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Production of f-galactosidase by Streptococcus salivarius
subsp thermophilus 11F
S Linko?, S Enwald?, Y-H Zhu! and A M.allyr;';.\-M;';.\kinen2

1Helsinki University of Technology, Laboratory of Bioprocess Engineering, PO Box 6100, FIN-02015 HUT, Finland; ?Valio
Ltd, Research and Development, PO Box 390, FIN-00101 Helsinki, Finland

The production of B-galactosidase by an autolytic strain of Streptococcus salivarius  subsp thermophilus 11F was
investigated in batch and fed-batch 2-L working volume stirred tank bioreactors. B-Galactosidase was released into
the medium upon cell lysis within 1-2 h after the maximum biomass quantity was reached. In batch fermentations

the highest p-galactosidase activity of 69 U ml ~* was obtained when the temperature was increased to 42  °C after a
4-h growth period at 30 °C. In fed-batch experiments the highest  B-galactosidase activity of 74 U ml  ~* was obtained
at a constant 37 °C.
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Introduction enzyme. The enzyme is relatively thermostable, and it has
been purified and characterized [2,15]. Furtl&rthermo-

? . hilusis a GRAS-organism widely used in the production
galactosidase galactohydrolase, EC 3.2.1.23) with a neutr fermented dairy foods and, consequently, is an ideal

pH-optimum .WO.UId be m_v_aluable n a numb_er of foo_d organism for food enzyme production. The present paper
mdustr_y apphcat_lons. Nutr|t_|onal and tec_hnol_og|cal benef'tsdemonstrates that higB-galactosidase activities can be
of partial enzymic hydrolysis of lactose in milk, whey, and

other dairy products have been clearly demonstratecrjeleased to the medium in fed-batch fermentations of the

: ; : utolytic S. thermophilusl1F using conventional stirred
[czhge%s?a 1\?\}5:;(1';;222”%[;5’"%0',? Orgﬁirzc;?jl Srﬁiﬁg?é?gﬁ%zls 0 ank bioreactors, and that the end point of the fermentation

niger B-galactosidase has been in operation since 1978 [63]?""n be conveniently estimated by a relatively simple neu-

Another novel possibility is the production of oligosaccha- al network.

rides by utilizing the transferase activity Bfgalactosidase

[1,7,9,13]. While some bacterial sources f@rgalacto- Materials and methods

sidase have been identified, either poor yield or a require; . .
acterial strain

ment for safety clearance has been the bottleneck for corrg . .

mercial use [5,20]. The intracellul@-galactosidase of the treptococcus thermophilus1F was obtained from the

. Valio Laboratory (Helsinki, Finland). The organism was
yeastKluyveromyces fragiligs relatively unstable under S .
processing conditions [21] but could be used either a aintained on glass beads-R0°C and revived from the

; o yophilized state in autoclaved skim milk by growing for
gr;rgt(r):g:]ztegf rr[11ilgk] or as free soluble [4] enzyme for the 17 h at 42C, using a single bead. The quality of the inocu-

um was followed usingSH-degree. OnéSH was defined

Ramana Rao and Dutta [11] demonstrated already i#é ) i
1977 thatStreptococcus salivariusubspthermophilus(in tr;Iit;éa 1a0r80rl:]?t0? fm?";% M NaOH solutian needed to neu

the following: S. thermophilus produces relatively high
quantities of intracellularB-galactosidase. Somkuti and
coworkers [17,18] showed th& thermophilugells could

be permeabilized by a number of compounds of detergen
activity resulting in high-level expression of the intracellu-
lar enzyme. The permeabilized cells could then be use
directly for the hydrolysis of lactose in milk. Sandholm and
Sarimo [12] showed that certain autolyt& thermophilus

strains release the intracellulgs-galactosidase to the

medium upon cell autolysis, which would markedly sim-
plify downstream processing in the production of the

A food grade thermostabl@-galactosidase (lactasg@;d-

Production media

he whey permeate-based production medium contained
ither 0.25% casein hydrolysate (Valio) or 1% proteose
eptone (Difco), 0.25-1% yeast extract (Difco), and 6%
eproteinized whey (Valio). In some cases 0.1% Tween 80
was added to the medium. Each component was autoclaved
separately for 15 min at 12C and combined aseptically
before transferring to the fermentor with a peristaltic pump,
as it has been shown previously thagalactosidase pro-
duction is very sensitive to the degree of heat treatment of
the medium.
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fermentors (B Braun Melsungen, Germany). The inoculun@ 42
was prepared by growing the bacteria in 10% skim milk

for about 10 h at 4ZC. After the addition of the inoculum 10
(1% v/v), the cultures were stirred at 100 or 200 rpm with- _,
out aeration under varying temperatures and temperatulE s
profiles, and the pH was controlled by automatic addition oig
ammonia. In fed-batch fermentations 300 ml of a mediumL 6
containing 0.5% proteose peptone, 0.5% yeast extracZ
(Difco), and 3% deproteinized whey was added at a time:g 4
the maximum turbidity had been reached. ]

Neural networks for prediction

The neural network program used in the present work wa 0
written in Microsoft Visual G+ for Windows essentially as
described by Linkeet al [8] and implemented in a personal
computer. The program was developed with a sufficienb
flexibility for easy parameter modification and data hand-
ling, and to provide a user-friendly graphic interface within .
MS-Windows. :.

Time (h)

20 T ¥

15

Analytical methods

The increase in total cell mass, and cell lysis were followec
spectrophotometrically (L= 600 nm). Light microscopy .
was used to obtain more detailed information on autolysi:
(nigrosin) and to investigate possible contamination of the
cultures (methylene blue). Lactose was analyzed enzy
mically with a Boehringer Mannheim kit No. 176 308-
Galactosidase was assayed at@4avith lactose as a sub-
strate by measuring the amount of glucose released fror
5.55% (w/v) lactose in 0.1 M potassium phosphate buffel Time (h)

(pH 7.0). The reaction was terminated by the addition Ofrigure 1 The effect of temperature on growth &f thermophilusL1F:
perchloric acid to a 0.7% final concentration. After 3 h at(a) 42C (X)), 2 h 30C—42°C (X,), 4h 30C—42°C (X3), 6h
room temperature, glucose was determined enzymicallj0"C—42°C (X,), 8 h 30C—42°C (Xy); (b) 4 h 30C—45°C (X,), 45°C
using the Boehringer Mannheim kit No. 124 036. One unitX2 37°C (Xa)-

of B-galactosidase activity was defined as the amount of
enzyme which releases 1 mmol glucose per minute.

Turbidity (600 nm)

20 30

Only about 45-68% of the lactose in the medium was
utilized byS. thermophilud 1F under the experimental con-

Results and discussion ditions used (Figure 2). According to Sandholm and Sarimo
[12], high cell mass and degree of autolysis are obtained
Batch process at 40-45C, growth rate decreases at 30237 and little

The effect of temperature o8treptococcus thermophilus autolysis takes place at 30.
11F growth, autolysis an@-galactosidase production was — Tha highestB-galactosidase activity of 69 U mlin a

studied in 2-L working volume BiostatM fermentors ya4ch fermentation was obtained, when the medium compo-

uonder different temperatgre profiles using a medit‘m Withhents were sterilized separately under a relatively mild heat
1% proteose peptone, 1% yeast extract and 0.01% Twe&fuaiment, and when the temperature during the fermen-
80. The pH was maintained at 6.5 by automatic addition

of 4 M ammonia, and the stirring speed was 200 rpm. In
batch fermentations, little growth took place aP@0Fast-  Table 1 Batch production oBtreptococcus thermophildsF g-galacto-
est growth was obtained at a constant temperature 4¢.42 Sidase in a BiostatM fermentor

If the microorganism was first maintained at’@0for vary- ] - ] o
ing periods, growth was delayed until the temperature wagemperature profile - Tuibidly - p-Galactosidase activity
increased to 4 (Figure la). After reaching of the (600 nm) (U m
maximum turbidity characteristic of 4€ growth tempera-

16.9 (5.8 h) 60 (7.5 h)
ture, cells lysed normally regardless of the length of theyyc 11.2 (4.2 h) 64 (6.3 h)
holding period at 3%C. The maximum turbidity was 2h 30C—42°C 11.3 (5.5 h) 58 (7.7 h)
obtained at a constant 3Z temperature, and at a constantiﬂ ggg—'jgg 11%)-3 ((2-2 ?1)) fé% ((79-% rr?)
45°C both growth and enzyme production slowed down.6 h 30Ca2C 10.8 (8.2 h) 63 (103 h)
However, if the microorganism was first grown for 4 h at gy, 3pc_.42c 11.7 (9.2 h) 47 (11.3h)
30°C followed by a temperature shift to 42 or45 cells  45c 9.5 (5.3 h) 19 (26.0 h)
lysed normally and highB-galactosidase activity was 4.6 (26 h)

obtained (Figure 1b, Table 1).
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50 r 12 - T Table 2 Fed-batch production oStreptococcus thermophiluslF g-
galactosidase in a BiosfatM fermentor
10 | .
40
— g Cultivation Turbidity Cell count B-Galactosidase
N o 8T b temperature (600 nm) () activity
= 301 e Q) (U mi™)
o 6 i
(723 >
% 20 | .‘é 37c? 19.7 (6.8 h) - 74
« B 4L . 42°C? 13.1 (5.7 h) 6.3 10° 64
= 37°CP 10.6 (7.4 h) 2.9 10° 58
10 | . 4
aThe medium contained 6% whey permeate, 1% proteoase peptone, 1%
ol o N . yeast extract, and 0.1% Tween 80.

0 2 4 6 8 10 "The medium contained 6% whey permeate, 0.25% casein hydrolysate,
and 0.25% yeast extract.

Time (h)
Figure 2 Turbidity (—) and lactose consumption-{ during the growth
phase ofS. thermophilusl1F in 2-L batch culture (4 h 3€—42°C). 25 : —
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Figure 3 Turbidity (—) and the consumption of lactose-{ by autolytic Time (h)

Streptococcus thermophiluklF in fed-batch fermentation at 37 (M) Figure 5 The effect of the type of medium on growth of the autolytic

and 42C (@). Streptococcus thermophilud1F in a fed-batch cultivation at 37
(—, standard medium:--, inexpensive medium).

80 25 T T T T

= or 20 |- __;" ] cell autolysis was markedly retarded, the turbidity was still
E 6o & : as high as 4.6 after 26 h, indicating incomplete cell lysis
2 ol S s L | and, consequently, the activity @galactosidase released
b 3 into the medium was at that time only 19 UTlIt should
S 40 = be noted that if the complete medium was sterilized in the
S a0l 5 tor . fermentation vessel for 40 min at 121, the maximumg-
s 2 galactosidase activity obtained was only 4 U"mWhen
> 20 & 1 J the time of sterilization was decreased to 20 nfirgalacto-
@ qot sidase activity more than doubled to 10 U-tbut still

o L o ) remained low as compared with the experiments in which

8 10 the medium components were sterilized separately.
Time (h) With the same strain, Smaet al [14] obtainedca 15

Figure 4 Turbidity (—) andB-galactosidase production () by the auto- U ml ' of pB-galactosidase on a whey permeate-based
lytic Streptococcus thermophiluslF in a fed-batch cultivation at 4¢. medium in a 500-ml working volume fermentor at constant

42°C. However, they used a much higher agitation rate of

500 rpm, and maintained anaerobic conditions by continu-
tation was increased after a 4-h growth period from 30 toous sparging with a mixture of nitrogen and carbon dioxide
42°C (Table 1). With the release of the intracellular enzyme(95:5). Later, Smart and Richardson [15] reported the high-
to the medium upon cell lysis, th@-galactosidase activity est 3-galactosidase activity of 19.9 U milon a synthetic
in the medium increased until about 2 h after themedium. Also Chang and Mahoney [2] used a synthetic
exponential growth phase ended. After that Bigalacto- medium in the production gB-galactosidase b$. thermo-
sidase activity remained quite constant. If the temperatur@hilus 11F. In a 10-L culture, an enzyme activity o0& 5
was shifted from 30 to 4%, slightly lowerg-galactosidase U ml™ was obtained after 7 h incubation at°@ In this
activity of 59 U mI? was obtained. At a constant 45, case the shaking speed was 150 rpm.
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Table 3 ReportedStreptococcus thermophily&galacotosidase activities

Cultivation method Working volume (ml) Enzyme activity Remarks Ref.
(U ml™)

Stationary N@§ 18.2 Strain 1, 48C, pH 4.5-7, deproteinized whey, 2% [21]
proteose peptone, 24 h

Agitated, submerged Ng 11.3 Strain B-3641, 3T, pH 5.3-7 2% deprot. whey, 2% [1]
proteose peptone, 3% CSL2% potassium phosphate
buffer, 24 h

Stirred tank 500 >15 Strain 11F, 42C, pH 6, 500 rpm, cont. sparging of [14]

N,/CO, (95/5), 2.5% whey permeate, 0.225%
polypeptone, 75 mM potassium phosphate buffer, 7 h

Stirred tank 1000 19.9 Strain 11F, 42 pH 6.8 cont. sparging of JXCO,, [15]
J8 brotli + 2% lactose, 7 h

Stirred tank 2000 74 Strain 11F, fed-batch, pH 6.5, 200 rpm, 6% whey present work
permeate, 1% proteose peptone, 1% yeast extract,
0.1% Tween 80, 7 h

Stirred tank 2000 40 Strain 11F, fed-batch, pH 6.5, 200 rpm, 6% whey present work
permeate, 0.25% casein hydrolysate, 0.25% yeast
extract, 7 h

Stirred tank 10000 5 Strain 11F, 42, pH 6, 150 rpm, J8 brotht 2% [2]
lactose, 7 h

aNot given.

bCorn steep liquor.
°0.2% each of beef extract, yeast extract and phytone peptone, 0.5% poly peptone, 0.359ON®.5% KHPO,, 0.2% MgC}-H,O, and 0.05%
ascorbic acid.

12 80
/ \ 160 E
H-H 0@ - -,,A%x, Turbidity() =
NH-H O(-1). @:s::tmi:;;{,e — Turbidity(t+1) <§ 6L 40 &
NH-H O(t-2)- A‘\\}{i« /5"/',* — Turbidity(t+2) g
\e / 3 20 =
Q
& =
W 0 hd 0
2 8
Time (h)
Figure 6 Neural network (left) used in one-step ahead prediction of biomagsgalactosidase production (righ®( measured and —, estimated
turbidity; O, B-galactosidase activity; the shaded area represents the area for magigalactosidase production).
Fed-batch process initial phase of about 5 or 6 h, respectively. After supplying

In order to increase the total cell mass for an improgged additional nutrients, again 24 (32) to 30 g mit (42°C)
galactosidase activity in the supernatant after cell lysis, feaf residual lactose was left by the time the fermentation was
batch operation at a constant temperature was also investiiscontinued after about 7 (42) or 8 (37C) h (Figure 3).
gated. In the fed-batch fermentations, additional nutrients Figure 4 illustrates the turbidity and releasgdjalacto-
were supplied to the fermentor at the time ammonia considase activity as a function of time at constant@2The
sumption slowed down and turbidity had reached itsautolysis began already well ahead of the time the
maximum value in about 5-6 h. A higher turbidity and, maximum turbidity and biomass quantity was reached, but
thus, total biomass, was indeed obtained in the fed-batcthe autolysis could be delayed by the addition of nutrients.
fermentations both at 37 and 42 with a medium contain- That some autolysis took place already during the
ing 1% proteose peptone, 1% yeast extract and 0.1% Tweearxponential growth phase could be verified by micro-
80 as compared to the conventional batch fermentatjgns. scopical observation. The higheStgalactosidase activity
Galactosidase activity did not, however, increase in theof 74 U mi? in the fed-batch experiments was, however,
same order of magnitude. Typically, about 24-26 g'rof  obtained at a constant temperature of@G7(Table 2).
lactose remained unused both at@7and at 42C after the  Consequently, in a fed-batch mo@egalactosidase activity
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