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Studies on the Inhibitory Effect of Immunized Guinea Pig
Sera on a Rapidly Growing Mycobacferium

3,151-158 (1960)

SHOzo KOTANi*, ToRU YAMADA, YAsuo INouE, ICHIRO KAZEKAWA*
AND TETsaiRO SEKi

Dan", 1111e"! o1 Public He '11/1, Of"Att Un!rerJib, Alert, tn! School, 0$aktt

To simplify "kan, Ination of the niberculostatic activity o1 11nmunc sera by magnifying the
dincrencc belwccn the growtl\ of a test o. ganisnl in nomTal and immune sera, allempts nave
licei, made to use M}, cobncie, mm, T'akeo sirain, whiclT my^ows very rapidly. Using a slide
cell culture nietliocl a far more definite growth inhibition was exhibited I, y iruii, uric who1.1,100cl
with Takeo straii: than willl Kamiikc strain. a \1,111,111 ,\{), 606nc!, Jimii tub ercu10,11
I)joyecl In the litc\ions silldy. I-lowcvcr, later it was 1011nd in slide and slidc cell culture cx-
pullmcnts that the growth of Takeo strain was not inhibited by immune I, Iasma and serum
specimens \vhic}I definitely inhibitcd growth of Kanjiike strain. 11 therefore appears that Ihc
inhibitio:: of growth of Takeo strain I, y irui, Iune whole blood is not due to the actioi\ of Ihc
salnc Iluruora1 11/11crculostatic incto^ as the factor ac. ti\'c againsL Kamiikc strain

Tlius it has licen pro\, ed that Takeo strain cannot IJe used as the test organism for the
detection or measurement of the till, crculostatic acti\, ity o1 sera of jinmunizecl or In IPLtcd
animals and It Limaiis

(Receir. e, ! for public"!ion, June 10,1960)

INTRODUCTION

In previous papers <1<. 0tani e/ a1. , 1956; 1959) it \\'as ICpoi'ICd that sei. a taken
nom ,, uinea pigs jinmunized with heat-killed tubercle I)acilli cxhil)it a limited, but
definite growth inhibiting activity against a vii. ulcnt humail type tubcrclc bacillus
(a tubcrculostatic activity) and that the active principle in immune sera is almost
cci'Lainly an antibody and I. equircs the cooperation or the complement for Its
activity. These' studies were carried out by Ihc slide cultui. e method specifically
modified to measure accurately the growth of tubercle Iiacil!us in serum Inedia.
A sellous technical dimculty or the method was that the tubeiculostatic acti\. ity
or Immune sei'a pel'sists for' only one or two days o1T incubation as a I'esult or
Inactivation of complement in the ICst serum medium and a difference or only
10 per cent IJet\\, een the growth of tubercle bacilli (log) in immune sera and that
in noi. mai sera must be considered as significant, in deciding on the presence or
absencc of tuber CUIostatic activity.

11 was expected that use or a I'apidly gro\\'ing IWJrobuc/eiiiiin as a test o1'ga-
\\'hich was sensitive to the tuber CUIostatic activity or sera from animals or

humans jinmunized \\, it IT tubercle bacillus, might overcome this technical dimculty.
The I. esults or experiments on this problem are presented here.
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I. I "! organ!JinJ

,\ rapidly growing M), cobdcteiittm, Takeo strain, which was isolated at the Department
of J'ubcrculosis. Research Institute for Microbial Diseases, Osaka University, was used as the
test oruanism. This strain was formerly regarded as a species o1 My 606acterzttm a"mm, but
it has now been proved to be nonpathogenic to birds. A virulent human type tubercle bacillus,
Kamiike strain, was Lised as a control. Both strains were serialIy subcultured on a modified
Oka-Katakura ritediiim* in this laboratory. I

2. Fluceditre for slide cell cultt, re and J!ide cullme

DC1ails of these procedures were described in the previous papers (Kotani at a1. , 1953 ;
1956: 1959). Single cell suspensions of Takeo and Kamiikc strains respectively were pre-
parecl from about 40 hour and 2 week old cultures on a modified Oka-Katakura medium

T'he bacterial thlisusing a rollild bottomed flask containing glass I, earls pre-SLispensions

I, ared .. VCrc repeatedly centrifuged at an appropriate speed to reino\, e the clumps as coin-
pietely as possible. The supernatant homogeneous suspension, which consisted almost exclu-
sively to single cells, was used as an inoculum.

3. Ale",, 47emen! of the grozutli of teJt organtJnis

The method tlescribed in the previous papers was followcd. but in the case of Takeo
strain slight modifications were niade : I ) many of the colonies become too large to count
the number of constituent bacilli accurately after cultivation o1 12 hours or longer and only
approximate numbers could be estimated in such cases, and 2 ! because the colonies in the
most peripheral parts of blood discs in slide cell cultures are liable to be disrupted during
preparation of slides for microscopy, the growth in the peripheral parts was not considered
in calculating the average ntimber of test bacilli per microcolomy, per test blood disc

+. 1111/11/1nizdtio?I of gi, me" PIgJ

11nmunizing antigens were lirepared from either 2 or 3 WCCl< old Kamiike cultures o1
froiit about 40 hour old Takeo cultures on a Oka-Katakura medium. by suspending them in
autocla\. ed 11qtiid paraffin at a concentration of 20 nig wet weight per inI and heating the

at 70"C for 2 hours. Guinea pigs, weighing about 500 g, were injectedsuspensions
intramusctilarlv with 0.5 in I each of this Immunizing antigen preparation. The animals were
used for expcrinients at clifferent periods after jin!nunization

KOTANl. YAMADA. INOUE. KAZEKAWA AND SEKl

\TATERIALS AND METHODS

I,

RESULTS

I. E\/ieiiin, 111J coil/! reho!e blood flierinI'llJ
Prior to experiments on serum SPCcimcns, a study \\. as made by the slide cell

cultui. c Inethod (which is simpler than the slide culture method) on \\. he ther
whole 1,100d specimens from guinea pigs jinmunized with tubei. cle bacilli Inhibit
gr0\\ 111 or Takeo strain as well as Kamiike strain. Table I shows results of three
represcntative experiments, in \vhiclT the growth of Takeo strain in whole blood

* One of the most widely used media in Japan for isolation of tubercle bacilli from acid-
treated. sputI'm specimens of patients. The composition o1 the medium is as follows :
KH2P0 0.5 g, NagHP04.12H200.5 g, sodium glutamate 1.0 g, glycerol6 in I. 2 per cent
malachite green solution 6 inI, whole egg hornogenate 200 inI and distilled water 100 inI
Sterilized by heating at 85', 80" and 80"C for 40 minutes on three consecutive days
A. I alachite green was omitted from the medium used in the present study.
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specimens From 13 guinea pigs jinmunized <10 \\'itIT Kamiil<c straiil and 3 \\ith
Takeo strain) \\. as coinparcd willl that in bioocl SI)ecimens from 12 control anI-
mais. The Table shows 11\at the gro\\. th or Takeo strain is definitely Inhibitcd I, y
immune \\. hole 1,100d and that Ihc clegiee of inhibition, that is, the diffcrcnce
bet\\'eciT the gr0\\, 111 in the immune and ITorma1 1,100d specimens is Iai. glentei
Ihai, that observcd in the pievious studies in \\ hich Kamiikc stiaiiT \\. as used as
test o1', raniSmS.

Table I.

Expe, jin eni

NG

inhibition of growth of a rapidly growing My cabocferium ITakeo
strainj by immune whole blood 151ide cell culture)

Growlh of Tokeo sirain alter cullivaiion for 24 hrs in

Immune whole bloodNormal whole blood

Days o11erGuinea ACiuol

value 11091 jinmu nizaiio npig No

2.14597

2.00600

228617

1.70618

2.19619

2.28634

639*, 111

2.20640

2.09543

2.06547

2.16548

1.99549

2

153 _^

G UI neo

pig No

573

576

593

603

604

576

593

603

An unusual case

Guinea pigs jinmunized wilh heal-killed bacilli of Tokeo siroin not
Kamiike siroin Iviruleni Myc. Iuberculosisl

11 should be mentioncd in this connection that in a re\\, specimens or it Dimal
\\. hole blood <1'or' example, I\0.639 guinea I)1:4 iiT Table I), gr0\\. 11t of 'rakeo strain
\\. as uilusually 10\\'. 'This unusually 10\\. growll} \\. as observcd in 7 out of total 57
non-jinmunized \\ hole blood specimens examined in 11Tc present study. I hagocy-
10sis may I, e responsiblc for this abnormality IJecause 5 of Ihc 7 unusual cases
sho\\'cd an unusually higlT rate or I)hagocytosis (CF. sectioiT 3).

Thus the expectations \\'ere partly realized, but the ohseivcd growth Inhibi-
lion of Takeo strain in jinmtine blood \\ as not so complete as expected and a
considerable erro\vth \\, as obtained even in blood specimens or jinmunized guinea
pigs. To see \\. hy therc is no complete inhibition or growth in immune 1,100d. the
uro\\. Ih or Takeo SITaiil in both normal and immune whole blood \\'as exaiTiincd

after various periods or cultivation. \o appieciable inhibitioil of the gr0\\'111 by

3

*l

"..

20

If

ACiuol

value 11091

1.88

1.60

1.74

1.40

1.78

,/

,/

If

556

558

481 **

482*,

491 *.

30

If

11

40

I. 40

1.45

1.65

,/

62

,/

,/

1.40

1.54

1.25

1.80

1.00
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immune \\, holc blood was found during the initial8 hours cultivation (Table 2).
This delayed manifestation of the growth inhibition may explain why growth of

Table 2. Lag in manifestation of growth inhibition against Takeo strain

by immune whole blood (slide cell culture)

Blood specimens

taken from

Experimeni I

Normal

guinea pigs

jinmu nized

guin eo

pigs

Guinea

pig No

510

542

Blood specimens

laken from

Growlh lociual value, 1091 of Tokeo strain
offer cullivoiion for

Experiment 2

4 hrs

464

465

470

0.34

0.46

Normal

guin e a

pigs

0.42

038

0.42

8 hrs

Guinea

pig No

0.82

0.92

0.88

O . 77

0.90

Immunized

guin eo

pigs

T'akco strain is not completely inhibited IJy immune whole blood specimens. An
attcmpt to magnify the differcnce between the growth in normal and immune
\\, hole blood by continueino the cultivation for in orc than 24 hours also failed, for
the erro\vtlT of Takeo strain \\, as maximal at 24 hours' This is probably due to
the limiting amount of necessary null'lents in the blood specimens used in the
slide cell culture.

Flu. I shows the gro^. th of Takeo and Kamiike strains in wholc blood taken
from not'mai and jinmunized guinea pigs, from the results presented in Tanle 2
and from observations reported in the previous paper (Kotani 21 d1. , 1953).

2. E. \/iei'jineii/., 10n/I fallii?I inId blood Ii!"find flier linenr

The effect of immune serum specimens o1T growth or Takeo SITaiiT \\. as also
studied. Table 3 shows results of an expel. linent on the growth of Takeo and
Kamiikc strains in serum specimens from guinea pigs jinmunized \\, ith tubercle
bacilli and in normal serum by the slide culture method. None of the 5 jin-
in une serum specimens, \\, hich partially inhibited growth of Kamiike strain, inhil>it-
ed the gi'0\\, 111 of Takeo strain.

-^-^-^--- ^ --^

12 hrs

542

543

547

Growlh lociuol value, 1091 of Tokeo strain
after cultivation for

I. 26

1.23

100

O . 85

1.10

440

472

538

20 hrs

1.76

I. 76

O . 95

081

1.16

24 hrs

1.97

2.13

2.15

I. 30

119

0.94

72 hrs

2.02

2.16

2.12

1.05

1.00

0.72
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G r owlh

<1.9)

2.4

2.0

1.6

1.2

08

0.4

155

48

Cullivoiion lime in hours

Fig. I. Growth curves of Tokeo and Kamiike strains in immune and normal whole blood
,.--^, Takeo strain - normal whole blood

,^__^^<\ Tokeo strain - immune whole blood
^ Kamiike strain - normal whole blood

8 16

T'herelbre the inhibition of trio\vth or Takeo strain by immune whole blood
in^, Ilo1 be caused by the same humoral factor as the factor active against
Kamiike strain. This idea is supported by the observation that there is Ilo on^0\\. th
inhibition or Takeo strain by blood plasma specimens taken from jinmunized
guinea pig, in **hich whole blood **'as dcfinit, Iy inhibito"y (Table 4)

3. Painci/Jailo?! of IFhdgooVOJif in Ihe I!!A1b!hull of Ihe grott, //! of Takeo flirtiii bJ^ jin!1111!if
rehole blood

The results described in the foregoing sections su, ,ryest that phagocytosis in a\,

24

Kamiike strain - immune whole blood

72 96
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Table 3. Comparison of growth of Kamiike and Takeo strains in normal
and immune serum 131ide culture)

Serum specimens

laken from

Normal

Serum

guinea

No

pigs

2

3

4

5

Immunized

Growth Irelolive value*I offer cultivation of

guinea

Tokeo strain
for 24 hrs

pigs

2

3

4

5

* Values calculated OS a percentage of the average growth of either

strain in 5 normal serum specimens

96

102

103

99

99

I """', I" "

Table 4. Inhibition of growth of Takeo strain by immune blood plasma
and whole blood (slide cell culturej

Whole blood

or blood plasma
specimens

101

95

98

91

92

token from

Guinea

pig No.

648Normal

g uine a

pigs

99

98

106

99

Immunized

guinea

pigs

in some way be responsible for the inhibitioil of the growth of Takeo strain by
immune whole blood. This was examined by arranging the protocols of some or
the experiments presented in preceding Tables so that the gro\\, tlT of phagocy-
tized and non-phagocytized bacilli could be calculated separately. The results
summarized in Table 5 show that the orowth of Takeo strain in immune whole

blood specimens was significantly lower than that in control specimens, ITrespec-
tive of whether the bacilli were phagocytized or not. No significant difference
was found in thc rate or phagocytosis (the number or colonies of phagocytized
bacilli/total number or colonies) between immune and normal whole blood speci-
Inens. Therefore an increase in the proportion of phagocytized bacilli, whose
growth is definitely lower than that of non-phagocytized bacilli, Is apparently

Growth lociuol value, 1091 of Tokeo siroin
offer cultivation for 20 hrs in

649

650 I

82

59

73

93

Blood plasma Whole blood

1.60 I 1.96

1.95I. 61

I. 93I. 57

601

618

622

^^- -

I. 60

1.70

1.72

1.23

1.61

I. 04



not responsible for the inhibition of the growth of Takeo strain in immune whole
blood specimens.

The result, that the growth of non-phagocytized bacilli was also definitely
inhibited by immune w^o1e blood, seems to conflict with observations on immune
plasma and serum specimens. No satisfactory explanation based on experimental
evidence has yet been found.

GROWTEI INHIBITION OF TAKEO STRAIN BY IA, IMUNE BLOOD

I Whole blood
Exp. ^

No

Table 5

specimens

token from

Participation of phogocytosis in inhibition of growth of Tokeo
strain by immune whole blood (slide cell culture)

Normal

guinea

pigs

Immunized

: guineo

Guinea

pig No

Role o1

phogo.

542

543

547

cylosis I phogocyiized

pigs

64

33

31

Growlh lociuol value, 1091 after cullivaiioh

439

440

472 '

538 I

N ormol

g uineo

pigs

2 I

for 24 hrs of Takeo strain

37

25

50

,, I

I. 37

1.10

1.16

157

I ~

543 I 47 I

I Non-phogocyiized

Immunized

547 I

548

079

0.75

0.68

073

guin ea

549 ' 19 1.61 I

481* 38 0.69

482'1' I 60 I 1.52

491'* 28 I 0.67

556 I 90 I 0.87
558 67 0.94

35

26

pus

2.36

2.31

2.32

N o rinol

3

guinea 649 57

pigs 650 51

jinmunized I 601 I 68
guinea 618 72

pigs 622 60

1.21

I. 50

1.66

1.79

I. 41

1.43

I. 20

To 101

1.97

2.13

2.15

648

DISCUSSION

An attempt has been made to simplify the measurement of growth inhibitin, ,
activity against tubercle bacilli of immune sera by use of a rapidly growlno
Mycobac!elmm, Takeo strain, as a test organism. The results by the slide cell CUI-
ture method using \-\, hole blood specimens seemed promising. However, there \\. as

2.34 I
2.17

2.25

203

204

*
Guinea pigs jinmunized wiih heat-killed bacilli of Tokeo siroin not Kamiike strain

72 ;

I. 63

1.30

1.19

O . 94

1.30 2.15

1.65

I. 29

2.09

2.06

2.16

1.99

1.25

180

100

1.39

1.55

1.08

2.34

1.97

1.03

I. 05

0.73

2.31

2.22

I. 48

2.17

I. 31

1.96

1.95

I. 93

1.23

1.61

I. 04
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no significant growth inhibition of Takeo strain by either plasma or serum speci-
mens from jinmunized guinea pigs, although whole blood specimens froin the
same animals definitely inhibited growth. Therefore Takeo strain cannot be used
as a test oroanism For. the detection and measurement of a tuber calostatic activity
or jinmunized sera of animals or humans.

The drowni of Takeo strain is definitely inhibited by immune \\. hole blood,
however, and this is of interest and worth further Investigation. It ITas been shown
that this orowth inhibition is not due to an increased rate or phagocytosis and
that the erro\vth of Takeo strain in Immune whole blood, \\, he ther the cells
\\ ere phagocytized or not, was significantly lower than that in ITormal blood.
The finding that in immune whole blood the growth of non-phagocytized as \\. ell
as phagocytized bacilli \\, as inhibited as conipared with growth in normal blood
seems to be contradictory to the observations that no inhibition of growth occur-
red in either plasma or serum specimens. One possible explanation for these
conflicting results is that a substance or substances \\, hich alone or together with
other humoial factor(s) inhibit the growth o1' Takeo strain might be produced
or. released as a result of the interaction between inoculated bacilli and Ieucocy-
Ies in whole 1,100d of irumunized and sensitizetl guinea pigs. Further close Inves-
Ii:, at ion \\, ill be required to elucidate this point.

KOTANl, YAMADA, INOUE, KAZEKA\\IA AND SEKl
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