolysis

Cell-free and cell-bound proteinases were assayed over a

range of concentrations. Assay conditions for cell-free
proteinase consisted of 0.5% (w/v) casein in 0.05 M cacodylate
buffer (pH 6.5) and incubation for 4 h at 20°C while cell-
bound proteinase was assayed with 0.5% (w/v) casein in 0.05

M Mes buffer (pH 6.5) with incubation for 2 h at 30%.

10.8 Assay of Thermolysin, Subtilisin and Chymosin Using
“Cc-Labelled Casein Substrate

Thermolysin (Protease Type X, Sigma Chemical Co.), subtilisin
(Protease Type VIII, Sigma Chemical Co.) and chymosin (page
120) in 0.05 M cacodylate buffer (pH 6.5) were assayed with
“Cc-labelled casein (0.5%, w/v) at enzyme concentrations up

to 0.5 pg/ml, 1.1 pg/ml and 99.6 pug/ml, respectively.



513!,

G DN E T E R 11

RESULTS

11.1 Effect of pH on Proteinase Activity

The pH had little effect on the activity of cell-free pro-
teinase from strains ML3 and AM2 in the range pH 5.2 to 7.8
(Fig. 12). Strain 266 was similar except that activity de-
clined at pH 5.2 while proteinase from strain E8 showed
optimum activity between pH 5.8 and 7.0. Results obtained
when different buffers were used at the same pH value indi-
cated that proteinase activity was independent of the buffer

salt.

Assays using intact cells of 266, AM, and ML3 (Fig. 13) showed

that pH had a similar effect on protiinase activity whether
the enzyme(s) was cell-bound or cell-free. However, when in-
tact cells were assayed at lower pH values, AM2 showed the
same level of activity down to pH 4.6 whereas the activity

of strains 266 and ML3 decreased markedly (Fig. 13). The
activity peak for intact cells of E8 was ccnsistently

sharper than for both the cell-free proteinase from E8 and
for intact cells of the other strains.

On the basis of the above results, pH 6.5 was chosen as the
standard pH for the assay of both cell-free and cell-bound

proteinase with all strains.

11.2 Effect of Temperature on Stability of Cell-Free

Proteinase

There was no appreciable (< 5%) loss in activity when cell-
free proteinase from 266 was held for up to 4 h at 20 or
25°¢ prior to assay (Table 9). At 3OOC, activity was re-
duced by about 10% when the enzyme solution was held for 2,
g’ AMy
and ML3 showed no appreciable decrease in activity when
assayed at 20°C for 4 h after being held at that temperature

for 4 h (Table 9).

3 or 4 h prior to assay. Proteinase from strains E
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TABLE 9: Effect of Temperature on Stability of Cell-Free

Proteinase. After being held in 0.05 M Cacodylate

Buffer (pH 6.5) under the Conditions Specified,

Proteinase (4mg (dry weight equivalent) bacteria /

ml) was Assayed with C-labelled Casein (0.05%,

w/v) in the Same Buffer

Temp Time Before Proteinase Activity
Strain beforg assay assay dpm/mg (dry weig@t
C h equivalent) bacteria
S. cremoris 266 control 811 I
" 20 4 300
" 25 2 293
" 25 3 310
" 25 4 296
" 30 il 297
" 30 2 277
! 30 3 279
" 30 4 273
E8 control 87
0 20 4 86
AM2 control 180
" 20 4 186
S. lactis ML3 control 140
20 4 137

Footnote: The relative standard deviation for proteinase
assays using "“C-labelled casein and a single batch of cells
was < 4%. This variation is applicable to Tables 9 to 14,
Figs 12 to 17 and Figs 19 to 25. The relative standard
deviation between batches of cells ranged from 9% for ML, to

3
29% for E8.
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Routine assays of cell-free proteinase activity were, there-
fore, incubated for 4 h at 20°¢C.

11.3 Effect of Temperature on Activity and Stability of

Cell-Bound Proteinase

Proteinase activity of intact cells of 266 and E8 increased
with time at incubation temperatures 25, 30 and 359 (Table
10). With the same incubation time, proteinase activity
increased with increasing temperature (Table 10). The
stability of cell-bound proteinase was examined by holding
cells in assay buffer, under the same conditions as specified
in Table 10, before assay. In general, holding intact cells
of 266 and E8 at 20°C to 35°C before assay resulted in
slightly increased proteinase activity, especially with E8.
Only with strain 266 held at 35°C was proteinase activity
decreased (Table 11). The possibility of proteinase release
during assay was examined by holding cells in Mes buffer

(pH 6.5) containing CaCl, (0.02 M) but no casein. Suspen-

2
sions were held under the conditions specified in Table 11,
centrifuged (10,000 x g, 1 min) and the supernatant assayed
for proteinase activity (4 h at 2OOC). No detectable pro-

teinase was released from E, under any of these conditions.

8
Proteinase was released from 266 although, after 3 h at 3OOC,
the activity in solution was equivalent to 4% of the activity
of intact cells. At 350C,~proteinase released after 2 h was

equivalent to 15% of the proteinase activity of intact cells.

Routine assays with intact cells were subsequently incubated
for 2 h at 30°C.

11.4 Effect of Substrate Concentration on Proteolysis

Casein substrate concentration had a marked effect on pro-
teolysis after 0.5 h (Fig. 14). After this time, the rate
with 0.1% (w/v) casein slowed markedly while with 0.25%
(w/v) and 0.5% (w/v) casein the decrease in rate was delayed
(Fig. 14). With 1% (w/v) casein, an almost linear rate was
observed up to 4 h. The amount of substrate solubilized
after 4 h was 20, 14, 18 and 4% for casein concentrations of
0.1, 0.25, 0.5 and 1.0% (w/v), respectively.
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TABLE 10: Effect of Assay Temperature on the Proteinase
Activity of Intact Cells of S. cremoris 266 and
EB' Intact Cells (4 mg (dry weight) bacteria/ml)
were Incubated with "C-labelled Casein (0.5%, w/v)
in 0.05 M Mes Buffer (pH 6.5) containing Can2
(0.02 M) under the Conditions Specified
Proteinase Activity
. (dpm/mg (dry
Temp T1ime . .
(OC) (h) weight) bacteria)
S. cremoris 266 S. cremoris Eg
20 4 415 838
25 2 357 687
25 3 472 822
30 1 284 558
30 2 425 758
30 3 560 a
35 1 298 578
35 2 466 780
a

Not determined



TABLE 11: Effect of Temperature

5) SN

on the Stability of Cell-

Bound Proteinase of S.

cremoris 266 and ES' Intact

cells (4 mg (dry weight) bacteria/ml) were Incuba-

ted with ™C-labelled casein (0.5%, w/v) in 0.05 M

Mes Buffer (pH 6.5) containing CacCl

(0.02 M) for

2

4 h at 20°C after being held in this Buffer under

the Conditions Specified

Proteinase Activity

Temperature Time a )

Before Before .( pm/mg .

N welght) bacteria)
ssay Assay
(°c) (h)

S. cremoris 266 S. cremoris Eg
control 415 838

20 4 419 876
25 2 429 947
25 3 437 922
30 1 430 876
30 2 426 939
30 3 433 a
35 1 426 925
35 2 382 913

a

Not determined
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FIGURE 14: Effect of substrate concentration on activity of
cell-free proteinase from S. cremoris 266. Pro-
teinase was incubated with “C-labelled casein in
0.05 M cacodylate buffer (pH 6.5) for 4 h at 20°C.
Enzyme concentration was constant. Casein con-

centrations used were 0.1% (o), 0.25% (A), 0.5%
(o) and 1.0% (e), w/v.
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11.5 Effect of Proteinase Concentration on Proteolysis

There was an almost linear increase in proteolysis with
concentration of the cell-free enzyme (Fig. 15). At the
highest concentrations of enzyme 4.7, 5.4, 6.2 and 9.2% of
the substrate was solubilized during the assay period (4 h)
ML

with enzymes from strains E AM, and 26f&, respect-

8’ 37 2

ively.

More extensive proteolysis was obtained during the assay

of cell-bound proteinase (Fig. 1€) compared with cell-free
proteinase (Fig. 15). This difference is largely due to

the release of only part of the cell-bound proteinase during
preparation of the cell-free enzyme (page 87). With the
highest concentrations of cell-bound enzyme 31.5, 24.2, 18.3
and 22.1% of the substrate was Solubilized with intact cells
of E8, ML3,AM25nKi266, respectively. At low enzyme con-
centrations (up to about 1.5 mg (dry weight) bacteria /ml
for AM2, 266 and ML3 and 0.5 mg (dry weight) bacteria /ml
for E8) proteolysis (up to about 1000 dpm/ml} was almost
proportional to enzyme concentration. At higher enzyme con-

centrations the relationship was ron-linear.

11.6 Comparison of "C-Labelled Casein Assay with Folin-

Ciocalteu and Fluorescamine Assays

The results of proteinase assay by the three methods for
determining TCA-soluble material were normalized for com-
parative purposes so that the absorbance, fluorescence and
radioactivity values obtained from the greatest concen-
tration of proteinase became 100. The curves for all three

methods were non-linear and coincident (Fig. 17).

11.7 Assay of Thermolysin, Subtilisin and Chymosin Using
“C-Labelled Casein

There was a linear relationship between the concentration
of thermolysin and subtilisin and the amount of material re-
leased which was soluble in 6% (w/v) TCA (Fig. 18). This
linearity was observed with enzyme concentrations which pro-

duced, in the 4 h assay period, up to 45% and 17% substrate
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solubilization with thermolysin and subtilisin, respectively.
In contrast, increasing chymosin concentrations did not give
a linear increase in the amount of casein solubilized during

the 4 h assay period.
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Comparison of methods for determining TCA-soluble
material in assays of cell-free proteinase from
S. cremoris 266. Proteinase was incubated with
0.5% (w/v) casein in 0.05 M cacodylate buffer

(pH 6.5) for 4 h at 20°C and the material soluble
in 6% TCA was estimated by radioactivity deter-

mination (o), Folin - Ciocalteu reaction (A) and

fluorescamine reaction (O4).
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FIGURE 18: Activity of thermolysin, subtilisin and chymosin
using ®C-labelled casein as substrate. The en-
zymes were incubated with 0.5% (w/v) casein in

0.05 M cacodylate buffer (pH 6.5) for 4 h at 20°cC.
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DISCUSSION

The effect of pH on proteinase activity is difficulit to
interpret since the protein substrate may be modified as
well as the enzyme. Casein is heterogeneous and pH adjustment
will cause changes in ionization resulting, not only in con-
formational changes of the individual caseins, but also in
the degree of association of the various caseins. Another
complicating factor is that there may be more than one pro-
teinase associated with the cell wall of each strain. Broad
pH versus activity curves with most strains are consistent
with this possibility. Differences between the pH versus
activity profiles of cell-free and cell-bound proteinase of
the same strain may result from only partial release of cell
wall-associated proteinase. The cell-free proteinase pre-
paration, therefore, may not be representative of prcteinase
in the intact cell. This could be especially relevant to Eg
where the activity of cell-free proteinase at pH 5.8 (Fig.
12) was eyuivalent to only 8% of the activity of intact cells
at the same pH (Fig. 13) and the pH versus activity profiles

were different for the cell-free and cell-bound enzymes.

Non-linear curves were obtained for enzyme concentration
(cell-free and cell-bound) versus proteolysis for less than
10% (1175 dpm/ ml) solubilization of the substrate (Figs 15
& 16). A non-linear relationship with such low levels of
substrate solubilization is characteristic of other pro-
teinases acting on protein substrates (Dixon & Webb, 1964).
Factors which may be involved in this relationship include
change in substrate during the assay coupled with narrow
enzyme specificity, different affinities for different pep-
tide bonds, and the fact that the only proteolysis products
detected were those which were soluble in 6% TCA. Hydro-
lysis of a peptide bond resulting in two 6% TCA-insoluble
peptides would be undetected. The likelihood of this event
will increase as the proteinase becomes more specific. With

intact cells, substrate accessibility to the cell wall-bound
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enzyme could also affect results. The curves in Fig. 14 are
consistent with proteinase of narrow specificity since devi-
ation from the initial velouzity was more pronounced at low
substrate concentrations and yet only limited (< 20%) subk-
strate solubilization took place in 4 h. An indication of
broad or narrow enzyme specificity can e obtained from the
relationship between enzyme concentration and proteolysis.
Thermolysin and subtilisin which are both enzymes with broad
specificity (Matsubara, 1966; Markland & Smith, 1971), have
linear relationships under conditions where extensive sub-
strate solubilization took place (Fig. 18). 1In contrast,
chymosin, which has a narrow specificity (Pelissier et al.,
1974), gave a non-linear relationship (Fig. 18). Chymosin
action on f-casein resulted in three major oligopeptides
(Creamer et al,, 1971). The action of cell-free proteinase
from strain 266 on B-casein was also limited resulting in four
major oligopeptides (Appendix I1III). As a consequence of the
non-linear relationship between proteolysis and enzyme con-
centration, (cell-free and cell-bound) standard assay —on-
ditions were adopted for the subsequent assay of proteinase
from all strains. These conditions were those described in
Chapter 10.7. Standard enzyme concentrations used were 4 mg
(dry weight) bacteria /ml or the cell-free enzyme equivalent.
Although 2 higher substrate concentration may have resulted
in a linear relationship between proteolysis and enzyme
concentration, for up to the same maximum levels of proteo-
lysis in Fig 15 & 16, the limited supply of substrate had to

ke considered.

The sensitivity of the three methods used for measuring 6%
TCA-soluble material was almost the same. Assay sensitivity
of the radioactive casein method is dependent upon the
specific activity of the casein substrate which was dis-
appointingly low (see page 48 ) and insufficient for use in
more detailed studies involving fractionation and character-
ization of cell wall-associated proteinases.



SECTION IIT

ASPECTS OF CELL WALL-ASSOCIATED PROTEINASES

Part 2

Release of Cell Wall-Associated

Proteinase(s) from Lactic Streptococci
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CHAPTER 13

INTRODUCTION

Exterkate (1 976b) studied the effect of pli between 5.4 and
7.0 and temperature on the proteinase activity with casein
substrate, of intact cells of fourteen S. cremoris strains
and classified these strains into five groups. Although
enzyme fractionation was not undertaken, it was concluded
that some strains had as many as three different proteinases,
two of which were acid proteinases and the other a neutral
proteinase. Other strains appeared tu have one or two pro-
teinases, while strain MLl had not detectable proteolytic
activity with casein as the substrate. Mgller-Madsen &
Hansen (1976¢) determined the pH versus activity profiles of
nineteen strains of lactic streptococci using intact cells
and casein substrate and concluded that acid, neutral and
alkaline proteinases were present. Some strains lacked
acid or neutral proteinases but all strains possessed an

alkaline proteinase.

The proteolytic activity of intact cells of lactic strepto-
cocci is due to proteinase(s) located in the cell wall
(Thomas et al, 1974; Exterkate, 1975). Evidence presented
so far (Exterkate, 1276b; Mgller-Madsen & Hansen, 1976)
concerning the number and types of cell wall-associated
proteinases is indirect and isolation of the individual
enzymes followed by their characterization is required. In
the present study, experiments were undertaken to isolate

all the cell wall-bound proteinases from milk-grown bacteria
by enzymatic solubilization of the cell walls either with
phage-associated lysin or with egg white lysozyme, in hyper-
tonic media. In this way it was hoped that contamination by
peptidase / proteinase enzymes located either in the cytoplasm
or the membrane could be avoided. Proteinase was released

in the presence of the lytic enzymes but, surprisingly, cells
which were simply suspended in buffer released proteinase
spontaneously at a similar rate. It seemed likely that cell

wall solubilization by the lytic enzymes was not extensive,
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despite the formation of spheroplasts. In the present study,
physiochemical factors affecting the release of proteinase
from intact cells grown in milk were investigated. Milk was
chosen as the growth medium since proteinase synthesis was
repressed in other media containing high concentrations of
free amino acids and low molecular weight peptides (Exterkate,
1976b, 1979; Appendix I). A survey was also carried out to
determine whether the release ©f the cell wall-associated

proteinase was a general phenomenon among lactic streptococci.
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C H A BT B R 14

EXPERIMENTAL

14.1 Bacteria and Stock Cultures

The preparation of stock cultures and inoculum cultures for

experimental RSM was described previously (page 50).

14.2 Experimental RSM, Growth and Harvesting of Cells

Experimental RSM was prepared by the addition of disodium
B-glycerophosphate to reconstituted low-heat skim milk (page
21 ) and inoculated with 3% of a 16 h,/220C RSM culture.

The T480nm value was used to monitor growth and to deter-
mine the cell density of bacterial suspensions (page 22).
Experimental RSM cultures were incubated at 32°C until the
T480nm value reached 3.6 (pH 5.8 -6.0). The culture was
centrifuged (10,000 x g,1 min) and the cells washed free of
milk protein by twice resuspending in distilled water at 0
to 4°C. There was no significant release of proteinase

activity during washing.

14.3 Proteinase Assay

Cell-free proteinase was assayed at 20°C for 4 h with 0.5%
(w/v) ™C-labelled casein in 0.05 M cacodylate buffer (pH
6.5). Intact cells were assayed in the same way except that
0.05 M Mes buffer was used instead of cacodylate which in-

duced cell lysis.

14.4 Release of Proteinase from Intact Cells Incubated

with Lytic Enzymes in a Hypertonic Medium

Milk-grown cells of strains 266, E8,P2znuiML3 were washed and
resuspended in 0.1 M phosphate buffer (pH 7.0) containing 1.2
M sucrose and 0.02D4MgC12. Solutions of phage-associated lysin
(a muramidase derived from S. lactis_ML3 phage lysates, gift

from T D Thomas), egg white lysozyme (Sigma Chemical Co.) or
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buffer were added to each cell suspension. These suspensions
were held at 32°C and sampled at intervals. After centri-
fugation (35,000 x g, 15 min), supernatant samples were

assayed for proteinase activity.

14.5 Spontaneous Release of Proteinase from Intact Cells

General method:

Washed cells were resuspended at approximately 20 mg (dry
weight) bacteria/ml in the appropriate buffer at 0°c and
then equilibrated at the required temperature. The pH of
buffers was adjusted at the working temperature. Samples
(1 ml) of the cell suspension were taken at intervals and
centrifuged (27,000 x g, 5 min). Supernatants samples

were then assayed for proteinase activity.

Effect of pH and buffer composition:

The rate of release of proteinase at 25°C was determined

for cells of 266 resuspended in 0.05 M acetate buffer

(pH 5.5), 0.05 M triethanolamine buffer (pH 6.7 and 7.5)

and 0.05 M Tris buffer (pH 7.8, 8.2 and 8.7). The effect of
buffer concentration at pH 7.8 and 25°C was determined by
resuspending cells in 0.05, 0.1, 0.2 and 0.5 M Tris.

Effect of temperature:

The rate of release of proteinase from cells of 266 in

0.05 M Tris buffer (pH 7.8) was determined at 0, 25, 28, 31
o

and 34°C.

Effect of Ca2+ and Mg2+:

Cells of 266 were suspended in 0.05 M Tris buffer (pH 7.8)
containing CaCl2 or MgCl2 at concentrations up to 0.02 M.
Proteinase activity released after 2h at 25°C was then

determined.

Effect of NaCl:

The rate of release of proteinase at 250C, from cells of
266 suspended in 0.05 M Tris buffer (pH 7.8) containing O,
0.1, 0.2 and 0.5 M NaCl, was determined.
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Effect of sucrouse:

The rate of release of proteinase at ZSOC, from cells of
266 suspended in 0.05 M Tris buffer (pH 7.8) containing O,

0.17, 0.31 and 0.68 M sucrose, was determined.

14.6 Stability of Proteinase

The stability of proteinase under the conditions which gave
optimum release was investigated. Washed cells of 266 were
resuspended in 0.05 M Tris (pH 7.8) and maintained at 250C
for 120 min. The suspensicn was centrifuged, and an aliquot
of the supernatant immediately assayed. The remainder was

then held for a further 120 min at 25°C before assay.

14.7 Estimation of Lysis

The release of lactate dehydrogenase {(LDH) from cells 1in-
cubated in buffer was used to estimate cell lysis. This
intracellular enzyme was assayed in supernatants by the
method of Thomas (1975) while the total LDH activity was
determined after complete lysis, as judged by phase contrast
microscopy, of cells treated with phage-associated lysin in

hypotonic rmedia (0.1 M phosphate, pH 7.0).

14.8 Cell Wall Preparation

Milk-grown 266 cells were washed and resuspended at 19 mg
(dry weight) bacterial/ml in 0.01 M Mes buffer (pH 6.5) con-
tqining 0.02 M CaClz. Cells were disrupted by shaking with
glass beads (Thomas et al.,1974) and after centrifugation
(35,000 x g, 10 min.) the pelleted cell wall material was
washed first in Mes buffer and then in distilled water.

The cells were maintained at 0 to 4°C throughout these pro-
cedures. The walls were finally resuspended in 0.05 M Tris
buffer (pH 7.8) and held at 25°C. Release of proteinase

was determined as described for intact cells.
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CHAPTEHR 15

RESULTS

15.1 Release of Proteinase from Intact Cells in Hypertonic

Media
Proteinase was released from intact cells of 266, AMZ’ E8
and ML, in the presence of lysozyme and phage-associated

3
lysin although spontaneous release from control cells also

occurred (Figs 19 & 20). With strains 266, ML, (Fig. 19)

3
and P2 (Fig. 20a) proteinase release was similar in each
system and decreased with time. With strain E8’ phage-

associated lysin markedly increased proteinase release so
that after 120 min about twice as much cell-free proteinase
was present (Fig. 20b). With all strains, the presence of
lytic enzymes resulted in spheroplast formation, as judged

by phase contrast microscopy, in about 30 min.

15.2 Spontaneous Release of Proteinase from Intact Cells

of S. cremoris 266

Effect of pH and buffer composition:

The initial rate of release of proteinase increased pro-
gressively as the buffer pH increased from 5.5 to 8.2 (Fig.
21). The activity released after 120 min was markedly
dependent on pH with a maximum occurring at pH 7.8. At pH
8.7 a time-dependent inactivation of proteinase was evident.
The trends observed in Fig. 21 are independent of buffer

ion composition since similar results were obtained when
0.05 M phosphate buffers were used over the pH range 5.9 to
8.0. However, phosphate was unsuitable for studies on the
effect of Ca2+ on proteinase release and Tris buffer was

selected for general use.

The rate of release of proteinase at pH 7.8 decreased as
Tris concentration increased from 0.05 M to 0.1 M, this
rate then remained constant to 0.5 M Tris. A Tris buffer

concentration of 0.05 M was, therefore, used in subsequent
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FIGURE 21: Effect of pH on the release of proteinase from
S. cremoris 266. Cells were suspended at 20.0
mg (dry weight) /ml in 0.05 M acetate buffer
(pPH 5.5), 0.05 M triethanolamine buffers (pH 6.7
and pH 7.5) and 0.05 M Tris buffers (pH 7.8, 8.2
and 8.7) and incubated at 25°C for the times in-
dicated. Samples were taken at intervals, cen-
trifuged and proteinase activity in the super-
natants was determined as described under

Experimental.



79.

experiments.

Effect of temperature:

The initial rate of proteinase release from intact cells of
266 in 0.05 M Tris buffer (pH 7.8) increased with increasing
temperature (Fig. 22). At 0°C release occurred very slowly.
At 34°C an apparent maximum was obtained after about 45 min
followed by a decrease in activity, presumably due to thermal

inactivation.

Effect of Ca2+ and Mgz+:

Calcium ions (0.02 M) decreased the release of proteinase
activity by 90% an@ Mg’ (0.02 M) by 4% (Fig. 23). A
reduction of 50% was achieved in the presence of only 0.002 M
CaClz. In these experiments, Ca2+ and Mg 2t were present

in the assay system due to carry over in the prcteinase
solution. When the final concentration of CaCl2 or MgC12 in
the assay buffer was 0.004 M (0.1 ml proteinase solution
containing 0.02 M CaCl, (MgClZ) + 0.04 ml casein solution),
Ca2+ enhaiiced activity of the proteinase by 10% and Mg2+ by

33%.

Effect of NaCl:

While the rate of release of proteinase decreased in the
presence of NaCl (Fig. 24), no trend could be observed as
the concentration was increased from 0.1 to 0.5 M NaCl.
Sodium chloride which was carried through from the release
buffer into the assay mixture had little effect on the pro-
teinase activity. When the release buffer contained 0.5 M
NaCl, the activity of proteinase in the assay was reduced
by 5%.

Effect of sucrose:

The rate of release over the first 40 min decreased with
increasing sucrose concentration. However, after 120 min
the amount of proteinase released in the presence of 0.17
and 0.31 M sucrose was greater than that for the control
(Fig. 25). The presence of sucrose, carried through from
the release buffer into the assay system, made little
difference to the activity of the proteinase. When the

release buffer contained 0.68 M sucrose, the activity of
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determined as described under Experimental.
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FIGURE 23: Effect of Ca and Mg on the release of protein-

ase from S. cremoris 266. Cells were suspended at
22.0 mg (dry weight) /ml in 0.05 M Tris buffer (pH
7.8). Calcium chloride or MgCly; was added to the
buffer prior to resuspension of the pellet after
washing, to give the desired final concentration.
The suspensions were maintained at 25°C for 120

min, centrifuged and the supernatants assayed for
proteinase activity as described under Experimental.
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Effect of NaCl on the release of proteinase from
S. cremoris 266. Cells were suspended at 22.5 mg
(dry weight) /ml in 0.05 M Tris buffer (pH 7.8)
containing 0.1, 0.2 or 0.5 M NaCl. The suspen-
sions were incubated at 25°cC. Samples were taken
at the times indicated, centrifuged and the pro-
teinase activity in the supernatants was deter-

mined as described under Experimental.
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Effect of sucrose on the release of proteinase
from S. cremoris 266. Cells were suspended at
24.2 mg (dry weight) /ml in 0.05 M Tris buffer

(pH 7.8) containing sucrose at the concentrations
shown. The suspensions were maintained at 25°C.
Samples were taken at the times indicated, centri-
fuged and the proteinase activity of the super-
natants was determined as described under Experi-

mental.
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the proteinase in the assay was reduced by 6%.

Stability of proteinase:

No decrease in activity was detected when proteinase was
held in 0.05 M Tris buffer (pH 7.8) for 120 min at 25°cC.

Estimation of cell lysis:

None of the conditions used during the investigation of
spontaneous release of proteinase from 266 resulted in more
than 1% cell lysis and proteinase solutions were, therefore,
considered to be free of appreciable amounts of intracellular

proteinases and peptidases.

15.3 Survey of a Range of Lactic Streptococci for Spontan-

eous Release of Proteinase from Intact Cells

Only strains which could be sedimented from milk cultures by
centrifugation (Thomas & Turner, 1977) were examined. Of 26
strains tested, 14 gave greater than 80% sedimentation of

the cells. The proteinase released after 120 min at 0°C and
25°C in the absence of Ca2+ and also at 25°C in the presence
of 0.02 M CaCl2 was measured with 10 of these strains (Table
12). All strains released proteinase at 25°C in the absence

of CaClz, although the activity released by ML, was very

1
small. A considerable reduction in the amount of proteinase

released was obtained for all strains, except ML by adding

ll
0.02 M CaCl, to the buffer or by lowering the temperature to

0°c.

15.4 Proportion of Total Cell Wall Proteinase Released

Intact cells of strains 266, AM2 and ML3 were washed in
water at 0°C and resuspended in 0.05 M Tris buffer (pH 7.8)
at 25°c. After holding for 0 and 4 h the suspension was
centrifuged and both the supernatant and intact cells were
assayed for proteinase activity using 0.05 M Mes buffer (pH
6.5). The time allowed for release of proteinase was ex-
tended to 4 h to accentuate any decrease in the activity of
intact cells. To stop any proteinase release during assay,
CaCl2 (0.02 M) was also added to the Mes buffer. The pro-

portion of the total cell wall proteinase released was
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TABLE 12: The Effect of CaCl,; and Temperature on the Re-

lease of Proteinase from Lactic Streptococci.

Cells were Suspended in 0.05 M Tris Buffer (pH

7.8) at 25°C in the presence and absence of

CaCl, and at 0°c. After 120 min the Suspensions

were Centrifuged and the Supernatants Assayed.

Proteinase Activity 1in Supernatant
(dpm/mg (dry weight
equivalent) bacteria)

Strain
25°¢C 25°C 0°c
0.02 M CaCl2

S. cremoris
114 91 11 18
266 23¢€ 40 29
AM, 108 25 42
BR, 159 61 23
Eg 57 8 25
KH 332 31 43
ML, 16 24 10
Py L7y 31 33

S. lactis
ML, 141 17 30
ML 58 15 10
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strain dependent (Table 13). After 4 h intact cells of AM2

had lost 81% of their original activity while strain 266
had lost only 33%. The proteinase released was also assayed

in the presence of 0.02 M CaCl, and the decrease in activity

of intact cells did not corres;ond with the activity present
in the suspension buffer after 4 h. When the three super-
natants were assayed in the absence of CaCl2 they all ex-
hibited lower activities. This Ca2” activation was most

. . 2
pronounced with AM, proteinase, where 0.02 M Ca M produced

2
a five-fold increase in activity. The effect of Ca2+ on the
activity of proteinase from 266 and ML3 was less marked with
increases of 19% and 72%, respectively.

15.5 Location of Proteinase in the Cell

Washed cell walls were prepared using low temperatures and

a buffer containing Ca2+ (see Experimental), conditions
which prevented the release of proteinase from intact cells.
Cell walls and intact cells of 266 had proteinase activities
of 592 and 603 dpm/mg (dry weight) bacteria (or equivalent),
respectively, indicating that the activity displayed by in-
tact cells is cell wall-associated. Proteinase was released
from cell walls held at 25°C in buffer (pH 7.8) lacking Ca2+,
conditions which caused release of proteinase from intact

cells.
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TABLE 13: Proportion of Total Cell Wall Proteinase Released

after 4 h in 0.05 M Tris Buffer (pH 7.8) at 25°C.

Intact Cells were Assayed in 0.05 M Mes Buffer

(pH 6.5) in the Presence of CaCl2 (0.02 M).

Proteinase Activity

Strain (dpmn/mg (dry weight) bacteria)
0 h 4 h

S. cremoris AM2 489 93 (812

S. cremoris 266 528 353 (33)

S lactis'ML3 479 182 (62)

a

Percentage decrease in activity of intact cells in

brackets.
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DISCUSSION

The rate of release of proteinase from intact cells of 26¢,
ML3 and P2 in the presence of lytic enzymes was no faster
than the rate of spontaneous release, indicating that wall
solubilization was slow. Phage-associated lysin accelerated
the release of proteinase from EB’ suggesting that the cell
wall in this strain was more readily solubilized. With all
strains, spheroplasts were formed indicating some cell wall
digestion by the lytic enzymes although wall solubilization
may not have been extensive. The comparable rates of spon-
taneous release and that found with lytic enzymes illustrates
the need for a control when attempting to release cell wali-
asscciated enzymes by solubilization of the wall. It should
also be recognized that the cell-free proteinase preparation
examined in the present study may not cortain all the cell
wall-associated enzyme(s). Phage-associated lysin acceler-
ated the release of proteinase from the walls of brocth-grown
S. lactis C1l0 cells (Thomas et al., 1974). Exterkate (1975),
during proteinase localization studies, suggested that all
the enzyme from cell walls of S. cremoris HP was released
with lysozyme. 1In the absence of a control, the possibility
remains that lysozyme was ineffective and proteinase was re-

leased spontaneously.

A range of lactic streptococci were examined for the spontan-
eous release of proteinase from intact cells held in buffer
at pH 7.8. Although the conditions used for proteinase re-
lease and assay may not have been optimum for each strain,
significant amounts of proteinase were released from seven
strains of S. cremoris and two strains of S. lactis. Re-
lease of proteinase was retarded considerably by adding Ca2+,
by lowering the temperature to OOC, or by lowering the pH to
5.5. Release was retarded to a lesser extent by adding NaCl
or sucrose. A simple explanation for these findings is that
the composition of the suspending medium affects the perme-

ability of the cell wall to proteins, while the temperature
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may influence their rate of diffusion through the cell wall.
Conditions which produce swelling of the cell wall may allow
loosely entrapped proteinase to escape. Ou & Marguis (1970)
suggested that the swelling and contraction observed with
cell walls of some Gram positive cocci could be attributed
to changes in electrostatic interaction between charged
polymers of the ceil walls during pH changes or the addition
of NaCl. Shrinkage of cell walls was also achieved by the
addition of sucrose. 1In the present study the effect of pH,
NaCl and sucrcse on the release of proteinase tends to
support the hypothesis that these factors influence the per-
meability of the wall to proteins. The effect of Ca2+ in
preventing release is not simply the result of screening of
electrostatic charge, as might occur with NaCl, since the
effect is relatively specific compared with that of Mg2+.
Calcium ions may be directly involved in binding proteinase

to the cell wall, although the results do not exclude the
possibility that they may alter the structure of the cell

wall or the proteinase molecule, thereby affecting the rate

of diffusion of the proteinase. The present study demonstrates
the need, when investigating the proteinase activity of lactic
streptococci, to be aware that proteinase may be released
during growth and cell washing if attention is not given to

the cell env.ronment, in particular to the pH, temperature

2+ .
and Ca concentration.

Release of proteinase from cells during growth in milk is
probably suppressed by the Ca2+ present. Milk contains 0.03
M calcium (Jenness & Patton, 1959) and although most of this
occurs as colloidal calcium phosphate or is bound to casein
micelles, at least 0.0027 M is present as Ca2+ when the cells
are harvested at pH 5.8 -6.0 (K N Pearce, private communica-
tion). Of this available Ca2+, some 20 - 30% will be chelated
by the B-glycerophosphate added to buffer the experimental
milk medium used in this study. Moreover the decrease in pH
during growth, and the consequent increase in Ca2+ ions re-
leased from the micelles, make it unlikely that significant
amounts of proteinase are released during the growth of
starter bacteria in milk. The suppression of release by

Ca2+ might be advantageous to the cell in that the products

of proteolysis are formed close to the cell and may be more
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readily used than would otherwise be the case if the protein-

ases were released into the milk.



SECTION 1V

EFFECT OF THE LEVEL OF STARTER

PROTEINASE ON BITTERNESS DEVELOPMENT

IN CHEDDAR CHEESE
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CHAPTER 17

INTRODUCTION

Bitter compounds in cheese were first identified as peptides
in Gouda cheese (Raadsveld, 1953) and more recently in
Cheddar cheese (Harwalker & Elliott, 1971; Richardson &
Creamer, 1973; Hamilton et al.,, 1974). Several proteolytic
enzymes are present in cheese. Natural milk proteinases,
rennet and the proteinase / peptidase systems of starter (and
possibly non-starter) bacteria all break down casein during
cheese ripening but their respective contributicns to the
release, or removal, of bitter peptides is unclear. This
complex mixture of enzymes and their interactions make ex-
perimental design difficult and most information has been of
an indirect nature coming from cheesemaking trials with
different (1) starter strains, (ii) concentrations of rennets,
(iii} manufacturing conditions, especially different cooking
temperatures (which alter the final concentration of starter
bacteria in the cheese), and salt-in-moisture levels (see
Crawford & Zwaginga, 1977). It was suggested (Czulak, 1959)
that all bitter peptides were produced solely by residual
rennet in the cheese and the removal of bitter peptides, in
the case of transient bitterness, was due to breakdown by
starter and non-starter enzymes. The hydrolysis of bitter
peptides to non-bitter products was proposed by Emmons

et al, (1962) to be the property which characterized ‘non-
bitter'starter strains. 'Bitter' starter strains lacked
this property. ILowrie & Lawrence (1972) showed that the
main pathway to the production of bitter peptides in Cheddar
cheese is via the rennet hydrolysis of casein to high mole-
cular weight (mostly non-bitter) peptides which are sub-
sequently hydrolyzed to low molecular weight bitter peptides
by starter. All strains were shown to be potentially
'bitter' since bitterness resulted when the cell density in
the curd at salting was increased by cooking at a lower
temperature. Non-bitter cheeses are produced when there is

insufficient starter proteinase activity to degrade high
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molecular weight non-bitter peptides to bitter peptides.
These workers also attributed transient bitterness to the
degradation of bitter peptides by 'non-bitter' starters.
This mechanism was supported by Jago (1974) who suggested a

number of measures to be taken to avoid bitterness in cheese.

It is clear that starter bacteria have a direct role in
bitterness development in Cheddar cheese since use of higher
cooking temperatures leading to relatively low cell densities
reduced bitterness development (Lowrie et al, 1972). A lower
cell density in the cheese will result in reduced levels of
both cell wall-associated starter proteinase (Thomas et al,
1974; Exterkate, 1975) and intracellular proteinases and
peptidases (Exterkate, 1975; Mou et al, 1975). It is pre-
sumed that starter bacteria lyse during cheese ripening and
these intracellular enzymes are released into the curd

matrix.

To establish the importance of the various bacterial enzymes
in producing bitterness it would be useful to alter the con-
centration of one of the enzymes in the curd while the others
remain constant. The present report describes use of Prt
cells which are deficient in cell wall proteinase (Pearce

et al, 1974; Exterkate, 19764 but contain the same pepti-
dase activities as the parent cell (Exterkate, 1976a), to
specifically assess the role of starter cell wall proteinase
in bitterness development in Cheddar cheese. Starter strains
chosen were all relatively temperature-insensitive. This
means they all grow to some extent during cooking (38OC) and
therefore the control cheese will contain a high cell den-
sity in the curd at salting and consequently should develop

bitterness.

The rennet concentration used in Cheddar cheesemaking has an
important influence on the development of bitterness, espe-
cially when temperature-insensitive strains are used.
Lawrence et al (1972) showed that with these strains, in-
creased rennet levels gave more bitter cheese. Since the
objective of the .present trials was to determine the effect
of the level of cell wall proteinase on bitterness develop-
ment, a relatively low level of rennet with a relatively

high setting temperature was used.



94.

QI NP T El R 1 8

EXPERIMENTAL

18.1 Bacteria

Stock cultures of Streptccoccus cremoris strains 108, 104

and P2 and S. lactéi Hl and ML8 vere obtained from the New

Zealand Dairy Research Institute culture collection. Stock

+ —_— .
cultures of Prt and Prt cells were prepared as previously

described (page 21).

18.2 Cheese Starter Preparation for Cheesemaking

Stock cultures of Prt+ and Prt cells were incubated for 16

h at 22°C then inoculated (0.5, 1.0 and 2.0%) separately into
three tubes containing RSM. The RSM had been autoclaved
(ll6OC, 20 min), centrifuged (10,000x g, 5 min) to remove de-
natured protein and buffered with B-glycerophosphate (final
concentration 0.073 M, pH 7.1). The three tubes of RSM for
growth of Prt cultures contained Trypticase (5 mg /ml).
After 16 h incubation at 220C, the pH of each culture was
determined and the one from each series nearest pH 5.1 was
selected. The cell densities in these separate Prt+ and

Prt  cultures were determined turbidimetrically at 480 nm

and cultures for bulk starter inoculation were prepared by
mixing so that Prt cells comprised 40, 70, 85 or 90% of

the total population. The control culture contained only
Prt+ cells. Bulk starter milk was steamed for 1.5 h and
cooled to 22°C before inoculation. The level of inoculation
depended on the growth rate of the particular starter strain,
however, the total number of cells (Prt+ + Prt ) inoculated
into each bulk starter medium was the same within each trial.
The bulk starter was incubated for 16 h at 22°C.

18.3 Cheese Manufacture

Cheddar cheese was manufactured from pasteurized (720C, 15

s) whole milk by conventional commercial methods using open
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vats. The same level (16 ml /100 1 milk) of calf rennet
(New Zealand Standard Strength Rennet Extract, New Zealand
Co-operative Rennet Co. Ltd) and starter inoculum (2%)

were used in all trials. The setting temperature was 34°¢
and the period after the addition of rennet until cutting
was kept constant (v 45 min) within each trial. After cut-
ting with a 9 mm knife the temperature was raised to 37.5 -
38°C over a 35 min period. Whey was drained from the vats
when the titratabkle acidity (TA) showed a rise of 0.03%
lactic acid from that at cutting. The TA at milling for all
trials was between 0.50 - 0.60% and that at salting between
0.63 -0.72%. 1In each trial milling and salting was carried
out at the same TAs in all vats. Attempts were made to ob-
tain similar salt-in-moisture values by dry stirring and
varying the rate of salt addition between 2.5% and 2.95%
(w/w curd at milling). Rectangular, 20 kg, blocks of chees=n
were pressed overnight from the salted curd. These were

wrapped in wax-coated film and stored at 11°C for six months.

. : _ . + - N
18.4 Determination of the Ratic of Prt to Frt Cells and

Starter Colony Counts

Milk samples were taken from the stirred vats after inocul-
ation and chilled. An aliquot (0.1 ml) was blended with
sterile B-glycerophosphate buffer (100 ml, 0.01 M, pH 7.0)
in an AtoMix blender (Measuring and Scientific Equipment
Ltd, London) to reduce strepntococcal chains to uniform size
(Martley, 1972). The cell suspension was further diluted
with the same buffer. Five replicates (0.1 ml) of 10 *
dilution were surface-spread on MAG plates for the deter-
mination of the ratio of Prt+ to prt~ cells. These plates

were then incubated for three days at 22°¢.

18.5 Proteinase Assay

Proteinase positive and Prt cells were grown separately in
RSM at 30°C. Cells were harvested and washed by the method
previously described (page 22) and the proteinase activity
of intact cells was determined using the standard method

(page 52).
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18.6 Bacteriophage Assay

Whey samples taken from the vat prior tc salting were spotted
undiluted and at decimal dilutions on lawns of the starter
organism prepared by soft agar overlay on M17 agar plates

containing 0.02 M CaCl, (Terzagi & Sandine, 1975).

2

18.7 Analysis of Cheeses

Plug samples were taken when the cheeses were removed frcm
the press (one day analysis). Moisture was determined by
drying at 100°C for 16 h, fat was determined by the Babcock
method and salt by the Volhard method.

18.8 Determination of Free Amino Acids and Peptides

Cheese samples (10 g) were taken at 1 day, 3 months and 6
months and homogenized for 5 min in trisodium citrate (90
ml, 2% (w/v)) at 45°¢C using a Colworth Stomacher 400 (A J
Seward & Co, London). An aliquot of homogenate (10 m!) was
mixed with TCA (40 ml, 15% (w/v)) and filtered after 15 min
through Whatman No. 42 filter paper. The free amino acid
and peptide content was then determined by the Folin-
Ciocalteu method (Lowry et al, 1951) using tyrosine as the

reference stancard.

Curd samples were taken immediately prior to salting and
chilled. A shredded portion (10 g) was homogenized with
sterile trisodium citrate (90 ml, 2% (w/v)) at 4°C in the
blender. The homogenate was diluted with sterile B-glycero-
phosphate buffer. Six replicates (0.1 ml) of the 10 ¢ dilu-
tion were surface-spread on MAG plates for the determination
of the ratio Prt+:Prt_ as above. Simple colony counting was
not applicable to S. lactis_ML8 as both Prt+ and Prt~
colonies were very small on MAG plates. The ratios were,
therefore, obtained by picking all the colonies off plates
containing 50 - 100 colonies and testing them for coagulation

time in sterile skim milk at 220C,

For total counts, duplicate samples (1 ml) of 10 7 dilution
of homogenate were mixed with ligquid M17 - agar medium and

the plates incubated at 30°C for three days.



18.9 Bitterness Evaluation

A screening test for selecting tasters sensitive to bitter-
ness in cheese was devised. A paste of uniform consistency
was prepared by grinding bland cheese (8 g of one month old
Cheddar) with a mixture (3 ml) of wholie milk and a bitter
solution of hydrolyzed milk protein. The level of bitter-
ness was varied by changing the ratio of hydrolyzed milk
protein to whole milk. Bitter milk protein sclution was
derived from either whole milk incubated with extracellular

proteinase from Pseudomonas fluorescens (gift from B C

Richardson) or with thermolysin (Calbiochem). DProspective
panellists were required to place four cheese pastes in
order of decreasing bitterness. The test was conducted on
three consecutive days and tasters who had the correct

order at least twice were retained for the panel.

The method of evaluating cheese samples was based on the
simple paired comparison test. Each panellist was presented
with two pairs of samples and two cheese pastes. The cheese
pastes were given as examples of klandness and bitterness.
Each pair of cheese samples was from a single trial after
six months ripening and comprised a sample of the control
cheese (100% Prt+) and of the cheese with the maximum per-
centage of Prt cells. Panellists were required to state
whether bitterness was present in each sample. If bitter-
ness was detected in both samples, then panellists were re-
quired to indicate which sample was the more bitter. Cheeses
from each trial were tasted at least twice by not less than
ten tasters. Panel results were statistically analyzed as
described for paired - comparison testing (Amerine et al,,
1965). One cheese was taken as being significantly more
bitter than the other when the probability of it being the
same (p) was < 0.05.
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CHAPTER 19

RESULTS

19.1 Proteinase Activity of Starter Cultures

The proteinase activity ot prt’ cells of the five strains of
lactic streptococci was 347 to 574 dpm /mg (dry weight) bac-
teria. The activities of these cells were at least 30 times
greater than those of Prt cells (Table 14). It is unlikely
that different conditions of assay would produce signific-

antly different results for Prt cells which for the purpose
of the present work can be considered as deficient in pro-

teinase.

19.2 Cell Densities in Curd at Salting

Cell densities at salting were similar for all vats within
each trial for Trials 1 to 7 (Table 15) and were, therefore,
independent of the proportions of the two cell types. Two
vats in Trials 8 and 9 had cell densities which were 60% of
the other vats. The actual cell densities were strain-
dependent and ranged from an average of 1.0 x 10° colony-
forming-units (cfu) /g curd for P2 to 4.2 x 10° cfu /g curd
for strain ML8. With starters Hl’ 108 and P2 similar densi-
ties were obtained in duplicate trials. Under the same
cheesemaking conditions Lowrie (= =1 1] (1972) observed a cell
density of 4.4 x 10° cfu /g for MLg and 1.0 x 10° cfu/g

for S. cremoris HP (which is the parent strain of P Pearce,

'
1978). 1In all the present cheesemaking trials, pha;e levels
in the whey at salting were less than 10° plaque-forming-
units (pfu) /ml except for Trial 6 where whey from the vat
contained 7 x 10° pfu/ml. However, this level of phage
infection appears not to have made a significant difference
as the cell density in the curd was the same as that for the

three experimental vats.
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TABLE 14: Proteinase Activity at pH 6.5 and 3OOC of Prt+
and Prt Cells Grown in Skim Milk
Proteinase Activity
(dpm / mg (dry
Strain weight) bacteria)
pre’ Prt
S. lactis
Hl 347 7
ML8 384 2
S. cremoris
108 530 12
104 570 18
P2 574 18

MASSEY UNIVERSITY
LIBRARY
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TABLE 15: Composition and Cell Density of Starter During

Cheddar Cheesemaking with Mixtures of prt’ and

Prt  Cells
SitanEEcr
Composition,
% Prt N Cell Density
Trial . . (Balance Prt ) in Curd at
Strain Cheese .
No. Salting
Bulk  Cheese Curd (x 10° cfu/q)
Starterx vVat at
Inoc Inoc Salting
H. Dgetis

1 Hy & 0 0 0 3.6
El 40 21 26 2.8

E2 79 70 59 3.8

E3 85 86 75 3.3

2 Hl C 0 0 0 3.7
E1l 40 35 33 3.0

E2 70 62 5 3.3

£3 a5 88 73 3.2

3 ML8 C 0 9 C 4.1
El 40 16 17 4.2

B2 70 53 30 4.0

E3 90 71 45 3.9

S. cremoris

4 108 @ 0 0 0 1.8
El 40 37 36 2.3

E2 70 5 5% 2.0

B3 85 76 75 1.8

5 108 C 0 0 0 2.0
El 40 29 b 1.8

E2 70 54 54 1.8

E3 85 69 64 2.0

6 104 C 0 2 3 1.4
El 50 38 34 1.5

E2 80 67 65 1.2

E3 90 77 72 1.3

7 104 C 0 5 6 2.4
El 90 70 65 2.0

8 P2 C 0 0 8 1.1
El 40 36 36 1.1

E2 70 65 58 0.7

E3 85 77 69 1.4

9 P2 C 0 0 0 0.7
El 90 77 70 el

a
C, control; E, Experimental; b, not determined
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19.3 Proportions of Prt' and Prt_ Cell Types

In all trials there was a shift in the proportion of the two
cell types, firstly during incubation of the bulk starter and
secondly in the cheese vat. Generally a lower percentage of
Prt  cells resulted (Table 15). The mean standard deviation
for the plate-counting method of determining the ratio of

cell types was 4.7%. For ML however, the error in deter-

8’
mination is probably larger because of the different method

used (see Experimental).

19.4 Cheesemaking Times

During the manufacture of the control cheese the set-to-dry
time was reasonably consistent at 2 h 40 min to 2 h 50 min
whereas the dry-to-salt time covered the range 1 h 55 min to
3 h (Table 16). This variation is not unexpected since
cheese was made over a dairying season and with a variety of
different strains. As the proportion of Prt cells increased
there was a general trend towards an increase in hoth the
set-to-dry and especially the dry-to-salt times. Set-to-dry
times for the vat with the highest proportion of Prt cells
(Table 16) were an average of 11% longer than for the control
vat. The corresponding dry-to-salt times, however, were an
average of 53% longer. Cverall this made the slowest vat an
average of 90 min behind the control vat. Manufacturing time
was appreciably increased when Prt cells exceeded about 40%
of the population of the vat inoculum (that is in Trials 1

to 6 and in Trial 8 with cheeses E2 and E3; 1in Trials 7 and
9 with cheese E1 - see Tables 16 & 17).

19.5 Compositional Analysis

Analysis indicated that all cheeses were within the limits

for moisture in the non-fat substance (52 to 56%) for export
Cheddar as proposed by Gilles & Lawrence (1973) and accepted
by the New Zealand dairy industry. Although it was hoped to
achieve the same salt-in-moisture levels for all four vatsin
each trial, the progressive decrease in rate of acid produc-
tion, as the proportion of Prt cells in the starter increased

made this difficult. Despite the use of additional dry stirs
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TABLE 16: Manufacturing Times and Salt-in Moisture Value of

Cheddar Cheese made with Mixtures of Prt+ and Prt

Starter Cells

Cheesemaking
Trial ' times (h:min) Sa%t—in—
No Strain Cheese Moisture
’ Set-to-  Dry-to- ) (%)
Dry salt <L
s lactis
1 H, B 2:45 2:00 4:45 5.17
- El 2:45 2:15 5:00 4.77
E2 2:50 2:50 5:40 4.80
E3 2:50 SEINS 6:05 4.63
2 Hl C 2:50 2:05 4 :55 Sk 452
‘ El 2:50 ZEI25 5:15 Sy. (52
| E2 3:00 2:00 6:00 4 .86
EB 3:10 4:15 7:25 4.15
‘ ) ML8 C 2:40 1:55 4:35 4.64
El 2:45 2:00 4:45 5.10
2 2:55 2:05 5:00 5.07
E3 3:30 2:45 6:15 4.41
S. Eyemorii
4 108 C 2:45 2:50 5:35 4.52
El 2:45 2:50 5:35 4.44
E2 2:45 3:15 6:00 4.63
E3 2:50 4:20 7:10 8 151
5 108 C 2:45 2:55 5:40 4.94
El 2:45 2:55 5:40 5.09
E2 2:55 3:05 6:00 2. 9l
E3 3:00 4:20 7:20 4.74
6 104 C 2:45 3:00 5:45 5 .87
El 2:45 3:05 5:50 5.03
E2 2:45 3:15 6:00 5.03
E3 3:05 385 6:40 4.72
7 104 C 2:50 28325 S : 15 5.16
El 3:05 3:40 6:45 5.51
3 P2 C 2:45 2:50 58S 5.15
El 2:45 3:15 6:00 51520
E2 2:50 3:25 6:15 4.87
E3 3:10 4:05 7:15 4.57
9 P2 C 2:45 2:40 HE25 5.24
El 2:50 3:55 6:45 5.06
a

C, Control; E, Experimental.

The four cheeses differ in starter composition (see Table 16)
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TABLE 17: Level of 12% TCA-50luble Amino Acids and Peptides

'During Ripening of Cheddar Cheese Made with Mix-
tures of Prt+ and Prt Starter Cells

Ripening Period

Trial o cleese Curd at Three Six
No. . : Salting Months Months

(mg Tyr ecuivalent / g cheese)

S lactis
a 2
1 Hl C 0.56 2.06 3 .7
El 0.52 2.06 3.38
E2 0.44 2 .00 3.23
E3 0.37 1.88 3.02
2 Hl © 0.71 2.08 3.03
El D.66 2.02 3.00
E2 0.65 1.95 3.02
E3 0.50 1.87 2.82
3 \ ML8 C 0.395 2.29 2.89
) £l 0.36 2.21 2.73
k2 0.42 2.19 2.67
E3 0.37 2.28 2.7
S. cremoris
4 108 C b 2.01 2.79
El 0.45 2.01 2.79
E2 0.41 1.98 2.82
E3 0.38 1.98 2.86
5 108 C 0.46 1.85 2.67
El 0.47 1.79 2.62
E2 0.38 1.80 2.7
E3 0.44 1.82 2.68
5 104 C 0.70 2.18 2.82
El 0.63 2.04 2.60
E2 0.64 1.97 2.67
E3 0.58 1.97 2.52
7 104 C 0.47 2.03 b
El 0.51 1.96 b
8 P2 (G 0.36 2.27 2.73
El 0.36 2.36 2.63
E2 0.35 2.21 2.45
E3 0.35 2.18 2.46
9 P2 C 0.30 1.86 b
El 0.30 1.54 b

a .
C, Control; E, Experimental. The four cheeses differ in starter com-
b, Not determined positions (see Table 16)
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and an increased salting rate the usual trend was a decrease
in salt-in-moisture value as the proportion of Prt cells in

the starter was increased (Table 16).

19.6 Free Amino Acids and Peptides in Cheese

In all cheesemaking trials the level of free amino acids and
peptides soluble in 12% TCA increased with ripening (Table
17). Little cr no difference was found between the experi-
mental and control cheeses at the same sampling time suggest-
ing that the level of starter peptidase was similar in con-
trol and experimental cheeses and that peptidase activity
was not limited by substrate concentration in the experi-
mental cheeses {where the level of starter proteinase was

reduced.

19.7 Bitterness Evaluation

Preliminary tasting trials showed that the range of bitter-
ness intensity developed, when one strain was used at four
different ratios of Prt+ to Prt cells, was too narrow for
the taste panel to show statistically significant differences
between cheeses. Therefore, a simple comparison of bitter-
ness intensity in the two cheeses with extremes of starter
composition was made. The panel judged that the control
cheese was significantly more bitter than the experimental
cheese in six out of nine trials (Table 18). One exception
was Trial 4 using strain 108. However, this result could be
explained by the unusually low salt-in-moisture level in the
experimental cheese (3.51%, compared with 4.52% in the
control) since this would encourage bitterness development
(Lawrence & Gilles, 1969). The other exceptions were the
duplicate trials with strain P2 (Trials 8 and 9). 1In both
trials the cell densities were lower than with the other
strains and bitterness was not detected in the control

cheese in 35% of the tastings.
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TABLE 18: Bitterness Comparison of Control and Experimental

Cheeses after Six Months Ripening

Trial . Bitterness
No. Strain Cheese Comparison

S. lactis

B a b
il dl S
E3
2 Hl ¢ S
E3
3 ML8 C S
E3

4 108 C NS
8

5 108 C S
E3

6 104 C S
E3

7 104 C ]
El

8 P2 E NS
E3

9 P2 C NS
El

a C, Control; E, Experimental
S, Control cheese significantly more bitter than experimen-
tal cheese (probability that the two cheeses are equally

bitter £ 0.05); NS, no significant difference in bitter-
ness between the two cheeses.
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G A B T E R 20

DPISCUSSION

20.1 Role cf Starter Proteinase in Bitterness Development

Using five strains of lactic streptococci, Cheddar cheese
was made so that while the actual bacterial density in the
curd at salting was constant for a given strain, the pro-
portion of Prt cells was altered. In this way the level of
cell walli-associated starter proteinase in the experimental
cheese was reduced to a minimum of 25% of the control level
where only Prt+ cells were present. In six trials the ex-
perimental cheese was significantly less bitter (p £ 0.05)
than the control while in the remaining three trials no
significant difference was found. 7aking the data from all
nine trials, the experimental cheeses were less bitter than
the controls (p < 0.001) suggesting that the cell wall-
associated proteinase has a role in bitterness development.
It is likely from the present results that a weakness in
previous research on bitterness in cheese has been the lack
of data concerning the presence of Prt variants in the cul-
tures used. This could be especially important where mixed
cultures of undefined composition were used since they
often contain predominantly Prt cells (Thomas & Lowrie,
1975).

20.2 Cheesemaking with Cultures Containing Prt Cells

Only small changes in the proportions of the two cell types
were normally found during growth of experimental cultures
in both the bulk starter and the cheese vat. The rates of
acid produced by both control and experimental cultures
were similar up to running- (set-to-dry, Table 16) but acid
production by experimental cultures was markedly slower
after removal of the whey (dry-to-salt). Whey removal re-
sults in a marked reduction in the availability of soluble
nutrients, including amino acids and peptides, so that the

supply of nitrogen for growth would be more dependent on
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the cell wall-associated proteinase. This could account
for the slower rate of acid production where the culture

contained Prt cells.

Use of cultures containing a high proportion of Prt cells
may represent a practical method for reducing bitterness
development in cheese. Mixed cultures of this sort appear
to be used for Gouda cheese production (Stadhouders & Hup,
1975), where the rate of acid production is usually not so
critical (see review of Lawrence & Thomas, 1979). For
Cheddar cheese manufacture, however, the rates of acid pro-
duction would need to be faster than was found with +hc

cultures used in the present study.

20.3 Roleof Starter Peptidase in Bitterness Development

While the present study provides only indirect data on
starter peptidase activities, discussion of t'a pussible
role of this system in bitterness development seems appro-
priate. Bitter peptides are produced by the action of
proteolytic enzyvmes (starter proteinase and / or rennet)
while their removal could be brought about by the ac*ion of
starter peptidases (Czulak, 1959; Lowrie & Lawrence, 1972),
which are located primarily in the cytoplasm and membrane of
the bacteria (Exterkate, 1975; Schmidt et al, 1977).
Whereas the cell wall-associated proteirase will have access
to substrate when cells are intact, the intracellular pepti-
dase activity must be released by cell lysis before peptides
which are too large to enter the cell can be hydrolyzed. In
all the published work on bitterness development, with the
exception of Law et al (1276a), no measurements of peptidase
levels in cheese and the rate of lysis of starter cells

have been made. Determination of viable cell numbers does
not necessarily give a measure of cell lysis, since starter
cells may be structurally intact and yet unable to grow on
an agar recovery medium (Thomas et al, 1969). Premature
cell lysis was induced when cheese was made with lysozyme-
sensitized cells and the subsequent release of peptidase
possibly accounted for the lower incidence of bitterness in
this cheese even though the density of starter bacteria had .

been markedly increased (Law et al, 1¢76a). A similar ex-
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planation may account for the lower incidence of bitterness
when phage multiplied to high titres (Lowrie et al,,1974)
since premature cell lysis would again be expected. The
rate of acid production up to the time of milling was only
slightly affected by phage, indicating that the maximum cell
density attained in the curd was not reduced as much as
Lowrie et al.(1974) suggested. The major effect of phage is
more likely to be the induction of premature lysis, possibly
in concert with the action of salt (Inwrie et al,, 1974).
Therefore, bitterness development appears to result where
high densities of starter bacteria persist in the cheese as
intact cells. Differences between strains may result partly
from different susceptibilities to autolysis which may also
be influenced by addition of salt. The degradation of bitter
peptides in cheese may also depend on the actual starter
strain used since the activity of peptidases is strain de-
pendent (Sullivan et al.,1973).

It is concluded from the present work that cell wall-associ-
ated proteinase has a role in the formation of bitter pep-
tides while earlier data (Lowrie et al, 1974; Law et al,,
1976a) are interpreted as showing that intracellular pepti-
dases can have an important role in removing bitter peptides,
especially when these enzymes are released from the cells at

an early stage in cheese ripening.
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APPENDTIX I

EFFECT OF GROWTH MEDIUM
ON THE PROTEINASE ACTIVITY OF INTACT CELLS

INTRODUCTION

This Appendix describes a preliminary examination of the
effect that some components of the growth medium have on the
level of proteinase activity of intact cells. A more de-
tailed investigation was intended but this was curtailed
following publication of a recent report (Exterkate, 1979).
A minimum level of cell-bound proteinase activity for S.
cremoris AMl was found when cells were grown in a broth
medium containing amino acids as the nitrogen source and

no calcium (Exterkate, 1979). It was also shown that pro-
teinase activity increased with incubation time when these
cells were inoculated into a broth medium containing CaClz.
Proteinase activity increased more quickly as the initial
concentration of amino acids in the medium decreased. As
the total concentration of calcium increased, in media con-
taining various fractions of milk (serum, acid precipitated
casein and casein micelles), then the proteinase activity
of intact cells increased. It was, therefore, of interest
to study the effect of growth in broth medium compared with
that in milk on the level of cell-bound proteinase activity
of some different strains of lactic streptococci. Also the
effect of the concentration of peptides and amino acids in
the growth medium was determined by adding these compounds
to milk. The effect of Ca2+ on the level of proteinase
activity was studied with the use of pH-stat cultures since

this avoided the presence of Ca2+-chelating buffers.
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EXPERIMENTAL

Proteinase Activity of Cells Grown in Broth

Deep frozen stocks were thawed, inoculated (1%) into M17
broth (Terzaghi & Sandine, 1975), and incubated at 3OOC for
16 h. Cells were subcultured (1%) in this medium and incu-
bation repeated. These cultures were used to inoculate (3%)
the experimental M17 medium. Experimental cultures were
grown and harvested as given on page 22 and the proteinase

activity of intact cells determined (page 52).

Effect of Amino Acid and Peptide Addition to Experimental

RSM on the Level of Proteinase Activity of Intact Cells

Sterile solutions of Casamino acids (vitamin-free, acid
hydrolyzed casein, 14% (w/w) NaCl, DIFCO Laboratories) and
Trypticase (pancreatic digest of casein, BBL) were added to
experimental RSM (5%, v/v) to give final concentrations of
up to 8.0 mg/ ml Casamino acids or 7.5 mg/ml Trypticase.
The inoculum cultures contained the same councentration of
Casamino acids or Trypticase as in the experimental RSM
medium. Cells were grown and harvested in the usual way
(page 22 ) and the proteinase activity of intact cells de-

termined (page 52).

Proteinase Activity of Cells Transferred from Broth to

Experimental RSM

Cells of 266 were grown in M17 medium, harvested, washed

and resuspended in sterile water at 5 mg (dry weight)
bacteria /ml. Experimental RSM was inoculated (1%) with
this suspension and incubated at 30°c. cells were harvested
after 1, 2, 3.5 and 5 h, washed, resuspended to 20 mg (dry

weight) bacteria /ml and assayed for proteinase activity.

pH Stat Cultures

The apparatus consisted of a jacketed vessel (100 ml) main-

tained at 30°C by circulating water. A pH electrode and
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two syringe needles were inserted through holes in the 1lid
which also incorporated a sampling port. All parts of the
apparatus were flushed with hypochlorite solution (1%, v/v)
and rinsed with sterile water. The combination glass elec-
trode was connected to a Radiometer PHM26 pH meter to which

a TTT1l auto-titrator (Radiometer, Copenhagen, Denmark) was
attached. The auto-titrator controlled a magnetic valve
which regulated the flow of 6 M NaOH into the culture through
one syringe needle to hold the pH at 6.5. An atmosphere of
5% C02 in N2 was maintained by bubbling the gas into the
solution through the other syringe needle. The composition
of experimental broth (EB) medium used was the same as M1l7
with the omission of B-glycerophosphate. The ca?t level was
adjusted by the addition of sterile lMCaCl2 solution. Total

calcium concentration of media was determined by the method

of Pearce (1977). The inoculum culture grown overnight in
EB medium contained the same concentration of CaCl2 as in
the EB medium used in the pH-stat culture. Experimental

cultures were incculated (1%) and incubated for 5 h when
the growing cells were harvested, washed and assayed in the

usual way.

RESULTS

Proteinase Activity of Cells Grown in Broth or Milk

Cells of 266, E8 and ML3 grown in M17 had levels of protein-
ase activity which were only 15 to 18% of the levels with
milk-grown cells (Tablel). oOf the four strains grown in
milk, AM2 had the lowest level of proteinase and this level

was not as markedly affected by growth in broth (Table 1).

Effect of Amino Acid and Peptide Addition to Experimental

RSM on the Level of Proteinase Activity of Intact Cells

With the addition of 8 mg Casamino acids /ml of experimental
RSM there was no significant change (< 5%) in the proteinase

activity of intact cells of 266 and E8 but with strains AM2

and ML3 the level of proteinase activity decreased by 30%
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TABLE 1: Effect of Growth Medium on the Proteinase Activity

of Intact Cells of Lactic Streptococci

Proteinase Activity
(dpm/mg (dry
Strain weight) bacteria)

M17 Experimental RSM

S. cremoris

266 84 475
An, 174 281
Bg 97 627

S. lactis

ML3 80 465
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and 47%, respectively, (Table 2). Addition of amino acids

made no difference to the growth rates (data not shown).

Proteinase activity of intact cells of 266 decreased as the
concentration of Trypticase in the experimental RSM in-
creased (Fig. 1l). The reduction in the level of proteinase
with 7.5 mg /ml added Trypticase represents a 35% decrease
in proteinase activity of cells. The growth rate of cul-
tures also increased as the Trypticase concentration of the
medium was increased. The maximum generation time for the
control culture of 266 was 65 min compared with 50 min for
the culture which contained 7.% mg/ml added Trypticase.

The effect of the addition of Trypticase to experimental RSM
on the level of proteinase activity of intact cells of AMZ’
E8 and ML3 was investigated at a single Trypticase concen-
tration (7.5 mg/ml). Strains showed a 29 to 37% decrease

in the level of proteinase activity (Table 3).

Proteinase Activity of Cells Transferred from Broth to

Experimental RSM

The proteinase activity of intact cells of 266 increased from
84 dpm /mg (dry weight) bacteria to about 340 dpm /mg (dry
weight) bacteria in approximately four generations (Fig. 2).

Values for repeat experiments were + 10% of those in Fig. 2.

Effect of the Addition of Calcium to Broth on the Level of

Proteinase Activity of Intact Cells

The proteinase activity of intact cells of E, increased more

8
than twelve-fold as Ca2+ concentration increased from 2 x
100" M to0.027M (Fig. 3). A value of 600 dpm /mg (dry

2 With AM

weight) bacteria was obtained at 0.027 M Ca 2

activity increased by only 25% (Fig. 3).

DISCUSSION

All strains of lactic streptococci tested had much lower
cell-bound proteinase activities when grown in broth medium

than when grown in experimental RSM (Table 1). A major
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TABLE 2: Effect of Added Casamino Acids (8.0 mg/ml) on the
Level of Proteinase Activity of Intact Cells of
Lactic Streptococci Growing in Experimental RSM
Proteinase Activity
(dpm/mg (dry
Strain welght) bacteria)
) Casamino Acids
Control Added
S. cremoris
266 409 391
AM2 360 251
E8 662 631
S. lactis
ML 420 224

3
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Effect of added Trypticase on the level of pro-
teinase activity of intact cellsof S. cremoris 266
growing in experimental RSM. Cultures were in-
cubated at 30°C and crowing cells harvested after

five generations when the culture pH was ~ 5.0.
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TABLE 3: Effect of Added Trypticase (7.5 mg/ml) on the

Level of Proteinase Activity of Intact Cells of

Lactic Streptococci Growing in Experimental RSM

Proteinase Activity
(dpm/mg (dry
Strain weight) bacteria)

Trypticase

Control rdded

S. cremoris

266 514 333
AMz 258 163
E8 491 350

S. lactis

ML3 464 302
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FIGURE 2: Level of proteinase activity of intact cells of
S. cremoris 266 transferred from M17 broth into
experimental RSM. The culture was incubated at
30°%¢
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difference between broth and milk is the compositon of the
nitrogen sources. The broth medium contains high levels
of amino acids and low molecular weight peptides whereas
these materials are present at relatively low levels in
milk and protein is the major potential source of nitrogen.
When the level of amino acids in experimental REM was in-
creased the cell-bound proteinase activity of the four
strains examined decreased (Table 2), particularly in the
case of AM2 and MLB' Increase in the Trypticase level of
experimental RSM, however, also caused a decrease in the
cell-bound proteinase activity of all strains examined
(Table 3). When cells were transferred from broth to ex-
perimental RSM more than four generations (see Results) was
required before maximum proteinase activity (v~ 470 dpm / mg
(dry weight) bacteria) was regained (Fig. 2). The composi-
tion of nitrogen sources, and especially the concentration
of low molecular weight nitrogen, is therefore an important
factor in determining the prcteinase activity of intact
cells. Preliminary experiments involving the addition of
CaCl2 to cultures of E8 and 5}5 (Fig. 3) confirm the finding
of Exterkate (1979) that Ca®’ concentration is also impor-
tant in determining the level of proteinase activity, at
least with some strains. Cells to be used in a study of the
proteinases of lactic streptococci should clearly be grown
in milk where the low concentration of low molecular weight
nitrogen, together with the high Ca2+ level give rise to

maximum levels of proteinase activity.
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A B IR JE N B i 5 I I

HYDROLYSIS OF NATIVE AND METHYLATED
CASEINS BY CHYMOSIN AND TRYPSIN

EXPERIMENTAL

Preparation of Methylated Caseins

Pure Ogq~ and f-caseins were prepared by DE 52 chromatography
of acid precipitated whole casein by the method previously
described (page 6). The lysine residues were methylated
using formaldehyde (Lin et al., 19€¢9). Complete methylation
was observed when the lysine peak had disappeared from the
amino acid analyzer trace of the casein hvdrolysate and the

expected amount of methylysine had appeared.

Hydrolysis

Pure crystalline chymosin (10" units /g, Berridge (1955))
was a gift of the New Zealand Rennet Co. Ltd (Eltham, New
Zealand). Trypsin (Type I) and trypsin inhibitor (Type I-S)

were obtained from the Sigma Chemical Co.

Casein solutions (0.02%, w/v) were incubated with proteinases
at 30°C in 0.2 M phosphate buffer (pH 6.5). Trypsin was used
at a concentration of 0.12 pg /ml for native and methyl 0y~
caseins and 0.42 pyg/ml for native and methyl R-caseins.
Chymosin was used at 28.5 pg/ml for all caseins. Samples
were taken at 0, 5, 10, 20, 60 and 120 min. Hydrolysis by
chymosin was stopped by shaking the sample (2 ml) with urea
(1 g) and 2-mercaptoethanol (0.05 ml) until the urea had
dissolved. The trypsin reaction was stopped by the addition
of trypsin inhibitor (0.02 ml, 2.18 mg/ml). Samples (0.3
ml) were then electrophoresed on polyacrylamide disc gels.
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RESULTS

The rates at which a .- and methyl acl—caseins were degraded

by trypsin were simiiér although the product which had a

lower mokility than asl—casein was not produced from methyl
asl—casein (Fig. la, b). The degradation of B-casein by
trypsin was much more rapid than was the degradation of

methyl f-casein (Fig. lc,d). There was about the same amount
of normal f-casein left at 10 min as there was methyl B-casein
at €0 min. The number of bands formed from g-casein was

greater than from the methylated derivative.

Chymosin degraded methyl « ,-casein at a greater rate than

sl
normal asl—casein but the products and sequence in which they
appeared were similar for both substrates (Fig. 2a, b). The

degradation of B3-casein and methyl B-casein was similar in

all respects (Fig. 2c, d).
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A PPENDTIX I ITI

HYDROLYSIS OF {@-CASEIN WITH CELL
WALL-ASSOCIATED PRCTEINASE FROM S. CREMORIS 266

EXPERIMENTAL

Pure f-casein was prepared by DE 52 chromatography of acid
precipitated whole casein using the method previously des-

cribed (page 6).

Cell wall-associated proteinase from S. cremoris 266 was
prepared from cells grown in experimental RSM. Washed cells
were resuspended in 0.1 M phosphate buffer (pH 7.0) cont-

aining MgCl, (0.01 M) and sucrose (0.5 M). Phage-associated

lysin (page272 ) was added and the suspension held at 32°¢
for 40 min. Phase contrast microscopy showed that most of
the cells were converted into spheroplasts indicating cell
wall removal. The release of lactate dehydrogenase from
cells was used to estimate cell lysis (page 74 ). Since
less than 5% of cells lysed, there was not appreciable con-
tamination of cell wall proteinase with membrane-bound or
cytoplasmic peptidases or with intracellular proteinases.
Cell wall-associated proteinase was contained in the super-
natant after centrifugation (35,000 x g, 10 min) of the
spheroplast suspension. A solution, buffered with 0.1 M
phosphate (pH 6.5), containing cell wall-associated protein-
ase (2 mg (dry weight equivalent) bacteria /ml) and B-casein
(0.5%, w/v) was maintained at 3OOC. Samples were taken at

0, 1, 2, 4 and 6 h and the reaction stopped by addition of
urea (9 M, final concentrationj. The quenched samples were

electrophoresed on polyacrylamide disc gels.

RESULTS AND DISCUSSION

Four major products and several minor ones were observed on

the gels (Fig. 1). Only relatively large peptides are fixed
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in the gel by staining and the intensity of the band will
depend on the molecular weight and the affinity for stain of
these peptides. O0Of the four major products, two (a and b)
did not appear to change in concentration between 2 and 6 h
while products c and d both increased in concentration with
time. Small peptides, soluble in 6% TCA, produced during a
proteinase assay will probably not appear on polyacrylamide
gels.

Incubation for & h at 30°C during the hydrolvsis of f-casein
causes only slight inactivation of the cell-free proteinase

(see page 56) .
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Polyacrylamide disc electrophoresis showing
(0.5%, w/v) by

cell wall-associated proteinase of S.

the hydrolysis of B-casein
cremoris 266 (2 mg (dry weight equivalent)
bacteria / ml)
(pH 6.5) at 30°cC.

in 0.1 M phosphate buffer



127.

REFERENCES

Amerine, M A, Pangborn, R M & Roessler, E B (1965). 1In
Principles of Sensory Evaluation of Food, p 441.

Academic Press, New York.

Aston, J W (1975). Free amino acids in milk - their deter-
mination by gas-liquid chromatography and their varia-
tion due to mastitic infection. Aust. Jl Dairy Technol.
8105 155 =N519.

Barry, J M (1952). The source of lysine, tyrosine and phos-
phorus for casein synthesis. J. Biol. Chem. 195,
795 - 803.

Barry, J M (1956). The use of glutamine and glutamic acid
by the mammary gland for casein synthesis. Biochem.
J. 63, 669 -676.

Barryv, J M (1958). The source of proline for casein bio-
synthesis. Biochem. J. 19, 177 -179.

Beeby, R (1980). The use of fluorescamine at pH 6.0 to
follow the action of chymosin on «-casein and to
estimate this protein in milk. N Z Jl1 Dairy Sci.
Technol. 15, 99 -108.

Bell, K & McKenzie, H A (1967). The isclation and properties
of bovine B-lactoglobulin C. Biochem. Biophys. Acta,
147, 109 -122.

Berridge, N J (1955). Purification and assay of rennin.
In Methods in Enzymology Vol. 2, 69 -77 (S P Colowick

and N O Kaplan Eds) Academic Press New York.

Bickerstaffe, R, Annison, E F & Linzell, J L (1974). Meta-
bolism of glucose, acetate, lipids and amino acids in

lactating dairy cows. J. Agric. Sci. 82, 71 - 85.

Bracquart, P, Lorient, D & Alais, C (1974). Products of
heat degradation of casein: stimulatory effect on
growth of lactic acid bacteria. XIX Int. Dairy Congr.
1lE, 275 -276.

Butler, J E (1974). Immunoglobulins of the mammary secre-
tions. 1In Lactation Vol. 3, 217 - 255 (B L Larson and
V R Smith Eds) Academic Press, New York.



128.

Crawford, R J M & Zwaginga, P (1977). In Bitterness 1n
cheese. International Dairy Federation Annual Bulletin.

Document No. 97.

Creamexr, L K (1974). Preparation of a ,-casein A. J. Dairy

sl
Sci. 57, 341 - 344.

Creamer, L K, Berry, G P & Mills O E (1977). A study of the
dissociation of B-casein from the bovine casein micelle
at low temperature. N Z Jl Dairy Sci. Technol. 12,
58 - 66.

Creamer, L K, Mills, O E & Richards, E L (1971). The action
of rennets on the caseins. I. Rennin action on B-casein

-B in solution. J. Dairy Res. 38, 269 - 230.

Citti, J E, Sandine, W E & Elliker, P R (1965). Comparison

of slow and fast acid-producing Streptococcus lactis.
J. Dairy Sci. 48, 14 -18.

Cowman, R A & Speck, M L (1967). Proteinase enzyme system
of lactic streptccocci. I. Isolaticen and partial

characterization. Appl. Microbiol. 15, 851 - 856.

Cowman, R A, Swaisgood, H E & Speck, M L (1967). Proteinase
system cf lactic streptococci. II. Role of membrane

proteinase in cellular function. J. Bact. 94, 942 - 948.

Cowman, R A, Yoshimura, S & Swaisgood, H E (1968). Protein-
ase enzyme system of lactic streptococci. III. Sub-
strate specificity of Streptococcus lactis intracellular
proteinase. J. Bact. 95, 181 -187.

Czulak, J (1959). Bitter flavour in cheese. Aust. J1 Dairy
Technol, 14, 177 -179.

Davies, D T (1974). The quantitative partition of the
albumin fraction of milk serum proteins by gel chroma-
tography. J. Dairy Res. 41, 217 - 228.

Deutsch, A & Samuelsson, E-G (1959). Amino acids and low-
molecular amino-acid derivatives in cows' milk. XV Int.
Dairy Congr. 3, 1650 -1652.

Dixon, M & Webb, E C (1964). 1In Enzymes, p 60. Longmans,

London.

Emmons, D B, McGugan, W A, Elliott, J A & Morse, P M (1962).

Effect of strain of starter culture and of manufacturing



1529 .

procedure on bitterness and protein breakdown in
Cheddar cheese. J. Dairy Sci. 45, 322 - 342.

Exterkate, F A (1975). An introductory study of the proteo-
lytic system of Streptococcus cremoris strain HP.
Neth. Milk Dairg J. 29, 308 -818.

Exterkate, F A (l1976a). The proteolytic system of a slow
lactic-acid producing variant of Streptococcus cremoris

HP. Neth. Milk Dairy J. 205 Bv=d:

Exterkate, F A (1976b). Comparison of strains of Streptococcus

cremoris for proteolytic activities associated with the
cell wall. ©Neth. Milk Dairy J. 30, 95-105.

Exterkate, F A (1979). Accumulation of proteinase in the
cell wall of Streptococcus cremoris strain AMl and
regulation of its production. Arch. Microbiol. 120,

247 - 254.

Garvie, E I & Mabbitt, L A (1956). Acid production in milk
by starter cultures - the effect of peptone and other

stimulatory substances. J. Dairy Res. 23, 305 -314.

Gilles, J & Lawrence, R C (1973). The assessment of Cheddar
cheese quality by compositional analysis. N Z Jl Dairy
Sci. Technol. 8, 148 -151.

Hamilton, J S, Hill, R D & Leeuwen, H Van (1974). A bitter
peptide from Cheddar cheese. Agr. Biol. Chem. 38,
375 - 379.

Harvey, R J (1965). Damage to Streptococcus lactis result-

ing from growth at low pH. J. Bact. 90, 1330 - 1336.

Harwalker, V R & Elliot, J A (1971). 1Isolation of bitter
and astringent fractions from Cheddar cheese. J. Dairy
Sci. 54, 8-11.

Herbert, D, Phipps, P J & Strange, R E (1971). Chemical

analysis of microbial cells. Methods in Microbiology
5B, 209 - 344.

Jago, G R (1974). Control of the bitter flavour defect in
cheese. Aust. Jl Dairy Technol. 29, 94 - 96.

Jenness, R (1970). Protein composition of milk. In Milk
Proteins; chemistry and molecular biology, Vol I, 17 -

43, (H A McKenzie Ed.). Academic Press, New York.



130.

Jenness, R & Patton, S (1959). 1In Principles of dairy
chemistry, p 161. John Wiley & Sons, Inc., New York.

Kanasaki, M, Breheny, S, Hillier, A J & Jago, G R (1975).
Effect of temperature on the growth and acid producticn
of lactic acid bacteria. 1. A rapid method for the
estimation of bacterial populations in milk. Aust. J1

of Dairy Technol. 30, 142 - 144.

Kurtz, F E (1974). The 1lipids of milk: composition and
properties. In Fundamentals of Dairy Chemistry, 125 -
219. (B H Webb, A H Johnson and J A Alfcrd Eds). The
Avi Fublishing Co., Inc, Westport.

Law, B A (1977). Dipeptide utilization by starter strepto-
cocci. J. Dairy Res. 44, 309 - 317.

Law, B A (1978). Peptide utilization by group N streptococci.
J. Gen. Micro. 105, 113 ~118.

Law, B A, Castanon, M J & Sharpe, M E (1976a). The contribu-
tion of starter streptococci to flavour development in

Cheddar cheese. J. Dairy Res. 43, 301 - 311.

Law, B A, Sezgin, E & Sharpe, M E (1976b). Amino acid nut-
rition of some commercial cheese starters in relation
to their growth in peptone - supplemented whey media.
J. Dairy Res. 43, 291 - 300.

Lawrence, R C, Creamer, L K, Gilles, J & Martley, I' G (1972).
Cheddar cheese flavour. I. The role of starters and
rennets. N Z Jl Dairy Sci. Technol. 7, 32~ 37.

Lawrence, R C & Gilles, J (1969). The formation of bitter-
ness in cheese: A critical evaluation. N Z Jl Dairy
Sci. Technol. 4, 189 -196.

Lawrence, R C & Thomas, T D (1979). The fermentation of
milk by lactic acid bacteria. In Twenty-ninth Sympo-
sium of the Society for General Microbiology. 187 - 219.
(A T Bull, D C Ellwood and C Ratledge Eds). Cambridge

University Press, Cambridge.

Lawrence, R C, Thomas, T D & Terzaghi, B E (1976). Reviews
of the progress of Dairy Science: Cheese starters. J.
Dairy Res. ii' 141 - 193.



131

Lees, G J & Jago, G R (1976). Acetaldehyde: an intermedi-
ate in the formation of ethanol from glucose by lactic

acid bacteria. J. Dairy Res. 43, 63 -73.

Limsowtin, G K Y & Terzaghi, B E (1976). Agar medium focr
the differentiation of 'fast' and 'slow' coagulating
cells in lactic streptococcal cultures. N Z Jl Dairy
Sci. Technol. 11, 65-66.

Lin, Y, Means, G E & Feeney, R E (1969). The action of
proteolytic enzymes on N,N-dimethyl proteins. J. Biol.
Chem. 244, 789 - 793,

Linzell, J L (1974). Mammary blood flow and methods of
identifying and measuring precursors of milk. In
Lactation Vol. 1, 143 - 225. (B L Larson and V R Smith

Bds) . Academic Press, New York.

Lowrie, R J & Lawrence, R C (1972). Cneddar cheese flavour.
IV. A new hypothesis to account for the development of

bitterness. N 2 Jl Dairy Sci. Technol. 7, 51 - 53.

Lowrie, R J, Lawrence, R C, Pearce, L I & Richards, E L
(1972) . Cheddar cheese flavour. III. The growth of
lactic streptococci during cheesemaking and the eifect

on bitterness development. N Z Jl Dairy Sci. Technol.

7, 44 -50.
Lowrie, R J, Lawrence, R C & Peberdy, M F (1974). Cheddar
cheese flavour. V. Influence of bacteriophage and

cooking temperature on cheese made under controlled
bacteriological conditions. N 2 Jl1 Dairy Sci. Technol.
9, 116 - 12L

Lowry, O H, Rosebrough, N J, Farr, A L & Randall, R J (1951).
Protein measurement with the Folin-phenol reagent. J.
Biol. Chem. 193, 265 - 275.

Marchesi, S L & Kennell, D (1967). Magnesium starvation of
Aerobacter aerogenes. III. Protein metabolism. J.
Bact. 93, 357 - 366.

Markland, F S & Smith, E L (1971). 1In The Enzymes. 2,
561 - 608. (P D Boyer Ed). Academic Press, New York.
Martley, F G (1972). The effect of cell numbers in strepto-

coccal chains on plate-counting. N Z Jl. Dairy Sci.

Technol. 7, 7 -11.



1083 c

Matsubara, H (1966). Observations on the specificity of
thermolysin with synthetic peptides. Biochem. Biophys.
Res. Commun. 24, 427 -430.

McDowall, F H & Dolby, R M (1935). Studies on the chemistry
of cheddar cheese making. III. The conversion of
lactose into lactic acid by starter cultures. J. Dairy
Res. 6, 243 -251.

Mercier, J-C, Grosclaude, F & Ribadeau Dumas, B (1972).
Primary structure of bovine caseins. A review.
Milchwissenschaft 27, 402 - 408.

Mgller-Madsen, A & Hansen, K (1976). Proteolytic activity
of lactic acid streptococci. Report No. 218, Statens

Forsggsmejeri, Hillergd, Denmark.

Moore, S & Stein, W H (1954). A modified ninhydrin reagent
for the photometric determination of amino acids and
related compounds. J. Biol. Chem. 211, 907 - 913.

Mou, L, Sullivan, J J & Jago, G R (1975). Peptidase activi-
ties in Group N streptococci. J. Dairy Res. 42, 147 -
il 5151,

Ou, Li-T & Marquis, R E (1970). Electromechanical inter-
actions in cell walls in gram-positive cocci. J. Bact.

101 92=101.

Pearce, K N (1977). The complexometric determination of
calcium in dairy products. N Z Jl1 Dairy Sci. Technol.
12, 113 -4l5.

Pearce, K N (1979). Use of fluorescamine to determine the
rate of release of the caseino-macropeptide in rennet-
treated milk. N Z Jl Dairy Sci. Technol. 14, 233 - 239.

Pearce, L E (1978). The effect of host-controlled modifica-
tion on the replication rate of a lactic streptococcal
bacteriophage. N 2 Jl Dairy Sci. Technol. 13, 166 -171.

Pearce, L E, Skipper, N A & Jarvis, B D W (1974). Proteinase
activity in slow lactic acid-producing variants of

Streptococcus lactis. Appl. Microbiol. 27, 933 - 937.

Pelissier, J-P, Mercier, J-C & Ribadeau Dumas, B (1974).
Study of the proteolysis of bovine Ogq” and B-caseins
by rennin. Ann. Biol. anim. Bioch. Biophys. 14, 343 -
362.



138y

Pollock, M R (1962). Exoenzymes. In The Bacteria. Vol. 4,
121 - 178. (I C Gunsalus and R Y Stanier Eds) Academic
Press, New York.

Raadsveld, C W (1953). Bitter compounds from cheese. XIII
Int. Dairy Congr. 2, 676 - 680.

Reiter, B & Mgller-Madsen, A (1963). Reviews of the progress
of dairy science. Section B. Cheese and butter
starters. J. Dairy Res. 30, 419 - 456.

Reiter, B & Oram, J D (1962). Nutritional studies on cheese
starters. 1I. Vitamin and amino acid requirements of
single strain starters. J. Dairy Res. 29, 63 -77.

Rice, G H, Stewart, F H C, Hillier, A J & Jago, G R (1978).
The uptake of amino acids and peptides by Streptococcus
lactis. J. Dairy Res. 45, 93 -107.

Richardson, B C & Creamer, L K (1973). Casein proteolysis
and bitter peptides in Cheddar cheese. N Z Jl Dairy
Sci. Technol. 8, 46 - 51.

Richardson, B C & Creamer, L K (1975). Comparative micelle
structure. 1IV. The similarity between caprine a -
casein and bovine as3—casein. Biochim. Biophys. Acta.
393, 37 -47.

Robinson, H W & Hodgen, C G (1940). The biuret reaction in
the determination of serum proteins. I. A study of
the conditions necessary for the production of a stable
colour which bears a quantitative relationship to the

protein concentration. J. Biol. Chem. 135, 707 - 725.

Roeper, J & Dolbyl R M (1971). Estimation of the protein
content of wheys by the amido black method. N Z J1
Dairy Sci. Technol. 6, 65 -68,

Schleifer, K H & Kandler, O (1967). The chemical composition
of the cell wall of streptococci. II. The amino acid
sequence of mureins of Str. lactis and cremoris. Arch.
Mikrobiol. 57, 365 - 381.

Schmidt, R H, Morris, H A & McKay, L L (1977). Cellular
location and characteristics of peptidase enzymes in

lactic streptococci. J. Dairy Sci. 60, 710 - 717.

Sgrhaug, T & Solberg, P (1973). Fractionation of dipeptidase

activities of Streptococcus lactis and dipeptidase




134.

specificity of some lactic acid bacteria. Appl. Micro-
biol. 25, 388 - 395.

Stadhouders, J & Hup, G (1975). Factors affecting bitter
flavour in Gouda cheese. Neth. Milk Dairy Jl. 29, 335 -
353.

Sullivan, J J, Mou, L, Rood, J I & Jago, G R (1973). The

enzymatic degradation of bitter peptides by starter

streptococci. Aust. Jl Dairy Technol. 28, 20 - 26.

Terzaghi, B E & Sandine, W E (1975). Improved medium for
lactic streptococci and their bacteriophages. Appl.
Microbiol. 29, 807 - 813.

Thomas, T D (1975). Tagatose-1, 6-diphosphate activation of

lactate dehydrogenase from Streptococcus cremoris.

Biochem. biophys. Res. Commun. 63, 1035 -1042.

Thomas, T D & Batt, R D (1969a). Degradation of cell con-

stituents by starved Streptococcus lactis in relation

to survival. J. gen. Microbiol. 58, 347 - 362.

Thomas, T D & Batt, R D (1969b). Synthesis of protein and
ribonucleic acid by starved Streptococcus lactis in

relation to survival. J. gen. Microbiol. 58, 363 - 369.

Thomas, T D, Jarvis, B D W & Skipper, N A (1974). Localiz-
ation of Proteinase(s) near the Cell Surface of
Streptococcus lactis. J. Bact. 118, 329 -333.

Thomas, T D & Lowrie, R J (1975). Starters and bacteriophages
in lactic acid casein manufacture. I. Mixed strain
starters. J. Milk Food Technol. 38, 269 - 274.

Thomas, T D, Lyttleton, P. Williamson, K I & Batt, R D (1969).
Changes in permeability and ultrastructure of starved
Streptococcus lactis in relation to survival. J. gen.
Microbiol. 58, 381 -390.

Thomas, T D & Turner, K W (1977). Preparation of skim milk
to allow harvesting of starter cells from milk cultures.
N Z J1 Dairy Sci. Technol. lg, 15 - 21.

Van Der Zant, W C & Nelson, F E (1953). Characteristics of
an endocellular proteolytic enzyme system of Strepto-
coecug laetis. J. Dairy Sci. 36, 1212 =1222.




135.

Van Der Zant, W C & Nelson, F E (1954). Characteristics of
some endocellular peptidases of Streptococcus lactis.
J. Dairy Sci. 37, 795 - 804.

Waugh, D F, Creamer, L K, Slattery, C W & Dresdner, G W

(1970) . Core polymers of casein micelles. Biochemistry
Sy 7886- —N915 .

Westhoff, D C & Cowman, R A (1970). Influence of the growth
medium on the proteinase system of Streptococcus lactis
No. 3. J. Dairy Sci. 53, 1286 -1287.

Wetlaufer, D B (1962). Ultraviolet spectra of proteins and
amino acids. Adv. Prot. Chem. 17, 303 - 390.

Whitney, R McL, Brunner, J R, Ebner, K E, Farrell, H M,
Josephson, R V, Morr, C V & Swaisgood, H E (1976).
Nomenclature of the proteins of cow's milk: Fourth

revision. J. Dairy Sci. 59, 795 -815.

Williamson, W T, Tove, S B & Speck, M L (1964). Extracellular
proteinase of Streptococcus lactis. J. Bact. 87, 49 -
53.




	20001
	20002
	20003
	20004
	20005
	20006
	20007
	20008
	20009
	20010
	20011
	20012
	20013
	20014
	20015
	20016
	20017
	20018
	20019
	20020
	20021
	20022
	20023
	20024
	20025
	20026
	20027
	20028
	20029
	20030
	20031
	20032
	20033
	20034
	20035
	20036
	20037
	20038
	20039
	20040
	20041
	20042
	20043
	20044
	20045
	20046
	20047
	20048
	20049
	20050
	20051
	20052
	20053
	20054
	20055
	20056
	20057
	20058
	20059
	20060
	20061
	20062
	20063
	20064
	20065
	20066
	20067
	20068
	20069
	20070
	20071
	20072
	20073
	20074
	20075
	20076
	20077
	20078
	20079
	20080
	20081
	20082
	20083
	20084
	20085
	20086
	20087
	20088
	20089
	20090
	20091
	20092
	20093
	20094
	20095
	20096
	20097
	20098
	20099
	20100
	20101
	20102
	20103
	20104
	20105
	20106
	20107
	20108
	20109
	20110
	20111
	20112
	20113
	20114
	20115
	20116
	20117
	20118
	20119
	20120
	20121
	20122
	20123
	20124
	20125
	20126
	20127
	20128
	20129
	20130
	20131
	20132
	20133
	20134
	20135
	20136
	20137
	20138
	20139
	20140
	20141
	20142
	20143
	20144
	20145
	20146
	20147
	20148
	20149
	20150
	20151
	20152

