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Abstract

The growth of lactic acid bacteria was investigated in liquid broth medium containing organic germanium
compound(Ge-132, carboxyethylgermanjum sesquioxide) in the range of 0.01 to 10mg/ml Most of all lactic acid
bacteria tested were tolerant and could grow better to the high Ge-132 concentration. However, the growth of
Leuconostoc mesenteroides and Pediococcus pentosaceus were inhibited in the presence of 10mg/ml Ge-132. Among
22 strains tested, lactic acid bacteria that were grown to a high degree(about 2 times) by addition of Ge-132
(10mg/ml) were Lactococcus lactis, Lc. cremoris, Lc. diacetilactis, Enterococcus faecium and Streptococcus faecalis.
The growth of these strains were markedly accelerated in the culture medium supplemented with 1.0mg/ml Ge-132.
The optimal concentration of glucose for growth of Le. lactis was found to be high in medium containing Ge-132 as
compared with the case of control. During cultivation, viscosity in culture broths of Lc. lactis and Lc. cremoris was
rapidly elevated by adding Ge-132 to medium containing high concentration of glucose, and then decreased after
incubation of long time. However, in the cultivation of Lc. diacetilactis, E. faecium and S. faecalis, viscosity of
culture broths was not increased, even though Ge-132 was shown to be an effective stimulant of growth.
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Introduction
Many of metal ions are essential for microbial
growth in extremely low concentration. However, they
can be very high
concentration, because of their ability to denature proteins
of enzymes and cell membrane(1,2). Nevertheless, some

toxic to microorganisms at
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bacteria are resistant to extremely high concentrations of
single or mixtures of metals and need specific metals as
growth stimulant(3).

Organic germanium compound(Ge-132, catboxyethylger-
manium  sesquioxide) is a novel organogermanium
compound originally synthesized at Asai Germanium
Research Institute of Japan, and then its chemical
structure  and  physicochemical  characteristics
already been reported(4). Ge-132 has been found to be

extremely low toxicity by many toxicological and

have
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pharmacological studies(5,6). This compound is now

being applied to the field of medicine, and then
antitumor effects or antiviral activities in mouse have
been reported(7-9).

Germanium uptake and bioaccumulation in some
bacteria such as Bacillus and Pseudomonas strains by
either energy-independent passive binding or an energy-
dependent mechanism has also been studied(10-13).
However, Changes in physiological properties of lactic
acid bacteria by germanium has not been reported.

Although growth of some lactic acid bacteria has
been reported to be enhanced by the presence of metals
or heavy metals(3), little is known about metal-dependent
exopolysaccharide production and growth of lactic acid
bacteria in environments containing high levels of
glucose and germanium. In another studies, germanium
dioxide(GeO-2) on growth of some bacterial, yeast and
algae strains was shown to be an inhibitory effect
(13,14), and then bacteria generally tolerated higher
concentrations of germanium than yeasts(15).

Exopolysaccharide  from various mesophilic and
thermophilic lactic acid bacteria strains has been already
investigated(16,17). Exopolysaccharide - producing lactic
acid bacteria strains are assumed to play an important
role in the viscosity, texture and stabilization of
fermented milk products like yoghurt and also the
susceptibility of syneresis(18,19). Bacterial exopolysaccharide
are classified into two groups: one, the capsular type
closely associated with cell surface, and the other, the
ropy or slime type loosely associated with cell surface
(20-22). For example, capsular exopolysaccharide has
been produced by the strins of Streptococcus thermophilus,
Lb. delbrueckii, and Lb. bulgaricus (20,23,24). Ropy or
slime exopolysaccharide has been produced by Lc. lactis
ssp. lactis, Lc. lactis ssp. cremoris, and Lb. casei ssp.
casei grown in milk and ultrafiltrate(25). However, it
has been known that nature, composition and properties
of microbial exopolysacchatide can be partially changed
according to culture conditions (medium composition,
temperature, pH), biosynthetic pathways, growth phase,
and rate of microbial growth (22,26).

The present study was undertaken to identify lactic
acid bacteria grown to a high degree on liquid broth
high Ge-132
concentration, and then to survey cell growth, pH,

medium supplemented with extremely

titratable acidity and viscosity in culture broths of some

lactic acid bacteria according to the concentration of

Ge-132, glucose and nitrogen sources.

Materials and Methods

Organisms and culture media

Strains used in this study were obtained from Korea
Fermented Food Research Institute(KOFRI) and National
Food Research Institute(NFRI) of Japan. Lactic acid
bacteria included Enterococcus faecium(JCM 5804), Lb.
bulgaricus(B-56, BCH), Lb. helveticus(B-1, BC-10), Lb.
plantarum(T-3), Lc. lactis(527, 712, SLN, SC-10), Lc.
cremoris(H-61, HC-1, 924), Lc. diacetilactis(13675, N-7,
DCR-1, DCR-2), mesenteroides(LEM-1),
Pediococcus  pentosaceus(IFO  3892),  Streptococcus
faecalistATCC 2580) and S. thermophilus(510, GY).
The organisms were incubated at 30C and maintained
by daily transfer in litmus milk or MRS broth(Difco,

Leuconostoc

Detroit, USA). The medium used for growth of lactic
10g,
polypeptone S5g, yeast extract 5g and sodium succinate

acid bacteria in this study contained glucose

Sg in 1 liter deionized water(GPYS medium).

Chemicals

Carboxyethylgermanium  sesquioxide(Ge-132) was obtained
Institute, Tokyo,
Japan. It was dissolved in deionized water containing
10M NaOH(pH 8.0) at concentration in the range of 0.1
to 100mg/ml and adjusted to pH 6.5 with 10M HCL

from Asahi Germanium Research

Culture

A loopful of cell from litmus milk culture broth
stored in cold chamber at -70°C was transferred to Sml
of MRS broth. The culture was grown at 30°C(except
for thermophilic bacteria) for 24 hr in a tightly capped
polypropylene tube(1.6 X 10cm). Cultures prepared were
used as inocula in subsequent experiments. To identify
lactic acid bacteria grown to high levels by Ge-132
addition, lactic acid bacteria was grown in 1,200 of
GPYS medium, preculture broth 150y{ and various
germanium solution 150x¢ in a 5ml test tube. Growth
was measured by reading the optical density at 655nm
In the other
experiments, the growth of lactic acid bacteria was

with a microplate reader(Biorad Co.).

performed to large test tube(2.5X15cm) containing
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mixture(30ml) of the same conditions. Cell viability was
determined by the plate dilution method using MRS
agar plate. Serial dilution of each sample were plated in
duplicate and were incubated at 30°C for 24 hr. Results
were expressed as colony forming units(logCFU/ml).

Determination of titratable acidity and viscosity

Titratable acidity expressed as lactic acid percentage
was measured with 0.1 N NaOH as standard solution.
Viscosity of culture broth and culture supernatant fluid
were measured by using a capillary type viscometer
(Ostwald type, 0.5mm tube diameter, Vidrex, Fukuoka,
Japan). The viscometer was placed in a water bath(4
0C). The sample(Sml) was added to viscometer and
kept for 10min. After adjusting the tested sample to 4
0T, the sample was released inside the capillary tube
and the time required for passage of sample between
menisci was determined with stopwatch. This procedure
was repeated five times for each sample. To test the
another sample, the viscometer was washed and rinsed
and 99% Viscosity
in centistoke(cSt) was calculated by the

with distilled water ethanol.
expressed
equation of flow time(seconds) of sample at 40C X
viscosity of water at 40C / flow time(seconds) of

water at 40C.

Results and Dscussion

Effect of Ge-132 on the growth of lactic acid
bacteria

As shown in Table 1, growth of lactic acid bacteria
was promoted in the presence of Ge-132 (0.01 to
I0mg/ml) on GPYS medium. Most of the lactic acid
bacteria tested were tolerant to high Ge-132 concentration
and exhibited growth in the presence of up to 10mg/ml
Ge-132.
mesenteroides, their growth was showed to be slightly
inhibited at 10mg/ml Ge-132. The growth of E.
faecium, Lc. cremoris, Lc. lactis, Lc. diacetilactis and S.
faecalis at 10mg/ml Ge-132 for 12 hrs was about 2
times than that observed in the absence of Ge-132. In

However, in P. pentosaceus and Leu.

addition, Most of 5 general bacterial, 12 yeast and 3
mold strains tested were tolerant to Img/ml Ge-132 and
their growth were slightly inhibited at 10mg/ml Ge-132
(data not shown).

Table 1. Effect of Ge-132 on growth(OD at 655nm)
of lactic acid bacteria

Concentration of Ge-132 (mg/ml)
0 0.1 1 10

Lactic acid bacteria

P. pentosaceus IFO 3892 0975 0964 0962 0.822
E faecium JCM 5804 0476 0479 0555 0.816
Lb. bulgaricus B-56 0367 0372 0384 0395
Lb. bulgaricus BCH 0329 0337 0348 0352
Lb. helveticus B-1 0649 0642 0725 0725
Lb. helveticus BC-10 098 1007 1036 1.163
Lb. plantarum T-3 1098 1.103 1149 1.135
Lc. cremoris H-61 0.140 0.140 0245 0276
Lc. cremoris HC-1 0444 0446 0513 0.760
Lc. cremoris 924 0.428 0430 0510 0.778
Le. lactis 527 0301 0317 0399 0.794
Le. lactis 712 0.385 0404 0485 0.781
Le. lactis SLN 0.350 0337 039 0.703
Le. lactis SC-10 0.293 0.282 0353 0573
Le. diacetilactis 13675 0458 0441 0498 0.708
Lc. diacetilactis N-7 0.347 0354 0405 0.783
Le. diacetilactis DCR-1 0.388 0403 0435 0.723
Le. diacetilactis DCR-2 0348 0358 0400 0727
Leu. mesenteroides LEM-1 0437 0445 0498 0253
S. faecalis ATCC 2580 0366 0355 0543 0.784
S. thermophilus 510 0221 0217 0234 0302
S. thermophilus GY 0232 0235 0238 0313

Lactic acid bacteria were cultivated at 30T for 12 hr on
GPYS medium containing Ge-132 in the range of 0.1 to
10mg/ml. Growth was measured by reading the optical
density at 655nm with a microplate reader (Biorad Co.).
Each value represents the average of duplicate measurements.

Various metals such as Mg, Mn, Fe, Ca, K, and Na
has been reported to be enhanced in growth of lactic
acid bacteria under specific culture medium. Moreover,
most of macronutrient minerals as well as trace
elements were needed in low concentration for growth
stimulation of lactic acid bacteria(3). Nevertheless, most
of all lactic acid bacteria tested in this studies could
tolerate and grow better at high Ge-132 concentration
(10mg/ml), suggesting that Ge-132 has the existence of
very efficient adaptive mechanisms. The growth in E.
faecium, Lc. cremoris, Lc. lactis, Lc. diacetilactis and .
Jaecalis grown at 10mg/ml Ge-132 for 12 hr was about
2 times than that observed in the absence of Ge-132
but some lactic acid bacteria such as P. pentosaceus
and Leu.
inhibited by the extremely high Ge-132 concentration.

In case of germanium dioxide(GeO-2), the growth of

mesenteroides was showed to be slightly

some bacterial, yeast and algae strains was shown to be
inhibitory(13-15).

—508—



Effect of Germanium-132 on the Growth of Lactic Acid Bacteria 4

Changes in viable cell growth, titratable
acidity and viscosity of culture broth

Changes in viable cell growth (expressed as colony-
forming unit), titratable acidity (lactic acid percentage)
and viscosity in culture broths of Lc. lactis 712, Lc.
cremoris 924 and E. faecium JCM 5804 incubated at
30T for 48 hr was shown in Table 2. Viable cell
growth and titratable acidity of 3 strains examined were
markedly promoted after incubation of 8 hr in the
presence of 10mg/ml Ge-132. The titratable acidity of
culture broths was increased with corresponding increase
in growth of lactic acid bacteria. Viscosity in culture
broth of Le. lactis 712 and Lc
rapidly increased after incubation of 12 hr, but decreased

cremoris 924 were

after 24 hr. The maximum viscosity for both culture
broths was during the late stationary phase of growth.
In contrast to above 2 strains, during incubation of E.
Jaecium JCM 5804, increased changes of viscosity was
not clearly appeared, even though the growth was
promoted by Ge-132.

Table 2. Changes in viable cell growth, titratable
acidity and viscosity in culture broth of L.
lactis 712, L. cremoris 924 and E. faecium
JCM 5804

Lo leis 72 Lo cemois 94 E. fuecium JOM 5804
i) CFU TA VC OCRU TA VO (U TA VC

0 032 004 078 028 003 072 0I5 003 074
4 L34 018 082 23% 014 079 225 005 0
8 664 037 0% 339 021 083 33 012 075
12 678 047 13 621 033 087 557 017 07
16 643 053 157 687 04 112 66 025 0B
0 626 034 148 632 04 135 680 039 07
4 58 038 139 58 047 13 712 04 019
3% 573 0% 115 564 052 112 681 045 030
2 564 062 095 522 049 098 643 043 079

Lactic acid bacteria were cultivated at 30T for 48 hr in
GPYS medium containing 10mg/ml Ge-132. Refer to text on
viable cell growth(expressed as CFU), titratable acidity and
viscosity. Each value represents the average of duplicate
measurements.

Abbreviations : CFU. log CFU({colony-forming unit)/ml : TA.
titratable acidity(lactic acid percentage) : VC. viscosity(cSt).

Le. cremoris and Lc. lactis was shown to increase
viscosity of culture broth on medium containing a high
Ge-132 concentration during cultivation, while viscosity
in Lc. diacetilactis and S. faecalis as well as E.
Sfaecium (Table 2) was very low(data not shown), even
though growth of 3 strains were rapidly increased.
These effect of germanium for both stimulation of

growth and increase of viscosity was found to be
strain-dependent on GPYS medium. In addition, we
guess that decrease of viscosity in culture broth after
incubation of long time was due to the presence of
lactic acid and glycohydrolase capable of degrading the
polymer(25,27,28).

Time course of the growth of lactic acid
bacteria according to Ge-132 concentration

During the cultivation at 30°C for 24 hr, the growth
of Le. lactis 712 and £ faecium JCM 5804 was
investigated on GPYS medium at a concentration of
Ge-132 in the range of 0.01 to 10mg/ml. As shown in
Fig. 1, the growth of Lc. lactis 712 was accelerated
after cultivation of 4 hr and appeared to maximum state
at various Ge-132 concentration after cultivation from 8
to 12 hr. No differences occurred among the concentration
from 0.01 to O.lmg/ml Ge-132 in growth rate of Lc
lactis 712, but the growth of this strain was markedly
promoted at 10mg/ml Ge-132. In E. faecium JCM 5804,
the growth was increased to incubation of 24 hr, the
growth patterns were similar with Le. lactis 712 at all
Ge-132 concentration tested and difference of growth
rate by Ge-132 addition was lower than that of Lec.
lactic 712.

0BF

Call growth (0D at 655nm)
T

Call gromth (OD at 855nm)
=3 I3
> &

o
=
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o L Loy n L 0 . L L L .
0 4 8 1 6 2 2 0 4 B 12 16 20 24

Cultivation timedhr) Caltivation time{fr)

Fig. 1. Effect of germanium concentration on the growth of
Lactococeus lactis 712 (A) and Enterococcus faecium
JCM 5804 (B) in GPYS medium.
Z: 0 mg/ml. @ 0.01 mg/ml. A: 0.1 mg/ml.
A: ] mg/ml. ) 10mg/ml.

Relationship of Ge-132 and glucose concentration
on the growth of lactic acid bacteria

The effect of Ge-132 on the growth of lactic acid



5 FAEAZTELE A AHeB A4Z (1999)

bacteria under various glucose concentration is investigated
when grown on GPYS medium in the presence and
absence of 10mg/ml Ge-132. As typically shown in Fig.
2, when grown at 30C for 12 hr on GPYS medium in
the absence of Ge-132, the growth of Lc. lactis 712
was gradually increased to 0.4%(w/v) glucose and
decreased thereafter. Moreover, in medium of Ge-132
addition(10mg/ml), Lc.

better to 1%(w/v) glucose concentration being optimal

lactis 712 was able to grow

concentration of glucose and the growth was significantly
accelerated to above 2 times as compared with the case
of control. In E. faecium JCM 5804, optimal concentration
of glucose for growth was shown to be 0.6% in
presence and absence of Ge-132. the growth patterns
with Le. lactis 712 at all

concentration tested.

7
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Fig. 2. Effect of glucose concentration on the growth and pH
of Lactococcus lactis 712 (A) and Enterococcus
faecium JCM 5804 (B) in GPYS medium with or
without 10mg/ml Ge-132.

Z. @: with germanium : _], l: without germanium.

On the other hand, changes in pH of culture broths
with Ge-132 were similar between the two strains tested
to 0.8%
in absence of Ge-132, pH was rapidly

and pH was slowly decreased glucose.
However,
decreased at low glucose concentration. pH value in
broth culture with or without addition of Ge-132 was

similar in the concentration of over 0.8 to 1.0% glucose.

Relationship of Ge-132 and nitrogen concentration
on the growth of lactic acid bacteria

To test effect of Ge-132 on the growth of lactic acid
bacteria according to nitrogen sources concentration, Lc.

lactis 712 and E. faecium JCM 5804 were incubated at
30°C for 12 hr on GPYS medium in the presence and
absence of 10mg/ml Ge-132. As shown in Fig. 3, the
growth of lactic acid bacteria were rapidly increased by
the range of 0.6 to 0.8%(w/v) nitrogen sources on
GPYS medium with Ge-132. However, in presence of
Ge-132, optimal concentration of nitrogen sources for
growth of Lc. lactis 712 and E. faecium JCM 5804
were 04 and 0.6%, respectively. In particular, the
growth rate of Lc. lactis 712 and E. faecium JCM 5804
at GPYS medium supplemented with 10mg/ml Ge-132
were  significantly  accelerated by increasing the
concentration of nitrogen sources to above 2 or 3 times
as compared with the case of control. On the other
hand, changes in pH values of cultre broth of 2
strains tested were a similar trend at up to 1% nitrogen
sources, but in low concentration of nitrogen sources as
well as glucose, pH values of cultre broth without
Ge-132 were more rapidly decreased than those of

culture broth with Ge-132.
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Fig. 3. Effect of nitrogen sources concentration on the
growth and pH of Lactococcus lactis 712 (A) and
Enterococcus  faecium JCM 5804 (B) in GPYS
medium with or without 10mg/ml Ge-132.

", @ with germanium : 7], l: without germanium.

Changes in viscosity of culture broth according
to glucose concentration

To assess the nature of viscous material produced by
the liquid cultivation of Lc. lactis 712, viscosity of
culture broth and supematant fluid were assessed
according to glucose concentration. As shown in Fig. 4,
viscosity of culture broth from Lc. lactis 712 grown

GPYS medium supplemented with 10mg/ml Ge-132 was

—510—
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rapidly elevated with increasing concentration of glucose
to medium up to 1% glucose, and gradually decreased
due to inhibition of growth of Lc. lactis 712 at over
1% glucose. Viscosity of culture supemnatant fluid in
presence of Ge-132 was gradually increased to 10%
glucose, and then exhibited significantly lower than that
of culture broth when grown on GPYS medium of 1%
glucose. In contrast to the result of Ge-132 addition,
changes in viscosity of culture broth and supernatant
fluid without Ge-132 to the medium were not nearly
appeared to 1% glucose. After this point, although cell
growth was gradually decreased, viscosity was reversely
increased. This might be due to the higher concentration

of glucose.

Viscosity{cSt)

1 1 ] 1 1 1 |
0 0.4 08 20 6.0 10.0

© 1 1 1

Glucose concentration{x)

Fig. 4. Changes in viscosity of culture broth and supernatant
fluid from Lactococcus lactis 712. Viscosity was
measured by using Ostwald viscometer with 4ml of
solution at 40°C. The strain was cultivated at 30T
for 12 hr in GPYS medium containing 10mg/ml
Ge-132 and glucose concentration from 02 to 10%.
@ : culture broth with germanium.

O :supernatant fluid with germanium,
A cujture broth without germanium.
A supernatant fluid without germanium.

Bacteria synthesize a number of polysaccharide which
are defined by their location relative to the cell.
Bacterial polysaccharide are mainly located in the cytosol
(as carbon sources), cell wall constituents(peptidoglycan,
teichoic acid) and owtside cell wall(17). The exopolysaccharide
production and capsular structure in the bacteria may
contribute to uptake of metal ions(29). The growth and
EPS production of lactic acid bacteria was favoured by
presence of macro-elements such as Mg, Mn and Fe
metal(30). In this studies, Lc. lactis and Lc. cremoris
cultured in GPYS medium supplemented with Ge-132

has a free and cell wall-attached exopolysaccharide

ropy type, in  both
suspension of centrifugal harvested cell and supematant

regarded as since  viscosity
fluid of lactic acid bacteria were appeared. However,
both capsular and unattached polysaccharide are produced
by the same organism, and then distinguishing between the
two forms can be difficult(17).

In case of Lc. lactis and Lc. cremoris, it was also
possible that the production of viscous material may be
associated with carbohydrate metabolism, where viscosity
of culture broth was increased with addition of glucose
and Ge-132. Recently, the viscous materials of both cell
surface and supematant fluid was confirmed to be
polysaccharide by gas chromatographic analysis(data not
shown). We are now investigating both Ge-132 uptake
into an inner cell and the sugar composition of
exopolysaccharide produced during growth of some
lactic acid bacteria.

It is interesting to note that viscosity in culture broth
of lactic acid bacteria was increased by adding Ge-132
to the medium containing high concentration of glucose.
In particular, viscosities of the culture broths were much
higher in comparison to the supernatant fluid of culture
broths. Consequently, we found that Ge-132 was an
activator to promote the growth and production of cell
free or bounding viscous exopolysaccharide in some
lactic acid bacteria, suggesting that this compound was

related to sugar metabolism.
2 o

71 A 205 (Ge-132, catboxyethylgermanium)ol] )
gk 22714 Bdwe] 43 E%E 0.01~10mgmle] F
T2 71" GPYS AR A ZAlstch. AP
REEe] Adwe 15z AZotgdAE Y4l
RAL, AZuEY T2 2258 44E ¥
ANzl &7F ey, AzZokEo] 10mgmle) 5
=2 H7bE GPYSU\A|NA  Lactococcus lactis, Lc.
cremoris, Lc.  diacetilactis, Enterococcus faecium 2
Streptococcus faecalise= 24} oj4 ASFZ AAE
el ey, Leuconostoc mesenteroides9t Pediococcus
pentosaceus= A H;NE VEMUTE Le lactis9} Le.
cremoris®] 7%, ¥R} e A=Zvnkgo] FA7td
GPYSHj Ao} A FA3] F7IEIAAR, FAE wi
g NE G ZaAHAY. 28U Le diacetilactis, E.
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