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Table 1. Different Growth Response to Solid Media Containing High Concentrations
of Glucose or Lactate among Virulent, Low-virulent, or
Avirulent Strains of Tubercle Bacilli
Highest of dulution inoculum (10-*mg) of the below-indicated
Exp Added strains with which growth was obtained
No.. Media employed carbohydrate
% HYTR, | H37R, | IRyl H2 |H2R,|H2R, (53 ol Ravenel | BCG
) Glycerol 2% | 6 6 5 6 6 | 6 6
1 Ogawa egg medium
Glucose 10% 4 1 2 3 4 2 2
. Glycerol 2% | 6 6 6 6 6 | 6 6
2 Ogawa egg medium
Glucose 10% 4 3 2 4 4 2
3 0 di Glycerol 2% 6 6 6 6 6 6 6 6
awa egg medium
£ £e Glucose 10% 5 1 1 | 4 4 2 1 6 3
Glycerol 29 6 6 6 | 6 6 6
4 Kirchner agar slant yeero % |
Glucose 10% 1 1 3 | 4 1
Gl 1 29 6 6 6 6 | 6 6 4 6
5 Kirchner agar slant yeero %
Glucose 7.5% 4 3 1 4 3 5
. Glycerol 2% 6 6 |
6 Ogawa egg medium
Glucose 10% 4 1 \
. Glycerol 2% 6 6 6 6 6 6
7 Ogawa egg medium
Lactate 0.2% 5 3 4 2 1 4
|
g | Kirchner agar-bacilli Glycerol 2% | 6 6 6 6 6 6 6 6
mixture Lactate 0.2% 4 1 4 4 4 1 3 4 1
Glycerol 2% 6 6 6 6 5 4
Slant
9 Kirchner Glucose 5% 6 5 6 6 1 1
agar 1 Bacilli- Glucose 2.5% 5 1 5 5 1 1
mixture | Lactate 0.2% | 5 1 3 1 1 1|
Note: Final reading of growth was made at the end of 3 or 4 week incubation at 37°C.

Numerical indications in the table represent the x in 10 mg of the size of inoculum, therefore the larger

numbers mean higher tolerance to glucose or lactate.



226

T, BEOWUEL L >TREYERNCERT S LA
TE b, £ TCIOBREICKIT B 7N a— AR EKE
Lo THRERCHS T EELOEREZI D 72~
ADREEREHEVRSKR S, 7.5 4 TIAEEKE
W ELELFEF LRV EMNPAL RO, £ T
Lo~ REEA0.25 0.5 1, 2% L, 7V x) V&
Fig. 1. Growth of H37Ry Tubercle Bacilli in

Tween-albumin Liquid Medium Containing
Glycerol in 4 2 or Glucose in 2 %
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Incubation days at 37°C

Note: Size of inoculum is 0.1mg containing 12x 105
viable units to each tube.

Fig. 2. Growth of H37R, Tubercle Bacilli in
Tween-albumin Liquid Medium Containing
Glycerol in 4 % or Glucose in 2 0or 0.25 %
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Incubation days at 37°C

Note: Size of inoculum is 0.1mg containing 5x 105
viable units to each tube.
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Fig. 3. Growth in Air-tight Condition of H37R,

Tubercle Bacilli in Tween-albumin Liquid

Medium Containing Glycerol in 4 %
or Glucose in 2%
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Note: Size of inoculum is the same as that de-
scribed in Fig. 2.
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Table 2. Virulence Test in Guinea Pigs
of 9 Strains of Tubercle bacilli

Body weight Viabl -
of atn ﬁ;‘: Is Subcutaneous xl':cosgi"gzits

Strains e of infection size from the

infection | (Viable units) | spleen 4 weeks

(g) after infection
370 67000
HITRy 340 3x108 154800
H37R, ggg 6 105 120
. 340 o 140
H37RyINH Rl 350 4x10 110
H2 | Eord 3% 108 16000
360 29000
H2Ry 365 17X 108 1600
H2R, A 25108 0
375 70
H 2 INH-R 340 13 x 108 o
330 6864000
Ravenel 360 22 % 106 4552000,
330 280
BCG 330 3x108 e
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Growth-Inhibition Phenomenon by Glucose in
Relation to the Virulence of Tubercle Bacilli.

With regard to the virulence of tubercle bacilli,
our understanding is that virulent tubercle bacilli
can vigorously multiply in sensitive host and persist
there in a prolonged period producing tuberculous le-
sion and sometimes inducing fatal outcome. On the
other hand, low- or avirulent strains can be isolated
as a stable variant from parent strains of high viru-
lence by various means of colonial dissociation, as
represented by BCG or H 37R,. Research works have
beenreported by some investigators dealing with the
mechanism of virulence, namely unknown factors
in tubercle bacilli which govern the capacity of in
vivo multiplication, as a problem of the pattern of
bacterial metabolism. Some of those research works
are concerned with the analysis of the relation be-
tween oxygen tension and growth, and consequently
with the relation between degree of virulence and
vigor of oxidative attack to certain substrates. Achie-
vements in this field of research appear to be con-
tri butable to the understanding of many problems
concerned with the pathogenesis of tuberculosis,
such as infection, immunity, and natural resistance.
The data as shown in this paper were obtained in
the experiments conducted under the idea as describ-
ed above.

Table 1 shows that avirulent strains receive
growth-inhibitory effect more strongly than virulent
strains in whole egg medium (Ogawa type) or Kir-
chner agar medium containing excessive amount of
glucose or lactate, but such difference in growth
response is not observed in the media containing
the standard concentration of glycerol. Serial ten-
time dilutions were prepared from the suspension
of each strain and inoculated to the media as des-
cribed above. After 3 or 4 week incubation at 37°C,
reading of growth was made. When the minimum
size of inoculum from which growth was obtained
was 1073 mg, 3 was described in Table 1 as a sym-
bol of growth. Therefore, the larger number means

more tolerance to glucose and lactate. The differ-

ence in growth response between virulent and
avirulent strains was usually observed in the glu-
cose concentration of 7.5 to 10%. While incuba-
tion, the tubes of inoculated media must be prevent-
ed from drying by replacing cotton plug with gum
cap. At the same time, however, air passage should
be retained to some extent. For this purpose, a
thread was put through the center of the gum cap
into the tube.

Fig. 1, 2, 3 demonstrated the similar type of ex-
periment conducted using Tween-albumin medium,
where the difference in growth response was examin-
ed between H37Ry and H37R, adding glucose or
glycerol as carbohydrate source. In this type of
medium, growth can be continuously pursued by
measuring the increase of turbidity. Unlike the
case of solid medium, glucose in 7 % inhibited com-
pletely the growth of both H37Ry and H37R,. There-
fore, the effect of glucose in the concentration
below 2 % was compared with glycerol in4 %. The
medium was dispensed into test tubes of medium
size in the amount of 5cc. After being inoculated,
the tubes were placed in a slant position in an
incubator at 37°C. This time, cotton plug was not
replaced with gum cap and left as it was. Insteads,
while incubation, distilled water was occasionally
added to the medium to make the medium amount
constant. In the experiment shown in Fig. 3, how-
ever, the inoculated tubes were placed up-right
and 1cc of liquid paraffin was layered upon to pre-
vent from evaporation and to secure an air-tight
condition. Summarizing the results shown in Table
1, 2, and 3, it will be concluded again that H37R,
receives a stonger inhibitory-effect by glucose of
0.25 to 2% than H37Ry. However, when the me-
dium was placed in the air-tight condition, the
growth was rendered poor regardless of the degree
of virulence and the growth difference due to the
glucose effect can not be manifested. It was an
additional finding that the growth of H37Ry was more
abundant in the medium containing glucose in the

concentrations of 0.25 to 2% than in that of 4%
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glycerol, when size of inoculum was reduced to 10-3
mg. Table 2 shows the comparative degree of viru-
lence of test strains by indicating the number of
viable units recovered from the spleen of infected
guinea pigs, 4 weeks after infection.

The significance of the results as presented above
should be considered in reference to the papers as
follows. Geronimus et al. reported that the degree
of virulence is in a reverse relation to the vigor of
the oxidative attack to some substrates. Guy et al.

showed that strains of tubercle bacilli of higher
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virulence have a stronger capacity to grow in an
environment of low oxygen tension than those of
lower virulence. More recently, Lyon et al. found
that aeration can inhibit the growth of tubercle bacil-
li when the medium has glucose as carbohydrate
source, but this is not true with glycerol medium.
Particularly, much attention should be payed to the
papers of Bartarrachae et al. and of Ramarkrishnam
et al. who reported that glycolytic pathway exists
in tubercle bacilli, especially in a more functional
condition in H37Ry than in H37R,.



