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Streptococcus thermophilus 510

Kang, Kook-Hee* and Shin-In Park

Department of Dairy Science, College of Agriculture, Sung Kyun Kwan University, Kyungi, Korea

Streptococcus thermophilus 510 was investigated as a potential source of 5-galactosidase. Op-
timum cultural conditions for maximum enzyme production were 0.5% loctose as carbon source, in-
itial pH 7.0, 37°C, and 18 hours of cultivation. The enzyme was purified to homogeneity by am-
monium sulfate fractionation, protamine sulfate precipitation, Sephadex G-200 gel filtration, and
DEAE-Sep'hadex A-50 ion exchange chromatography. The purified enzyme exhibited an optimum
pH at 7.0, and an optimum temperature of 50°C. Metal ions such as Mn?* and K*, dithiothreitol,
and 2-mercaptoethanol stimulated 5-galactosidase activity. Ethylenediamine tetraacetic acid, 8-hydro-

xyquinoline, Hg**, Zn**, Co**, Ca’*, and galactose were inhibitory. The K, and V,,

for o-nitro-

phenyl 5-D-galactopyranoside were 1.25 mM and 88.50 ;moles/min-mg protein, respectively. The
molecular weight was estimated to be 520,000, and the amino acid composition indicated relatively
high contents of glutamic acid, aspartic acid, leucine, and valine.
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Table 1. Effect of carbon sources on production of
B -galactosidase by S. thermophilus 510.

Carbon source Final pH Enzyme activity Relative
(unit/m/) activity
(%)
Control 6.92 0 0
Glucose 6.31 4.90 15.02
Galactose 5.92 22.94 70.32
Fructose 5.98 16.99 52.08
Lactose 5.22 32.62 100.00
Sucrose 5.92 21.01 64.41
Melibiose 6.81 2.16 6.62
Arabinose 6.89 0.33 1.01

Raffinose 6.91 0.04 0.12
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Fig. 1. Effect of lactose concentration on production of
B-galactosidase by S. thermophilus 510.
Relative activity, o ; cell yield, & ; final pH, O.
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Fig. 2. Effect of initial pH of medium on production of
Bgalactosidase by S. thermophilus 510.
Relative activity, o; cell yield, &; final pH, 3.
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Fig. 3. Effect of incubation temperature on production
of S-galactosidase by S. thermophilus 510.
Relative activity, o; cell yield, »; final pH, 0.
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Fig. 4. Effect of incubation time on production of
B-galactosidase by S. thermophilus 510.
Relative activity, o ; cell yield, a; final pH, O.
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Table 2. Effect of saturation concentration of ammonium sulfate ong-galactosidase activity from cell free extract of S.

thermophilus 510.

Saturation % of ammonium sulfate

0 30 40 50 60 70 80 90

Enzyme activity 32.72 0.57 1.79 25.45 26.77 27.07 27.45 27.56
(unit/m/)

Protein content 1135.15 330.23 541.62 716.65 751.73 752.35 826.85 827.73
(ug/mli)

Specific activity 28.82 1.73 3.30 35.51 35.61 35.98 33.20 33.30
(unit/mg)

Yield (%) 100.00 1.74 547 77.78 81.82 82.74 83.89 84.24

Table 3. Effect of different levels of protamine sulfate on removal of nucleic acid from ammonium sulfate fractionated

p-galactosidase

Protamine sulfate (mg/mg protein)

0 0.108 0.153 0.197 0.251 0.305 0.401
Enzyme activity 138.81 121.55 116.18 115.38 107.95 79.15 55.39
(unit/mi)
Protein content 4579.81 3988.46 3698.08 3395.19 3077.89 2865.39 2344.23
(ug/mi)
Specific activity 30.31 30.48 31.42 33.98 35.07 27.62 23.63
(unit/mg)
Yield (%) 100.00 87.57 83.70 83.12 77.77 57.02 39.90
Absorbance at
280nm 3.862 3.690 3.561 3.561 3.360 2.816 2.361
Absorbance at
260nm 3.862 3.721 3.437 3.187 2.392 2.214 1.906
A 280/A 260 1.00 0.99 1.04 1.12 1.40 1.27 1.24
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Fig. 5. Sephadex G-200 gel filtration pattern of

B-galactosidase of S. thermophilus 510.
Enzyme activity, @ ; protein, O .
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Fig. 6. DEAE-Sephadex A-50 ion exchange chroma-

togram of B -galactosidase of S. thermophilus 510.
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Table 4. Summary of purification of 5-galactosidase from S. thermophilus 510.

Total Total Specific Yield Fold
Procedure activity protein activity (%) purification
(unit) (mg) (unit/mg)
Cell free extract 7066.67 229.44 30.80 100 1.00
Ammonium sulfate 6126.48 154.20 39.73 86.70 1.29
(0-70% saturation)
Protamine sulfate 4863.07 87.37 55.66 68.82 1.81
fractionation
Sephadex G-200 4457.39 18.20 24491 63.08 7.95
gel filtration
DEAE-Sephadex A-50 4063.20 747 543.94 57.50 17.66

ion exchange
chromatography
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Fig. 7. Polyacrylamide disc gel electrophoresis pat-
terns of crude extract (A) and purified S-galactosidase
(B).
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Fig. 11. Effect of temperature on rate of denaturation
of B-galactosidase from S. thermophilus 510.
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Table 5. Effect of metal ions on g-galactosidase activity
of S. thermophilus 510.

Relative activity (%) at

Metal ion
1x10-3M conc. 1 x 10-4M conc.

Control? 100.00 100.00
CsCl 90.38 93.46
K(Cl 134.56 117.93
NaCl 114.40 106.06
LiCl 91.65 99.30
RbCl 68.21 98.78
CaCl, 44.40 75.39
CoCl, 29.71 40.16
FeCl, 46.37 63.41
HgCl, 0.00 0.00
MgCl, 113.89 104.19
MnCl, 137.99 125.91
ZnCl, 6.12 17.30

) Control consisted of enzyme in tris-HCl buffer (50mM,
pH 7.0) without any other metal ion added.

A 60 A Folle 5% HEe] FAdute] Fx=g
oo, 60CNM 108 Fol stAdsl 2243 =9
oy, Kluyweromyces fragilis ©  B-galactosidase =
40C7HA = tHAE FASG W 40T ol AREE
Aol FAE AAHA Axbsieler] (23), 51Ce
A 107 AR F 96%2 Aol AAEINT(24),
oleldt Baol wlmabs Streptococcus thermophilus
510¢] pB-galactosidase= Kluyveromyces fragilis€)
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Table 6. Effect of specific agents onj-galactosidase ac-
tivity of S. thermophilus 510.

Relative activity (%) at

Reagent
1 x 10-2M conc, 1 x 10-3M conc,

Control 100.00 100.00
8-Hydroxyquinoline 37.89 55.75
Sodium bisulfite 107.07 105.34
EDTA 13.82 24.72
2-Mercaptoethanol 110.17 112.44
Cysteine 90.28 100.41
Dithiothreitol 124.97 133.51

Table 7. Effect of carbohydrateson S-galactosidase ac-
tivity of S. thermophilus 510.

Relative activity (%) at

Carbohydrate
1 x 10-2M conc. 1 x 10-3M conc.
Control 100.00 100.00
Glucose 99.57 103.08
Galactose 49.18 69.88
Melibiose 102.58 108.40
Ribose 77.92 87.90
Lactose 90.28 92.15
Xylose 87.49 90.87
Fructose 92.01 96.67
Sucrose 111.24 101.89
Maltose 102.68 109.59
Mannose 94.35 107.11
Glucosamine 93.01 101.15
Methyl -D-gluco- 99.85 103.64
side
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Fig. 12. Effect of substrate concentrationon ggalacto-
sidase activity of S. thermophilus 510.
ONPG, 0; lactose, ®.
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Fig. 13. Calibration of column of Sephadex G-200 gel
filtration medium for determination of molecular
weight of g-galactosidase

1, bovine serum albumin; 2, lactate dehydrogenase; 3,
catalase; 4, E. coli g-galactosidase; 5, thyroglobulin; %,
S. thermophilus ‘§-galactosidase.
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Fig. 14. Estimation of molecular weight of g-galactosi-
dase by SDS-polyacrylamide gel electrophoresis

1, monomer (M.W. 56000); 2, dimer (M.W. 112000); 3,
trimer (M.W. 163000); 4, tetramer (M.W. 224000); 5,
pentamer (M.W. 280000); %, S. thermophilus g-galacto-
sidase.

Table 8. Amino acid composition of ,g-galactosidase
from S. thermophilus 510.

Amino acid Ratio (%) Content (mg/g)
Aspartic acid 10.49 109.45
Threonine 4.84 50.49
Serine 3.99 41.61
Glutamic acid 13.38 139.62
Proline 4.28 4466
Glycine 5.04 52.60
Alanine 7.33 76.46
Cysteine 1.18 12.31
Valine 7.68 80.15
Methionine 1.88 19.63
Isoleucine 6.37 66.45
Leucine 8.37 87.30
Tyrosine 5.10 53.17
Phenylalanine 4,94 51.59
Histidine 2.10 21.93
Lysine 7.67 80.06
Arginine 5.36 55.96

dodecy! sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) whiell eisiMe Fig. 148 2e] 2
Zro] of 130,00022 ujebgoh, wehx £ EaE
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