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The lack of effect of absence of oxygen dur- 
ing the 5-hour period of virus productioin is a 
further indication that oxidative sequences 
are not as vital to production of virus as are 
glycolytic sequences of the host cell. 

Summary. Bovine kidney culture cells 
were found to be resistant to high concentra- 
tions of poisons of the glycolytic cycle, the 
citric acid cycle, and the cytochrome oxida,- 
tion chain, as measured by respiratioln and 
cell loosening from the glass. Infection with 
FMDV had no influence on the results, and 
it may be tlhat respiration of the cells is more 
dependent on other metabolic cycles. Iodo- 
acetate and fluoride, present in concentrations 
which caused large decreases in glycolysis, de- 
creased virus production more than any olther 
poiso:ns. M[alonate had an insignificant effect 
on vi,rus production, while the larger effect 
of fluioroiacetate was probably due to its ac- 
tion in removing viral precurs,ors. The fact 
that maintenance of infected cells in an anae- 
robic envirolnment did not affect virus produc- 
tion was a further indication that glycolytic 
sequences of the host cell are more essential 
to viral replication than oxidative sequence:;. 
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Studies of Mycobac te r ium tuberculosis HR7Rv Grown in v ivo:  Inhibitor of 
Lactic Acid Dehydrogenase in Normal and Infected Mice. (26192) 

A. BEKIERKUNST AND R I .  ARTMAN (Introduced by N. Grossowicz) 
Department o f  Bacteriology, Hebrew Univt3rsity-Hadassah Medical School, Jerusalem, Israel 

I t  has been previously reported (1,2) t.ha,t 
intact. cells and cell-free extracts of tubercle 
bacilli grown in vivo (LH,,Rv) inhibited lac:- 
tic dehydrogenase in cell-free extracts of M y -  
cobacterium: tuberculosis HS7RLv, Mycobactc- 
riunz tuberculosis BCG and iMycobacteriuwz 
phlei as well as succinoixidase of lung homo- 
genates of normal mice. Similar inhibition 
was displayed by lung extracts from mice in- 
fected with HH7Rv, but not by those frorn 
normal mice. The question arose whether the 
inhibitor was being produced by the tubercle 
bacillus itself or by the host tissues. Since 
the problem of the origin of the inhibitor is 

of great importance, it seemed essential to 
ascertain whether lung extracts from normal 
mice are completely devaid of inhibitory ac- 
tivity. Our findings that. lung extracts from 
normal mice did not display any inhibitory 
activity do not preclude the possibility that 
the inhibitor in question was present in them 
but in quantity so small as not to be detected 
under our previous experimental conditions. 
This paper is concerned with the elucidation 
of this problem. 

Materials and methods. The organism used 
was Mycobacterium phlei. The cells were 
grown a t  37" QQ a rotary type shaker in a 
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Difco Nutrient Broth supplemented with 
Tween-80, 0.5% ; sodium chloride, 0.5% ; 
and KL'HPO1, 0.25%. Three-day-old cul- 
tures were used. The  cells were maintained 
on slopes with solid medium of a similar com- 
position except for Tween-80. The cells of 
M. phlei were collected by centrifugation. 
washed twice in a 0.1M phosphate buffer, pH 
7.2, and disintegrated in a 9 KC Raytheon 
magnetostriction oscillator for 45 minutes. 
Cell debris and broken cells were removed by 
centrifugation a t  7700 X g for 10 minutes in 
the cold. The supernatant was used through- 
out. Protein content of the cell-free extracts 
was estimated by the biuret method. Mice 
were infected with $1. tubercz~losis Hn7Rv by 
the method described previously ( 2  ) . For 
preparation of extracts from infected and nor- 
mal mice, 2.576 homogenates were used. The 
various organs were homogenized in distilled 
water in a teflon homogenizer run a t  top 
speed for 2 minutes. The homogenates were 
then spun at  10,000 rpm in an hISE high 
speed centrifuge and the reddish opalescent 
supernatant was used. Dehydrogenase activ- 
ity of cell-free extracts of All. phlei was deter- 
mined by reduction of triphenyltetrazolium 
chloride under aerobic conditions. Formazan 
was extracted with isa-butanol and its color 
intensity read in a Coleman Jr. spectropho- 
tometer a t  485 mp. Values are expressed in 
O.D. of formazan. 

Results. Inhibition of lactic acid &hydro- 
genast' of &I. phlei bjl lung extracts f ~ o m  nor- 
mal mice. To determine whether lung ex- 
tracts from normal mice contain an inhibitor 
of lactic dehydrogenase of M .  phlei we have 
performed a series of experiments using: 1 )  
large amounts of lung extracts. 2) cell-free 
extracts of J I .  phlci of low dehydrogenase 
activity, and 3)  preincubation of lung ex- 
tracts with cell-free extracts of $1. phlei be- 
fore determining their lactic dehydrogenase 
activity. 

1 )  Experiments with large amolunts of lung 
extracts from normal and infected mice. In 
this series of experiments we determined the 
effect of increasing amounts of lung extracts 
from normal and infected mice on lactic de- 
hydrogenase of cell-free extracts of M .  phlei. 
The results (Table I) show that lung extracts 

TABLE I. Effect of Various Amounts of Lung 
Extracts from Normal and Infected Mice on Lactic 
Ikhydrogenase Activity of Cell-Free Extracts of 

M .  phlei. 

Reduction of tetrazolium by cell-free cx- 
tracts of M .  phlei in  presence of 

Lung extracts from Lung extracts from 
Xiitt of infected mice normal mice 

extracts O.D. of Inhibi- O.D. of Inhibi- 
I I S P ~ ,  1111 formazan tion, % formazan tion, "/'o 

lullg 

11011t' 1.00 1.00 
.(in 3 2  68 .58 42 
.10 ..32 68 .74 28 
.30 .43 58 1 .00 0 
.90 .(Xi 3 4 1.10 stim% 
. lo  1 .oo 0 1.10 9 9  

Reaction iriixtiire contained: 6 mg protein of N .  
p h k i  extracts in 0 . 1 ~  phosphate buffer pH 7.2, 0.5 
in1 ; 0.311 sodium lactate, 0.1 ml; 1% aq. sol. of tri- 
1)lieiiyltetrazoliuin chloride, 0.7 nil; hllg extracts as 
irttlicatcd. F ina l  vol 3.2 nil. The reaction was 
stopped after 10 min. incubation at  37" .  

from normal mice inhibit lactic dehydroge- 
nase activity of cell-free extracts of M .  phlei 
when used in amounts 2-3 times higher than 
those from infected animals. Six-tenths ml 
of lung extract from normal mice caused a 
42 inhibition of lactic dehydrogenase of 
cell-free extracts of M .  phlei, while a similar 
amount of lung extract from mice infected 
with Hi17Rv brought about an inhibition of 
68%. Furthermore, i t  can be seen that the 
inhibitory activity of Iung extract from in- 
fected mice is detectable at 2-3 fold higher 
dilutions than that of extracts from normal 
mice. 

2 )  Experiments with cell-free extracts of 
M .  phlei of low dehydrogenase activity. It 
has been observed during these experiments, 
that lung extracts from normal mice inhibited 
lactic dehydrogenase in some batches of M .  
phlci preparations even when the former were 
used in small amounts (0.25 ml of lung ex- 
tract per reaction mixture). The inhibition 
became apparent only with cell-free extracts 
of M .  phlei of low dehydrogenase activity, 
(less than 0.7). Activity of lactic dehydro- 
genase is expressed in O.D. of formazan 
formed by cell-free extracts of M .  phlei in 
presence of lactate in 10 minutes. In view 
of the above findings, experiments were de- 
signed to determine whether depending on 
the potency of &I. phlei dehydrogenase, a 

+ 8 tiniulatiori. 
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TA'BT,E I T ,  Effect of Lung Extracts from Normal 
and Infected Mice 011 Lactic Dehydrogenase Activ- 
ity of (7ell-F'ree Extracts of M. phlt=i of Various 

Enzymatic Activities. 

Dehydrogenasr activity of c,ell-free extracts of 
M. jnl/lei 

- - --- -~ 

I I I  presclnce of 0.25 111 yrenence of 0.25 
ml of limg extract nil of lung extract 

Control from normal mice f rom infected mice 

r40 
.30 2 
'20 ,E 
.10 3; 

'10 . 
.20 2 

0 

*30 5 

-70 
-80 
90 

1.50 2.70 
1 .00 1.1 5 

.3 0 .15 

.90 

.32 

.07 

Coiiilitioiis as in  Tablc I. 

given amount of lung extract may either sti- 
mulate, inhibit, or have no effect on the action 
of th,e enzyme. The results showed this to 
be the case. In the experiment given in Ta- 
ble TI we determined the effect of a given 
amount of lung extract from normal and in- 
fected mice on lactic dehydrogenase of cell- 
free extracts of &!. phlei of various enzymatic 
activities. These were obtained by dilution 
of the enzyme. Activity of the undiluted en- 
zyme was '1.5 and that of the 2 dilutions 1.0 
and 0.5 respectively. A given amount of lung 
extract from normal mice stimulated the lac- 
tic dehydrogenase of high enzymatic activity/' 
1.5/, had no effect when the enzymatic activ- 
ity was 1.0, and exhibited a pronounced in- 
hibitory effect on the same enzyme when ac- 
tivity of the latter was lowered to 0.5. On 
the other hand, lung extract from infected 
mice in amounts similar to those from normal 
animals inhibited even the most active prepa- 
rations of lactic dehydrogenase of ill. phlei. 

3 )  Experiments on preincubation olf cell- 
free extracts of M .  pklei with lung extracts. 
The results described above show that there 
is anL interplay between amount of inhibitor 
used and activity of lactic dehydrogenase. 
Presence of' the inhibitor in lung extract froim 
normal mice can be revealed either by using 
large amounts of the aforementioned extract 
or by using cell-iree extracts of M .  phlei of 
low dehydrogenase activity. The experi- 
ments to be described below show that i t  is 
possible to detect the inhibitor in lung ex- 
tracts from normal mice using small amounts 
of lung extracts and cell-free extracts of 34. 
phlei of high enzymatic activity. This can be 
achieved by preincubation of cell-free ex- 
tracts of M .  phlei with the lung extract before 
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determining dehydrogenase activity of the 
former. In these series of experiments we in- 
cubated cell-free extracts of M .  phlei (of high 
enzymatic activity) with small amounts of 
lung extracts from normal and infected mice 
(0.1 ml of extract) for various periods of 
time and then determined the effect of prein- 
cubation oa lactic dehydrogenase activity of 
ilf. phlei by adding lactate and tetrazolium. 
The results of a typical experiment are shown 
in Fig. 1. At zero time, lung extract from 
normal mice stimulated dehydrogenase activ- 
ity of M .  phZei extracts by approximately 
30%. Preincubation of lung extracts from 
normal mice with cell-free extracts of M .  
phZei resulted in a gradual decrease in lactic 
deb.ydrogenase activity of the latter. After 
15 minutes of preincubation lactic dehydro- 
genase activity of M .  phlei dropped to con- 
trol level (cell-free extracts of M .  phlei with- 
out lung extract). Further preincubation 
brought about an inhibition of lactic dehydro- 
genase which amounted to 63% after 1 hour. 
On the other hand, lung extract from infected 
mice inhibited lactic dehydrogenase of M .  
phEei by 3 1 o/o a t  zero time. Preincubation for 
15 and 25 minutes resulted in 86 and 90% 
of inhibition respectively. 

Presence of inhibitor in various organs 
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TABLE 111. Presence of Inhibi tor  of Jlactic T)cli.drog.riiasr of X .  phlei  i n  Various Organs of 
Normal  and Inf  ec t r d  Mice. 

Reduction of tetrazolium b y  cell-free extracts of M. phlei  
O.D. of formazan 

Cell-free extracts of M .  phlei Without  prc- Wi th  pre- Without  pre- Wi th  pre- 
i n  presence of incubation incubation incubation incubation 

Control without lung extracts 
Lung extract f rom infected iiiicc 

Kidney extract froin infected mice 

Liver extract f rom infected iiiicc 

Spleen extract froin infected niice 

Ide1,1 normal mice 

I cic 111 norninl mice 

IclPvl normal mice 

Id e 111 11 or 111 a1 iiiic e 

Exp. 11. 
.98 1.20 

3 0  
1.00 .12 

.90 .1s 
1.75 .32 

.46 
8.00 2 8  

.08 
34 

Extracts  of various org:ins were used in 0.25 1111 :iiiioiints : for  other conditions see Tahle I. 

from normal and infected mice. In the light 
of the above findings it was of interest to es- 
amine various organs from both normal and 
infected mice for presence of the inhibitor. 
The results of 2 typical experiments (Table 
111) show that extracts from organs of nor- 
mal and infected mice inhibit lactic dehydro- 
genase of U .  phlei but to a different degree. 
Inhibitory activity of organs from infected 
mice was always higher than that of corre- 
sponding organs from normal animals. In 
the majority of cases inhibition of lactic de- 
hydrogenase of Ail. phlei by extracts of or- 
gans from infected mice could be readily 
demonstrated (no preincubation was re- 
quired). On the other hand, extracts of vari- 
ous organs from normal mice, with the re- 
markable exception of spleen, inhibited lactic 
dehydrogenase of M .  phlei only after prein- 
cubation. Spleen extracts both from normal 
and infected mice inhibited lactic dehydro- 
genase of M .  phlei without preincubation. I t  
can be seen however, that the inhibitory ac- 
tivity of spleen extracts from infected mice 
was always much more pronounced than that 
from normal animals. 

Discussion. It has been previously shown 
(1,2) that intact cells and cell-free extracts 
of the in vivo grown tubercle bacilli as well 
as lung extract from mice infected with 
H 3 7 R ~  inhibited the electron transport system 
of various mycobacteria and of lung homo- 
genates of normal mice. These findings posed 
the question as to the origin of the inhibitor. 

Experiments reported here show clearly that 
the inhibitor is present not only in the organs 
of infected mice but also in those of normal 
ones, which indicates that the origin of the in- 
hibitor is the animal itself and that the In- 
hibitory activity of tubercle bacilli grown in 
uivo is probably due to adsolrption of the in- 
hibitory substance on the surface of the ba- 
cillus. A marked difference in inhibitory ac- 
tivity of extracts from normal and infected 
mice was found. Extracts from mice infected 
with H:{?Rv always displayed a much more 
pronounced inhibitory activity than those 
fro'm normal animals. It is clear therefore, 
that tuberculous infection is accompanied by, 
or causes an increase in inhibitory activity of 
the infected organs, probably by virtue of the 
stimulation of production of the inhibitor by 
tubercle bacilli. It is of great interest to elu- 
cidate the possible role of the inhibitor in the 
normal animal as well as in the tuberculous 
infected one (and possibly in other infections 
as well). Coacerning the role of the inhibitor 
in the tuberculous process one may speculate 
that the inhibitor is introduced into phago- 
cytes upon ingestion of tubercle bacilli coated 
with this substance. This process may bring 
the inhibitor in close contact with the respira- 
tory enzymes of the phagocyte, thus causing 
inhibition of their respiration and eventually 
their death. Concerning the presence of the 
inhibitor in organs of normal mice, it  would 
be of interest to determine whether i t  is in 
any way involved in regulation of respiratory 
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p c e s s e s  of the tissues. In  connection with 
the role of spleen in the defense mechanism 
against infections, the presence of relatively 
large amounts of the inhibitor in this organ 
is noteworthy. These aspects are presently 
under investigation. 

Summary. The presence of an in’hibitor of 
the electron transport system of a number 
of mycolbacteria and of lung homogenates of 
normal mice was found in normal mice and 
in those infected with M .  tuberculosis H3,Rv. 

This inhibitor was previously found in tu- 
blercle bacilli grown iiz vivo and in lung ex- 
tracts from infected mice. This work shows 
that the amount of inhibitor is greatly in- 
creased in animals infected with H3,Rv. The 
significance of these findings is discussed. 
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Studies of Mycobacteriurn tuberculosis H 3 7 R ~  Grown in vizto: Utilization 
of Glucose. (26193) 

M. ARTMAN AND A. BEKIERKUNST (Introduced by N. Grossowicz) 
Depavtnzent of Bacteriology, Hebrew University-Hadassah Medical School, Jerusalem, Israel 

Segd and Bloch( 1 )  in their study oa bio- 
chemical differences of Mycobarterium tuber-. 
culosis H3’iRv grown in vivo and in vitro, 
compared the respiration of the 2 kinds of 
cells. They showed that both in vitro 
(H,,Rv) and in vivo (LH,,Rv) grown o r g  
anism,s had a similar rate of endogenous res- 
piration but differed in their response to exo- 
genou,s substrates. While respiratory response 
to glucose and its intermediates by H37R~r 
cells ranged from 59 to 102% depending on 
the substrate used, tubercle bacilli separated 
from lung tissues gave no response to any of 
these substrates above that of the endoge- 
nous. Discussing the failure cbf the LH3iRv 
cells to oxidize glucose and its intermediates, 
these authors suggested that this may be 
caused either by lack of permeability of 
LH:37R~ cells to glucose or by an over-sup- 
ply of endogenous food reserves. Although 
these factors would not readily explain the 
specific differential response to salycilic acid 
and fatty acids, neither of these possibilitie,s 
was ruled out. 

Reports from this laboratory ( 2,3,4) have 
shown that tubercle bacilli grown in vivo in- 
hibit the electron transport system in cell- 
free preparations of various mycoibacteria and 
in lung homogenates of normal mice. Inhi- 
bition of the electron transport system by 

tubercle bacilli grown in vivo is brought about 
by an as yet unidentified substance which has 
its origin in the host. This substance upon 
a.dsorption on the surface of the tubercle ba- 
cilli confers on them the inhibitory activity. 
In the light of these findings one can also as- 
sume that the inhibitor by coating the invivo 
grown tubercle bacilli interferes in solme way 
with uptake and utilization of glucose by 
these cells. Since glucose is the only sugar 
present in animal tissues it seemed highly im- 
probable that in vizw grown tubercle bacilli 
would be incapable of utilizing this important 
source of energy. We attempted, therefore, 
to answer this question by studying uptake 
and utilization of C14 Glucose by in vivo 
grown tubercle bacilli. 

Materials and methods. The organisms 
used were: Mycobacterium tuberculosis 
Hs7Rv and Mycobacterium tuberculosis 
LH3,Rv. Mycobacteyium tuberculosis HS7Rv 
was grown and maintained in a liquid medium 
of the following composition: asparagine, 5.0 
g; KHIPOI, 5.0 g;  citric acid, 1.5 g;  ferric 
ammonium citrate, 0.05 g; MgS04, 0.5 g;  
lK2SOI, 0.05 g; glycerol, 0.5 g ;  Tween-80, 0.5 
g; distilled water, 1,000 ml; bovine albumin 
to a final concentration of 0.25% was added 
after sterilization. The tubercle bacilli 
grown in vivo (LH,,Rv) were obtained from 


